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Biodiversity of Wasp Species (Insecta: Hymenoptera) in Burned and

Unburned Habitats of Yellowstone National Park, Wyoming, USA

Jeffrey A. Lcxtkwood, Scott R. Shaw, and Jane M. Struttmann

Department of Plant, Soil, and Insect Sciences, University of Wyoming, Laramie, Wyoming
82071-3354, U.S.A.

Abstract.—Four months of Malaise trapping in two burned and unburned habitats, 2 yr after

the 1988 fires in Yellowstone National Park (YNP), resulted in a total of 603 species from 36

families of Hymenoptera. The majority of the species were Ichneumonoidea (607o). The unburned

habitats peaked at 107 and 113 species during a 2-week sampling period, while the corresponding

burned habitats had maxima of 88 and 90 species. Hymenopteran species diversity (Shannon-

Wiener) was primarily a function of richness, with evenness differing only slightly between hab-

itats (range 78-98%). Diversity and richness in burned sites were generally 75-85% of the values

in unburned sites. The two burned habitats had greater community similarity (23.5 ± 4.6%) than

that found between adjacent burned and unburned habitats at either site (13.8 ± 1.9%). The

unburned habitats had relatively low community similarity (12.4 ± 5.4%), indicating a surprisingly

high degree of between-patch endemism in mature lodgepole pine forests. This endemism also

suggests the possibility that species may have been extirpated from some burned habitats in YNP.

Comparison of trophic associations, including inference of relative (ordinal) host abundance from

parasitoid abundance, indicate that burned habitats were dominated by herbivores of nonwoody

plants and unburned habitats are characterized by fungivores and detritivores. These findings are

consistent with observations that burned sites were typified by the establishment of grasses and

forbs and the loss of litter, which would have been concomitant with a deceleration of arthropod-

and fungal-mediated organic decomposition. There was no evidence of dead wood having pro-

vided a major source of nutrients for insects in burned habitats, and there was no evidence of

insect outbreaks in the region of our trap sites.

INTRODUCTION suggests that extremely large-scale fires

have been part of the history of YNP
The 1988 fires in Yellowstone NaHonal

(Christensen et al. 1989), catastrophic fires

Park (YNP), Wyoming, USA, burned
of the magnihjde seen in 1988 have never

400,000 ha or 45% of the park (Christensen ^^^^ studied. In this context it is impor-
et al. 1989). Knight and Wallace (1989) pre- ^g^t to consider that striking qualitative
dieted that overall species richness would

changes in ecological conditions and pro-

gradually increase over a period of 25 yr, messes may result from increasing (or de-

eventually surpassing that of the old
creasing) the scale of reference (Allen and

growth forest prior to the fires. They also Hoekstra 1992).
noted that some species (e.g., bark beetles) Before the 1988 fires, managers antici-

would likely outbreak shortly after the
pated the development of a new biotic

fire. The reliability of these forecasted dy- community immediately following a bum,
namics is contingent upon the similarity of with insects quickly utilizing the new food

fires investigated in previous research sources provided by the freshly killed

(Taylor 1969, 1973, 1974; Taylor and Bar- trees (Despain 1978). Based on experience
more 1980; Knight 1987) to those that oc- with smaller fires, it was posited that few

curred in 1988. Although some evidence vertebrates and no species, were lost in
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the 1988 fires (Christensen et al. 1989,

Schullery 1989, Skinner 1990). While some

insect populations were undoubtedly re-

duced by the fires, there were several ob-

servations that suggested that insects were

recovering within a year (McEneaney [YNP

Ornithologist] hi Carr 1990, Skinner 1990,

Varley [YNP Chief of Research] in Jeffery

1990), and anecdotal evidence indicated

possible outbreaks of species capable of

exploiting fire-damaged trees (Romme
and Despain 1989, Skinner 1990). Quali-

tative observations indicated that the rate

of recolonization for some taxa was ex-

traordinarily rapid. Skinner (1990) report-

ed finding black bears feeding on abun-

dant, large wood wasps while they ovi-

posited in the smoldering stumps, and

Lewin (1988) forecasted a resurgence of

insects exploiting the new growth of

grasses and herbs. Such evidence was ex-

tended into a more general prediction that

biodiversity was or would be enhanced by
the fires (Knight and Wallace 1989, Rom-
me and Despain 1989, Varley in Jeffery

1989, 1990). Conversely, Elfring (1989) and

Conniff (1989) warned that reported re-

covery rates were overestimated (Elfring

1989, Conniff 1989).

The observations and predictions re-

garding the recovery of fire-adapted and

other insect species form an important and

compelling basis for developing and test-

ing ecological hypotheses. However, the

controversy surrounding competing claims

of ecological recovery persists largely due

to a lack of quantitative ecological data.

Despite the intriguing observations of in-

sect fauna, there are no published data re-

lated to the post-fire terrestrial insect fau-

na of YNP. There have only been about a

dozen published studies of entomological
research within the Park in the last 20 yr,

and the only relevant, quantitative data

were restricted to the litter habitat (Lavig-
ne et al. 1990). Indeed, the insect fauna of

YNP has been estimated to range from

12,000 to "tens of thousands" of species

(Clark et al. 1989), the vast majority

(>95%) of which were not documented

prior to the fires. As Minshall et al. (1989)

noted, a more complete faunal database

and systematic sampling are essential in

assessing the impacts of the fires to the

biodiversity of YNP (Christensen et al.

1989, Schullery 1989, Roemhild 1994).

Simply put, without empirical data it is

not possible to assess predictions of the

rate and form of ecological recovery.
The central questions related to the

short-term effects of the YNP fires on bio-

diversity are: 1) has species diversity, rich-

ness, or evenness increased in the time

since the fires, 2) are any species found

only in burned areas (suggesting the po-
tential for enhanced richness or diversity)

or unburned areas (suggesting the possi-

bility of extirpation from YNP), and 3)

have there been any insect outbreaks of

fire-adapted species? Initial studies dem-
onstrated that in the 2 yr following the

fires insect species diversity in the litter

habitat were almost invariably reduced in

burned locations relative to unburned

sites, although diversity consistently in-

creased in burned sites from 1989 to 1990

(Lavigne et al. 1990). Because extrapolating
from this habitat to the forest ecosystem is

problematical, we undertook an intensive

study of the Hymenoptera as an indicator

taxon [sensii Cook 1976, Sheehan 1984,

Munn 1988, Hawksworth and Ritchie

1993) in 1990.

The Hymenoptera were chosen as the

indicator of biodiversity because: 1) they
are easy and cost-effective to collect, 2) the

parasitic species rely on a wide spectrum
of herbivorous hosts, 3) the parasitoids of

herbivorous insects provide an indirect

but effective measure of biodiversity of

this lower trophic level and the condition

of the vegetative community, and 4) one

of us (SRS) is a hymenopteran systematist,

facilitating identification work [see Noss

(1990), Spellerberg (1991), and Hawk-
sworth and Ritchie (1993) for more com-

plete descriptions of the desired qualities
of a biodiversity indicator taxon]. Logisti-
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cal, financial, and regulatory limitations

restricted our study to a single year of in-

tensive data collection, 2 yr after fires, so

we adopted the strategy of comparing ad-

jacent burned and unburned areas to ad-

dress the effects of the fires and the nature

of the recovery.

MATERIALS AND METHODS

Tv^^o sites in Yellowstone National Park

were chosen for setting pairs of Townes-

style Malaise traps (approximately 2x2
X 2 m; Golden Owl Publishers, Lexington
Park, MD). The number of sites and traps
was limited by logistical and resource con-

straints and YNP policies regarding the

frequency and intensity of trap monitor-

ing. These sites represented different fires

within YNP (which merged into the Snake

River fire complex) and therefore func-

tioned as true replicates. The northern

sites included a burned habitat and an un-

burned (control) habitat, 5.4 and 5.8 km,

respectively, from the South Entrance to

the Park. The southern sites included a se-

verely burned habitat and an unburned

(control) habitat, 4.0 and 2.3 km from the

South Entrance. Control habitats were se-

lected to represent topographic and pre-
sumed vegetative characteristics of the

burned areas prior to the fires. Malaise

trapping is highly efficient but may be in-

fluenced by the local conditions, so trap

positioning and microhabitat conditions

were replicated as precisely as possible be-

tween sites. As such, physical proximity
was secondary to the ecological character-

istics.

The traps were in adjacent burned and

unburned areas, about 500 m from the

edge of the bum. Traps were first set dur-

ing the last week of May, 1990. Owing to

YNP regulations that traps be constantly

"attended", they could only be left in

place for 2-wk intervals. Insects were col-

lected from the traps on June 10 and 14,

July 7 and 14, August 11 and 19, and Sep-
tember 7. Traps were damaged by weath-

er, wildlife, or vandals on five occasions.

resulting in missing data (northern burned

site on July 7; southern unburned site on

July 14; northern burned, northern unbur-

ned, and southern burned sites on Sep-
tember 7). The collections were stored in

70% ethanol and returned to the labora-

tory where the Hymenoptera were sepa-
rated. The Hymenoptera were prepared,
identified to subfamily (in some cases ge-

nus, anci occasionally species), and sorted

to morphospecies. Voucher specimens of

all morphospecies are deposited in the

Rocky Mountain Systematic Entomology

Laboratory, University of Wyoming, Lar-

amie.

We examined the hymenopteran com-

munity structure from the perspectives of

diversity, evenness, and richness (Kotila

1986). As with all sampling methods. Mal-

aise traps are biased in the groups that

they collect (e.g., primarily small insects

flying <2 m above ground level (Mat-
thews and Matthews 1971, Darling and

Packer 1988)). However, the application of

diversity indices to selected portions of a

biotic community (e.g., Kappelle et al.

1995) is appropriate as long as the results

are interpreted in the context of the con-

straints of the sampling methodology
(Southwood 1978).

Diversity (a measure of both the abun-

dance and equitability of species) was ex-

pressed using the Shannon-Wiener index

(H) (Southwood 1978). This measure was
chosen because: 1) it is normally distrib-

uted (Taylor 1978), 2) it is more appropri-
ate than the Simpson-Yule index, which is

strongly influenced by the underlying dis-

tribution for samples with more than 10

species (May 1975), 3) it was more appro-

priate than the Berger-Parker index be-

cause there were several cases of co-dom-

inant species, 4) it is dependent on both

evenness and richness (Magurran 1988),

and 5) it is perhaps the most commonly
encountered index in the literature (Ma-

gurran 1988, Spellerberg 1992) and was
used in the analysis of litter arthropod
communities after the YNP fires (Lavigne



Journal of Hymenoptera Research

et al. 1990). The disadvantages of using H
are that the index is a purely relative mea-

sure, without absolute meaning [as op-

posed to the Simpson-Yule index (South-

wood 1978)], but we were particularly in-

terested in comparisons between commu-
nities from burned and unburned habitats,

so the relativity of this index was not

problematical. In addition, H is not sensi-

tive to the character of the ratio of species
to individuals and it is dominated by the

abundant species (May 1975), but these

qualities did not constitute disadvantages
in the context of our application.

Having chosen H as the measure of di-

versity, we used the Shannon-Wiener in-

dex of evenness (Kotila 1986). This mea-

sure is the ratio of the maximum value of

H (assuming that the individuals were

evenly distributed among the species) to

the realized value of H. As such, this mea-

sure of evenness ranges from 0.0 to 1.0.

We expressed the species richness as the

number of species. Although this measure

has the clear advantage of simplicity, it

has the disadvantage of oversensitivity to

numerically rare species. Findley (1973)

and Hendrickson and Ehrlich (1971) have

criticized restricting expressions of diver-

sity to the number of species present while

failing to consider the forms and functions

of the species. However, our assessment of

species richness avoids this pitfall in that

we employed concomitant analyses of di-

versity and we have a good understand-

ing of the ecological functions of the spe-
cies in the taxon of interest. Given the

sampling constraints, the use of numerical

species richness is appropriate (Magurran
1988).

We used analysis of variance (MSU-
STAT software, version 3.2) to assess dif-

ferences in the ecological measures (diver-

sity, evenness, richness) between burned
and unburned habitats; an arc sine trans-

formation was applied to evenness (Sne-

decor and Cochran 1980). Measures from

the sites representing each habitat type
(burned and unburned) were pooled into

three time blocks: spring (before 21 June,

N =
4), early summer (between 21 June

and 1 August, N =
3) and late summer

(after 1 August, N =
4), so as to allow an

equal number of data points in each block

and eliminate the confounding effects of

phenology.
To assess the taxonomic overlap be-

tween habitats and sites (i.e., community
similarity), we used a direct calculation of

percent similarity (Kotila 1986). This mea-

sure of similarity provides results consis-

tent with other common expressions [e.g.,

Jaccard's coefficient (Christiansen et al.

1990)], which give equal weight to all spe-
cies and therefore tend to place excessive

significance on rare species (Southwood

1978). Ln our study, rare species are con-

ceptually very important, so overempha-

sizing their contribution to the community
was not considered a serious shortcoming.
Some coefficients of similarity take rela-

tive abundance into consideration (e.g..

Bray and Curtis 1957), but these approach-
es have other shortcomings (Austin and

Orloci 1966).

To understand how the entire commu-

nity structure of the burned and unburned
habitats differed, where possible, we clas-

sified the Hymenoptera into trophic cate-

gories based on the lowest taxonomic lev-

el of identification (Borror et al. 1989).

Clearly, there are exceptions to these gen-
eral categories, but this approach was con-

sistently applied across all samples and al-

lowed us to make reasonable inferences

about trophic structure in the conimunity,

including those elements that were not di-

rectly sampled (e.g., plants, non-hyme-
nopteran herbivores, fungivores, etc.). Be-

cause the missing samples were balanced

between burned and unburned samples
and represented similar times of year, we
were able to validly pool the available

data across dates and sites to avoid the

problem of low sample sizes in generating
an overall expression of community struc-

ture in burned and unburned habitats.

Analysis of trophic associations in burned
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and unbumed habitats was performed us-

ing chi-square tests (Siegel 1956).

RESULTS

The Malaise trap samples yielded a total

of 2,331 hymenopteran specimens, repre-

senting 603 species (morphospecies) from

36 families (Table 1). The majority of the

species were Ichneumonoidea (60%);

Chalcidoidea comprised 16% of the spe-

cies, and Proctotrupoidea made up 9% of

the species. The aculeate Hymenoptera
comprised only 10% of the species.

Species diversity increased sharply from

early June through July and then gradu-

ally increased until September in all sites

(Fig. 1). The sharp drop in diversity across

all sites on the second sampling date was
associated with an unusual cold front that

caused snow at both sampling sites. The
values and dynamics of species diversity
in burned and unbumed habitats were re-

markably similar between sites. At both

sites, the species diversity in burned hab-

itats was generally lower than in unbur-

ned habitats throughout the summer, al-

though the indices converged in late Au-

gust or September. Diversity did not differ

significantly (F
<

1.02, P>0.30) between
burned and unbumed sites in spring or

late summer, but diversity was signifi-

cantly (F = 5.68, P =
0.07) greater in un-

bumed habitats in early summer.
The changes in species diversity appear

to have been largely a function of species
richness (Figs. 2). As with the trends in

diversity, the number of hymenopteran
species was significantly (F= 7.74, P =

0.05) greater in unbumed habitats in early

summer, with no significant (F
<

0.52, P
sr 0.50) differences in other time periods.
Richness generally increased throughout
the summer. At site 1, the number t^f spe-
cies in the unbumed habitat increased

rapidly in the first 6 wk of the survey,
while the species richness in the burned

habitat increased most rapidly later in the

summer. At site 2, species richness in-

creased at a relatively constant rate in both

Table 1 . Species richness of Hymenoptera from Yel-

lowstone National Park, 2 yr after the 1988 fires (taxa

are arranged in descending order of species richness)

Taxon
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Fig. 1. Shannon-Wiener diversity in unburned (dashed Hne) and burned (solid line) habitats, at the southern

(circles) and northern (squares) sample sites, 2 yr after the fires in YNP (Julian date 155 = 4 June; 185 = 4

July; 215 = 3 August; 245 = 2 September).

unburned and burned habitats after June.

At the end of the summer, the number of

species declined in all locations except the

burned habitat at site 1. At both sites,

more species were found in unburned

habitats than in burned habitats through-
out July and August. The unburned hab-

itats peaked at 107 and 113 species, while

the corresponding burned habitats had
maxima of 88 and 90 species.

Species evenness was generally higher
in unburned habitat than in burned habi-

tats (Figs. 3). Indeed, unburned habitats

had significantly greater (f
= 7.71, P =

0.03) evenness than did burned sites dur-

ing the spring, but no significant differ-

ences were found during the summer (f

^ 0.25, P s: 0.72). Except for one sample
from the burned habitat at site 1, species

evenness was greater than 80% in all sam-

ples. There was a general trend of decreas-

ing species evenness in unburned habitats

across the summer, but there was no dis-

cernible trend of evenness in burned hab-

itats.

The hymenopteran communities from

burned and unburned habitats at both

sites were to 20% similar across the sum-
mer (Fig. 4). Community similarity of

burned and unburned habitats ranged
from to 14% at site 1, with a general
trend towards increasing similarity with

time. At site 2, community similarity

ranged from 16 to 20%, with no discern-

ible trend during the summer. The hy-

menopteran community similarities from

the two burned habitats ranged from 5 to

30% throughout the summer. At only one
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Fig. 2. Species richness in unburned (dashed line) and burned (solid line) habitats, at the southern (circles)

and northern (squares) sample sites, 2 yr after the fires in YNP (Julian date 155 = 4 June; 185 = 4 July; 215
= 3 August; 245 = 2 September).

time was community similarity of the two
burned habitats less than that found be-

tween the burned and unburned habitats

within a site.

The community similarity between the

two unburned habitats was consistently
lower than between the burned habitats.

The unburned habitats had community
similarities ranging from to 30%, with

higher similarities later in the season.

Thus, the similarity between hymenopter-
an communities in widely separated,
burned habitats was greater than that

found either between burned and unbur-

ned habitats at a single site or between

widely separated, unburned habitats.

Analysis of trophic associations in

burned and unburned habitats revealed

significant differences in community

structure (X'
= 298.4, 8 df, P < 0.0001; Ta-

ble 2). In burned habitats parasitoid

groups associated with herbivores on or in

foliage but not in wood (e.g., Dryinidae,

Microgastrinae, Hormiinae, and platygas-

trids) were significantly more frequent
than in unburned habitats (X-

= 118.4, 1

df, P < 0.0001). The domination of this tro-

phic group in burned habitats (71% of the

hymenopteran fauna) indicated that vari-

ous grasses and forbs were providing the

primary food source. This hypothesis is

further substantiated by the significantly

higher frequency (X-
= 24.8, 1 df, P <

0.0001) of nectar-feeding Hymenoptera in

these habitats as well. The herbivores of

nonwoody plants and nectar-feeding spe-
cies comprised only 52% of the hymenop-
teran community in unburned habitats. In
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Fig. 3. Shannon-Wiener evenness in unburned (dashed line) and burned (solid line) habitats, at the southern

(circles) and northern (squares) sample sites, 2 yr after the fires in YNP (Julian date 155 = 4 June; 185 = 4

July; 215 = 3 August; 245 = 2 September).

burned habitats, woody herbivores (i.e.,

Siricidae) and parasitoids of woody herbi-

vores (e.g., Dolichoniitus iinperntor (Kriech-

baumer), Rhyssa alaskensis (Ashmead),

Triaspsis pissodis Viereck, Allodoriis crassi-

gastcr (Provancher), and Odontocolon sp.)

were significantly more frequent (X-^
=

43.6, 1 df, P < 0.0001) than in unburned

habitats, where these trophic associations

comprised only 1% of the Hymenoptera.
In unburned habitats, parasitoids of fun-

givores and detritivores (e.g., Diapriidae,

Proctotrupidae, Megaspilidae, and Cera-

phronidae) were significantly more fre-

quent than in burned habitats (X-
= 200.0,

1 df, P < 0.0001). Being the most common

trophic association (32%), these parasit-
oids indicated the importance of forest lit-

ter as a food source. These organisms

were infrequently found in burned habi-

tats (9%), suggesting that the litter com-

munity and decompositional processes

may have been adversely affected by fire.

DISCUSSION

The results of our surveys of hymenop-
teran species diversity in YNP 2 yr after

the fires allow us the first opportunity to

address empirically the central issues re-

lated to the effects of the fires on terrestrial

biodiversity. Our findings 2 yr after the

fires are particularly relevant to ecological
and management discussions of short-

term recovery in YNP (Lewin 1988, Rom-
me and Despain 1989, McEneaney /'/; Carr

1990, Skinner 1990, Varley in Jeffery 1990).

In this context, we believe that the consis-

tency oi the data between these sites, the
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Fig. 4. Community similarity of burned habitats (solid line with circles), unbumed habitats (solid line with

squares), and burned and unbumed habitats within sites (dashed line, southern site =
circles, northern site

=
squares), 2 yr after the fires in YNP Gulian date 155 = 4 June; 185 = 4 July; 215 = 3 August).

quality of the taxonomic data, and the eco-

logical qualities of the indicator taxon al-

low us to draw some reasonable infer-

ences with respect to the effects of the fire

on biodiversity. As previously noted, al-

though Malaise traps, and all other col-

lecting devices, are biased in the groups
that they collect, the application of diver-

sity indices to the data is appropriate as

long as the interpretation of the analyses
is developed in the context of the con-

straints of the sampling methodology
(Southwood 1978). In this light, we can be-

gin to address the three central questions
raised previously.
Has biodiversity increased since the fires?

—
Although we do not know what the status

of biodiversity was immediately following
the fires, we can reasonably infer that few

exposed insect populahons survived the

severe burns. As such, it would appear
that a great number of species have reco-

lonized burned habitats. Indeed, the spe-

cies diversity and species richness in these

habitats reached about 80% of presumed

pre-fire levels within 2 yr. Thus, it is evi-

dent that substantial recovery of biodiver-

sity has occurred since the fires.

The rapid recovery of biodiversity is not

a function of an impoverished insect fauna

prior to the fires. The notion that mature

lodgepole pine forests are biological de-

serts (Romme and Despain 1989) is clearly

erroneous. The diversity and richness of

Hymenoptera in the unbumed habitats

was 5- to 10-fold greater than that report-

ed for sagebrush habitats in Wyoming
(Christiansen et al. 1990). If we assume
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Table 2. Trophic associations of Hymenoptera collected from burned and unburned habitats of Yellowstone

National Park, 2 yr after the 1988 fires

I H'phii. jj'^ocijtion

(representdtiM's)

Percent of sample from
habitat (n. individuals)

parasitoid of herbivores on or in foliage 51 (750) 71 (844)

(most ichneumonids and braconids)

parasitoid of herbivores in wood 1 (21) 6 (73)

(doryctine and helconine braconids)

parasitoid of detritivores, fungivores, and other litter associates 32 (464) 9 (104)

(diapriids, proctotrupids, orthocentrine ichneumonids, alysiine and opiine braconids)

nest provisioning predator 3 (41) 3 (38)

(sphecids, pompilids, vespids, chrysidids)

herbivore on or in foliage 1 (15) 1 (9)

(tenthredinids, argids, xyelids, eurytomids, cynipids)
herbivore in wood (1) (2)

(siricids)

nectar-pollen feeder 1(12) 4(42)

(apoids)

scavenger 11 (157) 5 (60)

(formicids)

hyperparasitoid (5) 1 (9)

(mesochorine ichneumonids)

that Hymenoptera account for 20% of in-

sect species richness based on North

American estimates (Schaefer and Kosz-

tarab 1991), then an old-growth lodgepole

pine habitat is likely to include 500 to

1,000 insect species. Although the vegeta-
tion may appear to approach a monocul-

ture in these habitats, it is evident that the

insect communities are diverse and differ

markedly between stands. Even if the 20%
insect community similarity between old-

growth habitats is somewhat underesti-

mated (for a discussion of this issue, see

Arc there species unique to burned or unbur-

ned habitats?), the total insect diversity

supported in YNP's mature lodgepole

pine forests is almost certainly of the order

of several thousands of species. In this

context it is important to note that the ear-

ly successional insect communities in spa-

tially disjunct burned habitats were more
similar to one another than the commu-
nities in unburned habitats. This finding

suggests that early successional commu-
nities tend to be relatively homogeneous.

and insect communities diverge with for-

est recovery.
Earlier work has suggested that the

greatest diversity of selected plant (herbs,

shrubs, and trees) and selected vertebrate

(birds and mammals) species is found in

young (1 to 25 yr-old) lodgepole pine for-

ests (Taylor 1969, 1973, 1974; Taylor and

Barmore 1980). Unfortunately, the species

diversity of vertebrates in the 5 yr follow-

ing a fire was not measured by Taylor

(1969, 1973, 1974). However, plant species
richness 1 to 3 yr after a bum was 9 to

23% of the maximum, which occurred 25

years after a burn. Bird and mammal spe-
cies richness 7 to 13 yr after a burn was
65 to 81% of the maximum richness,

which also occurred 25 yr after a burn.

Species diversity dropped to 46% of the

maximum in forests 57 to 111 yr after a

burn.

Our data demonstrate that insect (Hy-

menoptera) biodiversity may recover at a

rate similar to that of the plant commu-

nity. If we assume that the biodiversity of
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Hymenoptera tracks that of plants which

harbor insects, we would expect the spe-

cies richness 3 yr after a burn to be 79%
of the richness found in a 60- to 100-yr old

forest habitat, and our data indicate an

80% recovery. This rate of recovery is also

similar to that found for aquatic macroin-

vertebrates (Minshall et al. 1990). The un-

burned habitats in our study were in for-

ests that were at least 60-yr old and prob-

ably more than 100-yr old given that less

than 3% of YNP had burned since 1930

(Taylor 1974). Cores from trees 4.2 km
north of the South Entrance to YNP were

determined to be 161 years old (Taylor

1969).

It should be noted that the 80% recovery
does not take into account spatial patterns

of diversity. In particular, the communi-

ties within the two burned habitats were

much more similar to one another than

were the communities from the two un-

bumed habitats. As such, there appeared
to have been a net loss of biodiversity

across sites that was not reflected between

habitats within sites.

The general similarities in the rate and

pattern of biodiversity following the 1988

fires in the context of Taylor's (1969) re-

search are somewhat surprising given that

earlier conclusions were drawn from rel-

atively species-poor groups and small-

scale fires. There have been no previous

attempts to measure biodiversity with in-

sects, and the greatest recorded species

richness of a forest habitat (using herbs,

shrubs, trees, birds, and mammals com-

bined over a 2 yr period) was 112 (Taylor

1973), which is one less than the number
of hymenopteran species caught in a sin-

gle trap over a 2-wk period (site 2, unbur-

ned habitat, July 14 to August 11). Given

this finding and the relative rate of catch

per unit effort for various taxa, there is lit-

tle question that insects are superior in-

dicators of biodiversity with respect to

both information value and sampling ef-

ficiency (Hawksworth and Ritchie 1993).

We also might have expected differ-

ences between our biodiversity measures

and those of Taylor (1969, 1973) due to the

intensity of the 1988 fires relative to those

studied in previous research. Indeed the

total area burned by all fires in the YNP
from 1930 to 1970 (24,030 ha) is just 6% of

the area burned in 1988. However, it

should be noted that our samples were

taken within 500 m of the edge of the

burned sites; sampling closer to the center

of the major bums may well have revealed

fewer species and slower recovery rates.

Are there species unique to burned or un-

biirned habitats?—To address this question,
we must first provide an interpretive con-

text for the community measures derived

from our study. It is clear that our sam-

pling did not constitute a complete census

of the hymenopteran community, so some

species were undoubtedly missed in the

course of our study. Although measures

of endemism are sensitive to sampling in-

tensity (i.e., incomplete sampling may ar-

tificially increase the apparent frequency
of rare species, thereby reducing commu-

nity similarity), in our study community
similarity did not closely track sample
size, suggesting that the frequencies of

rare species across time and space were

not an artifact of sampling intensity.

Moreover, even if a habitat has a high fre-

quency of apparently rare species by vir-

tue of a sampling regime, this bias should

be constant across sites so relative differ-

ences within our study are informative.

Nonetheless, most measures of communi-

ty similarity overemphasize the impor-
tance of rare species (Southwood 1978).

Placing relatively greater weight on rare

species is only problematical where em-

phasizing these taxa is undesirable, as

may be the case in some ecological studies

but not particularly in the context of bio-

diversity management and conservation

in YNP. In light of these issues we can

consider whether some species were

unique to particular habitats and what

this might mean in the context of conser-

vation and management.
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The fires evidently reduced hymenop-
teran diversity primarily through the loss

of species (as opposed to decreasing spe-
cies evenness). The low community simi-

larities between burned and unburned

habitats indicated that some species had

not recolonized impacted areas in the 2 yr

following the fires. In addition, some ex-

traordinarily rare species were found in

unburned habitats, including Loxocephaliis

boops (Wesmael), a euphorine braconid,

presumed to be a parasitoid of adult ants

and one of the rarest (or least often col-

lected) braconids in North America. Given

the occurrence of rare species and the low

community similarities between unburned
habitats at different sites, it appears that

there is considerable habitat-level endem-
ism among insect communities in lodge-

pole pine forests. Considering these fac-

tors in light of the scale of the 1988 fires,

it is likely that species were locally exrtr-

pated, and it is possible that some species
were extirpated from the Park. However,
true extinctions are unlikely (Schullery

1989, Christensen et al. 1989, Skinner

1990), as there is no direct evidence that

any hymenopteran species were endemic

to our trap sites or YNP. Thus, without

pre-fire surveys and more complete sur-

veys of the insect fauna the actual loss of

species from YNP can not be ascertained

(Minshall et al. 1989).

Our measures of community similarity
also provide some insight with regard to

the dynamics which underlie the apparent
habitat-level endemism in YNP. The low

similarity between burned and unburned
habitats at each site suggests that the post-
fire hymenopteran fauna included species
that were rarely or never collected in ma-
ture forests. These species were presum-

ably exploiting hosts that were also rare in

unburned habitats. In particular, the wasp
fauna of burned sites was dominated by

parasitoid species attacking larvae of Lep-

idoptera and Diptera. This provides a

sharp contrast from the 1989 data (Lavig-
ne et al. 1991), in which about 90'X> of the

hymenopterans sampled were aculeates

(bees and predatory wasps). These results

may indicate that large, strong-flying,

flower-foraging hymenopterans were the

first to migrate into the burned areas dur-

ing 1989, and the insect host populations
in burned areas may not have initially

been sufficient to support many parasit-

oids. Thus, it appears that the new growth
of grasses and forbs following the fires

supported a herbivore community that

differed markedly from that found in a

mature forest. These unique, early-succes-
sional insect faunae were relatively ho-

mogeneous between burned habitats, but

the communities reached a rather high
level of biodiversity (80% of the species di-

versity and 70% of the species richness

found in unburned sites) within 2 yr of the

fire. It should be noted that the dramatic

change in parasitoid populations may also

be due, in part, to differences in the sam-

pling methods from 1989 to 1990. Sweep
sampling, although done periodically in

1989, favors collection from low vegeta-
tion (especially flowers) and consequently
tends to selectively sample greater num-
bers of aculeates. Malaise traps, used in

1990, continuously sample flight activity

and consequently capture many more
minute forms, widely dispersing individ-

uals, and crepuscular or nocturnal species.

In light of our findings and the chal-

lenges of interpretation, a thorough sur-

vey, perhaps even an All Taxon Biological

Inventory (Yoon 1993, Janzen 1994), must
be conducted in YNP if sound conserva-

tion policies are to be developed. Al-

though this recommendation was first

made 25 yr ago (Taylor 1969) it has not

been heeded, and the management and

conservation of biodiversity YNP and oth-

er ecological preserves continues to be

handicapped as a consequence (Janzen

1994). The imminent need for such a sur-

vey is clearly demonstrated by our work,
which included the collection of 46 species
of Diapriidae, a family that was previous-

ly known to include only three species in
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Wyoming, with no records from YNP (La-

vigne and Tepidino 1976).

Hazv there been outbreaks of fire-adapted

species?
—
Although we can not assert a di-

rect, proportionate relationship (i.e., inter-

val or ratio level of measurement) be-

tween host and parasitoid abundance, it is

obvious that these variables are related at

the nominal level of measurement and in-

terpretations at the ordinal level are cer-

tainly valid (Siegel 1956). That is, to the

extent that density-dependent relation-

ships occur commonly (Hassell et al. 1989),

but not invariably (Stiling 1987), in the

Hymenoptera, more frequent occurrences

of parasitoids can be interpreted as an in-

dication of relatively greater host abun-

dance. In this regard, the high levels of

species evenness throughout this study

suggest that there was not a numerically
dominant hymenopteran species. If any
life history could be considered dominant,
it would appear that the majority of the

parasitic Hymenoptera were probably at-

tacking leaf-feeding, lepidopteran hosts in

newly regenerating meadows. Anecdotal

reports of tremendous ant biomass (Mc-

Eneaney in Carr 1990) and wood wasp
outbreaks (Skinner 1990) in burned areas

were not substantiated, although Malaise

traps are not the most effective method for

sampling either of these insect taxa. Ant
abundance was substantially reduced in

burned habitats. Only three wood wasps
were found in our samples, and aggrega-
tions of wood wasps, when they occur, are

probably very localized phenomena. Con-

trary to the assertions of Skinner (1990) it

is not likely that these insects are a very

regular, or significant, contribution to the

diet of bears. In fact, our results indicate

that wood wasp populations, along with

other insects associated with decaying
wood, are not dramatically enhanced by
the fires.

Relatively few hymenopteran species in

our samples were associated with wood or

arbivorous hosts. Furthermore, it appears
that there were no ongoing outbreaks of

host species of hymenopteran parasitoids
at the burned sites. We found relatively
few parasitoids of wood-boring beetles or

arboreal Lepidoptera. Given that the ma-

jor forest outbreak coleopterans and lepi-

dopterans have associated hymenopteran
parasitoids, it would seem that the fore-

casted outbreaks of bark beetle and other

pests have not materialized (Knight and
Wallace 1989). Knight and Wallace (1989)

also noted the possibility that insectivo-

rous birds had the potential to keep an im-

pending outbreak in check (Taylor and
Barmore 1980, Knight and Wallace 1989).

Although slightly higher frequencies of ar-

bivores and their parasitoids were found

in burned sites, the dead wood did not

provide the basis for a dramatic expansion
of these trophic groups. Rather, the

burned communities were typified by a

marked increase in parasitoids of non-

woody herbivores and nectar-feeders (in-

dicating a flush of grass and forb growth)
and a significant loss of parasitoids of fun-

givores and detritivores (indicating a loss

of litter). It is likely that in the burned ar-

eas, much of the dead wood suitable for

insect feeding was burned in the fires, and

the severely charred trees were of little use

to Hymenoptera or their hosts, except as

nesting sites for some aculeates (ants,

sphecid wasps, and bees). Thus, leaf cutter

bees, which were found only in the

burned habitats, may serve as a good in-

dicator of the ecological conditions, as

these insects depend on available nectar

sources, broad-leaved plants, and nesting
cavities.

ACKNOWLEDGMENTS

Support for this study was provided in part by a

199(1 grant from the Uruversity of Wyoming/National
Park Service (UWNPS) Research Center. The crucial

role of Professor Robert Lavigne in organizing a sur-

vey of the insects of YNP that led to this study is

gratefully acknowledged. Research was conducted in

YNP under the auspices of Permit #01,^22. We are

grateful to the staff of the UWNPS station at Grand

Teton National Park for research facilities, supplies,

and lodging. Financial assistance to JMS from the



14 Journal of Hymenoptera Research

Paul Stock Foundation, the T.J. Dunnewald Scholar-

ship, the C.W. McAnelly Memorial Scholarship, and

the E.S.A. BioQuip Undergraduate Scholarship is

gratefully noted. Mr. Glen Staley monitored and re-

paired the Malaise traps and collected the bulk sam-

ples. Dr. Mian Inayatullah sorted most of the Hy-

menoptera specimens from the bulk samples. Mr.

Yau Chee Keong mounted and labelled some 2,331

specimens. Preliminary results of this research were

presented in 1992 by JMS at the Sixth National Con-

ference on Undergraduate Research at Minneapolis,

Minnesota, and the National Meeting of the Ento-

mological Society of America at Baltimore, Maryland.
We are grateful to the participants at those meetings
who provided constructive comments and criticism.

LITERATURE CITED

Allen, T. F. H. and T. W. Hoekstra. 1992. Towmi a

Unifiecl Ecology. Columbia University Press, New
York.

Austin, M. P. and L. Orloci. 1966. Geometric models

in ecology. II. An evaluation of some ordination

techniques. Journal of Ecolog}/ 54: 217-222.

Borror, D. J., C. A. Triplehorn, and N. F. Johnson.

1989. An ititroduction to the study of insects. Saun-

ders, New York.

Bray, J. R. and C. T. Curtis. 1957. An ordination of

the upland forest communities of southern Wis-

consin. Ecological Monographs 27: 325-349.

Carr, M. 1990. The beat goes on. Greater Yelloivstone

Report Fall: 8-9.

Christensen, N. L., J. K. Agee, P. F. Brussard, J.

Hughes, D. H. Knight, G. W. Minshall, J. M.

Peek, S. J. Pyne, F. J. Swanson, J. W. Thomas, S.

Wells, S. E. Williams, and H. A. Wright. 1989.

Interpreting the Yellowstone fires of 1988. Biosci-

ence 39: 678-685.

Christiansen, T. A., J. A. Lockwood, and J, Powell.

1990. Arthropod community dynamics in undis-

turbed and intensively managed mountain brush

habitats. Great Basm Naturalist 49: 570-586.

Clark, T. W., A. H. Harvey, R. D. Dorn, D. L. Center

and C. Groves, eds. 1989. Rare, sensitive, and

threatened species of the Greater Yellowstone Ecosys-
tem. Northern Rockies Conservation Coopera-
tive, Montana Natural Heritage Program, The
Nature Conservancy, and Mountain West Envi-

ronmental Services. 153 pp.

Conniff, R. 1989. Yellowstone's 'rebirth' amid the

ashes is not near or simple, but it's real. Smith-

sonian 20: 36-48.

Cook, S. E. K. 1976. Quest for an index of community
structure sensitive to water pollution. Environ-

mental Pollution 11: 269-288.

Darling, D. C. and L. Packer. 1988. Effectives of Mal-

aise traps in collecting Hymenoptera: the influ-

ence of trap design, mesh size, and location. Ca-

nadian Entomologist 120: 787-796.

Despain, D. G. 1978. Effects of natural fires in Yellow-

stone National Park. Information Paper No. 34,

USDI, NPS, Yellowstone National Park.

Elfring, C. 1989. Yellowstone: fire storm over fire

management. Bioscience 39: 667-672.

Findley, J. S. 1973. Phenetic packing as a measure of

faunal diversity. America Naturalist 107: 580-584.

Hassell, M. P., J. Latto, and R. M. May. 1989. Seeing
the wood for the trees: detecting density depen-
dence from existing life table studies, journal of

Animal Ecologx/ 58:883-892.

Hawksworth, D. L. and J. M. Ritchie. 1993. Biodiver-

sity and biosystematic priorities: microorganisms and

invertebrates. CAB International, Wallingford.

Hendrickson, J. R. and P. R. Ehrlich. 1971. An ex-

panded concept of 'species diversity'. Notulae Na-

turae Academy of Natural Sciences of Philadelphia

439: 1-6.

Janzen, D. H. 1994. Wildland biodiversity manage-
ment in the tropics: where are we now and

where are we going? Vida Silvestre Neotropical 3:

3-15.

Jeffery, D. 1989. Yellowstone: the great fires of 1988.

National Geographic 175: 255-273.

Jeffery, D. 1990, Yellowstone booming, blooming af-

ter fires. National Geographic Magazine June: iii.

Kappelle, M., P. A. F. Kermis, and R. A. J. de Vries.

1995. Changes in diversity along a successional

gradient in a Costa Rican upper montane Quer-

cus forest. Biodiversity and Conseri'ation 4: 10-34.

Knight, D. H. 1987. Parasites, lightning, and the veg-
etation mosaic in wilderness landscapes, pp. 59-

83. In Turner, M. G., ed. Landscapie heterogeneity

and disturbance. Springer-Verlag, New York.

Knight, D. H. and L. L. Wallace. 1989. The Yellow-

stone fires: issues in landscape ecology. Bioscience

39: 700-706.

Kotila, P. M. 1986. Ecological measures. Software pack-

age, St. Lawrence University.

Lavigne, R. J., J. A. Lockwood, T. Christiansen and S.

R. Shaw. 1990. Insect response to the 1988 fires

in Yellowstone National Park, pp. 140-146. In

Boyce, M. S. and G. E. Plumb, eds.. National Park

Research Center, 14th Annual Rcfwrt. Laramie, Wy-
oming.

Lavigne, R. J. and V. Tepidino. 1976. Checklist of the

insects in Wyoming I. Hymenoptera. Wyoming

Agricultural Experiment Station Research Journal

106: 1-61.

Lewin, R. 1988. Ecologists' opportunity in Yellow-

stone's blaze. Science 241: 1762-1763.

Magurran, A. E. 1988. Ecological diversity and its mea-

surement. Princeton University Press, Princeton.

Matthews, R. W. and J. R. Matthews. 1971. The Mal-

aise trap: its utility and potential for sampling
insect populations. The Michigan Entomologist 4:

117-122.

May, R. M. 1975. Patterns of species abundance and



Volume 5, 1996 15

diversity, pp. 81-120. In Cody, M. L. and ]. M.

Diamond, eds.. Ecology ami evolution of commu-

nities. Harvard University Press, Cambridge,
MA.

Minshall, G. W., J. T. Brock, and J. D, Varley. 1989.

Wildfires and Yellowstone's stream ecosystems.
Bioicience 39; 707-715.

Munn, R. E. 1988. The design of integrated monitor-

ing systems to provide early indications of en-

vironmental/ecological changes. Environmental

Monitoring ami Assessment 11: 203-217.

Roemhild, G. 1994. Aquatic insects and the fires of

1988. Yellozvstone Science 2: 2^.

Romme, W. H. and D. G. Despain. 1989. The Yellow-

stone fires. Scientific American 261: 37-^6.

Schaefer, C. W. and M. Kosztarab. 1991. Systematic
of insects and arachnids: status, problems, and

needs in North America. American Entomologist

37: 211-216.

SchuUery, P. 1989. The fires and fire policy. Bioscience

39: 686-694.

Sheehan, P. J. 1984. Effects on community and eco-

system structure and dynamics, pp. 51-99. In

Sheehan, P. J., D. R. Miller, G. C. Butler and P.

Boudreau, eds.. Effects of pollutants at the ecosys-

tem level. Wiley and Sons, New York.

Siegel, S. 1956. Nonparametric statistics for the behav-

ioral sciences. McGraw-Hill, New York.

Skinner, N. G. 1990. Wildlife responses to fire. Tee-

winot. Grand Teton National Park Publication,

Wyoming.
Snedecor, G. W. and W. G. Cochran. 1980. Statistical

methods. Iowa State University Press, Ames.

Southwood, T. R. E. 1978. Ecological methods. Chap-
man and Hall, New York.

Spellerberg, I. F. 1991. Monitoring ecological change.

Cambridge University Press, Cambridge.

Spellerberg, I. F. 1992. Evaluation and assessment for

conservation. Chapman and Hall, New York.

Stiling, P. D. 1987. The frequency of density depen-
dence in insect host-parasitoid systems. Ecology
68:844-856.

Taylor, D. L. 1969. Biotic succession of lodgepwle pine

forests of fire origin in Yellozvstone National Park.

Ph.D. dissertation. University of Wyoming, Lar-

amie.

Taylor, L. R. 1978. Bates, Williams, Hutchinson—a

variety of diversities, pp. 1-18. In Mound, L. A.

and N. Warloff, ed.. Diversity of insect faunas: 9th

Symposium of the Royal Entomological Society.

Blackwell, Oxford.

Taylor, D. L. 1973. Some ecological implications of

forest fire control in Yellowstone National Park,

Wyoming. Ecology 54: 1394-1396.

Taylor, D. L. 1974. Fores fires in Yellowstone Na-

tional Park. Forest History 18: 69-77.

Taylor, D. L. and W. J. Barmore, Jr. 1980. Post-fire

succession of avifauna in coniferous forests of

Yellowstone and Grand Teton National Parks,

Wyoming, pp. 130-145. In DeGraff, R. M., ed..

Proceedings of the ivorkshop on management ofivest-

ern forests ami grasslands for non-game birds. U.S.

Forest Service Gen. Tech. Rep. INT 86. Ogden,
UT.

Yoon, C. K. 1993. Counting creatures great and

small. Science 260: 620-622.



J. HYM. RES.

Vol. 5, 1996, pp. 16-21

Pison antiquum, a New Species from Dominican Amber

(Hymenoptera: Sphecidae)

Alexander V. Antropov and Wojciech J. Pulawski

(AVA) Zoological Museum, Moscow State University, Herzen Street 6, Moscow 103009, Russia;

(WJP) Department of Entomology, California Academy of Sciences, Golden Gate Park, San

Francisco, California, 94118, USA

Abstract.—Pison antiquum, a new species from Dominican amber presumably of the Oligocene

or Upper Eocene age, is characterized by a broad face, prominent middle clypeal lobe, and pro-

podeum with no longitudinal or oblique carinae on dorsum but with a carina between the gastral

articulation and spiracle. The species resembles members of the euryops group of Menke, 1988, in

most characters, but differs in having a tooth on the inner mandibular margin, the occipital carina

interrupted mesoventrally, a large, transverse pronotal pit, and recurrent vein I ending on sub-

marginal cell I.

We previously described Pison electrum

from Baltic amber (Antropov and Pulaw-

ski, 1989), and this paper deals with a new

species from Dominican amber. The only
other fossil Pison are cockerellae Rohwer,

1908, from shale beds of Florissant, Colo-

rado, now believed to be Lower Oligocene

(Wilson, 1978), and oligocenum Cockerell,

1908 (= oligocaenum Cockerell, 1909), from

Baltic amber. The morphological termi-

nology used here is based on Bohart and

Menke (1976), but we mainly follow Mich-

ener and Fraser (1978) in their use of man-
dibular terms. The upper and lower inter-

ocular distances, abbreviated UID and

LID, respectively, are as defined by Menke

(1988).

The specimen was examined under a

stereomicroscope in a thick sugar solution

rather than immersion oil in order to min-

imize the possibility of damage.

Pison antiquum

Antropov and Pulawski, new species

Name Deriimtion.—Antiquum, a Latin

neuter adjective meaning old, antique.
Material Examined.—Holotype: a nearly

complete specimen in Dominican amber

(personal collection of George O. Poinar,

Jr, Type H-10-15, currently at Oregon State

University, Corvallis, Oregon). Missing
are: apical half of right foretibia, right fore-

tarsus, left midtarsomeres III-V, and small

apical portion of forewings.

Collecting Site and Geological Age.
—The

specimen came from one of the mines in

Cordillera Septentrional between Santiago
and Puerto Plata, Dominican Republic.

The age of amber in that region varies

from approximately 25 to 40 million years,

i.e., from Oligocene to upper Eocene

(Lambert, Frye, and Poinar, 1985; Poinar,

1992).

Generic Characters.—The specimen is

easily recognized as a Pison because of the

overall body shape; inner orbits emargin-

ate; mandible not carinate between adduc-

tor swelling and apex of condylar ridge;

sterna without visible or exposed graduli;

forewing with three submarginal cells

(second petiolate); and apex of marginal
cell acutely angulate.

Comparison with Fossil Spwcies.
—We pre-

viously studied types of electrum and cock-

erellae (Antropov and Pulawski, 1989), but

the unique specimen of oligocenum (prob-

ably lost with most of the Konigsberg col-
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Figs. 1 and 2. Photographs of P/siw antiquum. 1, dorsal view. 2, ventrolateral v\ew.
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lection at the end of World War II) is

known solely from Cockerell's descrip-
tions (1908, 1909). We have found the fol-

lowing differences from these species. In

antiquum, the flagellomeres are markedly

longer than in oligocenum and electrum

(length 2.7-3.2 x width rather than 2.0 or

less). Unlike cockerellae, the propodeal dor-

sum of antiquum has no median carina or

oblique ridges and unlike electrum, the

clypeal lobe is roundly trapezoidal, the

posterior mandibular margin is not emar-

ginate, the head and thorax are densely

punctate, and the propodeum has a carina

that extends from the spiracle to gastral
articulation.

The following details of forewing ve-

nation in antiquum may also be specific
rather than individual:

—
height of submarginal cell II less than its

petiole (equal to petiole in cockerellae,

more than petiole in electrum and oligo-

cenum);—
petiole as long as anterior margin of

submarginal cell III (shorter in electrum

and oligocenum, longer in cockerellae).—distance between recurrent vein I and

submarginal cell II more than distance

between the cell and recurrent vein II

(equal in cockerellae, recurrent vein I in-

terstitial in electrum and oligocenum).—discoidal cell I elongate; maximum
length 4.0 X maximum height (2.0 in

cockerellae and 2.5 in electrum, unknown
in oligocenum);—M diverging distad of crossvein cu-a

(similar in cockerellae and electrum,

slightly proximal of cu-a in oligocenum);—an imaginary line between apex of mar-

ginal cell and distal hindcorner of dis-

coidal cell II not crossing submarginal
cell III (crossing in cockerellae and elec-

trum, unknown in oligocenum).

Comparison with Extant Species.
—Pison

antiquum is not identical to any of the Neo-

tropical species revised by Menke (1988).

It resembles members of Menke's eun/ops

group in having a broad face (eye length

14% less than distance between eye notch-

es), a roundly truncate middle clypeal

lobe, a complete episternal sulcus (reach-

ing mesopleural foremargin), a carina

present between the propodeal spiracle
and gastral articulation, in lacking median
and oblique ridges on the propodeal dor-

sum, and in having a hindcoxa with a well

defined inner and a rudimentary outer ca-

rina. Unlike species of the euryops group,
however, antiquum has a tooth near the

midlength of the inner mandibular mar-

gin; a large, transverse pronotal pit; an im-

punctate tegula; and recurrent vein I end-

ing on submarginal cell I.

Description.
—Female (Figs. 1-10). Head

transverse in frontal view (Fig. 7), width
1.27 X height. Labrum hidden under clyp-
eus. Mandibular apex acute, inner margin
with well defined tooth at midlength (Fig.

9), posterior margin neither notched nor

stepped, but condylar ridge meeting ad-

ductor ridge at a slightly obtuse angle

(Fig. 8); basal (broad) portion with longi-
tudinal sulcus parallel to condylar ridge.

Occipital carina interrupted midventrally,
almost reaching hypostomal carina. Clyp-
eus moderately convex, median lobe pro-

truding, its free margin arcuate mesally
and evenly concave laterally (Figs 7, 9).

Frons markedly convex in upper half,

with median sulcus below midocellus.

Eyes asetose, UID = 0.57 X LID, eye

length 14% less than distance between eye
notches. Vertex in frontal view convex be-

hind hindocelli (Fig. 7). Ratio of ocellocu-

lar distance, hindocellar diameter, and in-

terocellar distance = 0.3:1.0:0.6. Distance

between hindocelli = 0.55 x distance be-

tween mid- and hindocellus. Length of fla-

gellomere I 3.2 X width, of flagellomere X
2.7 X width. Punctures uniform, one di-

ameter apart on frons and on scutum an-

teriorly (pimcture diameter about 0.1 hind-

ocellar diameter); finer than that on eye
notch, vertex, scutum posteriorly, and scu-

tellum. Eyes glabrous; head, scutum, and
scutellum with erect setae (setal length
about 0.1-0.2 hindocellar diameter); me-
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Figs. 3-5. Pison antiqtnim. 3, dorsal view 4, \entri)lateral view. 5, hindtarsal apex.
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Figs. 6-10. Pisoii ijntiqiinm. 6, head dorsally. 7, head frontally. 8, mandible, outer side. 9, ventral portion of

clyeus and mandible. 10, forewing.

sopleural setae semi-erect, up to 0.25 hind-

ocellar diameter long, curving posterad.
Pronotum anteriorly with transverse, el-

liptical pit whose hindmargin is lamelli-

form, inclined posterad; pronotal hind-

margin straight, collar rounded laterally,

transversely raised mesally. Metanotal

sculpture evanescent. Tegula impunctate.

Epistemal sulcus extending to mesopleur-
al foremargin. Metapleural flange narrow-

er than ocellar diameter. Propodeum with

longitudinal carina between spiracle and

gastral base (carina poorly visible from

most angles but left carina easily recogniz-

able in dorsal view through left wing);
dorsum shiny, minutely punctate (punc-
tures one to two diameters apart), with no

median (longitudinal) or oblique carinae

and no defined enclosure; hindface with

median groove and three transverse ridg-
es above gastral articulation. Forewing hy-

aline, with three submarginal cells (Fig.

10); media diverging from M-I-Cu well be-

yond crossvein cu-a; marginal cell acute

apically, extending well beyond vein 2r-m;

submarginal cell II: height less than length
of petiole; first and second recurrent veins

received by submarginal cell 1 and 111
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(near its base), respectively. Hamuli of

hindwing divided into two groups of six

each. Legs of usual shape, minutely setose.

Hindcoxal dorsum with complete inner

carina; outer carina present only posteri-

orly. All tibiae with short, sparse spines on

outer side. Plantulae present on fore- and

midtarsomeres II-IV and hindtarsomeres

III-IV; largest plantula on tarsomere FV

(Fig. 5). Gaster sessile, moderately con-

stricted between terga I and II. Tergum 1

not humped posteriorly, with appressed
microsetae; terga IV-Vl with semi-erect

microsetae. Pygidial plate absent. Sternum
I with basomedian carina that bifurcates at

middle. Length 9.0 mm (amber sample
19.3 X 7.3 X 7.0 mm). Body black, without

yellow markings.
Male unknown.
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Abstract.—Three nesting aggregations of Ccramins tuberculifer Saussure were investigated in the

French Alps. C. tubi'mdifer inhabits submediterranean calcareous grassland. The nest consists of

a one- to multi-cellular burrow surmounted by a mud turret. The main shaft descends obliquely

into the ground and terminates in a cell. Secondary shafts are short. Brood-cells are built of mud
within an excavated cell. Nests are probably perennial. Imagines are polylectic, collecting pri-

marily pollen from Teucrium montamim L. (Lamiaceae), Helinnthemum (Cistaceae) and an uniden-

tified Fabaceae. There are additional flower visiting records from Lavandula (Lamiaceae) and Ono-

nis. (Fabaceae). The imagines employ a specialized method to gather pollen from Teucrium -flow-

ers, which can be interpreted as a behavioural adaptation to a nototribic pollen presentation. Males

patrol along flight paths in the foraging area of the females. They interrupt their flight regularly
in order to perch for short periods. CIm/sis emarginatula Spinola (Chrysididae) is a common par-

asitoid. Larvae of Zodion (Conopidae) and Mermithidae (Nematoda) were identified as endopar-
asites of the imagines.

INTRODUCTION
The genus Cernmiiis Latreille is a mono-

phyletic subgroup of the honeywasps
(Masarinae) (Carpenter 1993). All species
studied so far are solitary (Gess & Gess

1989, 1990). They nest in the ground in ex-

cavated burrows, which are surmounted

by a mud entrance turret. The brood-cells

are provisioned with a mixture of pollen
and nectar (Gess & Gess 1989, 1990).

Based on morphological characters and

biogeographical evidence Ceramius has

been divided into eight species groups
(Richards 1962) one of which has recently
been subdivided (Gess & Gess 1988).

Moreover, Gess & Gess (1986, 1988, 1990)

have shown for the Afrotropical taxa (the

species groups 2, 3, 4, 5, 6, 8 of Richards

1962) that there are specific differences be-

tween the species groups in regard to

nest-construction and flower visiting.

Hitherto, comparable information on the

bionomy of the palaearctic Ccnmiiiis-spe-
cies (groups 1 and 7) has not been record-

ed (cf. Gess & Gess 1988). Ceramius tuber-

culifer is a member of species group 7

(Richards 1962). The species has been

found in southern France and in the north-

eastern parts of the Iberian Peninsula

(Richards 1963). It is closely related to C.

lusitnnicus Klug, C. vechti Richards and C.

bischoffi Richards, with which it had been

united under the name C. hisitauicus until

the revision by Richards (1962, 1963). Gi-

raud (1871) and Ferton (1901) described

habitat and nest-construction of Ceramius

tuberculifer in the French Alps and the Pyr-

enees, respectively. Whether Ferton 's ac-

count really refers to C. tuberculifer, as sup-

posed by Richards (1962), is uncertain.

The observations of Giraud (1871) and

Ferton (1901) are to some extent at vari-

ance with each other.

In the following data about habitat, nest

construction, flower visiting, pollen col-

lecting, mating and parasites of C. tuber-

culifer are presented which were obtained

at nesting aggregations in South France.
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The results are compared with descrip-

tions of other Ceramius-species.

MATERIAL AND METHODS

Investigations were carried out from 19

to 29 July 1994. Weather conditions were

almost uniform throughout the whole pe-

riod. Until about midday it was sunny
and temperatures rose to 25°-30°C. Later

in the day it clouded over, and more than

once there were fairly heavy thunder-

storms. In the upper valley of the Verdon

river (Departement Alpes Haute Pro-

vence), open habitats in the vicinity of la

Foux d'Allos, Alios, Colmars, Beauvezer,

Peyresq, Thorame-Haute, Thorame-Basse

and la Valette were sampled for imagines
and nests. The nesting area at Peyresq was
visited on July 19, 21, 25 and 28, July, that

on the Montagne de Boules on 26 and 29

July. Observations were noted in the field

and documented using a 35 mm camera

with 100 mm lens (scale up to 1:1) and

flash. Time is Central European Time. Po-

sitions of the nests in the nesting aggre-

gations were recorded as sketches, which

were retouched later by comparing them

with photos taken at the time. Five nests

were excavated. Their construction was
outlined as accurately as possible, al-

though exact measurements could not be

taken due to the nature of the soil. Entire

brood-cells were collected and later stud-

ied under a dissecting microscope. Plants

which had been visited by adults were

preserved both dried and in 70% ethanol.

Samples of C. tiiberciilifer were collected,

10 males and 29 females at Peyresq and

one male and one female on the Montagne
de Boules. The metasomata of all speci-

mens were dissected under a dissecting

microscope and examined for endopara-
sites. The alimentary tracts of six females

from Peyresq were fixed according to the

formula of Pabst & Crailsheim (1990).

Then pollen samples from the ventriculus

and the rectum were prepared using the

method of Westrich & Schmidt (1986). The

pollen was determined under a light mi-

croscope and compared with pollen from

the anthers of the ethanol-fixed plants pre-

pared in the same way. Only pollen-types
that existed in large quantities were con-

sidered for the evaluation. Quantitative

indications were estimated. In each case,

five of the ethanol preserved males and

females were selected at random to inves-

tigate the pollen-distribution on the exo-

skeleton. The number of grains on the

clypeus, the vertex -I- frons, the rest of the

head, the dorsal, left, right and ventral

part of the mesosoma, the fore-, middle-

and hind-legs and the metasomal-tergites
and -sternites were counted separately un-

der a dissecting microscope. From these

data, the total number of pollen grains
was summed up for each specimen and

the proportional number of grains on ver-

tex -I- frons, the dorsal part of the meso-

soma and the rest of the body was calcu-

lated. Finally, the arithmetic means and

their standard errors of the proportional
numbers for males and females were cal-

culated.

BIONOMIC ACCOUNT

Description of the Habitats.—Ceramius

tiiberciilifer was found at two localities in

the vicinity of Thorame-Haute, which are

characterized in more detail in Table 1.

Both were in submediterranean calcareous

grassland (Brometalia Br.-Bl.). The ground
cover was about 60-70%. In btith localities

Teucrium montaniim (Lamiaceae) was strik-

ingly more abundant than in the sur-

rounding areas. The soil, in which the bur-

rows were excavated, contained some clay

and was somewhat friable.

At Peyresq the ground was partially

covered with clusters of approximately 0.3

m high Sarotlumiuus-{¥abaceae) and Lanin-

diila iiiigustifolia Miller (Lamiaceae) shrubs

and a few pines of l-(3)m in height (Fig.

1). Among the dwarf shrubs, the soil was

sparsely covered with low vegetation
dominated by T. montaniim and grasses.

One nesting aggregation (= aggregation

P) with 77 nests was located on an area of
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Table 1. Characters of two localities with nesting aggregations of Ceramius tuherculifer in the vicinity of

Thorame-Haute (France: Departement Alpes Haute Provence)

Parameter
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Figs. 1-2. Fig. 1. Nesting area of Ceramius tubercitlifer at Peyresq, 28.7.1994; view from the southwest. The

nesting aggregation P was situated in front of the fwo little pines a bit to the right from the centre (arrow).

The foraging area of the imagines extended in front of the pine forest fringe on the left. Fig. 2. Habitat of

Ceranuus tubcrculifer on the Montagne de Boules, 26.7.1995; view from southeast. The nesting aggregations Bl

and B2 were in the centre of the steep slope. Flower visiting females were commonly observed in an adjacent

open area obliquely uphill to the right.
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aggregation P

Fig. 3. Positions of the nests in the nesting aggregation P of Ccrnniius tiibcrculifer at Peyresq, 21.7,1494. For

key see Fig. 4.

entrance was followed by a shaft of con- more than one cell, they were closely

stant diameter descending 50-70 mm grouped. Most of the cells lay sub-hori-

obliquely into the ground. Whenever zontally, one cell was orientated down-

brood-cells were present, the shaft termi- wards. All cell-openings were directed to-

nated in a cell (Fig. 6). When there was wards the end of the shaft.
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aggregation Bl

aggregation B2

®

[~] rock

[HTil Pinus

[jijil Gramineae

[y] Sarothamnus

r~l Heliaitthemum

vJ^ Teucrium

[TTi Lavandula

§ Compositae

Fig. 4. Positions of the nests in the nesting aggregations Bl and B2 of Ccramius tuberculifer on the Montagne
de Boules, 26.7.1994.

The constructed mud brood-cells were irregular outer surface on which separate

easily separated from the adherent soil, applications of mud were discernible. The

They varied from nearly cylindrical to inner surface was regular and smooth but

bean-shaped (Fig. 9). They had a rough, dull. Fragments of fibrous tissue and
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Fig. 5. Mud turret surmounting the entrance of a

Ceramius tuherculifer nest; Peyresq 21.7.1994 (length of

the turret approximately 15 mm, its distal parts are

slightly damaged).

threads corresponding in structure and

colour to cocoon-material (see below)
were embedded in the walls and mud-

plugs of two cells of nest 5. Similar frag-

ments and fibres mixed with crumbly soil

were found within the cocoon of nest 4.

Three cells of nest 5 were studied in de-

tail (Fig. 7). They measured 18-23 mm in

length and had a maximum outer diame-

ter of approximately 11 mm. Their walls

were 1.1-1.9 mm thick. The cells were

sealed with a 3.0-3.5 mm long mud plug
at the proximal end. The cocoon-cap was
located close behind the plug, but sepa-
rated from it by a very short empty space.
The cap was a circular weakly biconcave

plate, from 4.3 to 4.7 mm in diameter. The
cocoon consisted of reddish to brownish,

slightly shining fibrous tissue. It was 14-

17 mm long and 5.8-6.6 mm wide at its

greatest, and the distal end was rounded.

The cocoon was in intimate contact with

the inner walls of the mud cell from which

it could be parted only with difficulty.

There were small black brownish shining

pellets on the inner surface of the cocoon

in an annular zone of 1 mm in length, 2-

4 mm distal from the cocoon-cap. The hol-

low hemispherical pellets had thin brittle

walls which consisted of a substance that

was homogeneously brownish and trans-

lucent under the light microscope. In their

outer appearance the pellets resembled

the "fecal pellets" from Pseiidomasaris ed-

ivardsii (Cresson) (Masarinae) (cf. Torchio

1970). In one case these pellets were in ad-

dition present at the distal end on the in-

ner surface of the cocoon. Starting at 6.0-

7.5 mm distal from the cap and extending
from there over the whole distal portion
of the cocoon a thin, yellowish, slightly

granular and brittle layer covered the in-

ner wall of the cocoon. The light micro-

scope revealed that it consisted of pollen-

exines, which were tightly compressed
and united with a secretion.

Behaviour of the Females.—Females were

regularly observed excavating their nests.

They backed up the shaft with a soil-pellet

held by their mandibles. The pellets were

nearly half as large as their heads (Fig. 8).

As soon as they had left the nest entrance,

the females turned 90°-180° on their ver-

tical axis and discarded the pellet (cf. Fig.

8). Then they turned back and re-entered

the nest head first. The earth was always

dropped at the same spot a few centime-

tres from the entrance, where a small heap
was formed. Judging from its appearance,
the soil on the heap was moist. 1 did not

discover if or to what extent liquid was
used in order to soften the ground in the

course of nest excavation. Transport of

water in the crop was not observed but

the crops of two females collected at ag-

gregation P were tensely filled with a clear

hquid of high viscosity, probably nectar.

Before activity started in the morning
and during times of unfavourable weather

the females rested in the upper part of the

shaft, each with its head directed to the

entrance and completely plugging the

shaft. As an exception one female was ob-

served crawling under the twigs of a Teii-

criiim plant as the sky became overcast. It

remained there, lying more or less on its
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Table 2. Details pertaining to the five nests of Ceraniius tiiberculifer excavated on July 25, 1994 at Peyresq

(P) and on July 26, 1994 on the Montagne de Boules (B) respectively. The cell of nest 2 was damaged during
excavation. It appeared as if it had not been plugged

Nest i S

Aggregation No females cells Condition of tfie cells Content oi the cells

large larva; rests of pollen

rest of a cocoon filled with crumbly earth mixed

with cocoon-fragments
4 sealed with a mud plug prepupa in a cocoon

p
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Figs. 8-13. Fig. 8. Ceramius tubercuUfer during nest excavation at Peyresq, 28.7.1994. The female is turning
round with a soil-pellet held in her mandibles after she had backed out of the entrance. The pellet-dropping
area in the foreground is marked with an arrow. Fig. 9. Constructed mud-cells of Ceramius tulvrculifer from

nest 5 from aggregation B2, 26.7.1994 (length of each side of the squares is 5 mm). Fig. 10. Female of Ceramius

tubercuUfer sheltering under twigs during a period of unfavourable weather at Montagne de Boules, 29.7.1994.

Fig. 11. Male of Ceramius tubercuUfer perching on a sun-exposed stone at Peyresq, 28.7.1994 (arrow pointing
at the shadow of the widely opened mandibles). Fig. 12. Female of Ceramius tubercuUfer visiting a flower of

Teucrium montamim at Peyresq, 28.7.1994. The anthers touch frons and vertex of the wasp (arrow). Fig. 13.

Left foretarsus of a Ceramius tubercuUfer female from posterior (scale bar = 0.3 mm).
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Table 3. Flower visiting records for males and females of Ceramius liibercutifer on five days of observation

at Peyresq (P) and on the Montagne de Boules (B). (O = >5 observations o = 2-5 observations + =
single

observation)

W7V 21 7 P 25.7 P 25.7.B 28.7 P 29 7 E

t 6 9 a Si
Lamiaceae LINDL.

Teucrium montanum L.

Lavandula angiistifolia MILLER

ssp. angustifolia

Cistaceae JUSS.

Helianthenium oelandicum (L.) DC.

ssp. alpestre (JACQU.) BREISTR.

Fabaceae LINDL.

Ononis fructicosa L.

O O O O O O O

O O

O + O

+ O

the shaft, likewise, running forward. More
than once it was observed that an individ-

ual which had vanished into the burrow

running forward left the nest head first or

was soon afterwards resting in the ante-

rior part of the shaft with its head directed

towards the entrance, indicating that they
had turned around inside the burrows.

Behaviour of the Males.—Males of C. tii-

berculifer were regularly observed in the

area to the northeast of the nesting aggre-

gation P, an area commonly visited by for-

aging females. Activity of the males start-

ed about 10h30. They were moving over

the Teucrium clumps in a slow, constant

flight approximately 0.1 m above the

ground. Every few metres (usually 1-3 m,
at most 20 m) they interrupted their flight

and alighted on sun-exposed stones or dry

twigs lying on the ground, where they

perched for brief periods (less than a min-

ute). On the perch they maintained a char-

acteristic posture; antennae and wings
were raised at about 45° to the median
axis of the body and mandibles were

opened wide (Fig. 11). Often the males si-

multaneously rubbed the ventral side of

their metasoma with the hind-legs. Some-
times in addition they cleaned the head
and the dorsal part of the thorax with the

fore-legs. When disturbed, for example by
a passing insect, the males resumed their

flight. In other cases they started flying

anew without an obvious stimulus. After

a few metres in flight they alighted on an-

other perch. In this way, they seemed to

patrol along more or less constant paths.
The same perches were repeatedly visited

by males. One particular male covered a

complete oval course of approximately 40

m for one and a half times, alternating be-

tween flying and perching, before sight of

it was lost. Matings were not observed,

but frequently the males briefly ap-

proached other insects during the patrol

flights and from perches. On one occasion

a patrolling male flew rapidly towards an-

other flying male, chased it for about 0.5

m before returning to its course. The pa-

trolling behaviour was irregularly inter-

rupted by periods in which the males vis-

ited flowers. Around midday males were

occasionally observed in the range of the

nesting aggregations, where they alighted
for a short while on the ground close by
the nest entrances. On one morning a male

was resting in the shaft of a nest with its

head directed towards the nest entrance.

Flower Visiting.
—Flower visiting records

for imagines of C. tuberculifer are present-
ed in Table 3. The most frequently visited

plant was T. nioutaiuim but there was no

fidelity to flowers and several times both

males and females changed from one
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Table 4. Distribution of pollen grains on the exoskeleton of males and females of Ceramius tubercuUfer. The

arithmetic means and the standard errors for the total number of pollen grains per individual and for the

percentage of grains found on different parts of the body are given
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(1871) and Ferton (1901), each of which

had a few hundred individuals. Other Ce-

mmiiis-species also exhibit a remarkable

variation with regard to both nest disper-
sion and the number of nests in an aggre-

gation (cf. Gess & Gess 1980, 1986, 1988,

1990). Both localities of C. tuberculifer were

covered with calcareous grassland, which

is in accord with the sketchy habitat de-

scriptions of Giraud (1871) and Ferton

(1901). At all aggregations investigated the

nesting substrate was somewhat friable

whereas in the Pyrenees the species was
found nesting on solid, clay soil (Ferton

1901).

Afrotropical Cenvnius use water for soft-

ening the soil in nest construction (Gess &
Gess 1986, 1988, 1990). The same behav-

iour was shown by females of Ceramiiis in

the Pyrenees (Ferton 1901). In agreement
with Giraud (1871) C. tuberculifer, nesting
in the French Alps, likewise uses a liquid
at least for the construction of turret and

cells, but this is not necessarily water.

Nectar may conceivably be used instead,

since none of the dissected females carried

water (cf. also Giraud 1863, 1871), but two
had their crops completely filled with nec-

tar.

As already indicated by Giraud (1871)

and Ferton (1901), C. h(fe'rci(///t'r constructs

a mud entrance turret. Building a turret

probably belongs to the ground pattern (in

the sense of Ax 1984: 156) of Cermnius,

since it has been recorded for members of

all species-groups (cf. Gess «& Gess 1992)

and for all other ground-nesting Masari-

nae studied to date (cf. Gess & Gess 1980,

Houston 1984). Ferton (1901) mentioned
that the turrets were always repaired as

soon as they had been damaged, whereas
reconstruction or repair of a turret was not

observed in the Verdon valley, which is in

agreement with Giraud (1871).

As described by Giraud (1871) the

shafts of the nests in the present study
were 50-70 mm long but in contrast to his

account they descended obliquely into the

ground not vertically. This oblique de-

scent of the shaft is remarkably different

from the condition present in the nests of

the Afrotropical species of Ceramius, the

shafts of which are always almost vertical

(Gess & Gess 1986, 1988, 1990). In most of

the Afrotropical species the shaft has a

short bulbous enlargement ("bulb") in the

upper part, which allows the imagines to

turn round in the burrow (Gess & Gess

1988). Such a bulb is lacking in the nests

of C. tuberculifer.

The observations regarding the behav-

iour of the wasps, when excavating their

burrows, correspond well with the ac-

count by Giraud (1871). Like other Cera-

mius species the females of C. tuberculifer

back up the shaft with a soil pellet held

by their mandibles (cf. Gess & Gess 1980,

1986, 1988, 1990). However, in contrast to

the other taxa they do not fly up to discard

the pellet but move to the pellet dropping
area on foot. The existence of a clearly de-

fined pellet dropping area has only been

reported for two members of species

group 8 (Gess & Gess 1980, 1988). In other

Ceram/ws-species the pellets are spread out

over a larger area (Gess & Gess 1980,

1988).

The brood-cells are constructed within a

previously excavated cavity, that is they
are "mud-cells" in the sense of Gess &
Gess (1986). This is in agreement with the

descriptions by Giraud (1871) and Ferton

(1901). The construction of such mud-cells

is probably plesiomorphic within Ceramius

and occurs in all Afrotropical taxa except
for members of species group 8 (cf. Gess

& Gess 1992) where it must have been lost

secondarily. The variable, more or less

asymmetrical shape of the mud-cells of C.

tuberculifer contrasts with the regular

shape recorded for the mud-cells of other

Ceramius species (cf. Gess & Gess 1980,

1986, 1988, 1990). As reported by Giraud

(1871), the first cell terminates the main

shaft of the burrow, a character shared

with most of the other Ceramius species
with the exception of C. lichtensteinii (cf.

Gess & Gess 1988). Peremiial nests have
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been recorded for most species which con-

struct mud-cells (Gess &c Gess 1988). Two
findings suggest that this is also the case

in C. titberculifer. Firstly, two cells had

fragments of cocoon-material embedded
in their walls and mud-plugs, which in-

dicates that they were constructed after

imagines had already emerged from this

nest. Secondly, one nest contained a fe-

male along with an old cell, from which
an imago had already emerged.

Ferton (1901) reported that the provi-
sioned cells were sealed with a mud-plug.
In contrast, Giraud (1871) found all cells

to be open, irrespective of their pollen
content and the development of the lar-

vae. Furthermore, the cell of nest 2 was

probably not sealed, although it contained

a large larva. Open cells with larvae occur

occasionally also in C. lichtensteinii (Gess
& Gess 1980). This may be due to unfa-

vourable foraging conditions which bring
about delayed provisioning after deposi-
tion of the egg. The effect of this delay
would be that the larva hatches and starts

feeding before provisioning and sealing of

the cell is completed (Gess & Gess 1980).

Brood-cells of Ceramius containing pre-

pupae have been described only in C. lich-

tensteinii (Gess & Gess 1980) and C. rex

Saussure (Gess & Gess 1988). With 4-8

mm and 3 mm respectively the space be-

tween the mud-plug and the cocoon cap
is much longer in both species than in C.

tuberculifer. The thin brittle yellowish layer
of pollen-exines on the inner wall in most
of the lower half of the cocoon of C. tu-

berculifer is probably the meconium. A
similar thin faecal layer is deposited over

the distal three-fifths of the cocoon of Par-

agia tricolor Smith (Masarinae), though
there are often also thick scales deposited
at its distal end (Houston 1984). A com-

parably thin meconium occurs in Eupara-

gia Scutellaria Cresson (Euparagiinae) (cf.

Torchio 1970). In contrast the meconium
of Pseudomasaris is restricted to the poste-
rior end of the cocoon, where the excre-

ments form a compressed cake, about half

as deep as wide, with a flat surface, which
is perpendicular to the walls of the cocoon

(Torchio 1970, cf. Hicks 1927).

Although pairing was not observed, it

can be assumed that the males were seek-

ing mates in the foraging area of the fe-

males. Likewise males of the Afrotropical
Ceramius search for potential mates at re-

sources that are regularly visited by fe-

males, for example water (cf. Gess & Gess

1980, 1988) and forage plants (cf. Gess &
Gess 1990). Males of C. tuberculifer inter-

rupt their patrol flights regularly in order

to perch for brief periods. The character-

istic behaviour of C. tuberculifer males on
the perch, especially the opened mandi-

bles, and the rubbing of the ventral sur-

face of the gaster with the hind-legs, may
conceivably indicate the release of a pher-
omone. Comparable behaviours are

shown by males of some species of Polistes

(Vespidae) while chemically marking their

territorial perches (cf. e.g. Beani & Calloni

1991, Wenzel 1987). The use of phero-
mones in courtship behaviour has not

been reported for any representative of the

Masarinae (cf. e.g. Alcock et al. 1978, Al-

cock 1985, Gess & Gess 1988, 1990, Hicks

1929, Houston 1984, Longair 1987). Males

of Pseudomasaris maculifrons (Fox) (Alcock
1985: Fig. 2) and P. vespoides (Cress.)

(Hicks 1929), however, also perch and
whilst so doing slightly spread their

wings. At least in this respect their behav-

iour is similar to that of C. tuberculifer.

The Afrotropical taxa of Ceramius are

oligolectic to a high degree. They obtain

pollen from either Mesembryanthema-
ceae, Asteraceae or Fabaceae (Gess & Gess

1989, 1990). Members of the same species

group exhibit a marked fidelity to flowers

of a single plant family (Gess & Gess

1989). This does not seem to be the case in

species group 7, with Ceramius tuberculifer

being obviously polylectic. In addition

other members of the species group have

been recorded visiting flowers of Lami-

aceae, Fabaceae and Apiaceae (Richards

1963). These records can be misleading,
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however, since they do not verify that the

visited plants are utilized as a pollen
source (Gess & Gess 1988).

The occurrence of Teiicriuni iiiontaniim

seems to be of particular importance for

Ceramius tuberculifer. At both nesting sites

the plant was strikingly more abundant

than in the surrounding areas, its flowers

were visited most frequently and it was
most common in the majority of the pollen

samples from the alimentary tract. During
the visits to the nototribic Teiicrium flow-

ers the anthers come into close contact

with the vertex and frons of the imagines,
so that most of the pollen is deposited on

these parts of the body. Afterwards it is

drawn towards the mouth by grooming
movements of the brush-like forelegs and

is finally ingested. This behaviour differs

remarkably from the pollen gathering
methods employed by other Ceramius spe-
cies and most of the other Masarinae,

which either use their forelegs to agitate
the anthers and draw the pollen towards

their mouth or ingest pollen directly from

the anthers (Gess & Gess 1989, 1990b, cf.

Neff & Simpson 1985, cf. Torchio 1970).

Celonites abhreviatus Villers is an exception
for the imagines gather pollen from noto-

tribic flowers of different Lamiaceae in a

manner which is quite similar to the be-

haviour of C. tuberculifer (cf. Schremmer

1959, cf. Mtiller in press). The similarities

are probably due to convergent behav-

ioural adaptations to a nototribic pollen

presentation (cf. Miiller in press). Com-

parable pollen-harvesting methods have
also been independently developed sev-

eral times in some taxa of Apiformes,
which likewise collect pollen at nototribic

flowers (Miiller in press). In contrast to

these taxa, imagines of C. tuberculifer nei-

ther show specialized behaviours to im-

prove the release of pollen from the an-

thers nor do they have particular morpho-
logical devices (cf. Schremmer 1959, cf.

Miiller in press). (The brush-like forelegs
of C. tuberculifer cannot be interpreted as

a morphok)gical adaptation to pollen

gathering from nototribic flowers, since

they occur in all Masarini (Richards 1962:

35) and therefore probably represent a ple-

siomorphic character.)

Chri/sis emnrgiimtula has already been re-

ported as a parasitoid of C. tuberculifer by
Ferton (1901). In addition Linsenmaier

(1968) found this chrysidid associated

with an undeterminated Ceramius species
in Spain. Likewise the second member of

the C. emarginatula group, C. tingitana Bis-

choff, has exclusively been established to-

gether with Ceramius (Linsenmaier 1968).

Larvae of Zodion (Conopidae) have not

been recorded as endoparasites of any

representative of the Masarinae before (cf.

Smith 1966). Previously, the taxon has

mainly been associated with various spe-
cies of Apiformes and only rarely with Po-

dalonia ("Sphecidae") and Odynerus (Eu-

meninae) (Smith in litt. 1994).
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Abstract.—External male genitalia of 39 genera of Microgastrinae, 2 of Cardiochilinae and one

of Miracinae were examined to reappraise Mason's tribal system of the braconid subfamily Mi-

crogastrinae. Volsellar structures of the male genitalia came to provide useful new characters. On
the basis of morphological characters including those of the male genitalia, monophyly of Mason's

tribes and their groups was reassessed. The tribes Apantelini and Microgastrini (except for Sathon)

most likely form a monophyletic group, although monophyly of each tribe is not supported by
the evidence. The placement of Prasmodon and Sathon in the Microgastrini is doubtful, and the

latter may belong to the monophyletic assemblage composed of the Cotesiini, Microplitini and

Fomicini. The Cotesiini is probably paraphyletic since some of the members seem to be close to

the Microplitini and Fomiciini.

INTRODUCTION

With about 1300 described species

worldwide, the Microgastrinae is the sec-

ond largest braconid subfamily in terms of

number of species (Shaw and Huddleston,

1991), and it is one of the most important

components of the parasitoid complex of

many lepidopteran pests in forestry and

agriculture (e.g., Gauld and Bolton 1988,

Austin and Dangerfield 1992). Members of

the subfamily are koinobiont endoparasi-
toids of lepidopteran larvae and are asso-

ciated with symbiotic polydnaviruses
(Shaw and Huddleston 1991, Stoltz and

Whitfield 1992, Sharkey 1993, Wharton

1993).

The monophyly of the Microgastrinae is

firmly established by the unique flagellum
with invariably 16 articles, most of which

typically have 2 ranks of longitudinal pla-

codes (Mason 1981). Also, Mason (1981,

1983) suggested some additional autapo-

morphies to define this subfamily. It is

widely accepted that the Microgastrinae
forms a monophyletic group with the Car-

diochilinae, Khoikhoiinae and Miracinae,

though the relationships among them

have not been firmly resolved (Mason
1983, Quicke and van Achterberg 1990,

Wharton et al. 1992, Whitfield and Mason

1994).

Current framework of the generic and

tribal systematics of the Microgastrinae
was proposed by Mason (1981), who split

the large genus Apanteles {sensii Nixon

1965) into 23 genera and recognized 50 ex-

tant genera arranged in five tribes, Apan-
telini, Microgastrini, Forniciini, Cotesiini

and Microplitini. His generic concept was

quite close to the species groups of Apan-
teles defined by Nixon (1965), which had

been largely taken from the idea of Wil-

kinson (1932).

Mason's generic classification has been

adopted by many taxonomists (e.g., Wil-

liams 1985, 1988, Marsh et al. 1987, Papp
1988, Austin and Dangerfield 1992),

though Tobias (1986) and Shaw and Hud-
dleston (1991) withheld total approval of

his generic proposals. Mason's phyloge-
netic analysis and suprageneric classifica-
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Hon of the Microgastrinae, however, have

been criticized by Walker et al. (1990),

who concluded that Mason's tribes are not

established on the basis of synapomor-

phies. Recent authors (Shaw and Hud-
dleston 1992, Austin and Dangerfield
1992) also hesitated to adopt Mason's trib-

al system of the Microgastrinae. There is a

need of further intensive research to un-

derstand the phylogenetic framework of

this large and economically important

subfamily.
Mason's classification is principally

based on structures of the female genita-
lia. As shown by Tobias (1967), Marsh

(1965), Quicke (1988) and Quicke and van

Achterberg (1990), the male genitalia can

provide useful characters for the higher
level classification of braconids. Except for

Williams' (1988) revisional study of Sa-

tlion, however, most systematic studies on

the Microgastrinae have given little atten-

tion to the male genitalia. The present pa-

per reports on the volsellar structures of

the external male genitalia in the Micro-

gastrinae to elucidate their inter-generic
variations. 1 have examined 39 out of 53

extant genera of the Microgastrinae, and
also several genera of the Cardiochilinae

and Miracinae as outgroups. On the basis

of morphological data including those of

the male genitalia, I will reappraise Ma-
son's tribal system.

MATERIALS AND METHODS
The species examined are listed in Table

1. The microgastrines are arranged in Ma-
son's tribal system; Austrocotesia is tenta-

tively placed in the Apantelini. As out-

groups of the Microgastrinae, Cardiochiles

and Hartemila (Cardiochilinae) and Mirax

(Miracinae) were examined.

Metasomata of the dried specimens
were immersed for 2-3 days in 5% KOH
at 40°C. Genitalia were removed from the

rest of the metasoma and rinsed with 70"()

ethanol.

Volsellae were torn away from sur-

rounding cuticle and mounted in glyceri-

ne on slides. They were measured and

photographed with a Nikon light micro-

scope.
Terms for male genitalia are taken from

Snodgrass (1941). The volsella of the Bra-

conidae consists of lamina volsellaris (1)

and two distal lobes, digitus (digitus vol-

sellaris, d) and cuspis (cuspis volsellaris,

c) (Figs. 1, 3). At the apex of a median lon-

gitudinal ridge (volsellar ridge, r), the

lamina volsellaris is distally articulated

with the digitus. The cuspis is continuous

with the lamina volsellaris in the Micro-

gastrinae and related subfamilies (Quicke
and van Achterberg 1990).

Length of the lamina volsellaris was
measured from the basal end of the lami-

na volsellaris to the apical end of the vol-

sellar ridge. Digital length was measured

from the apical end of the volsellar ridge
to the apex of the digitus.

RESULTS AND DISCUSSION

Descriptions of Volsellae

Microgastrinae: Apantelini. Lamina
volsellaris with 1-8 (usually 2-5) setae or

setal alveoli (Table 1). Cuspis glabrous,

separated from digitus except for Miropo-
tcs, in which they were fused with each

other and so volsella became a single plate

(Figs. 7-8). Relative length of digitus to

lamina volsellaris 0.39 to 0.69 (Table 1). In

Apantcles, Austrocotesia, Dolichogenidca, Pa-

pmntties, Pholetesor, Promicrogaster and Sen-

dnplnic, digitus arched dorsally or cres-

cent-shaped, distinctly convex ventrally,

with a pointed apex directed dorsally or

laterally (Figs. 1-5, 9, 11-13); in Illidops,

digitus tubiform apically and strongly
arched dorsally (Fig. 6); in Miropotes, dig-
itus convex ventrally with the apex rather

round (Fig. 7) or crescent-shaped (Fig. 8);

in Pelicope, digitus only slightly convex

ventrally, not crescent-shaped, while the

apical portion obviously bent dorsally

(Fig. 10). Apex of digitus with 1-4 (usuallv

2-3) teeth (Table 1).

Microgastrinae: Microgastrini. Lamina
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Table 1. Lamina volsellaris and digitus of Microgastrinae, Cardiochilinae and Miracinae.
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Table 1. Continued

Prn^nioiion sp.

Pscminpaiilck's iiniuiliconus

Ashmead

Rhygop^litis aciculatm Ashmead
Sathon lateralis (Haliday)
Sathoti masoiii Williams

Sathon neomexicanus (Muesebeck)

Xanthomkrogaster sp.

Fomiciini

Fcirnica arata (Enderlein)

Fornica ceylonica Wilkinson

Cotesiini

Buluka achterbergi Austin

Qift'SM affinis (Nees)

Cotesia aiicilla (Nixon)

Cotesia flavip^es Cameron
Cotesia glomerata (L.)

Cotesia kariyai (Watanabe)
Cotesia melanoscelus (Ratzeburg)
Cotesia ofella (Nixon)

Cotesia plutellae (Kurdjumov)
Cotesia nibecula (Marshall)

Cotesia tatehae (Watanabe)
Cotesia leiiebrosa (Wesmael)

Deiitenxys carbonaria (Wesmael)

Deuterix\/s pacifica Whitfield

Diolcogastcr abiioininalis (Nees)

Diolcogaster duris (Nixon)

Diolcogaster cf. spreta (Marshall)

Distatrix pmpiliouis (Viereck)

Exix mexicana Mason

Gh/ptapaiiteles aliphera (Nixon)

Clyp'tapanteles fulvipes (Haliday)

Glyptapantcles Uparidis (Bouche)

Gh/ptapaiiteles xvebsteri (Muesebeck)

Lathrapiintetes fiiscus Williams

Protapaiileles alaskeiisis Ashmead

Protapanteles aiichisiades (Nixon)

Protapanteles lymantriae (Marsh)

Protoynicroplitis calliptera (Say)

Protomicroplitis mediatus (Cresson)

Rasivalva rugosa (Muesebeck)
Rasivalva stigmatica (Muesebeck)
Vetianides xeste Mason
Veiniiius pinicola Mason
Wilkinsonelhis striatus Austin &

Dangerfield

Microplitini

Alloplilis eompletus Nixon

Microptitis alanuensis Ashmead

Microplilis depnnuitor (Fabricius)
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Table 1. Continued

Taxon
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Cardiochilinae. Lamina volsellaris with

3-8 setae (Table 1). Cuspis separated from

digitus, and bearing a group of alveoli

without seta (Fig. 52). Relative length of

digitus to lamina volsellaris 0.44-0.52.

Digitus round apically and not or weakly
arched dorsally (Figs. 51-53), with 5-10

apical teeth.

Miracinae. Lamina volsellaris with 4-6

alveoli, invariably without seta. Cuspis

glabrous, separated from digitus. Relative

length of digitus to lamina volsellaris

0.40-0.46. Digitus broadly truncated api-

cally, slightly arched dorsally, and invari-

ably with 2 apical teeth (Figs. 54-55).

Polarity of Character States

Based on the conditions observed in the

outgroups, Cardiochilinae and Miracinae,

the polarity of character states in the Mi-

crogastrinae is suggested as follows:

1. Number of setae (or setal alveoli) on
lamina volsellaris. The plesiomorphic
condition is perhaps 3-6. Loss and ac-

quisition of setae are found both in the

Microgastrini and Cotesiini. Cotesia is

aberrant in always having numerous
volsellar setae (Fig. 56), and also some
other genera of the Cotesiini (Glypta-

panteles, Lathrapanteles, Protapanteles)
and Sathon (Microgastrini) often have 7

or more setae.

2. Articulation of digitus with cuspis.

Separation of the digitus from the cus-

pis is apparently plesiomorphic. The
fusion of these lobes is found only in

the genus Miropotes (ApantelLni).
3. Relative length of digitus to lamina

volsellaris. Medium sized digitus, 0.4-

0.5 of the lamina volsellaris in length,
is probably plesiomorphic. A compar-

atively long digitus (0.55 or more times

as long as the lamina volsellaris) was
found in some genera of the Apantelini
and Microgastrini.

4. Shape of digitus. The digitus, not dis-

tinctly arched dorsally, with a round or

broadly truncated apex is probably ple-

siomorphic. The digitus found in the

Apantelini and Microgastrini is apo-

morphic, being crescent-shaped with a

sharp (occasionally slightly obtuse)

apex directed dorsally or laterally.

5. Number of apical teeth of digitus. A
plesiomorphic condition cannot be de-

fined, because the teeth vary in number
from 2 in the Miracinae to 5-10 in the

Cardiochilinae.

Reassessment of Mason's Tribal System

Although Mason (1981) poshalated that

his tribes Apantelini and Microgastrini
form a monophyletic group, he did not

suggest any credible synapomorphies for

the assemblage (Walker et al. 1990). Aus-

tin (1990), however, pointed out that the

ventromedially membranous, folded and

often expandible hypopygium is probably
a synapomorphy for a clade including

most, definitely not all, of Mason's Apan-
telini -I- Microgastrini.

Moreover, the monophyly of Apantelini
-I- Microgastrini is most likely to be sup-

ported by the crescent-shaped or arched

digitus with its sharp (or slightly obtuse)

apex being directed dorsally or laterally.

In some aberrant genera (lllidops, Miropo-
tes, Pelicope and Xanthomicrogaster), the

digitus is not typically crescent-shaped,
but the apical portion tends to be pointed

dorsally or laterally.

Mason's tribe Apantelini has been dis-

tinguished from his Microgastrini by hav-

ing no percurrent median carina on the

propodeum. Most genera of the Apante-
lini doubtless form a monophyletic group

supported by the anteriorly projecting lat-

eral lobe of the metanotum (Mason 1981).

However, some genera (Miropotes, Senda-

pliiie, Pelicope, etc.) of the Apantelini are

devoid of the apomorphy. At the same

time, some genera {Oweras, Clarkiriella, Ico-

lu'lla) of the Microgastrini show a similar

if not homologous character state (Mason

1981). The percurrent median propodeal
carina of the Microgastrini may be apo-

morphic, but the same condition is found
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skin without long spines (Short 1953, Ma-
son 1981, Williams 1985, Walker et al.

1990). Mason (1981) indicated additional

apomorphies (e.g., setae of ovipositor
sheath restricted apically, ovipositor

abruptly narrowed subapically) while
these may be related to the reduction of

the ovipositor in length. In fact, the genus
Lathmpanteles, which has a long oviposi-

tor, lacks some of the apomorphies (Wil-

liams 1985). Besides the morphological

apomorphies, absence of the final ectopha-

gous stage of larvae may be also autapo-

morphic for the Cotesiini and Microplitini,
because the ectophagous phase is com-
mon in the Apantelini and Microgastrini
as well as in the Cardiochilinae and Che-
loninae (Huddleston and Walker 1988,

Shaw and Huddleston 1991).

Mason (1981) divided this clade into the

Forniciini, Cotesiini and Microplitini,
without indicating any reliable autapo-

morphies for the Cotesiini (Walker et al.,

1990). In the Forniciini, Microplitini, and
the Diolcogaster genus-group of the Cote-

siini, the apical smooth band of the scu-

tellum is almost always interrupted me-

dially by a punctate or rugose area (Nix-

on, 1965, Mason 1981, Austin 1992); this

condition is possibly apomorphic within

the clade Forniciini + Cotesiini + Micro-

plitini because, as in the remainder of this

clade, the apical smooth band of the scu-

tellum is continuous in the Apantelini and

Microgastrini (except for Ulidops). More-

over, females of Fornicia (Forniciini), Allo-

plitis (Microplitini) and at least two gen-
era, Diolcogaster and Exix, of the Diolcogas-
ter genus-group (Cotesiini) share apomor-
phic, ventral sensory fields on the middle
and subapical flagellomeres in common
(Mason 1981). Therefore, it is most likely
that the Cotesiini is paraphyletic when the

Forniciini and Microplitini are not includ-

ed.

In conclusion, Mason's framework of

two main clades (Apantelini + Microgas-
trini, and Forniciini + Cotesiini + Micro-

plitini) in the Microgastrinae is essentially

supported while monophyly of each tribe

is not sustained.
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Horcomtitilla Casal: Description of Previously Unknown Males,
New Distribution Records, and Comments on the Genus

(Hymenoptera: Mutillidae)
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Abstract.—The previously unknown male of the genus Horcomutilla Casal is described, based
on sex associations in two species, H. krombeini Casal, 1965 and H. maracai/i Fritz & Martinez,
1993. These males are unique among American Sphaeropthalminae in having the distal third of

their parameres bifid. Horcomutilla krombeini Casal, previously known from Panama, is recorded

from Venezuela. A generic discussion is presented.

INTRODUCTION

The pseudomethocine genus Horcomu-

tilla Casal, 1962 is known from 14 species,
all known from females only, distributed

from the Province of Chiriqui (near Costa

Rica), Panama, south into Argentina (Cas-
al 1962, 1965, 1970; Cambra & Quintero

1992; Fritz 1992; Fritz & Martinez 1993).

Females of Horcomutilla range from 6 to 12

mm in body length and are quite variable

in the color of the integument. We com-
ment on the somatic variation we have ob-

served in two species of Horcomutilla: H.

krombeini Casal and H. maracayi Fritz &
Martinez.

We here describe the first males known
for the genus Horcomutilla and associated

them with females of H. krombeini Casal

and H. maracayi Fritz & Martinez from ma-
terial collected in Panama (19 males) and
Venezuela (2 males). Descriptions are fol-

lowed by additional material examined,
new distributional data and taxonomic
notes. We recently incorporated the males

of Horcomutilla into a generic key for Pe-

ruvian mutillids (Quintero & Cambra

1996). Their genitalia are unique among
Sphaeropthalminae from America that we
have examined, including males of Calo-

mutilla Mickel, 1952, and Pertyella Mickel,

1952 (Quintero & Cambra, unpublished),
in having the distal third of the parameres
bifid. Scanning electron microscopy was
done with a JEOL model JSM 5300LV. The

following acronymies are used: U.S. Na-
tional Museum of Natural History at

Smithsonian Institution (USNM); Univer-

sity of Minnesota Insect Collection

(UMIC), and Museo de Invertebrados G.

B. Fairchild at Universidad de Panama

(MIUP).

HORCOMUTILLA Casal, 1962

Type species: Sphinctomutilla fronticoniis var.

glabriceps Andr^, 1908 (Museo Argentino de

Ciencias Naturales); female lectotype desig-
nation by Casal (1962).

Generic characters of males.—Proboscidal

fossa not extending to base of mandibles

(Figs. 3-4); genal carinae absent; proximal
two-thirds of mandibles broad, then nar-

rowed, forming a conspicuous tooth on the

inner margin, the distal third slender and
edentate (Fig. 6); scape with a single sharp
carina beneath; first and second flagellom-
eres equal in length; antennal scrobes

slightly carina te above (Fig. 1); humeral an-

gles of pronotum rounded (Figs. 7-8); par-
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and acute at the apices (Figs. 11-12); third

submarginal cell present but less distinct

than the second; parameres with the distal

third bifid (Figs. 13-19).

Discussion of the Genus Horcomutilla.—
Species of Horcomutilla, as well as those of

Pseudomethoca Ashmead, are present in a

range of environments, from those highly

degraded by humans to primary humid

tropical lowland forests. We have found

species of both genera living sympatrically
in Panama and Brazil. Horcomutilla is

closely related to Pseudomethoca Ashmead
and Mickelia Suarez. The latter is at pres-

ent separated only by its "flattened" fla-

gellomeres, but we consider that the valid

diagnostic character is the outline of the

thorax: rectangular in Mickelia and violin

shaped in Horcomutilla. We have exam-

ined the female paratype of Mickelia cres-

soni Suarez, 1966 (same data as the holo-

type), and two females of that species

from Goias and Sao Paulo, Brazil. We
found that their flagellomeres are not dis-

tinctly flattened, but that 4-12 are slightly

compressed, looking much like a preser-
vation artifact commonly found among
many different mutillid taxa. Moreover,

the compression of flagellomeres 1-3 is bi-

laterally asymmetric.

Preliminary results of a generic phylo-

genetic analysis of Sphaeropthalminae
(Quintero, unpublished) indicate that the

monophyly of Horcomutilla is supported

by the single synapomorphy of the bifid

distal third of the parameres. It appears to

be a highly derived character within the

Aculeata, not mentioned by Brothers and

Carpenter (1993). Bifid parameres (bira-

mous gonostyles) are known from a few

species in three genera of Sphecidae (Bo-

hart and Menke 1976, p. 21), but is used

as a generic character in only one of those

genera, Entomosericus Dahlbom. The func-

tion and structural correspondance of the

bifid parameres with the female genitalia

is unknown, as is true for most other parts

of the male genitalia of aculeate wasps.
O'Toole (1975) suggested a locking action

of the parameres (= gonoforceps) for Ti-

mulla oculata (Fabricius). Instead, we con-

sider that they might fimction as stimula-

tors, their known function in other insect

groups (Eberhard 1985). We have searched

and have not been able to find any dis-

tinctly modified mating behavior associ-

ated with these unique male genitalia (ex-

cept for the lack of wing tremor during

courtship). Neither have we been able to

find any special structural modifications

on the distal abdominal segments of fe-

males of Horcomutilla (cf. Figs. 25, 26), ex-

cept for a slightly wider integumental
smooth stripe on the female's abdomen,

probably massaged by the male paramer-
es. These lateral stripes are visible on ab-

dominal tergum VI of the female of H.

krombeini (cf. Fig. 25, 26); no other struc-

tural modifications are recognizable. The

corresponding smooth stripe is slightly

narrower in females of Pseudomethoca,

whose males have simple parameres (Fig.

26).

Based on females, we can recognize two

groups of species in Horco77iutilla: 1. spe-

cies (krombeini, maracayi and reichi) with

two transverse integumental spots on ter-

gum two, which lack lateral bands of pale

pubescence on the dorsum of the thorax,

and which are distributed in the northern

part of South America, above the Equator.

Only one species enters Panama, krombei-

ni; 2. species (includes eleven nominal

species) with two longitudinally ovate in-

tegumental spots on tergum two. Most of

these species present lateral bands of pale

pubescence on the dorsum of the thorax,

except denticeps (Spinola), suis Casal, tal-

iata (Kohl) and tonocote Casal. The second

group of species is exclusively South

American, south of the Equator. We de-

scribe here the males of two of the species

in the first group.

Nothing is known about the hosts par-

asitized by Horcomutilla, but females have

the last abdominal tergum with a well-de-

fined pygidial plate, defined by carinae

(Fig. 25), and presumably they parasitize
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Figs. 7-10. Thorax details of Horcomiitilla, males. 7, maracat/i, thorax, dorsal view (x 50). 8, maracayi, thorax,
laterodorsal view (X 50). 9, krombeini, thorax, ventral view (x 100); MR = mesosteral ridge. 10, maracayi,

thorax, ventral view (x 150); MR = mesosternal ridge.

ground-nesting aculeates as do other fos-

sorial forms (Naumann 1991, page 923).

Numerous females of H. krombeini have
been collected near aggregations of

ground-nesting bees, Melitonia sp. (Rio

Perequete, Chorrera), and sphecids, Cer-

ceris sp. (Cruce de Mono Station, Parque
Nacional Darien), and we suspect they

parasitize their nests.

Here we present brief observations on
the mating behavior of Horcomiitilla krom-

beini, made by Rodolfo Contreras on four

couples captured on January 17 and Feb-

ruary 23 1992 in Capira, Panama Province.

The male approached from behind and
mounted the female without the stereo-

typed wing tremor we have observed dur-

ing the courtship of other genera of

Sphaeropthalminae and Mutillinae (Quin-
tero and Cambra, unpublished). Once
mounted onto the female, with both indi-

viduals facing the same direction, the

male grasps the female's "neck" (anterior

pronotal area) with his mandibles. The se-

quence lasts less than two minutes. No ob-

servations were made on how the male
uses his modified genitalia.

Horcomutilla krombeini Casal, 1965

Figs. 1, 3, 5, 6, 9, 11, 13, 15, 17,

20, 22, 23, 25

Horcomiitilla krombeini Casal, 1965: 81-84. Ho-

lotype female: PANAMA: Barro Colorado
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Figs. 11-12. Wings of Horcciiiuitilla, males. 11, kronibcini, fore and hind wing. 12, maracayi, fore wing.

(USNM, No. 67707), examined; Cambra &
Quintero 1992: 472^73 (9 additional fe-

males).

Male.—Capira [Panama Province], Pan-

ama, 1 Feb 1992, R. Contreras, deposited
MIUP.

Description of Mnle.—Integument black,

except clypeus pale yellow, and mandi-

bles pale yellow with red tips. Head sub-

rectangular in dorsal view, as wide as tho-

rax; row of six or seven long, erect, dark

setae near inner eye orbit; clypeus without

tubercles or teeth (Fig. 1); clypeal disk

sparsely punctate. Frons, vertex, and gen-
ae with shallow, close punctures, not con-

fluent (Fig. 1). Posterior margin of probos-
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cidal fossa with triangular projection that

is bisected by longitudinal median ridge

(Fig. 3).

Head and thorax clothed with long,

erect, white setae. Pronotum, mesonotum,
and scutellum shallowly, closely punctate,

punctures not confluent, about the size of

those on head. Tegula glabrous, mostly

impunctate; mesopleuron with moderate

close punctures, except small area near the

metapleuron, which is almost smooth, mi-

cropunctate; metapleuron glabrous, un-

sculptured. Mesosternum with a pair of

small ridges, produced posteriorly (Fig. 9).

Legs covered with long, erect, white se-

tae; mid coxae without teeth or carinae;

hind coxae carinate on inner margin. Tib-

ial spurs pale.

Abdomen setose throughout, setae

sparse, white, mostly erect. Tergum I with

small, sparse punctures on disk; posterior

margin of terga I and II fully covered with

moderate size, nearly contiguous punc-
tures; abdominal segments III-VII with

small, very close punctures throughout.
Genitalia with parameres and penis

valve as figured (Figs. 13, 15, 17, 20, 22,

23). Body length: 6.5 mm.
Known Distribution.—Panama, Venezuela.

Additional Material Examined.—The find-

ing of Horcomutilla krombeini in Venezuela

represents a new distribution record, as

this species was previously known only
from Panama. [Specimens deposited in

MIUP, acronymy omitted]. VENEZUELA:
Carabobo, 8 May 1990, J. Garcia, 1 female.

PANAMA. DARIEN PROVINCE: Cruce
de Mono, Estacion INRENARE, Parq[ue]

Nac[ional] Darien, 6 Feb 1993, R. Cambra
& J. Coronado, 2 females; same loc. and
collectors but: 7 Feb 1993, 1 female

(UMIC); 8 Feb 1993, 1 female (UMIC); 9

Feb 1993, 2 females; 10 Feb 1993, 3 fe-

males; 11 Feb 1993, 2 females; 12 Feb 1993,

1 female; 13 Feb 1993, 8 females; 14 Feb

1993, 7 females; 15 Feb 1993, 4 females; 16

Feb 1993, 7 females; 17 Feb 1993, 5 fe-

males; 18 Feb 1993, 2 females; 19 Feb 1993,

7 females; 20 Feb 1993, 8 females; 21 Feb

1993, 2 females; 22 Feb 1993, 2 females; 23

Feb 1993, 5 females; 24 Feb 1993, 1 female;

25-28 Feb 1993, 4 females; 1-4 Mar 1993,

2 females. Trocha Yaviza-Pinogana, 27-29

Mar 1990, R. Cambra, 4 males, 1 female.

El Real, 4 Feb 1993, R. Cambra & J. Cor-

onado, 4 females. PANAMA PROVINCE:
Rio Perequete, Correg. Playa Leona, Chor-

rera, 27 Feb 1991, R. Cambra & D. Quin-
tero, 6 females, 1 male; same loc: 18-20

Mar 1991, R. Cambra, 4 males; 13 Feb

1991, R. Cambra, 3 males; 25 Jan 1992, I.

Henry & Castillo, 3 females, 2 males 8

(one male without head); 26 Feb 1991, R.

Cambra, 1 male (UMIC). Capira, 22 Feb

1992, R. Contreras, 2 females, 2 males

(USNM); Capira, 2 Feb 1992, R. Contreras,

1 male. LOS SANTOS PROVINCE: Guar-

are, 14 Nov 1994, R. Perez, 1 female. CHI-

RIQUI PROVINCE: Las Lajas, 24 Mar

1992, R. Contreras, 2 females.

Variation of H. krombeini.—After exam-

ining 119 females and 19 males of this spe-

cies, we found color variation only among
females: head integument black (75 per
cent of specimens: one female from Ven-

ezuela, and the most common color form

in the eastern part of Panama) to red (only
one specimen); other females have the

head black except the frons, vertex (below
the white pubescence lines) and gena
which are red. The thoracic integument
varies from bright red to dark red.

Comments on Sex Associations.—Male
and female conspecificity was established

Figs. 13-18. Male genitalia of Horcomutilla. 13, krombeini. genitalia, dorsal view (x 75). 14, maracayi, genitalia,

dorsal view (x 100). \5, krombeini, genitalia, laterodorsal view (x 100). 16, maracayi, genitalia, laterodorsal

view (X 100). 17, krombeini, distal arms of parameres, dorsal view (X 200). 18, maracayi, distal arm of paramere,
laterodorsal view (x 350).
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Figs. 19-24. Male genitalia of Horcomutilla. 19, mamaii/i. genitalia, ventral view (x 100). 20, kromhctiu, penis

valve (anterior half), lateral view (x 350). 21, maraaiyi, penis valve (anterior half), lateral view (x 3,50). 22,

krombeini, penis valve, anterior dorsal margin (x 1.500). 23, knmiheini. anterior ventral margin (x 2000). 24,

maracm/i, penis valve, anterior ventral margin (x 2000).
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Figs. 25-26. Female distal abdominal segments, posterior view. 25. Horcomutilla kwmheini (x 100); S = stemite

VI; PP =
pygidial plate. 26. Psciiilomcthoca dumlnlemis (Cameron) (x 75).
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by experimental attraction, in nature, of

six males flying upwind to one caged fe-

male (not visible from the outside), releas-

ing airborne pheromones, and later ob-

taining, in a closed container, one positive

experimental mating with one of those six

males. Although some eager males might

attempt to mate with any virgin female in-

side a close container, we have found that

they are never able to force an unreceptive
female to mate. Females with which the

males are not conspecific are always un-

receptive, thus the technique is highly re-

liable.

Horcomutilla maracayi
Fritz & Martinez, 1993

Figs. 2, 4, 5, 7, 8, 10, 12, 14, 16,

18, 19, 21, 24

Horcomutilla maracayi Fritz & Martinez, 1993:

105-106. Holotype female: VENEZUELA:

Aragua, El Limon (Maracay), 450 m (Marti-

nez personal collection).

Mfl/c—VENEZUELA: Aragua, El Li-

mon, 450 m, 17 Apr 1973, C. J. Rosales,

deposited MIUP.

Description of Male.—Integument dark

red, except clypeus and mandibles, pale

yellow. Head subrectangular in ciorsal

view, as wide as thorax, covered with

long, erect, white setae; row of six or sev-

en long, erect, dark setae near inner eye
orbit; clypeus without tubercles or teeth

(Fig. 2); clypeal disk sparsely punctate.

Frons, vertex, and genae with shallow,

close punctures, not confluent (Fig. 2).

Posterior margin of proboscidal fossa with

triangular projection not bisected by lon-

gitudinal median ridge (Figs. 4, 5).

Thorax with long, erect, white setae.

Pronotum, mesonotum and scutellum

(Fig. 7) shallowly, closely punctate, punc-
tures about the size of those on head. Teg-
ula glabrous, mostly impunctate (Fig. 7,

8); mesopleuron with moderate close

punctures, except small area near meta-

pleuron, which is almost smooth, micro-

punctate; metapleuron glabrous, unsculp-

tured (Fig. 8). Mesostemum with a pair of

conspicuous tubercles (Fig. 10).

Legs covered with long, erect, white se-

tae; fore and mid coxae without teeth or

carinae; hind coxae carinate on inner mar-

gin. Tibial spurs pale.

Abdomen setose throughout, setae

sparse, white, mostly erect. Tergum I with

small, sparse punctures on disk; posterior

margin of terga I and II fully covered with

moderate size, nearly contiguous punc-
tures; abdominal segments III-VII with

small, very close punctures throughout.
Genitalia with parameres and penis

valve as figured (Figs, 14, 16, 18, 19, 21,

24). Body length: 7 mm.
Known Distribution.—Venezuela.

Additional Material Examined.—[All spec-
imens deposited in MIUP].-VENEZUELA.
Aragua, El Limon, 450 m, 27 Apr 1973, C.

J. Rosales, 1 male; same loc, 15 Sep 1955,

F. Fernandez & C. J. Rosales, 1 female;

same loc, 15 Apr 1975, F. Fernandez, 1 fe-

male.

Variation of H. maracayi.
—
Only four

specimens of this species were examined

(two females and two males), and no vari-

ation was recognized in that small sample.
Comments on Sex Associations.—Horco-

mutilla reiclii (Mickel) is known only from

the Venezuelan female holotype, deposit-
ed in the Spinola collection, but lacking
further collection data. Male and female

conspecificity of H. maracayi was estab-

lished by coincident distribution; both fe-

males and males were collected from the

same locality. No other species of Horco-

mutilla has been reported from the State of

Aragua.

Diagnosis, Males of Horcomutilla.—Males

of Horcomutilla krombeini and maracayi are

very similar in most external features.

However, three distinctive differences are

valuable in separating these species relia-

bly: the form of the penis valves (cf. Figs.

20, 21), the shape of the arms of the par-
ameres (cf. Figs. 17, 18), and the shape of

the mesosternal ridges (cf. Figs. 9, 10). Me-
sosternal processes or ridges are rather
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uncommon among males of the subtribe

Pseudomethocina (present in Horcomutilla

krombcini and H. iiiaracai/i and some spe-
cies of Pseiidometliocn).
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Abstract.—Biological observations and a description of two new species of the braconid genus
Psenobolus are presented. These wasps were reared from the syconia (figs) of Ficus (Urostigyiia)

spp. in San Jose, Costa Rica where they appear to develop as inquilines with chalcid fig wasps.
No indication of parasiHsm was found. The sexes of the new species are dimorphic: the females

are typical braconids; the males, however, are brachypterous with many characters in common
with males of the chalcodoid Idarnes, also found in the figs.

INTRODUCTION

The braconid genus Psenobolus was de-

scribed by Reinhard in 1885 from wasps
reared from a fig fruit collected in St. Ca-

tharina, Brazil. Reinhard's description in-

cluded normal winged females and males.

No biological information was given.
In 1965, the senior author (Ramirez)

sent to the late C. F. W. Muesebeck at the

U. S. National Museum, Washington, DC,

specimens of winged females and bra-

chypterous males of a braconid wasp
reared from the figs of Ficus (Urostigma)
vehttina Willd. in Costa Rica which he

thought were parasitizing Blastopliaga lor-

resi Grandi (presently in the genus Pegos-

capus). The females were identified as a

new species of Psenobolus. Muesebeck stat-

ed that there were "no braconid males in

the sample" adding that the "males pres-
ent were some species of Idarninae (Chal-

cidoidea), which presumably developed
as an inquiline." Ramirez continued to

collect and rear Psenobolus from F. (U.) vel-

utina and other F. (Urostigma) species and
the females were always associated with

extremely dimorphic brachypterous
males. In 1991, he sent more specimens to

the junior author (Marsh) at the U. S. Na-

tional Museum who also identified the fe-

males as a new species of Psenobolus but

considered the brachypterous males to be

bethylids or tiphiids if not idamine chal-

cids. Even Marsh's colleagues in the Hy-

menoptera Unit could not identify these

unusual males. Undauntedly, in 1993 Ra-

mirez sent another sample to Marsh that

contained females and brachypterous
males as before. However, one male was

actually gynandromorphic: the head and

metasoma were typical male but the me-
sosoma had one side with male brachyp-
terous wings and swollen femora while

the opposite side was female with normal

wings and legs! This was convincing evi-

dence that the brachypterous males did

belong to the females and that the species
was possibly developing in the figs as an

inquiline with the males being highly
modified similar to the idamine chalcids

also present (see below). Further evidence

that these males are those of the female

braconid is that the males of the type spe-

cies, P. pygmaeus Reinhard, and males of

another species in the U. S. National Mu-
seum are fully winged but have similar
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antennae and swollen femora to those of

the brachypterous males.

Many of the chalcidoid wasps that de-

velop in the syconia (figs) of Ficiis are bra-

chypterous or wingless: the males of

Agaoninae are completely wingless while

those of other agaonids (non-pollinators)
are brachypterous or wingless. Hamilton

(1979) observed that of the more than 18

species of fig wasps found in two Brazili-

an Urostigma fig species, many had wing-
less males and several showed extreme

sexual dimorphism. He also found that

there was lethal combat among several

types of these wingless males. Addition-

ally, Murray (1989) found 25 species with

flightless males among the fig wasps he
collected.

BIOLOGY OF PSENOBOLUS IN HGS

(Biological information presented below
based primarily on study of P. ficarius

n. sp.)

Species of Psenoboliis appear to be in-

quiline wasps that develop in the syconia
of the genus Ficiis subgenus Urostigma sec-

tion Americana only. The female probably
pierces the fig wall with her long ovipos-
itor and lays the eggs in the female flow-

ers of the figs ("gall flowers") which were

recently oviposited into and pollinated by
the symbiotic agaonid wasps. The larval

and pupal stage occur inside the gall flow-

ers. The adult brachypterous males

emerge from the galls before the females

but simultaneously with the agaonid and
Idarnes males. The Psenobolus males appar-

ently then mate with the "inactive" fe-

males while they are still inside the galls,

although this was not observed. This is

similar to other New World fig inquiline

wasps such as the genera Idarnes and Cri-

togaster. According to Hamilton (1979),

"the great majority of male fig wasps are

wingless" and this, along with precocious

mating, has been well documented. After

mating, the females emerge from the galls
and escape from the syconia through the

exit holes in the fig wall made by males
of the agaonid pollinators. Idarnes females

also depend on the agaonid males for es-

cape from the syconia. The sex ratio of

Psenobolus was found to be 1:1.

The brachypterous males of these spe-
cies of Psenobolus from Costa Rica are sol-

dier males. With their prognathous heads
and large mandibles they have been ob-

served to fight to the death with other

males of their own species. Many speci-
mens we have seen have lost most of their

antennae apparently from this fighting ac-

tivity as well as while searching for fe-

males, gnawing through the galls and

mating. Only a few authors have reported

fighting in other fig wasps. Joseph (1958)
observed fighting in Philotrypesis and

Murray (1989) described intensive fighting
in Philotrypesis and Apocrypta bakeri. The
extreme dimorphism and dwarfing of

male fig wasps may be partially attribut-

able to fighting. According to Hamilton

(1979), apart from the large heads and
mandibles and perhaps the shield-like

head and pronotum, the other modifica-

tions, such as winglessness, are probably
not connected with selection for fighting.
We feel, however, that many characters of

the fig wasp males are, in fact, associated

with fighting, such as brachyptery or

winglessness, reduction in number of an-

tennal segments and mating inside the

galls.

The polymorphism and dwarfing of

male Pse7iobolus, absent in the female, is

probably associated with the amount of

"vegetable food" left by the agaonid larva

in each gall as suggested by Joseph (1984)

rather than caused by a supergene (or a

switched set of genes) that controls size

and morphology as suggested by Hamil-

ton (1979). According to Joseph (1984),

male fig wasps survive as dwarf individ-

uals, increasing the proportion of males.

THE "AGAONIDIZATION" OF
PSENOBOLUS

The brachypterous males of Psenobolus

have many characters in common with
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males of Idarnes (Torymidae in the sense

of Gordh 1975 or Agaonidae in the sense

of Boucek 1988) which also develop as in-

quilines in New World Ficiis (Urostigma)

figs. The common morphological and bi-

ological characters are listed below. We
compared the brachypterous Psenobohis

males with the description of Idarnes pre-
sented by Gordh (1975).

Morphological characters shared between

brachypterous Psenobohis and Idarnes

males:

Head

Extreme polymorphism, soldier type
males

Prognathous heavily sclerotized heads

Head wider or as wide as long
Reduced eyes
Ocelli absent

Reduced antennae, large scape

Large mandibles, articulated in hori-

zontal plane

Mesosoma

Dorsoventrally compressed

Large pronotum
Short legs with swollen femora

Biological characters shared between Psen-

obohis and Idarnes:

Males

Polymorphic
Non flying

Emerge before females

Lethal fighting between males

Mating with inactive females

Do not abandon fig in which they de-

veloped

Probably do not feed as adults (not

observed)

Females

Ovipositors longer than body
Oviposit after pollination of syconi-
um

Oviposit through syconial wall

Mated while inside gall and inactive

Abandon gall after mating

Depend on agaonid males to escape
from fig

Similar fig hosts—Ficiis (Urostigma)
section Americana

Occur only in New World.

The most significant similarities are that

both groups are inquilines in Ficus (Uros-

tigma) section Americana figs and that the

males are often extremely polymorphic
and flightless with depressed bodies. Al-

though these are remarkable similarities

between these two unrelated groups of

wasps, there are differences which make
it easy to distinguish Psenobohis and Idar-

nes. Males of Psenoboliis have a two-seg-
mented trochanter, typical for braconids,

whereas Idarnes males have a one-seg-
mented trochanter fused to the femur. The
antenna of male Psenobohis has 9-12 dis-

tinct antennomeres with a swollen scape
and pedicel (Fig. 8); Idarnes antenna has 4-

5 antennomeres, a swollen scape and a

distal club formed by the fusion of the last

three antennomeres. The Idarnes males do
not have a developed labiomaxillary com-

plex indicating that they do not feed,

whereas the Psenoboliis males have distinct

mouth parts although they also probably
do not feed. Wing reduction in fig wasps

may be related to fighting and mating in-

side the syconial cavity or inside the galls.

According to Hamilton (1979), "wing re-

duction (in some fig wasps) is probably

partly in the interest of redirection of

growth into greater sperm production and

(sometimes) into fighting adaptations, and

partly simply because wings are an en-

cumbrance for the male activities inside

the figs." He also felt that the coincidence

of winglessness, fighting and dimorphism
is not accidental.

We suspect that the genus Psenoboliis is

still in a process of adaptation to devel-

opment in the gall flowers of figs because

the type species, P. pygmaeiis, and several

winged males of an unknown species
from Trinidad, have winged males with

modified antennae and swollen femora
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similar to the brachypterous males. Much
more study needs to be done on the biol-

ogy of these unusual braconids to estab-

lish their exact biological relationship with

the other wasps in figs. An interesting

study would be to revisit near the type lo-

cality of P. pi/ginacus in Brazil to study the

biology of the more normal males.

TAXONOMY OF NEW WORLD
PSENOBOLUS

Genus Psenobolus Reinhard

Psenobolus Reinhard, 1885, in Mayr, Verb. Zool.-

Bot. Ges. Wien 35:246. Type species: Pseno-

bolus pygmneus Reinhard (monotypic).

Diagnosis.
—A cyclostome braconid in

subfamily Doryctinae; female normal, occip-

ital carina present, fore tibia with row of

short stout spines on anterior edge, fore

wing with three submarginal cells, first sub-

discal cell open at apex, vein 2-lA absent

or indistinct at apex, hind wing with vein

M+CU about equal to length of IM, vein

m-cu slightly cur\'ed toward wing apex,
hind coxa rounded at base without tubercle,

ovipositor usually much longer than body;
male either similar to female but with basal

flagellomeres stalked and scape and femora

swollen, or often extremely dimorphic, bra-

chypterous (see descriphon below).

Comments.—Females of this genus can

be identified by using the key to Western

Hemisphere Doryctinae presented by
Marsh (1993). Reinhard included a single

species in the genus; subsequently Ender-

lein (1912) and Szepligeti (1902) added
four species but these have all been trans-

ferred to the genus NotiospmthiKs (see She-

nefelt and Marsh 1976). In addition to the

two new species described below the ju-

nior author has seen several new species
from the Neotropical Region and these

will be dealt with in a future revision of

the genus now in preparation.

KEY TO NEW WORLD SPECIES OF PSENOBOLUS

Females

First metasomal tergum wider at apex than at base, not parallel sided . pygmaeiis Reinhard

First metasomal tergum as wide at apex as at base, parallel sided (Fig. 5) 2

Flagellum entirely brown; propodeum brown ficariiis new species

Flagellum yellow on basal half; propodeum yellow parapygmaeus new species

Males

Winged, similar to female pygmaeus Reinhard

Brachypterous, extremely dimorphic (Figs. 6-9) 2

Head wider than long in dorsal view (Fig. 7); 9-10 antermomeres, scape and pedicel very large
and swollen (Fig. 8) ficarius new species
Head about as wide as long; 12 antermomeres; scape and pedicel less swollen

parapygmaeus new species

Psenobolus pygmaeus Reinhard

Psenobolus pygmaeus Reinhard, 1885, in Mayr,
Verb. Zool. Bot. Ges. Wien 35:247. Lectotype
female, "St.Catharina in Brasilien," deposit-
ed in Zoological Museum, Humboldt Uni-

versity, Berlin, Germany.

Diagnosis.
—Female: body color honey

yellow, propodeum dorsally, first meta-

somal segment and median-basal spot on

second metasomal tergum brown, scape,

pedicel and first 3-4 flagellomeres yellow,
remainder light brown; 20-antennomeres;

head cubical, wider than high in anterior

view; eyes large, malar space shorter than

basal width of mandible; ocelli small, ocel-

locular distance about four times diameter

of lateral ocellus; frons excavated; vertex.
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frons and temple smooth, face smooth me-

dially, rugulose laterally; mesosoma flat-

tened dorsoventrally, smooth except pro-

podeum weakly rugulose dorsally; notauli

shallow, weakly crenulate anteriorly, ab-

sent before scutellum, not meeting; ster-

naulus smooth, about as long as meso-

pleuron; metasoma petiolate, first tergum
narrow at base, suddenly widened at

apex, apical width about twice basal

width, carinate rugose, rugulose at base;

remainder of terga smooth except second

tergum in middle at base carinate, groove
between second and third terga very weak
and smooth; ovipositor about IV3 times

longer than body; fore wing with three

submarginal cells, stigma nearly as broad

as long, vein m-cu interstitial with 2RS,

vein Icu-a slightly beyond IM, second

subdiscal cell open at apex, vein 2-1A ab-

sent at apex; hind wing with vein M +Cu

nearly equal to IM, vein m-cu weakly
curved toward wing apex; fore tibia with

row of 4-5 short stout spines an anterior

edge, hind coxa without basal tubercle,

femora at least 4 times as long as wide.

Male: similar to female except as fol-

lows; flagellomeres 1-4 stalked at base,

swollen at apex; all femora swollen, about

2 times as long as wide.

Comments.—This species differs from

the two new species described below by
having the first metasoma 1 tergum of the

female wider at apex than long and by

having winged males. It is presently
known only from Brazil. The type series

was reared from "Feigenfriichten" but no
indication of which genus or species of

figs.

Psenobolus ficarius Ramirez and Marsh,
new species

(Figs. 1-10)

Female.—Body color: honey yellow ex-

cept flagellum, ocellar triangle, propo-
deum, first metasomal segment and ba-

somedial spot on second tergum which
are dark brown, propodeum occasionally

light brown; wings hyaline, veins light

brown but becoming clear yellow toward

base and apex of wing, stigma brown with

small yellow area at extreme base and

apex; ovipositor sheaths brown. Body
length: 2.5-3.0 mm. Head: entirely

smooth; frons excavated, with short carina

between antennae; face broader than high;

hypoclypeal depression small and oval,

diameter slightly greater than malar

space; malar space short, about
V^, eye

height; temple narrow, about Vi eye width;

occipital carina complete; ocelli very
small, ocellocular distance about 5 times

diameter of lateral ocellus, ocellar triangle

isoceles-shaped; 21-25 antennomeres, all

flagellomeres longer than scape and ped-
icel. Mesosoma (Fig. 4): pronotum smooth
and polished, with deep longitudinal
smooth groove laterally; mesonotum and

scutellum smooth and polished, notauli

complete and finely impressed, scutellum

flattened; mesopleuron smooth and pol-

ished, stemaulus smooth, about % length
of mesopleuron; propodeum without ca-

rinae, with two basal lateral semicircular

smooth and polished areas, rugulose me-

dially, apically and laterally. Metasoma

(Fig. 5): petiolate; tergum 1 rugulose cari-

nate, slender, parallel sided, apical and
basal widths equal, basal width about Vs

width of propodeum; remainder of terga

smooth and shining except a small basal

medial rugose area on tergum 2, terga 2-

5 each with sparse row of long white setae

at apex, tergum 2 with sparse area of long
white setae at base; ovipositor very long,
at least as long as entire body and usually
about twice as long. Legs: fore tibia with

row of 4-6 short stout spines on anterior

edge (Figs. 2-3); hind coxa round at base

without distinct tooth; inner spine at apex
of hind tibia strongly curved. Wings: fore

wing (Fig. 10) with stigma short and

broad, breadth greater than length of vein

r, vein r-m present, thus three submargin-
al cells present, vein r about ^4 as long as

3RSa, vein m-cu interstitial with 2RS, sec-

ond subdiscal cell open at apex, vein 2-1 A
weak or absent apically; hind wing with



Volume 5, 19% 69

Figs. 1-5. Pseiiobolus ficariui new species. 1, habitus; 2, fore tibia showing chaetobothria; 3, same, enlarged; 4,

mesosoma, dorsal view; 5, metasoma, dorsal view.

vein M+Cu about % length of IM, vein

m-cu curved toward wing apex.
Male.—Body color: honey yellow except

mandibles, scape, pedicel, trochanters and
base of tibiae brown. Body length: 2.0-2.5

mm. Head: prognathous, wider than long
in dorsal view, smooth and shining (Figs.

7, 9); 9-10 antennomeres, scape and pedi-
cel large and swollen, width of scape

greater than diameter of eye, flagellomeres
1-5 stalked, very narrow at base and wide
at apex (Fig. 8); mandibles large, tips

crossing when closed (Fig. 8); clypeus very
narrow, concave; hypostomal depression
oval; labrum concave; eyes small, temple
behind eye about 5 times length of eye;
ocelli absent; occipital carina absent. Me-
sosoma (Figs. 7, 9): smooth and polished.
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Figs. 6-9. Pscnobolus ficarius new species, mdles. h, ventral view; 7, dorsal view; 8, liead, ventral view; 9, lateral

view.

flattened dorsoventrally; mesonotum

sharply declivous to pronotum; notauli

and scutellum absent; propodeum with-

out any carinae; mesopleuron small, ster-

naulus absent. Metasoma: all terga
smooth and polished; tergum 1 short.

broad, oval shaped, dorsoventrally flat-

tened (Fig. 7); remainder of terga similar

to female. Legs (Fig. 9): all femora short

and swollen; all tibiae narrow basally,

swollen apically; fore and middle tarsi

with tarsomeres 1^ extremely short, api-
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Figs. 10-11. Wings of Psenobohis species. 10, P. ficurius new species; 11, P. parapygmaeus new species.

cal tarsomere longer than tarsomeres 1-4

combined, claws large and simple; hind

tarsomeres 1 and 5 equal in length and

equal to length of 2—4 combined. Wings:

brachypterous with few short veins near

base (Figs. 7, 9).

Holotype female.—COSTA RICA, San

Jose, El Tornillal, San Geronimo de Mo-

ravia, February 18, 1983, W. Ramirez. De-

posited in Museo de Insectos, Universidad

de Costa Rica, San Jose, Costa Rica.

Paratypes.—COSTA RICA: 1 female, 11

males, 1 gyandromorph, same data as ho-

lotype; 6 females, 11 males, same data as

holotype with date February 28, 1983, ex

Ficus velutina Willd.; 5 females, 45 males,

same data as holotype with date February
29, 1993, from fig; 14 females, 11 males,

same data as holotype with date Decem-
ber 30, 1992; 3 females, La Canada, Car-

tago, January 31, 1964, W. Ramirez, ex.

Blastophaga torresi Gir. in Ficus velutiuii; 3

females, San Jose, Zurqui de Moravia,
1600 m, August 1994 and March 1992, col.

Paul Hanson. Deposited in: Museo de In-

sectos, Universidad de Costa Rica, San

Jose, Costa Rica; U. S. National Museum,

Washington, DC; Rocky Mountain Sys-
tematic Entomology Laboratory, Univer-

sity of Wyoming, Laramie, WY; Canadian

National Collection, Ottawa, Canada; Nat-

ural History Museum, Leiden, The Neth-

erlands.

Comments.—The above host record of

Blastopjlmga torresi is in error as mentioned
in the introduction and biology sections.

The original assumption when these

wasps were first collected in 1964 was that

they were parasitoids of fig wasps which

has since been disproved.

Etymology.
—The species name is Latin

for "of figs" in reference to the biology of

the species.

Psenobolus parapygmaeus Ramirez and

Marsh, new species

(Fig. 11)

Female.—Differs iTomficarius as follows:

basal 4-5 flagellomeres yellow, remainder

gradually becoming brown to apex, pro-

podeum yellow, second metasomal ter-

gum entirely yellow; fore wing with vein

m-cu meeting RS+M before 2RS (Fig. 11).

Male.—Differs from ficariiis as follows:

head as wide as long in dorsal view; 12

antennomeres, scape not as swollen as in

fieariiis, width about equal to eye diame-

ter.

Holotype female.—COSTA RICA: Route

to La Suize, Turrialba, August 29, 1973, Ft-



72 Journal of Hymenoptera Research

CHS (Urostigma) sp., one fruit, coll. W. Ra-

mirez. Deposited in Museo de Insectos,

Universidad de Costa Rica, San Jose, Cos-

ta Rica.

Paratijpes.—COSTA RICA: 3 females, 1

male, same data as holotype. Deposited in

Museo de Insectos, Universidad de Costa

Rica, San Jose, Costa Rica; U. S. National

Museum, Washington, DC.

Eti/niolog}/.
—The species name is from

the Greek para meaning "near" in refer-

ence to the similarities of this species to

pygmaeus.

Other Psetioboliis Species

The U. S. National Museum contains

one female from Panama, one male from

Mexico collected in wild figs and two
males from Trinidad. The three males are

fully winged and have stalked antennae

and swollen femora as in pygmaeus. The

junior author has also seen females of sev-

eral apparently undescribed species from

Mexico, Central America and northern

South America which indicates that the

genus is probably wide spread throughout
the Neotropics where figs are growing. A
revision of the entire genus is in prepara-
tion.
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Abstract.—A unique morphological feature is described, in which the rectum in the males of

some genera of the braconid wasp subfamily Braconinae is fused with the 7th metasomal tergum.
The area of the tergum overlying the area of recto-tergal fusion has a sponge-like structure in

transverse section, and pores are visible using scanning electron microscopy, suggesting that this

may permit volatile substances produced in the gut to escape when the wasp exposes the dorsal

surface of the tergum. The distribution of this structure among the genera of Braconinae is dis-

cussed from a phylogenetic perspective.

INTRODUCTION
The braconid wasp subfamily Braconi-

nae is a diverse group containing more
than 250 valid genera and 2000 described

species (Shenefelt 1978; Quicke 1987;

Shaw & Huddleston 1991), the majority
from the Old World tropics. Members of

the subfamily are almost exclusively idio-

biont ectoparasitoids of concealed hosts,

principally belonging to the Coleoptera
and Lepidoptera, though Diptera and Hy-
menoptera are also attacked by some spe-
cies. During surveys of the male genitalia

(Quicke 1988a) and metasomal glands
(Quicke 1991), we encountered an appar-

ently unique feature of the digestive tract

in members of several genera: the rectum

of the male being fused dorsally to the

eighth abdominal (7th metasomal) ter-

gum. In this paper we describe the struc-

ture and ultrastructure of this anatomical

feature, which we term recto-tergal fusion,

and provide data on its distribution with-

in the subfamily.

MATERIALS AND METHODS

Morphology of the region showing the

recto-tergal fusion (RTF) was studied us-

ing Atanycolus ulmicola (Viereck). Live

males of this species were collected

around dead tree trunks in Boston, Mas-

sachusetts in August of 1987, and at Col-

lege Station, Texas, in September of 1987.

Specimens used for light, scanning (SEM)
and transmission electron microscopy
(TEM) were first dissected in sterile insect

saline (Ephrussi and Beadle 1939) to iso-

late the posterior metasomal terga and di-

gestive tract. Terga used for SEM were

separated to expose the region fused to

the rectum, dried through 100% ethanol,

and coated with gold-palladium, prior to

scanning. Additional SEM studies were

performed on pinned specimens of several

other genera (Hemibracon Szepligeti, Rlind-

inobracon Szepligeti, Rhytimorpha Szepli-

geti).

Preparations for TEM and light micros-

copy were fixed for approximately 5 hours

in a mixture of 2% glutaraldehyde, 2%

paraformaldehyde, 2% acrolein and 1.5%

dimethyl sulphoxide in 0.133 M sodium

cacodylate buffer (pH 7.4). After three

rinses in 0.1 M sodium cacodylate, mate-

rial was post-fixed in 1% osmium tetrox-

ide for TEM (Hayat 1989). FoUowmg fix-
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ation, the material was embedded in Ar-

aldite 502-EMBED 812 Embedding Medi-

um (Mollenhauer 1964). Semi-thin sections

of 1 |xm thickness for light microscopy
were stained with 0.1% toluidine blue in

1% aqueous sodium borate, and photo-

graphed with a Zeiss Axiophot using Ek-

tachrome 160 Tungsten film. Ultrathin sec-

tions (50-70 nm) were post-stained with

alcoholic uranyl acetate solution for 30

minutes followed by Reynolds' lead ci-

trate (Reynolds 1963) for 10 minutes. Sec-

tions were examined and photographed

using a Zeiss IOC transmission micro-

scope at 60 kV on Kodak Electron Micro-

scope Film 4489 (ESTAR Thick Base).

For a survey of the presence or absence

of RTF across the subfamily, we used both

live material and pinned museum speci-

mens. Live material from field collections

or from colonies maintained at Texas

A&M were dissected in physiological sa-

line. Metasomata were removed from dry

specimens and soaked overnight in aque-
ous 10% potassium hydroxide, the stemi-

tes and tergites teased apart, and the chi-

tinous lining of the hind gut stained with

1% aqueous Chlorazol Black. Gross dis-

sections of all material, when performed

carefully, did not disrupt the RTF, and the

rectum remained tightly bound to the

eighth abdominal tergum. Specimens in

which RTF did not occur were unambig-

uously identifiable.

Suprageneric classification follows Qui-

cke (1987). Voucher specimens of A. ul-

niicola are housed in the Texas A&M Uni-

versity Collection. Names of species in the

genera surveyed for the presence of RTF,

and their repository, are available from

the senior author.

RESULTS AND DISCUSSION

Morphology

In living A. ulmicola, RTF is evident ex-

ternally as a pale, circular region antero-

medially on the otherwise reddish eighth
abdominal tergite. Scanning electron mi-

crographs of this region in all genera ex-

amined showed the region of RTF to be

sculptured differently from adjacent parts

of the tergum, having numerous tiny

pores (Figs 1, 2), but no other evidence of

differentiation was noted. Light micros-

copy shows the digestive tract to be inti-

mately associated with the tergum in the

RTF region, with pores visible in the epi-

cuticle at high magnification (Fig. 4). The

cuticle over most of the region of RTF is

markedly thicker in cross-section than in

adjacent, lateral portions of the tergum

(Figs 3 & 4). Transmission electron mi-

croscopy of the RTF region (Figs 5, 6)

shows that the thickening of the cuticle is

due to the development of a thick spon-

giform layer below a thin, more or less

normal fibrous layer at the dorsal surface.

This spongy layer appears at higher mag-
nification (Fig. 6) to consist largely of emp-
ty space with a three-dimensional lattice-

work of chitinous rods. Whilst none of our

ultrathin sections showed it, we suspect
that the lumens of the dorsal pores con-

nect directly with the spaces in this

spongy layer. Towards the inner side of

the tergum, the chitin becomes more co-

herent and the spaces are reduced, but the

chitin does not reach the same density as

at the outer surface (Figs 4, 5). Immediate-

ly below, and normally firmly attached to,

the RTF region of the tergum is the thin

chitinous membrane of the rectum; in Fig-

ure 4 the membrane has become partially

detached from the tergum due to the me-

chanical stresses imposed by dissection

and sectioning. TEM shows unambigu-

ously that there is no living tissue between

the thin cuticle of the rectum and that of

the tergum within the RTF region, though
elsewhere, the chitinous cuticle and the

rectum wall are both lined with cells.

Distribution

More than 20 individual males of A. ul-

micola were dissected and no intraspecific

variation was detected, all displaying RTF.

We have never observed RTF in females,
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Figs. 1, 2. Scanning electronmicrographs of the 7th metasomal tergum of a male Hcmibnicoii sp. 1, whole

tergum with area of recto-tergal fusion exposed and apparent as a weakly raised oval area; 2, detail of area

indicated by white rectangle in Fig. 1. Abbreviations; rtf, recto-tergal fusion; t, 7th metasomal tergum.
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Table 1. Genera of Braconinae with males that display recto-tergal fusion. Genera are arranged according
to tribes and generic groups, numbers of species examined (N)

Taxon
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Table 2. Genera of Braconinae with males not displaying recto-tergal fusion. Genera are arranged according
to tribes and generic groups; numbers of species examined (N)

Taxon
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Figs 3-6. Transverse sections of 7th metasomal segment of Atanycolus ubnicola showing features of RTF. 3,

photomicrograph of semithin section through whole tergum; 4, detail of tergal cuticle within region of recto-

tergal fusion, showing pores in upper part of chitinous cuticle; 5, transmission electronmicrograph of tergal

cuticle within region of recto-tergal fusion, showing pores in upper part of chitinous cuticle; 6, detail of a

single pore, abbreviations, p, pore in 7th metasomal tergum; r, lumen of rectum; rtf, recto-tergal fusion; th,

6th metasomal tergum; t7, 7th metasomal tergum. Note that in figures 3 and 4, the 6th metasomal tergum,
which overlaps the 7th in normal resting position, is also sectioned.

highly modified, spongy and porous ter-

gum in the RTF zone, together with the

total loss of living rectum and epidermal
cells, it seems very likely that the region
has evolved to permit/facilitate passage of

volatile compounds from the rectum

through the tergum. If this is the case then

RTF would be analogous to a gland, al-

though no glandular tissue is present in

the RTF region. Collectively, a consider-

able variety of true metasomal exocrine

glands have also been discovered in brac-

onid wasps belonging to several subfam-

ilies (Waseloh 1980; Tagawa 1983; Buck-

ingham & Sharkey 1988; Williams et al.

1988; Quicke 1991; Field & Keller 1994),

and as with RTF, many of these are lim-

ited to members of just one sex, often the

males. Thus the distribution of RTF would
be consistent in it having a pheromone-
associated function possibly in relation to

species recognition, courtship or aggrega-
tion. Much more work on pheromonal
communication and pheromone glands in
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braconids in general will be needed before

the roles of the various glandular and

non-glandular structures can be under-

stood.
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Abstract.—The thyrmine tribe Rhagigasterini is reviewed, with an extensive reevaluation of ge-

neric groupings. Phylogenetic analyses of seven Rhngignster species, two species of Dimorphoth-

ynnus, two Aelurus species, and fourteen species of Eiroue, with Anthoboscinae and Thynnini s.s.

as outgroups, reveal the relationships: Anthoboscinae + (Thynnini + [{Aelurus + Eirone) + (Di-

morphothi/twus + Rhagigaster)]). A consensus tree generated from all 27 taxa yielded a ci of 59.

Analysis of only species representing genera (generic type species) resulted in a cladogram with

the same topography and a ci of 73. Rhagigaster species were found to constitute a monophyletic

unit despite suggestions that this genus may have been polyphyletic. The relationship between

Eirone and Aelurus is problematic. Aelurus, the orUy South American genus, ends up embedded

in Eirone in all of these analyses, and may indeed indicate that Eirone is a paraphyletic genus.

However, derived features of the male terminalia in each group clearly separate them, and since

females have been seen only for a few species in both genera, Aelurus will not be synonymized

herein. Five new species of Eirone are described: aquilonius and valokaensis from New Britain, and

cheesmanae, schlingeri and speciosus from Papua New Guinea.

INTRODUCTION

Thynninae is the largest and most di-

verse subfamily in the Tiphiidae. Initially,

Turner (1910b) treated this group as a dis-

crete family, which he divided into three

subfamilies, Diamminae, Rhagigasterinae
and Thynninae, though the majority of

genera and species were placed in the

Thynninae. Subsequent studies (Pate 1947)

and cladistic analyses (Brothers 1975,

Brothers & Carpenter 1993, Kimsey 1991)

clearly demonstrate that thynnines belong
to the family Tiphiidae. This conclusion

was based on a suite of characteristics in-

cluding the presence of mesopleural la-

mellae, a quadrate pronotum, the unci-

form male subgenital plate found in most

genera, and winged forms having the pos-

terior angle of the pronotum reach the teg-

ula. Argaman and Ozbek (1992) made a

retrograde proposal to restrict the family

Tiphiidae to include only members of the

Tiphiinae. However, this proposal is com-

pletely unsupported by any apomorphic

characteristics or phylogenetic analyses,

and is generally unaccepted.
The subfamily Rhagigasterinae was

originally described by Turner (1910b) to

include the genera Rhagigaster Guerin

1839, Dimorphotln/nnus Turner 1910b, Ei-

rone Westwood 1844 and Aelurus Klug
1842. Aelurus is the only South American

member of this group, all the rest are Aus-

tralasian. This group is now treated as a

tribe in the subfamily Thynninae (Given

1954, Salter 1954, Kimsey 1991).

Members of the Rhagigasterini lack a

number of the derived features character-

istic of other Thynninae, having instead

the primitive character states as follow: 1.

metasternum without simple medial ridge

or truncation in both sexes, 2. male apical

sternum apically rounded or with a linear

uncus, 3. aedeagus simple and linear (ex-

cept Dimorphathyiunts) , 4. female tergum I

and II simple, without carinae or rugae

(except Diniorphotln/unus), and 5. female

without discrete pygidial plate (except Di-
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morpholhynnus). Therefore they are treated

as a basal lineage of the subfamily (Kim-

sey 1991). Derived features of rhagigaster-

ines are: 1. male parameres with a dense

apical row of elongate, often flattened se-

tae, and 2. female mesopleuron with a dis-

crete dorsal surface.

After examination of all of the rhagigas-
terine types in the British Museum (Nat-

ural History) it became apparent that the

genera Eirone and Aelunis were very sim-

ilar, and have very similar females, where

known. There has also been the sugges-
tion that the genus Rhagigaster is polyphy-
letic and should be further subdivided (G.

Brown, personal communication). Finally,

Eirone is a structurally diverse genus with

some species groups apparently divergent

enough to justify their separation into dis-

crete genera. Therefore, previous treat-

ments of the relationships among the Rha-

gigasterini are inadequate, and the entire

group needed an objective reexamination.

MATERIALS

Specimens were borrowed for this

study or studied in situ from the following
institutions and individuals: Australian

National Insect Collection, CSIRO, Can-

berra, ACT; California Academy of Sci-

ences, San Francisco, USA, W. Pulawski;

California Department of Food and Agri-

culture, Sacramento, USA, M. S. Was-

bauer; Canadian National Insect Collec-

tion, Ottawa, Ontario, L. Masner; Carnegie
Museum, Pittsburgh, Pennsylvania, USA,

J. E. Rawlins; Cornell University, Ithaca,

N. Y., USA, J. K. Liebherr; Florida State

Collection of Arthropods, Gainesville,

USA; L. Stange; Charles Porter, personal

collection; Gainesville, Florida, USA; Mu-
seo ed Istituto di Zoologia Sistematica,

Universita di Torino, Italy, P. d'Entreves;

Museum of Comparative Zoology, Har-

vard University, Cambridge, Massachu-

setts, USA, J. M. Carpenter, and D. Furth;

Rijksmuseum van Natuurlijke Historie,

Leiden, Netherlands, C. van Achterberg;
The Museum of Natural History, London,

England, M. C. Day; U. S. National Mu-
seum, Washington, D. C, K. V. Krombein
and A. S. Menke; Zoologisches Museum,
Humboldt-Universitat, Berlin, F. Koch;

Zoologisk Museum, Copenhagen, Den-

mark, B. Petersen. The species examined

for this study are indicated below by an

asterisk (*).

The following abbreviations are used: F
=

flagellomere, MOD = niidocellus di-

ameter, PD =
puncture diameter, S =

gas-
tral sternum, and T =

gastral tergum.

Parsimony analyses of the generic rela-

tionships were performed using the Hen-

nig86 software (Farris 1988). The data ma-

trix generated by detailed examination of

the species listed in Table 1 was analyzed

using explicit enumeration with branch

swapping. All characteristics were treated

as unweighted, and multistate characters

as additive. These species were chosen be-

cause they represent very different groups
within each genus or are types of pub-
lished generic names. They were specifi-

cally chosen to test the notion that the cur-

rent generic categories were either para-
or polyphyletic. Character states were po-
larized using the Thynnini and Anthobos-

cinae as outgroups. Character polarities

are discussed below, and are given in the

data matrix provided in Table 1.

RESULTS

Tribal Characters

Head.—In the Thynninae a transverse

carina extending across the frons is found

only in males of Rhagigaster and Diinor-

phothynmis. The majority of Rhagigaster

have at least a trace of a transverse carina.

In Dimorphothynmis the carina is well-de-

veloped and extends from eye to eye
across the frons, with a dorsal branch that

forms an almost heart-shaped enclosure

(Fig. 8). This feature is clearly a uniquely
derived characteristic of these genera.

Thorax.—The dorsally bulging meso-

pleuron in female Rhagigasterini is diag-

nostic for this tribe. A hindcoxal carina.
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extending along the dorsum of the coxa

from the base nearly to the apex, is present
in all male thynnines, and is generally un-

developed or is elevated and broadly
rounded basally in rhagigasterines. How-
ever, in Rhagigaster and Dimorphotliynnus
it is elevated and toothlike (Fig. 11). Un-
like most other thynnines, female Eiwne
have greatly reduced mesopleural lamel-

lae.

In the majority of tiphiid subfamilies,

including Myzininae, Anthoboscinae, and

Tiphiinae, the metapostnotum is obscured

medially by the scutellum. In the Rhagi-

gasterini the metapostnotum is clearly vis-

ible as a band dorsally. This feature is

found in no other Tiphiidae, and the pat-
tern seen in the rest of the Aculeata sug-

gests that the presence of a visible meta-

postnotum in the form seen in these gen-
era is derived.

Gaster.—Sculpturing of the female T-11

is a prominent feature in members of the

Thynnini and Scotaenini (Kimsey 1992). In

Rhagigasterini only Dimorphothynnus have

sculpturing on this or any other gastral

terga. In Anthoboscinae the subgenital

plate is simple and evenly rounded, al-

though in a few species such as Anthobosca

chilensis Guerin, the apex may be spine-
rimmed and thickened medially (Fig. 27)

as is seen in some species of Eiwne and in

Aelunis (Fig. 31). This simple and evenly
rounded apical sternum is assumed to be
the primitive form in the Rhagigasterini.
Based on the condition seen in Anthobos-
cinae and American Thynnini and Sco-

taenini, the lack of penis valves is primi-
tive for Rhagigasterini. All Thynninae
have a highly derived and distinctive ae-

deagus. Further modification can be seen

in the Scotaenini where the aedeagus is

relatively short with membranous lateral

lobes and no apical loop, an autapomor-
phy for that group (Kimsey 1992). Within
the Rhagigasterini, the majority of genera
have an aedeagus with a basal bulb and
slender apical neck (as in Figs. 43-53).
The following characters were used to

analyze phylogenetic relationships. The

resulting matrix is given in Table 1. Polar-

ity is indicated in parentheses, (0) is the

primitive state, and (1) or (2) are derived.

1. Male transverse frontal carina: Ab-
sent (0), present (1) [Rhagigaster, Di-

inorphotln/ivnis], joined by U-shaped
dorsal carina forming a frontal enclo-

sure (2) (Fig. 8) [Dimorphothynnus].
2. Female maxillary palpus: Four-seg-

mented (0), three or two segmented
(1). [Aelurus and Eirone]. Female Ae-

lunis and Eirone have reduced palpi.
Reduction in the number of palpal

segments is common in aculeates;

however, it appears to be a consistent

generic feature in the Tiphiidae.
3. Female labial palpus: Five or 6-seg-

mented (0), four segmented (1). [Ae-

lurus and Eirone].

4. Female mesopleural development:

Tapering evenly toward scutvim (0),

strongly bulging toward scutum with

distinct dorsal surface (Fig. 4) (1) [Rha-

gigasterini].

5. Female mesopleural lamella: Well de-

veloped and apically rounded (0),

strongly reduced to small point-like

process (1) [Eirone].

6. Male hindcoxal carina: Present but

evenly curved from apex to base (0).

Abruptly expanded and angulate ba-

sally (Fig. 11) (1) [Dimorphothynnus
and Rhagigaster].

7. Male metapostnotal development:
Highly reduced and sunken medially
(0). Broadly exposed dorsomedially
(1) [Eirone and Aelurus].

8. Female metasternum (first variable):

With low medial ridge (0). Medial

ridge modified into bilobate, apically
flattened projection between midcoxae

(1) [Rhagigaster].

9. Female metasternum (second vari-

able): Flat or carinate (0). Strongly ex-

panded ventrally, appearing triangu-
lar in profile, with ventral apex (which

may be bilobate) located considerably
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Table 1. Character matrix for the genera of Rhagigastermi (Tiphiidae). Anthoboscinae (represented by
Anthobosca cliilensis (Saussure) and A. crosiicornii Smith and Thynnini (represented by Thynnus dentatus Fa-

bricius and Zaspilothynnns inlerruptuf Westwood) are the outgroups used in this analysis

T<i\on Characters

Anthoboscinae

Thynnini
Aelurus iiasutus

Aelurus sep'ti'iitriciwUs

Diniorphotln/inuis apicalis

Diinoiplwtln/uiius morio

Eirotic aliciiw

Eirone aquikniiiis

Eirone cheesrnanac

Eirone emarginatus
Eirone ferrugineicornis

Eirone major

Eirone mutabilis

Eirone parca

Eirone rufopictus

Eirone ichizorhina

Eirone xhlingeri

Eirone speciosiis

Eirone valokaensis

Rhagigaster aculeatus

Rhagigaster ephippiger

Rliagigaster cinerelhis

Rhagigaster laeingatus

Rliagigaster latisulcatus

Rhagigaster lyelli

Rhagigaster unicolor

00000
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15. Female tergum III sculpturing: Dor-

sally smooth, without cross-ridging

(0). Extensively cross-ridged (Fig. 4)

(1) [Diniorphotln/)iiuis].

16. Male epipygial plate: Absent (0).

Present and carinate (1) [Dimorpliotli-

ynnus]. The absence of a pygidial plate

is assumed to be the primitive state

since the Anthoboscinae lack one.

17. Male gastral tergum VII lobate: Gas-

tral tergum Vll evenly rounded (0).

Tergum with apicomedial lobe (as in

Fig. 26) (1) [some Rhagignster species]

18. Male gastral tergum VII carinate:

Tergum Vll evenly rounded (0). Sub-

laterally carinate (1) [some Rhagigaster

species]
19. Male gastral sternum I (first variable):

Evenly rounded with a single basal ca-

rina or ridge (0). With medial hook-

like ridge (Figs. 20, 21, 23) (1) [Dimor-

phothi/iiiiiis, some Rhagigaster species,

some Eiwne species].

20. Male gastral sternum I (second vari-

able): Sternum 1 simple basally (0).

With shelf-like transverse carina, often

connected to short but prominent me-

dial longitudinal carina when the lat-

ter is present (Figs. 20, 21) (1) [most

Rhagigaster species, Dimorphothyimiis].
21. Male subgenital plate (first variable):

Simple and evenly curved, or some-

what thickened apically and spinose

(0). With discrete, flat, spine-rimmed

apicomedial plate (1) [Aeliirus].

22. Male subgenital plate (second vari-

able): Simple, broadly and evenly
curved (0). With long curved ventral

spine (uncus) (Figs. 32-36) (1) [Rhagi-

gaster, Dimorphothyniiiis]. Uncus pro-

truding below broad flat shelf-like

rim, fitting broad apical tergum in

outline (Figs. 32, 33) (2) [Dimorpihoth-

ynnus].
23. Paramere setation: Apical setae un-

modified (0). Apical setae dense, elon-

gate and most often flattened (Figs. 48,

52, 53) (1) [Rhagigasterini].

24. Paramere shape (first variable): Para-

mere simple and evenly rounded api-

cally (0). Apically with awl-like lobe

(Fig. 48) (1) [several Eironc species]

25. Paramere shape (second variable):

Paramere simple and evenly rounded

apically (0). Submedially with thumb-

like lobe (Fig. 37) (1) [several Rhagi-

gaster species]
26. Digitus shape: Digitus forming a se-

tose, often small, rounded lobe (0).

Digitus setose and C-shaped (1) [some

Rliagigaster species]
27. Penis valves: Absent (0). Present, sim-

ple and foliaceous (as in Figs. 45, 46)

(1) [Rhagigaster]. Elongate, spoon-

shaped (2) [Thynnini s.s]. Extremely
bilobate, with elongate dorsal and

ventral lobes (3) [Einvw s. s.]. Bilobate

with ventral lobe secondarily bifid (4)

[some Eirone species]. Multilobate,

without one or two unusually elon-

gate lobes (5) [Aehirus].

28. Aedeagal form: Aedeagus consisting
of two separate, simple, elongate lobes

(0), Lobes separate, forming robust,

basally lobed or angulate structure

(Figs. 41, 42) (1) [Dimorpiiothynuus].

Aedeagal lobes fused into a structure

with a distinct basal bulb and short

apical neck (Figs. 45^8) (2) [some Ei-

rone species]. Apical neck greatly elon-

gate and linear (Figs. 49-53) (3) [some
Eirone species, Aelurus]. Neck flattened

and coiled (4) [one species of Eirone\.

Aedeagus with basal column and neck

(apical loop) flattened and coiled (5)

[one species of Rhagigaster].

Phylogenetic Relationships

The tiphiid subfamily Anthoboscinae

and thynnine tribe Thynnini, are included

in this analysis as outgroups. The result-

ing 14 trees found by implicit enumeration

had a ci of 59. A Nelson Consensus Tree,

shown in Fig. 1, produced the following

relationships: Anthoboscinae + (Thynnini
+ [{Aelurus /Eirone) + {Dimorphothynnus +

Rhagigaster)]). The ci was so low because

there was relatively little resolution of re-
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r'h37r
i!=3&

Anthoboscinae
r;=2 Thynnini

i=2 6 Rhagigaster unicolor

lr=32

n=34:^

l!=35^

=2 5 Rhagigaster lyelli
=2 4 Rhagigaster latisulcatus
=23 Rhagigaster laevigatas
22

E-

=33:

l!=2 8

Rhagigaster cinerellus
Rhagigaster blnodatus

lt=2 Rhagigaster aculeatus

[p=5 Dimorphothynnus morio
1!=31:!!=6 Dimorphothynnus aplcalls
[r=10 Eirone emarglnatus

tr=13 Eirone mutahills
L3oiL=i6 Eirone schlzorhlnus

9 Eirone cheesmanae
r=7 Eirone allciae
=8 Eirone aqullonius
=11 Eirone ferrugineicornis
=12 Eirone major
=14 Eirone parca
=15 Eirone rufoplctus
=17 Eirone schllngerl
=18 Eirone speclosus
r=19 Eirone valokaensis

[|=3
Aelurus septentrional is

^27l=4 Aelurus nasutus

Fig. 1. Nelson Consensus Tree showing phylogenetic relationships of rhagigasterine species and generic

groupings.

lationships among species of Eirone and

Rhagigaster. However, implicit resolution

of relationships among these species was
less important than determining whether

or not they actually represented sufficient-

ly divergent groupings to constitute sep-
arate genera.

By eliminating all species but those with

unique combinations of character states a

single cladogram was generated with the

same length and ci as the one using all

taxa. This tree also had the same underly-

ing topology as trees generated using all 27

taxa.

As discussed above, Eirone and Aelurus

are very closely related groups sharing fe-

male palpal reduction, triangular female

metastemum, and a broadly exposed me-

tapostnotum and projecting lobate meta-

stemum in males. In this analysis Aelurus

s.s. fits readily within an assemblage of Ei-

rone species. It is possible that Aelurus s.s.

may represent a species group in this larg-

er taxon. The females of both Eirone s. s.

and Aelurus s. s. are thus far indistinguish-

able. In both groups the apical margin of

the male subgenital plate varies from a

thin, evenly curved, spineless rim to a dis-

crete spine-rimmed apical platform. These

modifications of the subgenital plate do

not appear to correlate with any other

modifications of the head or genitalia.
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However, Eirone and Aelurus males can be

consistently distinguished by unique elab-

oration of the penis valves in each. The

valves in Eirone are strongly bilobed with

one lobe extending ventrally and the other

dorsally, with secondary subdivision of the

dorsal lobe into a pincher-like structure in

a few species. Aelurus males have the penis
valves elaborately lobed, with dorsal, ven-

tral, and even lateral lobes, which may
themselves be secondarily lobate. Addi-

tionally, although Aelimis species based on

males are largely described (Kimsey 1992),

many Eirone species remain undescribed

from either sex, and so few females are

known for either genus, that further study
is essential before making the decision to

synonymize one with the other.

Eirone s.s. is a large structurally diverse

group of species, but during the course of

this study the only group that might justify

generic status was a basal clade consisting
of Eirone miitabilis and schizorhinus, and

several as yet undescribed species. This cla-

de is characterized by having the paramere
terminate in a prong and the penis valve

secondarily bifid. However, no females are

known for these species, and each of these

apomorphic characteristics turns up in oth-

er species of Eirone, for example, the penis
valve structure also occurs in cheesnimme.

As shown in the consensus tree this clade

ends up embedded in Eirone, as it does in

the majority of the iterations resulting from

this analysis. Therefore there is no justifi-

cation for treating this group of species as

a discrete genus.

Dimorphothynmis and Rliagigaster are sis-

ter groups based on the presence of a fron-

tal carina on the face, unciform subgenital

plate, and toothlike hindcoxal carina.

However, Dimorphothynnus is highly mod-
ified and shares a number of features with

many of the thynnine genera, including
the transversely ridged female tergum,
and a delineated pygidial plate. Synapo-

morphies for Rliagigaster include: the flat-

tened and bilobate structure of the female

metasternum, foliaceous penis valves, and

male apical tergum apically narrowed and

carinate or with thumblike lobe.

Biogeography

Thynninae exhibit a typical trans-Ant-

arctic distribution (Figs. 2, 3), with species

occurring in South America and Austral-

asia. Although there are currently no gen-
era shared between these continental

regions, Aelurus and Eirone show close

phylogenetic links between the South

American and Australasian faunas. Aelu-

rus s.s. is restricted to the Neotropical Re-

gion, while Eirone s.s. is Australasian. Ei-

rone is the most widespread member of

the Australian rhagigasterines, and is one

of the few genera with species occurring
outside of Australia, on New Guinea,

New Caledonia and New Britain. This ge-
nus is also the member of the Rhagigas-
terini with the largest number of primitive
features resembling those of Anthobosci-

nae. The distribution and phylogenetic re-

lationships of these genera suggest that

the Thynninae evolved after the breakup
of Gondwanaland, during the period
when Australia and South America were
connected to one antither via Antarctica,

between 70 and 30 mya (Fig. 3). Members
of other thynnine tribes show no close

phylogenetic relationships between the

two regions, and in fact are divergent

enough to suggest that the Australasian

genera belong to one or more tribes and

the South American genera in two other

tribes (Kimsey 1991), with none of these

occurring in both regions.

KEY TO THE GENERA OF RHAGIGASTERINAE

1. Winged, with 7 gastral segments, and elongate slender antennae; males 2

-
Wingless, and ant-like, with 6 gastral segments, and short coiled antennae (as in Fig. 4);

females 5
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Fig. 2. World distribution of the tiphiid tribe Rhagigasterini.

2. Apical abdominal sternum unciform (Figs. 32-36), apical tergum broad and shovel-like or

narrowed and sublaterally carinate (Figs. 25-26) 3

-
Apical abdominal sternum evenly rounded, unmodified or with a narrow platform mar-

gined with short spine (Fig. 31); apical tergum evenly rounded, or slightly indented and

otherwise unmodified (Figs. 29, 30) 4

3. Apical abdominal tergum broadly rounded apically and shovel-like (Fig. 25), apical ster-

num with broad dorsal platform above elongate curved apical spine (uncus) (Figs. 28, 32,

33) Dimorphothynnus Turner

-
Apical abdominal tergum strongly narrowed or almost trilobate apically, often with ac-

companying sublateral carinae (as in Fig. 26); apical sternum with dorsal tooth or narrow

rim above uncus (Figs. 34-36) Rhagigaster Gu^rin

4. Neotropical; apical abdominal sternum apically thickened with a discrete, narrow, spine-

rimmed platform (Fig. 31), and penis valves elaborately pronged without an elongate dor-

sal lobe (Figs. 52, 53) Aclurus Klug
- Australasian; apical abdominal sternum usually without a discrete apical, spine-rimmed

platform (as in Figs. 29, 30), and penis valves strongly bi- or trilobed with well-developed

apical lobe and single or bilobed dorsal one (Figs. 45-51) Eirone Westwood

5. Tergum III with numerous transverse carinae (Fig. 4); tergum VI with discrete, carinate

pygidial plate; genal bridge strongly bulging in profile (Fig. 6); sternum I ventrally simple

Dimorplmthynnus Turner

- Tergum III without carinae; tergum VI smooth, without carinae or discrete pygidial plate;

genal bridge not bulging in profile; sternum 1 ventrally dentate 6

6. Hindtarsal claws dentate; metastemum medially projecting, with an apically flattened and

strongly bilobate structure ; Rhagigaster Gu^rin
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Fig. 3. Projection of continents in southern polar view 60 million years ago, with modem distribution of

Rhagigasterini indicated by shading.

Hindtarsal claws edentate; metastemum expanded and triangular in profile, apex of the

triangle sharp apically (Fig. 5)
7

Mesopleural lamella well developed, apically rounded; neotropical; propodeum usually

with one or two ovoid depressions medially (Fig. 10); four maxillary and three or four

labial palpal segments
Aelurus Klug

Mesopleural lamella reduced to small pointed process; Australasian; four or fewer maxil-

lary and three or fewer labial palpal segments; propodeum without ovoid medial depres-

gjQ^g Eironc Westwood

Aelurus Klug

(Figs. 10, 15, 31, 52, 53)

Aelurus Klug 1842:42. Type: Adurus nasutus

Klug 1842:43. Orig. desig.

Cophothynnus Turner 1908:79. Umiecessary re-

placement name for Aelurus Klug 1842.

rarely tridentate; labrum broadly ovoid

with narrowed base; maxillary palpus
with 6 articles, labial palpus with 4; occip-

ital carina faint dorsally; frons smooth

without ridges or carinae; metasternum

medially projecting and bilobate; propo-
deum evenly rounded, ecarinate; abdom-

Mfl/e.—Mandible simple, bidentate, or inal segments weakly punctate, without
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subapical constriction, with anterior zone

of coarse punctation; apical sternum thick-

ened apically, with marginal row of spines

along apex (Fig. 31); parameres generally

broad, with row of long flattened setae on

apical margin (as in Fig. 53); volsella usu-

ally apically bilobate; penis valves long,

well developed; aedeagus basally bulbous

and apically long and slender (Figs. 52,

53).

Female.—Head as long as broad or lon-

ger; eyes slightly larger than pedicel;

mouthparts reduced, maxillary palpus
with 4 or fewer articles and labial palpus
with 3 or fewer; pronotum longer than

broad; mesopleuron with clearly devel-

oped dorsal surface; propodeum with

long flat sloping dorsal surface, often with

1 or 2 medial depressions (Fig. 10); terga

relatively smooth without differentiated

areas, carinae or rugosihes; apical tergum
smooth without carinae or defined pygid-

ium; apical sternum with U-shaped apical

lip having 2 infolded flaps.

Distribution.—Aeliiriis species have a

patchy distribution in the Neotropical Re-

gion, occurring in Costa Rica, Panama,

Colombia, Ecuador, Peru, Argentina,
Chile and Brazil (Kimsey 1991).

Discussion.—Aclurus and Eirone are

closely related genera, so much so that the

females are virtually indistinguishable, ex-

cept for the development of the meso-

pleural lamellae. There are other subtle

differences, but whether these would sep-
arate all species in both genera is uncer-

tain. Aelurus females have 5 maxillary and

4 labial palpal segments, the mesopleuron
is strongly convex medially, and the pro-

podeum is usually dorsally flattened with

one or two medial depressions. In Eirone

females there are usually 4 or fewer max-

illary and 3 or fewer labial palpal seg-

ments, and the propodeum is dorsally

gently convex without depressions. Rlia-

gigaster females are also similar but they
can be immediately separated from those

of Aelurus and Eirone by the dentate hind-

tarsal claws.

Included species.
—Aelurus albofacies Kim-

sey*, ater Duran, brasilianus Kimsey*, cly-

peatus Klug, concazm Kimsey*, enigmaticus

Kimsey*, gayi (Spinola), grande Kimsey*,
nasutus Klug*, nigrofasciatus (Smith) *, pen-

al Kimsey*, septentrionalis Kimsey*, tridens

(Spinola), uncifer Turner.

Dimorphothynnus Turner

(Figs. 4, 6, 8, 11, 17, 20, 24, 25, 28, 32, 33,

39, 41, 42)

Dimorphothynnus Turner 1910b:5. Type: Rhagi-

gastcr haemorrhoidalis Guerin 1842:2. Orig. de-

sig.

Male.—Mandible slender and apically

bidentate; labrum small and linear; max-

illary palpus with 5 articles, labial palpus
with 4; occipital carina dorsally obsoles-

cent; frons with transverse carina joining
carinae extending dorsally from the fron-

tal lobes, forming a bell or heart-shaped
enclosure (Fig. 8); region between anten-

nal sockets strongly protruding; genal

bridge protruding in lateral view; prono-
tum strongly angled laterally, transverse

anterior carina strongly flared; mesopleu-
ron sharply declivous anteriorly, with

scrobe obsolescent; metasternum strongly

ventrally bilobate; propodeum strongly

angulate laterally, with transverse carina

separating dorsal from posterior surfaces;

tarsal claws dentate; hindcoxal carina

strongly angulate (Fig. 11); abdominal seg-

ments often coarsely punctate, and some-

what constricted subapically; sternum II

with Y-shaped basal carina, forming a

large transverse ridge subbasally connect-

ed to a medial carina extending posteri-

orly (as in Fig. 20); apical sternum with

slender curved unciform prong below a

flat, often greatly expanded dorsal lip or

rim that matches the margin of the apical

tergum (Fig. 32); apical tergum apically

broadly rounded and sometimes medially

weakly indented as well, with short lateral

carina (Fig. 25); parameres long and slen-

der with elongate flattened apical setae

(Fig. 39); volsella elaborately foliaceous.
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20 Di. apicalis 21 Rh unicolor 22 Rh rufopictus

23 Ei monlivaga

Figs. 4-23. Fig 4. Dorsal view of female head, tfiorax and abdomen. Fig. 5. Lateral view of female thorax.

Fig. 6. Lateral view of female head, antennae removed. Fig. 7. Hindwing. Fig. 8. Front view of male face,

antennae removed. Fig. 9. Ventral view of male metasternum, with one hindcoxa removed. Fig. 10. Dorsal

view of female propodeum. Fig. U. Male hindcoxa. Figs. 12-18. Arrangement of petiolar socket and hiiidcoxal

cavities in males. Fig. 19-23. Ventral view of male gastral sternum I. Abbreviations: ,4c. = Aclurus, An. =

Anthobosca, Di. =
Dimorphothynnus, Ei. - Eiwne, Rh. =

RlmgignMer, Ta. =
Tacln/iwmia.
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with small setose lobe (Fig. 39); penis
valves short, spoon-like and closely ap-

pressed to aedeagal base; gonobase short

and broadly, closely appressed to para-

meres; aedeagal lobes separate, basally

broadly angulate with slender, slightly

curved apical neck (Figs. 41, 42).

Female.—Head considerably broader

than long in front view; genal bridge pro-

truding in lateral view (Fig. 6); eyes ovoid,

one-half or more as long as head; mouth-

parts unmodified, labial palpus with 6 ar-

ticles and maxillary palpus with 4; pro-
notum subquadrate, wider than long;

mesopleuron flattened or slightly convex

medially, somewhat angulate ventrally
above midcoxa; scutum absent; metaster-

num with medial process short, subtrian-

gular and apically bidentate, not widely

separating the mid and hindcoxae; pro-

podeum gently sloping posteriorly, sharp-

ly angled laterally and narrowed anteri-

orly (Fig. 4); tarsal claws dentate; terga

broadly joined, not narrowed between

segments; tergum III with numerous

(about 8-15) cross ridges (Fig. 4); apical

tergum descendingly carinate with mar-

ginally carinate pygidial plate (Fig. 24);

apical sternum with broadly U-shaped

apical lip.

Distribution.—Members of this genus
are found only in Australia.

Discussion.—This genus is the most di-

vergent and highly derived in the Rhagi-

gasterini. Certain features Including the

development of penis valves and the fe-

male pygidium are more characteristic of

the Thynnini and do not occur in the other

Rhagigasterini. Other diagnostic features

include the foreshortened female head

and transversely carinate tergum III, and

in males the carinate frontal enclosure on

the face, angulate and carinate propo-
deum, and laterally angulate pronotum. In

addition the females have dentate tarsal

claws.

Included species.
—barnardi (Turner)*, con-

jugntus (Turner)*, dccepfor (Smith)*, liae-

morrhoidalis (Guerin), integer (Fabricius),

morio (Westwood)*, ottonis (Dalla Torre)*,

simillimus (Smith), testaceipes (Turner),
trunciscutus Turner*.

Eirone Westwood

(Figs. 5, 7, 13, 23, 29, 30, 45-51)

Eiroiw Westwood 1844:144. Type: Eirone dispar

Westwood 1844:144. Orig. desig.

Male.—Mandible slender and apically

bidentate; labrum broad with short nar-

row basal neck; maxillary palpus with 5-

6 articles, labial palpus with 3-4; occipital

carina weakly developed to obsolescent

dorsally; frons ecarinate and smooth, fron-

tal lobes projecting to nearly flat; prono-
tum with well developed transverse cari-

na; mesopleuron ecarinate with puncture
like scrobe; metastemum with strongly

projecting ventrally bilobate process; pro-

podeum evenly curved and ecarinate or

differentially sculptured dorsally versus

posteriorly; abdominal segments smooth

to punctate, and somewhat constricted

subapically between segments II and 111;

apical sternum unmodified apically or

with a spinose, apically thickened plate

(Figs. 29, 30); apical tergum with wide,

evenly rounded asetose and impunctate

apical rim (Fig. 30); parameres generally
broad and apically subtruncate or with

apical awl-like lobe, with row of elongate,

flattened apical setae (Fig. 48); volsella

large and often apically multilobate, se-

tose lobe attached subapically; penis
valves strongly bilobate with elongate
dorsal lobe and lobe extending alongside
the aedeagus, each lobe may be second-

arily subdivided (Figs. 45-51); gonobase
short and broad, broadly attached to par-

ameres; aedeagus flattened and linear

with small basal bulb, or with large basal

bulb and tapering slender apex (Figs. 45-

51).

Female.—Head as broad as long or lon-

ger; eyes small and ovoid, usually less

than one-fourth as long as head; mouth-

parts retluced, labial and maxillarv palpi

with 4 or fewer articles, maxillary palpus
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24. Di. ottonis

25 Di. obtusus
26 Rh. lyell, crossicomis Smith

31. Ae nigrofasciatus

35. Rh. crassipunctatus

36. Rh. laevigatas

37 Rh. ephippiger

38. Rh tumidus 33 Di.

41
'

a. mono 43 Rh corwgatus cheesmanae
44. Rh. tumidus

^»s^ 46 Ei. aquilonius

45 Ei. X ^Vo

48. Ei. mutabllis 49 E parca
50. Ei. aliciae

51 Ei emarginata 53 Ae gayi

Figs. 24-53. Fig. 24. Posterior view of female abdominal apex. Figs. 2.5-2(5. Dorsal view of male abdominal

apical segment. Figs. 27-29, 31. Male hypopygium. Figs. .30, 32-33. Lateral view of male abdominal apex. Figs.

34-36. Lateral view of male hypopygium. Figs. 37-39. Inner view of paramere and volsella. Fig. 40. Ventral-

view of aedeagus and penis valves. Fig. 41. Ventral view of aedeagus. Fig. 42. Lateral view of aedeagus. Figs.
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difficult to see without extending the

tongue; pronotum subquadrate, evenly
and shallowly convex dorsally; mesopleu-
ron laterally flattened and usually angu-
late ventrally above midcoxa; mesopleural
lamella represented by small pointed pro-

cess; midcoxae widely separated from

hindcoxae by elongate metasternum,
which appears ventrally triangular in pro-

file, and is apically bidentate or bilobate

(Fig. 5); propodeum narrowed anteriorly,

lateral margin compressed and somewhat

sharp-edged; tarsal claws edentate; ster-

num II with one or two ventromedial den-

ticles; tergum II with abrupt anterior de-

clivity; terga without transverse striations,

rugosities or carinae; apical tergum gen-

erally unmodified; apical sternum with

U-shaped apical lip with two infolded

flaps.

Distribution.—Eirone species occur

throughout Australia and Tasmania, as

well as in New Guinea, New Britain and

New Caledonia.

Discussion.—Species of Eirone most

closely resemble those of Aelurus, as dis-

cussed under that genus. Females are vir-

tually indistinguishable except by the de-

velopment of the mesopleural lamellae.

Additionally, female Eirone never have the

propodeal depressions seen in most fe-

male Aelurus. Males can be separated by a

combination of features. Eirone have a rel-

atively simple volsella and generally have

strongly bilobate penis valves. In addition,

most, but not all, species have the apical
abdominal sternum simple or apically

thickened, without a flat, thickened apical

platform, or distinct row of marginal api-
cal spines. In all Aelurus males, sternum

VIII has a flattened and subtriangular api-
cal platform, that is margined by a row of

short spines. Eirone males also have elab-

orate penis valves, as in Figs. 45-51. Male
Eirone appear to be divisible into several

groups based on whether there is an in-

dication of this apical platform, or at least

marginal spines, and on features of the

genital capsule. This difficulty is further

enhanced by the utter lack of equivalent

diagnostic features in the females. With-

out further study it appears to be impos-
sible to further subdivide Eirone into ad-

ditional genera, without creating paraphy-
letic groupings.

Included species.
—Eirone abdominalis

Westwood, alboclypeata Turner*, aliciae

Turner*, aquilonius Kimsey*, arenaria (Tur-

ner)*, basimaculata Turner, brumalis Mon-

tet, caroli (Turner)*, castaneiceps Turner*,

celsissima Turner*, cheesmanae Kimsey*, co-

lorata Brown, comes Turner*, crassiceps

(Turner)*, cubitalis (Turner), denticulatus

Montet (brumalis ssp.), dispar Westwood*,

emarginata Brown, exilis Turner*, fallax

(Smith)*, ferrugineiceps Turner*, ferruginei-

cornis Turner*, fulvicostalis Turner*, gran-

diceps (Turner)*, ichneumoniformis (Smith),

impunctata Brown, inconspicua Turner*, leai

Turner*, lucidus (Smith)*, lucidula Turner*,

major Turner, marginata Brown*, margini-

collis Turner*, mutabilis Turner, montivaga

Turner, neocaledonica Williams, nigra

Brown, obscurus (Klug), obtusidens Tur-

ner*, opaca Turner*, osculans Turner*, parca

Turner*, pseudosedula Turner*, ruficornis

(Smith)*, ruficrus Turner*, rufodorsata Tur-

ner*, salteri Brown, schizorhina Turner,

schlingeri Kimsey, scutcllata Turner*, specio-

sus Kimsey, subacta Turner*, subpetiolata

Turner*, subtuberculata Brown, superestes

Cockerell, tenebrosa Turner*, tetiuipalpa

Turner*, transversa Brownn*, tristis (Smith)*,

tubcrculata (Smith), valokaensis Kimsey*, I'l-

tripcnnis (Smith).

43-47, 49-52. Lateral view of penis valve and aedeagus (black). Figs. 48, 53. Lateral view of aedeagus (black),

penis valve and paramere, volsella omitted. Abbreviations: Ae. = Aelurus, An. = Anthohosca, Di. = Dimor-

phothynmis, Ei. = Eirone, Rli. =
Rliagigaster.
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Eirone aquilonius Kimsey, new species

(Fig. 46)

Holotype male.—Body length 11 mm;

forewing length 7 mm. Face with impunc-
tate medial stripe above antennal sockets,

punctures shallow and 0-0.5 PD apart,

shallower and less distinct on clypeus;

clypeus flattened, apical margin broadly

truncate; F-I length 2.3 x breadth; F-II

length 3X breadth; pronotum nearly im-

punctate, punctures shallow and indis-

tinct, 4-5 PD apart; mesopleural punctures
0.5-1 PD apart, becoming further separat-

ed ventrally; scutal punctures nearly con-

tiguous; scutellar punctures large, shallow

and 1-2 PD apart; propodeum impunctate
with dense fine transverse wrinkles or stri-

ae; S-1 with short medial ridge; epipygium

broadly rounded, apical rim thin and

transparent, punctation and sculpturing

the same as previous tergum; hypopy-

gium slightly thickened apically, and bi-

lobate, apical margin with a few long se-

tae; paramere short and broadly rectan-

gular, without apical row of flattened se-

tae, instead apex with setae and 3-4 long

spines; volsella without distinct basal lobe,

dorsal part bilobate, broadest of the two

dorsal lobes setose; penis valves with

elongate, slender, apically hooked dorsal

lobe extending outside of capsule, and

elongate bilobate ventral structure extend-

ing alongside volsella (Fig. 46); gonocoxa
without slender digitate lobe ventromedi-

ally. Hindwing anal lobe without enlarged

basal lobe. Body black with pale yellow

W-shaped mark on clypeus and transverse

medially broken pale yellow band on an-

terior pronotal carina. Wing veins dark

brown, membrane clear.

Type material.—Holotype male. New
Britain, Mosa Palm Oil Plantation, near

Hoskins, 25 Jan.-l Feb. 1969, J. E. Benson

(LONDON).
Etymology.

—This species has one of the

most northerly distributions in the genus,
thus the name aquiloniuf

= northern (L.).

Discussion.—This species can be distin-

guished from other species of Eirone by
the black body color with few pale whitish

markings, simple and apically truncate

clypeus, hypopygium apically slightly bi-

lobate, and peculiar genital capsule. The

male genitalia in this species is remarkable

—the paramere is unusually short and ear-

like and the dorsal lobe of the volsella is

very slender with an abrupt hook apically.

This species appears to be closely related

to valokaensis on the basis of overall simi-

larity.

Eirone cheesmanae Kimsey, new species

(Fig. 45)

Holotype, male.—Body length 12 mm;
forewing length 8 mm; facial punctures
external to antennal sockets and lower

frons dense and small, nearly contiguous,

punctures on upper frons and vertex 2-3

PD apart and highly polished between,

rest of head with punctures 0.5-1 PD

apart; clypeus broadly trilobate; flagello-

mere I twice as long as broad; flagellomere

II length 2.4 X breadth; pronotal punctures
2-3 PD apart; mesopleural punctures con-

tiguous to 1 PD apart, further separated

toward venter; scutal and scutellar punc-
tures 1-2 PD apart; propodeum impunc-
tate, and densely and finely shagreened;

epipygium unmodified; hypopygium api-

cally broadly rounded with thickened api-

cal rim fringed with an even row of short

spines; paramere broadly rhomboid with

truncate apex rimmed with elongate flat-

tened setae; volsella with long slender api-

cal lobe and broader subapical one; penis

valves with short, slender dorsal lobe and

longer ventral apical one (Fig. 45); aede-

agus with rounded basal bulb and short

linear apical neck. Body black with yellow

markings on lower half of clypeus, base of

mandible, pronotal lobe and transverse

pronotal carina; wing membrane clear, ex-

cept brown stained in costal, marginal and

submarginal cells; veins brown.

Type material.—Holotype, male, "Dutch

New Guinea", Waigeu Camp Nok., 2500

ft, may 1938, L. E. Cheesman (LONDON)
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Etymology.
—The species is named after

the collector, L. E. Cheesman.

Discussion.—Eiwne cheesmanae can be

distinguished from other Eiwne by the flat

medially pointed clypeus with an obtusely
trilobate apex, broadly rounded and thick-

ened apical rim of the hypopygium, which

is margined by a row of stout spines, and

principally black body color with few yel-

low markings. This species does not close-

ly resemble any other.

Eirone schlingeri Kimsey, new species

(Fig. 47)

Holotype, male.—Body length 10 mm;
forewing length 8 mm. Facial punctures 1-

2 PD apart, smallest on clypeus, becoming

large and shallow on frons and vertex;

clypeus flattened, apical margin broadly
truncate; F-I length 2.6 x breadth; F-II

length 3.8 X breadth; pronotal punctures
0.5-1 PD apart; mesopleural punctures

dorsally contiguous to 0.5 PD apart, becom-

ing 0.5-1 PD apart ventrally; scutal and scu-

tellar punctures 0.5-1 PD apart; propodeum
densely transversely scratched or striate,

puncti.ires shallow and nearly contiguous;

terga finely shagreened with punctures
shallow and obscure, 2-4 PD apart; S-1 with

short medial ridge; epipygium broadly

rounded, apical rim thin and transparent,

punctation and sculpturing the same as pre-

vious tergum; hypopygium apically tliick-

ened with narrow subtriangular platform,
and apical rim margined with row of short

spines; paramere broadly rectangular, apical

row of flattened setae, with setae about as

long as apical margin; volsella with large

narrowly rounded and setose basal part,

and bilobate dorsal part, tlie broader of the

two dorsal lobes setose; penis valves bilo-

bate, dorsal lobe slender and strongly bend-

ing ventrally, ventral lobe wider and broad-

ly rounded (Fig. 47); gonocoxa without slen-

der digitate lobe ventromedially. Hindwing
anal lobe without enlarged basal lobe. Body
black with few bright yellow markings: pro-
notum with transverse yellow band on an-

terior carina broken medially; legs yellow.

except coxae black. Wing veins dark brown,
membrane yellow becoming darker in mar-

ginal cell.

Type material.—Holotype male, Papua
New Guinea: Mt Kaindi, 8000 ft., 21 Feb.

1978, E. I. Schlinger (SAN FRANCISCO).

Etymology.
—This species is named after

the collector, Everett I. Schlinger.
Discussion.—The coloration of £. schlin-

geri is distinctive. It is the only New Guin-

ean species with yellow legs and entirely

black face. Additionally, the hypopygium
ends in a thickened and narrowly round-

ed apex rimmed with short spines, the ae-

deagus is highly reduced and the penis
valve lobes both project dorsally.

Eirone speciosus Kimsey, new species

(Fig. 7)

Holotype, male.—Body length 13 mm;
forewing length 12 mm. Clypeal punc-
tures 1-2 PD apart, densest and becoming

nearly contiguous laterad of antennal

socket and along posterior eye margin,

punctures larger and deeper and much
further apart on rest of head; frons and

vertex highly polished; medial facial sul-

cus depressed above antennae; antennal

lobes forming transverse platform; clype-
us flattened, apicomedially slightly trilo-

bate; F-1 length twice breadth; F-II length
2.6 X breadth; pronotal punctures 2-3 PD

apart; mesopleural punctures contiguous

dorsally becoming 2-3 PD apart ventrally;

scutellar punctures contiguous to 1 PD

apart outside of notauli, between notauli

1-3 PD apart; propodeum highly pol-

ished, and nearly impunctate; terga finely

shagreened with punctures 1-3 PD apart;

S-1 with short slightly hooked medial

ridge; epipygium broadly rounded, apical

rim thin and transparent, punctation and

sculpturing the same as previous tergum;

hypopygium very broadly and bluntly
rounded with apical rim margined with

row of short spines; paramere curved, nar-

rowest medially with broadly rounded

base and apex, apical row of flattened se-

tae, with setae shorter than apex width;
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volsella forming floor of capsule, with

short heavily sclerotized basal lobe ex-

tending toward midline of capsule, and

elongate apically setose lobe protruding
from paramere side and protruding from

capsule dorsally; gonocoxa with slender

digitate lobe ventromedially. Hindwing
anal lobe with enlarged basal lobe (Fig. 7).

Body black with bright yellow markings:

clypeus yellow, with darker margin; frons

with broad, transverse yellow band; pro-
notum with transverse yellow band on an-

terior carina and around posterolateral

lobe; scutum with large posteromedial

spot between notauli and along lateral

margin; tegula yellow; mesopleuron with

large yellow spot below wing fossa; scu-

tellum with large yellow spot medially;
metanotum with broad posteromedial

spot narrowly separated from lateral one;

forefemoral apex yellow, midfemur basal-

ly brown, apically yellow, hindfemur and

all tibiae and tarsi yellow; propodeum
with large transverse medial spot, nar-

rowed medially; T-I-III with broad trans-

verse yellow stripe; T-FV with large lateral

yellow spot; T-V with smaller lateral yel-

low spot; apical tergum grading from

black to amber posteriorly; S-II with lat-

eral yellow spot; S-lII with small lateral

yellow spot; apical sternum yellow, darker

basally; paramere amber with bright yel-

low apical third. Wing veins brown, mem-
brane yellow becoming dark amber in cos-

tal and marginal cells.

Type material.—Holotype male, Papua
New Guinea: East Highlands, Kainantu,

Yabunka, Feb. 1975, malaise trap (OTTA-
WA).

Eti/mologi/.
—The species name refers to

the spectacular coloration of the male. No
other species of Einvie is colored like this

one.

Discussion.—In the type male the apical
four flagellomeres on one side, and seven

on the other are lost. Despite this damage
this species is described because it repre-
sents several remarkable structural depar-
tures from other Eirone species, including

the hindwing jugal lobe having a large

basal lobe, the bright coloration and the

aedeagus having an elongate elaborately
coiled apical loop. The body is bright
black and yellow banded; a very different

color pattern than all other species of Ei-

rone. There do not appear to be any other

described species similar to this one.

Eirone valokaensis Kimsey, new species

Holotype male.—Body length 7 mm; fore-

wing length 5 mm. Facial punctures
around antennal sockets and on clypeus
0-1 PD apart, punctures on frons and ver-

tex widely separated, 1^ PD apart; clyp-
evis flattened, apical margin broadly trun-

cate; F-1 length 1.5 X breadth; F-II length
2.4 X breadth; pronotal and scutellar

punctures 2-3 PD apart; mesopleural

punctures separated by 0.5-1 PD, becom-

ing slightly further apart ventrally; scutal

punctures 0.5-1 PD apart; propodeum
densely and finely wrinkled or striate,

with dense nearly contiguous punctures
between striae and increasing in density

laterally; S-I with trace of medial ridge;

epipygium broadly rounded, apical rim

thin and transparent, punctation and

sculpturing the same as previous tergum;

hypopygium slightly thickened apically,

margined with short spines; paramere
short and broadly rectangular, without

apical row of flattened setae, instead with

setae and three long spines; volsella with-

out disHnct basal lobe, dorsal part bilo-

bate, broader of the two dorsal lobes se-

tose; penis valves with elongate, slender,

apically hooked dorsal lobe extending
outside of capsule, and elongate bilobate

ventral structure extending alongside vol-

sella; gonocoxa without slender digitate

lobe ventromedially. Hindwing anal lobe

without enlarged basal lobe. Body black

with cream-colored markings; lower half

of clypeus, basal half of mandible and

transverse anterior pronotal band cream-

colored; legs dark brown; apex of forefe-

mur, external surface of foretibia, base of

mid- and hindtibiae and base of hindbas-
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itarsus all cream-colored. Wing veins dark

brown, membrane clear.

Typv material.—Holotype male: New
Britain, Valoka, 8 Jul. '962, Noona Dan

Exp., malaise trap (CANBERRA). Para-

type male, same data as holotype.

Etymology.
—This species of Eirone is

named after the collection site Valoka, in

New Britain.

Discussion.—Superficially valokaensis re-

sembles the other species described from

New Britain, aquiloniiis. Both have the

same markings and basic coloration, a

simple, apically truncate clypeus, short al-

most ear-like parameres, and penis valves

with a very slender, hooked apical lobe.

However, valokaensis is smaller, F-I and II

are shorter, and the propodeum is coarse-

ly punctate posteriorly, compared to aqui-

loniiis.

Rhagigaster Guerin

(Figs. 9, 16, 21, 22, 26, 34-38, 40, 43, 44)

Rhagigaster Guerin 1839:213. Type: Rhagigaster

unicolor Guerin 1839:214. Orig. desig.

Rhytidogaster Turner 1907:229. Type: Rhagigaster

aculeatus Saussure 1867:113. Orig. desig.

Male.—Mandible slender and apically

bilobate; labrum small and linear, broadly
attached; maxillary palpus with 6 articles,

labial palpus with 4; occipital carina dor-

sally obsolescent; frons generally smooth,

although some species with transverse ca-

rina or welt; pronotum with well-devel-

oped transverse carina; mesopleuron
evenly rounded, ecarinate, scrobe obsoles-

cent; scutum narrow and linear; metaster-

num strongly bilobate medially, with

lobes somewhat overlapping hindcoxae

(Fig. 9); propodeum evenly rounded, ecar-

inate; tarsal claws dentate; hindcoxal ca-

rina strongly angulate; abdominal seg-
ments often coarsely punctate, and some-

what constricted subapically; basal ab-

dominal sternum with transverse subbasal

ridge joining a short medial carina (Fig.

21); apical sternum with long slender

curved unciform prong below at most a

small notch or lip dorsally (Figs. 34-36);

apical tergum with narrowed apical lobe

(Fig. 26); parameres broad and tapering
with interior lobe; volsella broad, covering
floor of genital capsule and bending up
laterally, with digitate setose dorsal lobe

(Fig. 37); basal ring, dorsally elongate and

broadly joined to genital capsule; penis
valve a simple lobe adjacent to aedeagus

(Figs. 43, 44); aedeagus short and blunt

with short discrete apical neck (Figs. 43,

44).

Female.—Head as broad as long or

broader; eyes ovoid, one-third as long as

head or less; mouthparts unmodified,

maxillary palpus with 6 articles and labial

palpus with 4; pronotum subquadrate;

mesopleuron flattened medially and an-

gulate ventrally above midcoxa; metaster-

num with broadly bilobate projection be-

tween mid and hindcoxae; propodeum
narrowed anteriorly, evenly sloping pos-

teriorly and angulate laterally; terga
smooth and ecarinate; tergum 11 declivous

anteriorly; sternum II with small basal

tooth, and constricted posteriorly; apical

tergum evenly rounded; apical sternum

broadly U or V-shaped apically.

Distribution.—Members of this genus
are known only from Australia.

Discussion.—Rhagigaster appears to be

somewhat intermediate between Dimor-

photln/nniis and Aelurus + Eirone. Males su-

perficially resemble those of Dimorpholh-

ynnus, having a heavily sclerotized body,

long slender abdomen, unciform apical

sternum, and traces of a transverse frontal

carina in many species. However, females

most closely resemble those of Aelii-

rus + Eirone, having the metasternum pro-

jecting, although strongly bilobate apical-

ly, a long slender head, and sternum II

ventrally dentate. There is a tendency to-

ward palpal reduction in Rhagigaster fe-

males, but not to the extent seen in Aeluriis

and Eirone. Rhagigaster females can also be

distinguished from these genera by the

dentate tarsal claws.

Included species.
—

Rhagigaster aculeatus
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Saussure, alexins Turner*, approximatiis

Turner*, aruensis Turner*, auricq^s Turner*,

hidens Saussure, breviusculus (Turner)*,

burnsi Given, castaneus Smith*, cinerellus

Turner, co?nparatus Smith*, connectens

(Smith)*, corriigatus Turner*, crassipiincta-

tits Turner*, decembris Montet, deducior

Turner*, demattioi (Dalla Torre)*, denticu-

latus Turner*, depraedator Turner*, discre-

pans Turner*, eniarginatiis (Fabricius)*,

ephippiger Guerin, fidvipennis Turner*, fiis-

cipennis Smith*, hammerlei (Dalla Torre)*,

heideri (Dalla Torre), interstitialis Turner*,

iracundus Turner*, jiibilans Turner, kiati-

drensis Given, laei'igatus Smith*, latiscidca-

tus Turner*, lecheri (Dalla Torre)*, h/clli

Turner, mammeus Montet, mandibiilaris

Westwood*, montanus Given, nepiunus

Turner*, nigritulus Turner*, obtusits Smith*,

picticollis Turner*, pinguiculus Turner*, pro-

thoracicns Turner*, pugionatiis Saussure, re-

flexHS Smith*, nigifcr Turner*, riigosiis

Smith, scalne (Dalla Torre), stradbrokensis

Given, tln/metes Montet, imicolor (Guerin),

wolfnvni (Dalla Torre).
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Generic Concepts in the Perilampidae (Hymenoptera: Chalcidoidea):

An Assessment of Recently Proposed Genera
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Abstrnct.—The 26 new genera of Perilampidae proposed by Argaman (1990, 1991) are evaluated

to determine if these concepts improve our understanding of the systematics of the family. It is

demonstrated that: 1) many of the proposed genera are polyphyletic assemblages; 2) some of the

type species of the genera are based on misidentified specimens and are problematic with respect

to the International Code of Zoological Nomenclature; 3) except for eleven monotypic genera, the

putatively monophyletic genera are formalizations of species groups recognized by earlier authors;

and 4) the generic concepts do not contribute to a comprehensive system for classifying the species

of Perilampus Latreille—a large number of disparate and unrelated species remain exiled in Peri-

lampus Latreille (sensu Argaman). Argaman's generic classification has not been adopted nor

should it. Twenty-six new synonyms of PcrUnmpiis Latreille, 1809 are proposed, 1 subjective syn-

onym based on the synonymy of the type species with the type species of Perilninpus, OInrlnr

Argaman, 1990, and the following 25 subjective synonyms; Bagdnsar Argaman, 1990; Balintos Ar-

gaman, 1990; Bukbakas Argaman, 1990; Dekterek Argaman, 1990; Durgadns Argaman, 1990; Ecalibur

Argaman, 1990; Fifirtiz Argaman, 1990; Fidaytar Argaman, 1990; Goyurfis Argaman, 1990; Ihambrek

Argaman, 1990; Itonni/is Argaman, 1990; Kekender Argaman, 1990; Liifnrfar Argaman, 1991; Mivarhis

Argaman, 1990; Naspwi/ar Argaman, 1990; Ndgntor Argaman, 1990; Pandoras Argaman, 1991; Si-

catang Argaman, 1990; Taltanas Argaman, 1990; Tibarcis Argaman, 1990; Tandolos Argaman, 1990;

Vadramas Argaman, 1990; Vaktaris Argaman, 1990; Yerfatop Argaman, 1990; Zuglavas Argaman,
1990. The synonymy of Afropcrilampus Risbec, 1956 with Perilampus Latreille, 1809 is reestablished

(revised status) and lectotypes are also designated for 6 species; Clmlcis ncuca Rossi, 1790; Pcri-

laiiipus c)ir\/sanatus Forster, 1859; PerUniiipus igiiiceps Cameron, 1909; Perilninpus miiiutus Girault,

1912; Perilampus nigriviridis Girault, 1912; and Perilampus tristis Mayr, 1905. In addition to restoring

the nomenclature, many character systems of importance for an improved understanding of the

systematics of the Perilampidae are discussed and illustrated, and a proposal is made to continue

to recognize informal species groups within the genus Perilampus.

INTRODUCTION problems greater than in entomology. Not

The potential work load of systematists ""^X '« inventory and descriptive work at

has increased markedly in recent years.
^ ''^^Y ^arly stage m entomology but the

Not only are there fewer specialists but importance of terrestrial arthropods as in-

their distribution across taxa is ill-matched dicators of ecosystem health is now more

to species richness and the magnitude of generally appreciated (Wilson 1987).

the work remaining (Gaston and May There is now a pressing need for both in-

1992). The "biodiversity crisis", with the ventory and monitoring programs of ter-

need to provide accurate and relevant in- restrial arthropods (Kremen et al. 1993).

formation for conservation and develop- However, it must be remembered that sys-

ment initiatives, is placing additional de- tematists arc responsible for naming and

mands on systematists. Nowhere are the organizing organic diversity. If classifica-
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tions are to have the predictive value of a

phylogenetic system (Wheeler 1990)—one

that reflects evolutionary history
—then

constant vigilance must be kept on the tax-

onomy of all groups of organisms.

Scrutiny is particularly important at the

generic level. Because of the requirements
for binominal nomenclature, names are

the point of entry for information assem-

bled in both the literature and collections.

For many groups of insects, generic names
summarize important biological informa-

tion, but only if the classifications are

based on sound phylogenetic principles.

Failures in this regard, and the taxonomic

chaos generated, have elicited concerns

about the utility and efficiency of a binom-

inal nomenclature (Mayr 1969), and have

also precipitated suggestions to restrict

publicaHon of available names to accred-

ited sources or to establish a system of

"protected" works (Cornelius 1987).

This paper addresses a generic reclassi-

fication of the Perilampidae by Argaman
(1990, 1991) that threatens the stability of

the nomenclature and the predictability of

the classification of the Perilampidae. Un-

fortunately, the publications under con-

sideration (Argaman 1990, 1991) meet the

criteria for availability as set out by the

International Commission of Zoological
Nomenclature (ICZN). These publications

were, however, ignored tiuring the prep-
aration of chapters for the Hymenoptera of

Costa Rica (1995a) and the Genera ofNearc-
tic Clialcidoidea (Darling, in press) but until

an assessment of the generic concepts of

Argaman (1990, 1991) is published, both

the classification and nomenclature of the

Perilampidae are compromised (Gibson

1993). Specifically, it will be demonstrated

that the taxonomic changes at the generic
level proposed by Argaman, which splits

the genus Perilampus Latreille into 27 gen-
era, are at best retrogressive. The 26 new

species described by Argaman will not be

dealt with specifically, nor will his idio-

syncratic approach to classification and

phylogenetics be discussed.

There are two basic requirements for a

revised generic classification to advance
our understanding. Firstly, all new genera
must be arguably monophyletic; character

polarity must be determined. This re-

quires that generic studies be as compre-
hensive as possible at either the subfamily
or family level. Secondly, the proposed

genera should form a comprehensive sys-

tem, ideally with all species referred to

monophyletic genera. Guidelines such as

the "inverse ratio" recommendation

(Mayr 1969:92)—that the size of the gap
between genera (degree of difference) be

in inverse ratio to the number of species
in the genus

—are useful in preventing the

proliferation of monotypic genera but

only after the basic conceptual require-
ment of monophyly is met. It is from this

perspective that the genera proposed by

Argaman will be discussed and that sub-

jective synonymies are proposed herein.

SYNOPSIS OF ARGAMAN (1990, 1991)

Argaman's work on the Perilampidae
was published in two parts, I (1990) and
II (1991), and consists mainly of an illus-

trated key of 234 couplets to 28 genera and

species of Perilampus s.l. (1990). Also in-

cluded is a section describing new taxa

(1990; except 1991 for Pondoros and Liifar-

far) and an annotated checklist of species
which includes the material examined

(1991). The generic treatments consist only
of the designation of a type species and a

description that is purportedly compara-
tive with Perilampus s.s. No differential di-

agnoses are provided and most of this

evaluation of Argaman's generic concepts
is based on the morphological information

provided in the key.

Argaman's study was based in large

part on a collection of perilampids in the

Hungarian Natural History Museum, Bu-

dapest, which was "gathered together te-

diously by the late Dr. Lajos BirtS" (Arga-
man 1990:192). Much of the material was
collected by Biro, but many of the speci-

mens "were received from other muse-
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urns", perhaps through loans or exchange.
Much of this material now resides in Ar-

gaman's personal collection. Argaman
also apparently based many of his conclu-

sions on Biro's notes and/or unpublished

manuscripts (Z. Boucek, in litt.). This has

contributed to the major shortcoming of

the paper
—most conclusions are not

based on type material or even, as is now

apparent, accurately identified specimens.
In many cases this is only conjecture be-

cause Argaman has only made a few spec-

imens from his personal collection avail-

able for study. Argaman acknowledged
the above shortcoming (1990:190): "In

some instances, no type material was

available, and the respective species were

treated in the key on the basis of identified

material, which may be or may be not

consistent with the type of that species."

This is critical in cases where type species

of new genera are designated. As will be

discussed, in several cases the specimens
referred by Argaman to the type species

were misidentified. In accordance with

Article 70 of the ICZN, each of these cases

should be referred to the Commission to

designate the type species. The Commis-
sion could summarily deal with these ge-
neric names by designating Ci/iiips italica

Fabricius as the type species of the Arga-
man genera. This species is the type spe-
cies of Perilmnpus Latreille, 1809 (q.v.) and

the Argaman genera would then become

objective synonyms of Perilmnpus (Art.

61(c)(iii)). This would restore accustomed

usage and preclude the names, and the

uncertainty associated with them, from re-

surfacing in the future.

Another problem with the approach
taken by Argaman was his failure to ad-

equately consider other described genera
of Perilampidae. These are currently clas-

sified in two subfamilies, Chrysolampinae
and Perilampinae (see Boucek, 1988). Per-

ilampinae includes, in addition to Perilmn-

pus, Euperilampus Walker, Kromheinius

Boucek, Moiiacon Waterston, Steffanolam-

pus Peck, and Burksilmiipus Boucek. Each

of these genera is separated from Perilam-

pus by a distinct morphological gap and

are putatively monophyletic, but they al-

most certainly render Perilmnpus as a para-

phyletic assemblage. As will be demon-

strated, the taxonomic changes proposed

by Argaman only exacerbate the paraphy-

ly of the Perilampinae.

METHODS

The genera proposed in Argaman (1990,

1991) are evaluated individually with re-

spect to the criteria for genera discussed

above. Of particular importance is the

question of monophyly. Argaman stated

that Euperilmiipus is the sister-genus of

Perilampus (s./.), but provided no justifica-

tion for this claim. Darling (1983) present-
ed morphological data that, when ana-

lyzed from a cladistic perspective, sug-

gests that the recognition of Eiiperilmnpus

(and Krombeinius and probably Burksilmn-

pus) renders Perilampus paraphyletic; Eu-

perilmiipus is therefore an inappropriate

outgroup. 1 will base my outgroup com-

parisons on Stejfmiolampus, which is re-

garded as the most plesiomorphic genus
of Perilampinae (Darling 1988), and Chry-

solampus Spinola (Chrysolampinae).

Evaluating generic concepts is predicat-

ed on the study of the type species but this

is problematic if the specimens used to

designate the type species v/ere misiden-

tified at the time of typification. The ICZN
instructs that correct identification be as-

sumed unless there is compelling evi-

dence to the contrary. In the absence of

conclusive evidence to the contrary, this

assumption was made for each of Arga-
man's genera. So typified, it will be shown
that these genera do not advance our un-

derstanding of the systematics of Perilam-

pidae. In some cases it has been possible
to demonstrate that the type species was
based on a misidentified specimen. The

use of these names would lead to nomen-

clatural instability and would require that

a separate case be submitted to the Com-
mission for each genus (ICZN, Art. 70).
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The synonymies proposed and the use of

informal species groups Perilampus would
obviate formal petitions to the Commis-
sion.

The genera proposed by Argaman are

discussed in the context of the informal

species groups of Perilampus (s.l.) that

have been recognized by previous au-

thors. To facilitate locating the treatments

of a particular genus, an alphabetical in-

dex has been provided in Appendix 1. The

material examined sections list only those

specimens studied during this reanalysis
and includes both specimens examined by

Argaman and determined or type material

that was not available to him. In the ge-
neric accounts, the only included species
listed are those mentioned in the text or

species which have been previously re-

ferred to species groups. Figures referred

to as fig.
X are found in Argaman 1990 un-

less credited otherwise; those cited as Fig.

X are contained herein. Museum acronyms
are as follows: ANIC, Australian National

Insect Collection, Canberra; BMNH, Brit-

ish Museum (Natural History), London;

CNC, Canadian National Collection of In-

sects, Arachnids, and Nematodes, Ottawa;

HNHM, Hungarian Natural History Mu-

seum, Budapest; MCSN, Museo Civico di

Storia Naturale "G. Doria", Genoa;

MNHN, Museum National D'Histoire Na-

turelle, Paris; NMV, Naturhistorisches

Museum Wien, Vienna; ROM, Royal On-
tario Museum, Toronto; UA, University of

Arkansas, Lafayette; USNM, National Mu-
seum of Natural History, Washington,
D.C.

MORPHOLOGICAL FEATURES USED
BY ARGAMAN (1990, 1991)

Many of the genera proposed by Arga-
man are a result of elevating provisional

species groups proposed by other workers

(e.g., Smulyan 1936; Boucek 1956; Darling

1983). However, many of the defining fea-

tures of these species groups are subject to

convergence and reversals and species

groups are both an effective and conser-

vative approach under these circumstanc-

es. Argaman further complicates the issue

by "redefining" some of the diagnostic
features of these species groups. Consider,

for example, "head carinated". Argaman
(1990:200) expanded this from the tradi-

tional definition of a sharp carina from the

anterior ocellus to the antennal ttirulus

(his "carina very often sharp with outer

side sulcate", fig. 14, 21, 26) to include

simply "a sharp edge of the depression",

fig. 5) and even a "concealed" carina (fig.

67, 70)! Notwithstanding this complicated
and confused morphology, Argaman used

this "character" as a major subdivision in

the genus Perilampus and, as is discussed

below, closely related species were re-

ferred to different genera because he con-

sidered the species to have different states

of the frontal carina. Other workers have

realized that the frontal carina is difficult

to characterize unequivocally, particularly
if the vertex and inner orbits have longi-

tudinal costae (Fig. 3) or if the frons meets

the vertex at a sharp keel (Fig. 5), but have

restricted the term to include only a sharp-

ly raised carina that is extended from be-

hind the anterior ocellus ventrad on each

side of the scrobal cavity to the level of

the antennal toruli (Fig. 1, 2). This defini-

tion of the frontal carina is equivalent to

the carina with the "outer side sulcate"

sensu Argaman (Figs. 1, 2). Fortunately
there is another morphological feature,

finger-like axillula (Fig. 8 cf. Fig. 7), which

is unequivocal in its manifestation, and is

also found in all of the truly carinate New
World species. This latter feature allows

the assessment of variability in the devel-

opment of the frontal carina in a demon-

strably monophyletic group, the clade

containing the Perilampus hyalinus + Peri-

lampus platigaster species groups. Unless

carefully defined, a frontal carina can even

be variable within a species (see discus-

sion of Kekender).

Other morphological features used by

Argaman to support his generic reclassi-

fication include: the size and shape of the
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prepectus relative to the lateral pronotal

panel; the presence of tubercles or scales

on the mesoscutum and scutellum; and

sculptural features such as fine punctures
on the second metasomal tergite (T2),

cross-arcuate costae or rugae on the me-

soscutum, oblique costae on the malar re-

gion of the head, and the presence or ab-

sence of various carinae on the propo-
deum. Even a cursory look at other

monophyletic groups within the Perilam-

pinae, for example the species currently
referred to Euperilampus and Krombeinius

(Darling 1983, 1988, 1995), documents ho-

moplasy in many of these character states,

which argues against monothetic generic

concepts based on these states. In some

cases, species that I regard as closely re-

lated are referred to different genera by

Argaman simply because they differ in a

single very labile feature. For example, Ar-

gaman placed great importance on the

sculpture of the vertex and the relative

length of the malar sulcus. He separated
two pairs of genera on the basis of a long
versus short malar sulcus (relative to front

margin of malar cavity), one pair of gen-
era having the vertex smooth, devoid of

sculpture (Vndramas and Sicatang), and the

other pair with the vertex sculptured {Per-

ilampus s.s. and Mivarhis). If the sculpture
of the vertex is subject to homoplasy (see

below) then the number of genera is re-

duced by two. Moreover, if the length of

the malar sulcus is evolutionarily labile

(see below) then all four generic names
would be regarded as synonyms.

Argaman did introduce some new mor-

phological character systems for consid-

eration, but the phylogenetic significance

of many of these are compromised by his

errors in basic morphology and phyloge-
netic interpretation. Perhaps the most in-

teresting novel character state is the bicar-

inulate posterior margin of the pronotum
(Fig. 18 cf. Fig. 17). But Argaman used

both the absence and the presence of a bi-

carinulate pronotum as the sole justifica-

tion for the establishment of genera. The

New World genus Goyurfis is distinquish-
ed from Taltonos by the absence of this

character state whereas the presence of a

bicarinulate pronotum distinguishes the

Old World genus Tiborns from Fiilai/tin. It

is clear, however, from outgroup compar-
ison with both Steffanolampus and Chnjso-

lampus that the presence of a bicarinulate

pronotum is apomorphic in the Perilam-

pinae. The bicarinulate pronotum is also

subject to homoplasy even within clearly

defined clades. For example, the bicarin-

ulate pronotum is present in most species
of Krombeinius (Darling 1995b) but only in

some species of Euperilampus (e.g., present
in £. taityglossa Darling, Darling 1983, fig.

33, apparently reduced in most species of

the £. triangularis group. Darling, 1983,

figs. 13-15, and absent from £. scutellatus

(Girault) and £. mediterraneus Boucek). A
further complication is that some of the

species Argaman characterized as having
a bicarinulate pronotum do not, based on

an examination of type material (see dis-

cussion of Tiboras).

THE GENERA RECOGNIZED BY
ARGAMAN (1990, 1991)

The structure of the head, in particular

the degree of development of frontal ca-

rina or ridges, has figured prominently in

virtually all previous attempts to both

identify and organize the species of Peri-

lampus (s.l.). The first couplet of Arga-
man's key is also based on the structure

of the head and purports to separate spe-

cies with a frontal carina, the "carinate"

species from the "acarinate species", those

lacking a frontal carina. This assessment of

the 28 genera recognized by Argaman is

organized in two sections, the carinate and

the acarinate genera {se)isu Argaman,
based on couplet 1). Within each of these

two groups the "genera" are arranged by
other morphological features, by previ-

ously recognized species groups, or by the

types of problems encountered (e.g.,

monotypic genera, polyphyletic assem-

blages).



Volume 5, 1996 105

A. The Carinate Genera of Argaman

Eleven genera were proposed for puta-

tively carinate species, seven of which are

monotypic. Three of the monotypic genera
do not have a frontal carina on the head

and are almost certainly more closely re-

lated to acarinate species of Perilampus

(s.l.). Two other monotypic genera were

based on autapomorphic features but are

clearly related to other carinate genera.
Four of the remaining genera were based

either on misinterpretations of morpholo-

gy or on character states that are variable

in other genera of Perilampinae. Of the

two remaining genera, one was based on

a plesiomorphy and the other might be a

highly variable single species, P. hyalimis

Say.

(1) Genera Lacking a True Frontal Carina

Three monotypic genera were erected

by Argaman for species that actually lack

a frontal carina. One is a highly apomor-

phic species of uncertain affinities which

is known only from the male, and both of

the two genera are based on species that

are closely related to species that lack a

frontal carina on the head.

Kekender Argaman, 1990:233. Type species:

Kekender bouceki Argaman, 1990, by original

designation. Monotypic.

Material Exanilncd.—Holotype S, "[Ke-

nya] Muto-Berg, Kenia"; Argaman collec-

tion. Also examined: 6 , "[Zimbabwe] Bu-

lawayo S. Rhodesia 9.11.1924 Rhodesia

Museum"; S, "N. Nigeria: Zaria 12.X.1971

J.C. Deeming"; 9, "[Namibia?] Kranzberg
III-1932 G. V. Son", "Transvaal Museum";
all temporarily BMNH.
Argaman based this genus on a single

male from Kenya. Three additional males

were examined by me, through the kind-

ness of Dr. Zdenek Boucek, who has

known of the existence of these remark-

able wasps for many years and planned to

describe the species in the context of a re-

vision of the African species of Perilampus

(pers. comm.). I regard all four specimens

as conspecific. As Argaman noted, in the

holotype the first funicular segment is

twice as long as wide and almost as long
as the following two segments combined.

This distinctive configuration of the anten-

na is also found in the other three males.

Argaman treated Kekender as a carinate

species based on an abruptly margined
scrobal depression (fig. 5). A distinct fron-

tal carina is not present in the holotype of

K. bouceki but there is variability in the

structure of the head in this species. The

specimen from Kranzberg has a short ca-

rina which, however, is restricted to the

region of the ocellar triangle.

The most remarkable feature of K. bou-

ceki is the configuration of the scutellum.

In lateral view the scutellum is doubly
convex, with two very distinct promon-
tories along the midline (fig. 4). However,
there is considerable variability in the de-

gree of development of the doubly convex

scutellum. All three specimens examined

are virtually the same size, approx. 4 mm;
the variable development of the scutellum

is not the result of simple allometry. The

specimen from Nigeria has the scutellum

almost normal in configuration and the

specimen from Namibia has the most ex-

treme development of the scutellum; Ar-

gaman's holotype (fig. 4) and the speci-

men from Zimbabwe are intermediate.

Otherwise, the four specimens are virtu-

ally identical. Until the female is discov-

ered it will not be possible to determine if

the development of the scutellum is sex-

ually dimorphic; if so, then sexual selec-

tion might be responsible for the peculiar
and variable nature of the scutellum.

Argaman did note some other peculiar-

ities of K. bouceki: the malar space is long
and lacks a distinct sulcus; the legs are

rather long and narrow; and the structure

of the propodeum is rather distinctive, i.e.,

the discal areas are sculptured as opposed
to glabrous. However, I am at a loss to

explain the first feature mentioned in his

key couplet 3 (a ventrally directed tubercle

on the propleuron, mesostemum and pro-
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Figs. 1-6. Heads of Perilanipiis species, 1-4 oblique frontal view, 5 and 6 dorsal view. 1. P. hi/alimis. 2. P.

platigaster. 3. P. emersoni. 4. P. anomocerus. 5. P. tristis. 6. P. fuhncornis. FC, frontal carina. Scale lines, 0.25 mm.

podeum), and his description and illustra-

tion of the prepectus (fig. 4) do not agree
with the specimens I have examined (Fig.

23). Argaman was so impressed by the

apomorphies that he stated that there

were "no close relatives of this species
within Perilampidae" and that "1 regard

this genus as the most transient perilam-

pid toward that family [Eucharitidae]"

(Argaman 1990:234). Interestingly, he

failed to mention (although he illustrated,

fig. 5) perhaps the most significant feature

of this species from a phylogenetic per-

spective. The mandibles are falcate, much

I
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narrower than in most species of Perilam-

pus, which could be used to support his

hypothesis of a close relationship with Eu-

charitidae (see Heraty 1994).

There is no question that this is a very
different perilampine. However, the apo-

morphic character states mentioned above

do not unequivocally confer generic sta-

tus, at least not until the female is associ-

ated and described, and until affinities of

K. houccki with other species of Perilampiis

(s.l.) are investigated in more detail. It is

almost certain that generic status for this

species would only increase paraphyly in

the classification of the Perilampinae. I

therefore regard Kekencier Argaman as a

junior subjective synonym of Perilampus

Latreille, 1809 (NEW SYNONYMY).
Balintos Argaman, 1990:241. Type species: Per-

ilampus parvus Howard, 1897, by original

designation. Monotypic.

Material Examined.—Holotype i: "Mount

Gay Est. (Leeward side) Grenada, W.I.,

H.H. Smith", "Type No. 69560 U.S.N.M."

[red, printed]; USNM.

Perilampus parvus was described from a

single specimen that agrees with the label

data given above; this specimen was la-

belled by me as holotype. The specimen

agrees with Howard's brief description,

except that the sex was stated as female.

This species is a rather typical member of

the Perilampus fulvicoruis group; all mem-
bers of this species group lack a frontal

carina and the frons and vertex lack costae

(as in Fig. 6). Perilampus parvus also has a

lateral patch of setae on the second meta-

somal tergite (as in Fig. 20), which is

found in many species of Perilampus ful-

viconiis group (q.v.). Howard (1897), in the

original description, noted that this spe-
cies was similar to Perilampus polilifrons

Howard, which Argaman referred to the

acarinate genus Pondoros (q.v.).

Argaman incorrectly considered Peri-

lampus parvus in the key and in
fig. 36 as

a carinate species with the inner orbits

costate ("vertical carinules"). Argaman

did not study the holotype of P. parvus
and based his concept of this species on a

specimen, apparently identified by him
and deposited in his personal collection,

from Haiti; attempts to borrow this spec-
imen were unsuccessful. It is almost cer-

tain that Balintos is based on a misidenti-

fied specimen, most likely on a species of

the Perilampus platygaster group based on

the black body color and
fig.

36. I there-

fore regard Balintos Argaman as a junior

subjective synonym of Perilampus Latreil-

le, 1809 (NEW SYNONYMY).
Yertatop Argaman, 1991:242. Type species: Per-

ilampus emersoni Girault, 1930, by original

designation. Monotypic.

Material Examined.— 9, "Australia Biro

1900", "N.S. Wales Mt. Victoria [verso] VI,

15"; det Argaman; HNHM. 9, "[Austra-

lia, western New South Wales] 60 W Wil-

cannia 22 Nov 49 E F Riek", det Riek and

included in Riek, 1966: 1224; ANIC.
The specimens listed above are regarded

as conspecific. This is, however, not a car-

inate species, although the frons and inner

orbits do have very strong longitudinal
costae (Fig. 3). Argaman described this

monotypic genus because he regarded P.

emersoni as the only carinate species with

an extremely narrow prepectus. This form

of prepectus is noteworthy only if this spe-

cies is compared to carinate species, all of

which have a large prepectus (as in Fig. 8).

Perilampus emersoni is a rather typical acar-

inate species, referable to the Perilampus lae-

vifrons group (Mivarhis sensu Argaman).
The third metasomal tergite (T3) is not

punctate and the prepectus is very narrow.

There is no justification for a monotypic ge-

nus based on Perilampus emersoni and I

therefore regard Yertatop Argaman as a ju-

nior subjective synonym of Perilampus La-

treille, 1809 (NEW SYNONYMY).

(2) Carinate Genera with Triangular Axil-

lula

Argaman recognized five genera for

Old World species with a distinct frontal
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carina on the head (as in Figs. 1, 2). Three,

possibly all four of these genera are mono-

typic.

Nilgator Argaman, 1990:242. Type species: Per-

ilampiis inirnbenui Girault, 1930, by original

designation. Monotypic.

Material Examined.— 9, "N. Guinea Biro

[18]96, Krima Astrolabe B[ay]", det. Ar-

gaman; HNHM. 9, [Australia] Queens-
land Mt. Tamb.[ourine] 20.2.1911; speci-

men discussed in Riek, 1966; also two

specimens seen from Papua New Guinea,
1 9 discussed in Riek, 1966; S "PAPUA
NEW GUINEA: Kairiru Is., Wewak Br. O.

William Borrell", "Nest No. (see 1/59)

Borrell Notes, Hymenoptera Section,

ANIC, August 1974"; both ANIC. Note:

No host data is provided in the Borrell

field notes, but the specimen was almost

certainly reared from a mud-nesting acu-

leate wasp (Ian Naumann, in litt.).

Argaman did not examine the holotype
of this species but 1 regard his exemplar
as conspecific with Perilampus mirabeaui.

This a very distinctive Australian species
with a striking, raised scale-like tubercle

on the scutellum (fig. 35). Riek (1966) re-

vised the Australian species of Perilampus
and saw no reason to regard this species
as anything other than a Perilampus and I

concur. Similar protuberances occur on

the mesoscutum of Perilampus aiiratus

(Panzer) and these structures may func-

tion in escaping from the cocoon, pupa, or

puparium of the host. Perilampus mirabeaui

has distinct punctures on the third meta-

somal tergite (T3) and in this and other

regards is similar to species I regard as

forming the Perilampus punctiventris group
(see also discussions of Tividolos and Fu-

laytar). The character states used by Ar-

gaman do not warrant recognition of a

monotypic genus. I therefore regard Nil-

gator Argaman as a junior subjective syn-

onym of Perilampus Latreille, 1809 (NEW
SYNONYMY).
Tondolos Argaman, 1990:243. Type species;

Perilnmpus tnsitinnicus Cameron, 1916, by

original designation. Two species included

by Argaman, also P. cnlniscnsis Girault, 1913

which is "very probably the same species as

tasmaniciis" (Boucek 1988:507).

Materia] Examined.— 9 , "AUSTRALIA:

Sydney: Cabramatta Georges R. valley.

7.11.1959", "N. Nikitin B.M. 1960-203".

Compared with Lectotype P. tasmanicus,

BM 5^00; ROM. S, "Canberra ACT coll

8 Aug 1961 P B Came", "Hyperparasites
ex Paropsis reticulata [Coleoptera: Chrys-

omelidae]", det Riek; ANIC. 9, "[Austra-

lia] Mackay 4.[19]00", det. Argaman;
HNHM.

I regard the exemplar examined by Ar-

gaman as conspecific with the two speci-

mens identified by Riek. Argaman recog-
nized three genera for species with paral-

lel costae on the frons and vertex: Yertatop,

Nilgator, and Tondolos. Tondolos was rec-

ognized for two nominal species without

the defining features of each of the other

two genera, i.e, without the tubercle on

the scutellum of Nilgator and without the

narrow prepectus of Yertatop. As dis-

cussed above, the type species of Yertatop

is acarinate and most likely related to the

Perilampus laevifrons group, all species of

which have a very narrow prepectus. The
distinctiveness of P. tasmanicus noted by

Argaman is a result of the plesiomorphic
absence of one feature, the tubercle on the

scutellum, and a comparison with a dis-

tantly related species. I regard P. tasmani-

cus as a typical member of the Perilampus

punctiventris group. There are no apomor-

phies that warrant the recognition of this

genus. I therefore regard Tondolos Arga-

Figs. 7-12. Mfsosomata of Perilampus species. 7. P. chri/sopuf. axillula (AX) triangular. 8. P. Inmlnnis. axillula

(AX) finger-like. 9-12 detail of prepectus and lateral pronotal panel. 9. /'. tristis. 10. P. aitoincccriis. 11. R
stygicus. 12. P. fuhncornis. MS, malar sulcus; V, prepectus; SC, scapula. Scale lines, 0.25 mm.
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man as a junior subjective synonym of

Perihvnpus Latreille, 1809 (NEW SYNON-
YMY).
Tiboras Argaman, 1990:243. Type species: Per-

ilampnis miuinis Walker, by original designa-
tion. Monotypic.

Material Examined.—Lectotype 9, "[South

Africa] Port Natal [verso] 49 29", "B.M.

Type HYM 5.1684", "Perilampus maurus

Walk.", "Lectotype 9, G. J. Kerrich 1955";

BMNH. 9, "S. AFRICA Richmond XI.1938

P. Regnard ACC. 256 Ex: Adapsilia lati-

pennis ?"; ROM. Note: apparently reared

from a Pyrgotidae (Diptera); see Evenhuis

1989:498. 9, "Port-Natal Sud. Africa", "Ex

Mus. Walker", det. Argaman; Argaman
collection.

Tiboras was based on a single African

specimen with a bicarinulate pronotum,
identified by Argaman as P. maurus. He
did not examine the lectotype of the type

species and I do not regard his exemplar
as conspecific with P. maurus. Argaman's

exemplar does have a bicarinulate prono-
tum but the lectotype of P. maurus does

not. In addition, the prepectus (Fig. 22) is

very different in these two species (Note:

Argaman's representation of the prepectus

(fig. 106) is very inaccurate) and the sec-

ond metasomal tergite is devoid of sculp-

ture in the lectotype versus finely punc-
tured in Argaman's exemplar. I regard Ar-

gaman's exemplar as an undescribed spe-

cies of the P. punctiventris group, the only
known species in that group with a bicar-

inulate pronotum (see discussion of Fulay-

tar). Notwithstanding the misidentifica-

tion of the type species, this single feature

does not justify generic status, especially

when it is noted that closely related cari-

nate species are variable in this character

and that a bicarinulate pronotum may be

plesiomorphic (see discussion of Durga-

das). I therefore regard Tiboras Argaman as

a junior subjective synonym of Perilampus

Latreille, 1809 (NEW SYNONYMY).

Fulaytar Argaman, 1990:243. Type species: Per-

ilampus singnporcusis Rohwer, 1923, by origi-

nal designation. Monotypic.

Material Examined.—Holotype 9: "Sin-

gapore Coll. Baker", "Type No. 24974

U.S.N.M." [red, printed], "Perilampus sin-

gaporetisis TYPE 9. Roh." [handwritten];

USNM. Also examined: "Pusa Coll. 21",

"Pusa 10.xii.l2 G.R.D.", "from nest of Sce-

lipihron coromamielicum (Hyperparasite)";
USNM. Note: There is no locality data as-

sociated with this specimen but the host is

recorded from India, Sri Lanka, and Bur-

ma (Bohart and Menke 1976). 9, "[Indo-

nesia] SUMATRA Pangherang-Pisang
X.[18]90 e III.[18]91. E. Modigliani", det.

Argaman; MCSN.

Argaman based his genus on a single

specimen from Sumatra. However, I do

not regard his exemplar as conspecific

with the holotype of P. singaporensis, al-

though both are referable to the P. puiic-

tiventris group. Perilampus singaporensis is

very closely related to P. mirabeaui and

both species share an unequivocal apo-

morphic character state, a raised scale-like

tubercle on the scutellum. This structure

is much more distinct in P. mirabeaui but

is clearly evident in the holotype of P. sin-

gaporensis, and is completely absent from

Argaman's exemplar. I regard P. mirabeaui

and P. singaporensis as part of a monophy-
letic species group, the Perilampus punctiv-

eiitris group, that also includes in addition

to P. puuctiventris Crawford, P. orientalis

Rohwer, P. luxonensis Crawford, and Ar-

gaman's exemplar. Argaman's exemplar is

not conspecific with P. singaporensis, the

type species of Fulai/tar, and the diagnostic

feature of the genus used in the key, the

absence of a bicarinulate pronotum is ple-

siomorphic and identical to the form of

the pronotum found in the type species of

Tiboras (see also discussion of Tiboras). I

therefore regard Fulaytar as a junior sub-

jective synonym of Perilampus Latreille,

1809 (NEW SYNONYMY).

Afroperilampus Risbec, 1956. Type species: Af-
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roperilamyius meloui Risbec, by original des- (3) Carinate Genera with a Finger-like

ignation. Eight included species. Axillula

Material Examined.—Holotype 9 "MU-

SEUM, PARIS COTE D'lVOIRE, Singer-

ville. G. Melou 1914", "Perilampus Meloui

Risbec", handwritten; MNHN.
Neither the holotype or even an identi-

fied specimen of the type species of Afro-

perilampus was examined by Argaman; he

apparently based his species concept on

Risbec (1956), which, unfortimately, has

inaccurate caricatures for illustrations. Af-

roperilampits was described by Risbec for a

single species and based on wing vena-

tion, i.e., the postmarginal vein was stated

in the key to genera as longer than the

marginal vein. This is not true in either

Risbec's illustration (unnumbered) or in

the holotype.

Afroperilampus was regarded as a syn-

onym of Perilampus by Boucek (1972). Ar-

gaman resurrected this genus for a subset

of species with a triangular axillula that

lack parallel costae on the face; the lateral

pronotal panel is stated by Argaman
(1990:209) as having "two rows of mod-

erately large punctures opposite to pre-

pectal triangle". The sculpture of the third

metasomal tergite is stated as variable, but

there are no punctures in the holotype of

the type species. In his discussion of this

genus, Argaman as much as stated that

this is an artificial assemblage; he actually

suggested that yet another new genus is

required for an aggregate of the included

species! In addition to concerns over

monophyly, the type species does not

have the configuration of the prepectus
that is used in the key to differentiate Af-

roperilampus (Fig. 26) from Tiboras (Fig. 24)

and Fulai/tar (Fig. 25). The lateral pronotal

panel is virtually identical in the type spe-

cies of these three genera. I therefore con-

cur with Boucek (1972) and regard Afro-

perilampus Risbec as a junior subjective

synonym of Perilampus Latreille, 1809 (RE-

VISED STATUS).

Three genera were described by Arga-
man for an exclusively New World group
of species. The combination of a frontal ca-

rina on the head (Figs. 1, 2) and finger-like

axillula (Fig. 8) distinguishes these species

(Smulyan 1936). These species almost cer-

tainly form a monophyletic group but rec-

ognizing this clade at the generic level

renders Perilampus paraphyletic (see Dar-

ling 1983 for a cladogram with synapo-

morphies of these species and Euperilam-

pus + Krombeiuius). It is in this species

group where Argaman has wrecked the

most havoc on the nomenclature. Eighteen
described species of Perilampus were re-

ferred to either Goyurfis or Taltonos, and

eight new species were described on the

basis of inadequate material. A monotypic

genus, Durgadas, was also proposed.

Taltonos Argaman, 1990:234. Type species: Pcr-

ihviipus hynlinus Say, by original designation.

Sixteen included species, the Perilampus hy-

nlinus group (sensu Smulyan 1936).

Material Examined.—Perilampus Injalinus

group species are the most commonly col-

lected perilampids in the New World and

are distributed from Canada to Argentina
and Chile. I have examined thousands of

specimens in this species group from all

of the major museums in North America,

including: the material that formed the ba-

sis for Smulyan's (1936) revision of Peri-

lampus [mainly USNM]; specimens reared

as primary parasitoids of Neodiprion saw-

flies [ROM, CNC]; and specimens reared

as parasitoids of Ichneumonidae, Bracon-

idae, and Tachinidae (hyperparasitoids)

attacking Hypliantria cunea (Drury) (Lepi-

doptera, Arctiidae), the fall vvebworm

[ROM, UA].
The type material of Say's species is

generally regarded as lost (Peck 1963).

This is acknowledged in Argaman's
checklist (1991:9) but label data are also

provided for a specimen, now in his per-

sonal collection, that agrees with all of the
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Figs. 13-16. 13-15, Petioles (P) and second metasomal tergites (T2) of Perilampu^^ species. 13. P. ammwcerus,

lateral view. 14. P. anomocerus, dorsal view. 15. P. triatis, lateral view. 16. Aedeagu.s (A), dorsal view, P. Iristis.

showing laterally directed spine (SP). Scale lines, 13-15, 0.25 mm., 16, 0.10 mm.

particulars of the type material! It must be

noted that the statement "Type" red la-

bel" in Argaman's checklist cannot be re-

garded as indicating type material; Arga-
man used this notation throughout his

checklist when type material is extant and

deposited in other institutions (e.g., P.

maiiriis). He probably regards the so la-

belled specimens as his exemplars of the

species, but my requests for clarification of
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this issue have gone unanswered. As dis-

cussed, but not clarified by Argaman, the

taxonomy of P. hyalinus is confused by di-

verse host associations and modes of par-

asitism. The situation is still best summa-
rized by Burks (1979:771), "This may be a

species complex, rather than a single spe-

cies; careful rearings have produced spec-

imens, at present indistinguishable, that

are either primary or secondary para-
sites."

Fortunately, this species group is very
distinctive and Argaman's generic concept
of Taltcvios is concordant with the accepted

concept of the Pcrilnmpits hyalinus group

(Smulyan 1936, Darling 1983) and the

question of generic status can be dealt

with expediently. The same cannot be said

for the problems that Argaman has creat-

ed at the species level. Unless Argaman
acquired Say's type material, a neotype
will need to be designated for P. hyalinus

in the context of a thorough revision. This

should be a reared specimen to fix the host

association and mode of parasitism of P.

hyalinus (primary or hyperparasitoid). Ar-

gaman's types of Taltonos species will then

need to be evaluated both with respect to

the neotype and to the full range of vari-

ation in this species group. Fortunately,
the types of all six of Argaman's new spe-
cies of Taltonos are in Budapest (HNHM),
not in his personal collection, and are

available for study.
The Perilanipus hyalinus group is char-

acterized by oblique costae transversing
the malar region and completely obliter-

ating the malar sulcus (Darling 1995, figs.

11.135, 11.145). A distinct malar sulcus is

present in virtually all other species of Per-

ilanipus (as in Fig. 7), including the species
referred to Goyurfis and Durgadas by Ar-

gaman. All species are iridescent blue or

green in general body color, never black,

and all species examined by me have a bi-

carinulate pronotum (Fig. 18), as pointed
out by Argaman. Oblique costae on the

malar region and iridescent color are both

apomorphic based on outgroup compari-

son, but are shared also with species of

Eupcrilampus and Krombeinius. Paraphyly
of Pcritampus is a problem, as discussed in

Darling (1983), but generic status for the

Perilampus hyalinus group does not im-

prove the situation, it only clutters the no-

menclature. Moreover, as discussed be-

low, Durgadas pappi further complicates
the issue. I therefore regard Taltonos Ar-

gaman as a junior subjective synonym of

Perilampus Latreille, 1809 (NEW SYNON-
YMY).

Goyurfis Argaman, 1990:242. Type species: Per-

ilampus plntigaster Say, by original designa-
tion. Seven included species, the Perilampus

platigaster group (sensu Smulyan 1936).

Material Examined.—Perilampus platigas-

ter group species are also commonly col-

lected perilampids in the New World and

I have examined hundreds of specimens
from all of the major museums in North

America including: the material that

formed the basis for Smulyan's (1936) re-

vision of Perilampus [mainly USNM].
There is almost no detailed host informa-

tion for any included species, but speci-

mens have been reared from pupae of

Lepidoptera, most likely as secondary par-
asites (hyperparasitoids).
The situation regarding Say's type ma-

terial of P. platigaster is identical to that of

P. hyalinus. Although generally regarded
as lost, Argaman lists what could be type
material in his personal collection! Again,
a neotype may be required to stabilize the

concept of this species, but there is no

doubt that Argaman's Goyurfis is but a for-

malization of Smulyan's (1936) Perilampus

platigaster group. It should be noted that

P. mexicanus Cameron, referred by Arga-
man to Goyurfis, actually belongs to the

Perilampus hyalinus group; the type mate-

rial of this species is in the BMNH and the

type listed in Argaman's checklist is spu-
rious.

The Perilampus platigaster group is pres-

ently characterized by plesiomorphic
states of characters when compared with
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the Perilampus hyalinus group; the malar

sulcus is distinct and all species are black.

As noted by Argaman, the pronotum is

not bicarinulate (Fig. 17). In order to main-

tain a consistent ranking with the Perilmn-

piis hyalinus group and in recognition of

the lack of synapomorphies, I regard Go-

yiirfis Argaman as a junior subjective syn-

onym of Perilampus Latreille, 1809 (NEW
SYNONYMY).
Durgadas Argaman, 1990:239. Type species:

Durgndns pappi Argaman, by original desig-

nation. Monotypic.

Material Examined.—Holotype 9, "[Bra-

sil] Para, Rio Acara, E. Horvath, 1930/

VII.25"; HNHM. 9 9, iS, "Akuriman

Bol. VENEZ[uela] X 1940 P.J. Anduze;

USNM, ROM.

Durgadas was distinguished by the fol-

lowing two features, both of which are

found in carinate New World species of

Perilampus: bicarinulate pronotum (apo-

morphic and shared with the Perilampus

hyalinus group) and the presence of a dis-

tinct malar sulcus (plesiomorphic and

shared with the Perilampus platigaster

group). The type species of Durgadas is

black in color, as are all species of the P.

platigaster group, and were it not for the

bicarinulate pronotum, this species would

readily be referred to the Perilampus plati-

gaster species group. As noted above, a bi-

carinulate pronotum is also found in Eu-

perilampus and Krombeinius, and in some
acarinate species of Perilampus (cf. Tihoras).

The sculpture of the mesoscutum is also

unusual for Perilampus, cross-arcuate cos-

tae are present (fig. 28 is a fairly accurate

depiction of this sculpture). This type of

sculpture was regarded as a synapomor-

phy of Euperilampus + Krombeinius (Dar-

ling 1983). The type species of Durgadas
therefore exhibits features not only of two

distinctive species groups of Perilampus,

but also of related genera and the polarity

of these character states is uncertain. A

monotypic genus does nothing to clarify

the situation. 1 therefore regard Durgadas

Argaman as a junior subjective synonym
of Perilampus Latreille, 1809 (NEW SYN-

ONYMY).

B. The Acarinate Genera of Argaman

Seventeen genera were recognized by

Argaman for species of Perilampus (s.l.)

which he considered not having a frontal

carina on the head. Four of these are

monotypic and five have only two includ-

ed species and by far the largest number
of species (45) are referred by Argaman to

Perilampus (s.s.), mostly by default. Peri-

lampus sensu Argaman is not defined by

synapomorphies but includes all species

that either do not fit easily in the other

acarinate genera or that were not available

to him for study! As such, his generic clas-

sification is suspect even if the segregated

genera were putatively monophyletic. As
will be discussed below, most are either

monotypic and therefore monophyletic by
default, or are artificial assemblages of

species. More importantly, many of these

genera cut across arguably monophyletic

species groups, which are based on better

substantiated morphological features than

those advanced by Argaman.

(1) Synonym Based on Synonymy of Type

Species

Olarlar Argaman, 1990:252. Type species: Chal-

cis aenea Rossi, 1790, subsequent designation,
herein. Four included species.

Argaman inadvertently listed two nom-
inal species as the type species of Olarlar,

Perilampus aeneus (Rossi) (Argaman 1990:

199) and Olarlar cocegus Argaman (1990:

252). As First Reviser'(ICZN, Article 24), I

designate Chalcis aenea Rossi as the type

species of Olarlar Argaman (PRESENT
DESIGNATION). This typification is con-

sistent with Recommendation 69A of the

Code; Perilampus aeneus is one of the most

common and distinctive species of Peri-

lampus in the Palaearctic region. On the

other hand, Olarlar cix'cgus is known only
from the holotype which is deposited in
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Figs. 17-22. 17 and 18, Pronotuni and mesonotum, oblique diirsal view, detail above. 17. P. f^hilignftcr, pos-
terior margin of pronotuni not bicarinulate. 18. P. Iiyalinus, posterior margin of pronotum bicarinulate. 19-20,

Second and third metasomal tergites (T2 and T3), dorsal view. 19. P. platigaster. 20. P. fulincornis. 21 and 22,

Scapula (SC), dorsolateral view. 21. P. itt/gicm, normal configuration of the scapula. 22. P. prothoraciciis, re-

flexed lobe-like scapula. Scale lines, n.2.'i mm.
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Argaman's personal collection. Based on

this typification, Olarlar Argaman, 1990 is

a subjective junior synonym of Pcrilanipus

Latreille, 1809 (NEW SYNONYMY) be-

cause the type species of Perilampus {Cy-

nips italica Fabricius, 1793) is a junior syn-

onym of Chalcis aenea Rossi, 1790 (synon-

ymy by Illiger 1807, confirmed by Steffan

1952, and accepted by Boucek 1956). More

recently, Z. Boucek has studied two spec-

imens of Diplolepis italica Fabricius that

Rossi sent to Illiger and that formed the

basis for Illiger's synonymy. Boucek has

labelled a male specimen (examined, "It-

alien Rossi, I.", "Type", "13494", "Chalcis

aenea Rossi", "Zool. Mus. Berlin", "LEC-

TOTYPUS 3 Chalcis aenea Rossi, 1790

det. Boucek, 1971" "6 Perilampus aeneus

(Rossius) Z. Boucek, 1972") as the lecto-

type of Chalcis aenea Rossi (PRESENT
DESIGNATION). This specimen agrees
with accepted usage of Perilampus aeneus

and is deposited in the Zoological Muse-

um, Humboldt University, Berlin.

(2) Polyphyletic Assemblages

Vadramas Argaman, 1990:255. Type species:

Perilampus nigriviridis Girault, 1912, original

designation. Seven included species, includ-

ing P. maceki Boucek, P. cephnlotes Boucek, P.

polypori Boucek, P. saleius Walker, P. leinfncles

Girault & Dodd, and Vadramas tetar Arga-
man.

Material Examined.—Perilampus nigriviri-

dis: Lectotype 6, PRESENT DESIGNA-
TION, "Paraguay San Bernardino K. Fie-

brig S.V. 30.6", "6352", "Ex Coll Girault",

"Perilampus nigriviridis 9", "TYPE

[red]", "31948", "Zool. Mus. Berlin",

"Lectotype 6 Perilampus nigriviridis Gir.

D. C. Darling"; Zoological Museum,
Humboldt University, Berlin. S , 9 , "[Bra-

zil] Sao Paulo. 1928. Bury J. Gyorgy", det.

Argaman; HNHM. 9, "Costa-Rica Surru-

bres", det. Argaman; HNHM. Vadramas te-

tar. Holotype 3, "[Nicarague] Sierra di

Managua, A. Solari [18]98"; MCSN,

Argaman (1990:256) described Vadramas

with the caveat, "This genus is another

heterogenous one, and surely not natu-

ral". In fact, this genus is considerably
more heterogenous than even Argaman
imagined; the type species of the genus is

in fact a carLnate species with finger-like

axillula, i.e., a typical member of the Per-

ilampus hyalinus group {Taltonos sensu Ar-

gaman)! However, until the status of the

type material of Perilampus hyalinus is clar-

ified and the range of variation attributed

to species of this species group is better

documented, it is not possible to deter-

mine if P. nigriviridis is a valid species.

Most likely it will fall as a synonym of P.

hyalinus and Vadramas would be a second-

ary synonym of Taltonos.

This is yet another case where the type

species is based on a misidentification; Ar-

gaman did not examine the type material

of this species and his exemplar is not con-

specific with the lectotype designated
above. Notwithstanding the question of

typification, there is little to unite the re-

maining included species. Three are Eu-

ropean species perhaps related to Perilam-

pus micans Dalman (Boucek 1971), and

three are described Australian species.

The only new species described by Arga-
man in this genus, Vadramas tetar, is a

Central American species that violates the

only character that Argaman used to sep-

arate this "genus" from Sicatang, i.e., the

relative length of the malar sulcus! He
stated (1990:257), "The expanded scape,

narrow mesostemum and short malar sul-

cus places this species into the genus Mi-

varliis; but the smooth upper front, . . . into

the genus Vadramas". There is no basis for

the recognition of this genus and I there-

fore regard Vadramas Argaman as a junior

subjective synonym of Perilampus Latreil-

le, 1809 (NEW SYNONYMY).
Fifirtiz Argaman, 1990:259. Type species: Peri-

lampus mwmi Nikol'skaya, 1952, by original

designation. Eight included species, includ-

ing P. itiinutalis Steffan, P. lu-glcctus Boucek,

and P. glabrifroHS Riek.

Material Examined.—Syntypes 2 9 9, Ta-
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jikistan, Kondara; BMNH. i, "Kapa, O.

Turkest" and 9, "[Russia] Dzungarischer
Ala-Tau", both det. Argaman; Argaman
Collection.

Argaman did not examine type material

but I regard his exemplars as conspecific

with the syntypes mentioned above. This

genus was described for species with a

very narrow head (in dorsal view) and

with a blunt ridge starting at the anterior

ocellus and converging on the inner orbits

just below the top of the eye (fig. 127).

Boucek (1983) studied the syntypes of P.

noemi (no lectotype has been selected) and

stated that "the head seen dorsally is 2.2-

2.35 times as broad as long (stout)". The

blunt ridge on the head described by Ar-

gaman is not present in either the synty-

pes of P. nociiii or the specimens examined

by Argaman! In fact, the head of the type

species in frontal view is unremarkable

(fig. 15 in Boucek 1983 is an accurate rep-

resentation of the head of P. noemi, cf. Ar-

gaman's fig. 127). Furthermore, the species
included by Argaman in Fifirtiz are a di-

verse polyphyletic assemblage. For exam-

ple, P. neglectus is regarded as a member
of the Perilampiis tristis group (Boucek

1956); and P. mimttalis (Steffan 1952) and

P. glabifwns (Riek 1966) are closely related

to P. lacvifrons, which Argaman designat-
ed as the type species of Mivarhis (q.v.).

Tliere is no justification for this generic

concept and I therefore regard Fifirtiz Ar-

gaman as a junior subjective synonym of

Perilampus Latreille, 1809 (NEW SYNON-
YMY).

Sicatang Argaman, 1990:257. Type species: Si-

cntivif; aitilus Argaman, 1990, by original des-

ignation. Note; This species is referred to as

Sicatang catilius [lapsus calami] in Argaman
(1991). Two species, also S. picpiis Argaman.

Material Examined.—Sictaiig catiliis, Ho-

lotype 6, "[Turkey] Tschukur-hissar, An-

atol."; Argaman Collection. Sicatang pic-

pus, Holotype 9, "KOREA, Prov. Gang-
von district On-dzong, Kum-gang san,

along Ok-ru dong, 300-600m", "No. 317,

5 August 1975 leg. J. Papp et A. Vojnits",

"Hym. Type 6563 Mus. Budapest";
HNHM.
Argaman described Sicatang for two

new species that he apparently could not

accommodate in his existing genera be-

cause of the combination of a short malar

sulcus and a smooth vertex. A short malar

sulcus is characteristic of the Perilampus

laevifrons group {Mivarhis sensu Arga-
man), which Argaman restricts to species
with a "wrinkled" or sculptured vertex.

Argaman experienced the same difficulty

with the specimens he described as Vad-

ramas tetar (see discussion of Vadramas),

but he resisted the temptation to describe

yet another new genus for V. tetar. Not so

in the case of Sicatang. I regard the sculp-

ture of the vertex as variable in the Peri-

lampus laevifrons group and I would refer

Sicatang catilus to this species group based

primarily on the size and shape of the pre-

pectus (Fig. 27). However, Sicatang picpus

is not a member of the Perilampus laevif-

rons group; the prepectus does not have a

narrow dorsal lobe (Fig. 28). This genus is

almost certainly an artificial assemblage
and 1 therefore regard Sicatang Argaman
as a junior subjective synonym of Perilam-

pus Latreille, 1809 (NEW SYNONYMY).
Vaktaris Argaman, 1990:248. Type species: Per-

ilampus auratus Panzer, 1798, original desig-

nation. Four species, including P. igniccps

Cameron; P. brisbanensis Girault is provision-

ally included.

Material Examined.—Perilampus auratus: i ,

"[Italy] Calabria Aspromonte Paganetti",

det Argaman; HNHM. 9, "Bulgaria, 1928.

Madara. Biro [verso] VII 20", det. Argaman;
HNHM. 9, "[Italy] Voltaggio, App. Gen-

ovesa 20.Vn a 30.VUI. F. Solari", det. Ar-

gaman; MCSN. $, 9, "[Italy] N. S. dalla

Vittoria Apenmino di Genova, G. Mantero

Vl-1936", det Argaman; MCSN. i, "Ger-

many, Darmstadt coll. Meyer 10.6.27"; 9,

"[Russia] CRIM."; both det. S. Novitzky;
ROM. Perilampus igiiicqis: Lectotype 9,

PRESENT DESIGNATION, "[Argentina]
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Figs. 23-26. Prepectus and lateral pronotal panel of Pcrihmipiis species. 23. P. boiiccki, Holotype. 24. P. miuiriis.

25. P. singaporensis. 26. P. tneloui, Holotype.

Mendosa", "P. Cameron Coll. 1914-110",
"

1959"; BMNH. Pcrihimpu^ bridmicmis: 2

Perilampus igniceps Cam. Type", "BM 9 9, "[Australia] lllawarra N.S. Wales H.

Type Hym 5.405", "Perilampus This species Petersen", ANIC; "[Australia] Brisbane: H.

is near auratiis Panzer G.J. Kerrich det. Hacker 27.10.14", USNM.



Volume 5, 1996 119

Argaman's concept of P. auratus agrees
with other authors, which is not too sur-

prising since this is one of the most dis-

tinctive species of Perilampus. Argaman
defined Vnktaris on the basis of a single

morphological feature, a scale-like protu-
berance on the mesoscutum. Argaman
(1990:248) noted that, except for this fea-

ture, Vnktaris "is the most heterogenous

genus among the others treated herein".

He goes on to explain morphological vari-

ability in a number of features that else-

where he uses to confer generic status,

e.g., shape of the prepectus and size of

prepectus relative to the lateral pronotal

panel. In addition, P. brisbnuoisis, one of

two additional species "that probably be-

long here" (1990:249), has a distinct frontal

carina! There are many undescribed spe-
cies in the New World with a tubercle on

the mesoscutum, which will further ex-

tend the range of variation of such a mon-
othetic "genus". Argaman's suggestion is

to "subdivide this taxa [sic] into more ho-

mogenous units" (1990:249). My conclu-

sion is that a tubercle on the scutellum has

evolved independently a number of times

and is not a good indicator of phyloge-
netic affinities; it may well be a functional

structure related to emergence of the adult

from the host pupa, puparium, or cocoon.

As presently defined, the genus is not de-

monstrably monophyletic, and is most

likely polyphyletic. I therefore regard Vnk-

taris Argaman as a junior subjective syn-

onym of Perilampus Latreille, 1809 (NEW
SYNONYMY).

(3) Monotypic Genera

Itonayis Argaman, 1990:248. Type species: Per-

ildiiipuf iitiaiiis Dalman, 1820, by original des-

ignation. Monotypic.

Material Examined.— 9, "[Hungary] Si-

montornya. Hung. occ. 1912 V1.18-K", det

Argaman; HNHM. 9, "[England] Bred

from oak in B.M. June. 1928 F. Laing", "ex.

larvae Lyctus linearis", "9 Perilampus
micans, Dalm. J. Waterston det."; BMNH;

this specimen was reared from the same
host as listed in the original description.

Argaman did not examine the holotype
of P. micans but I regard his exemplar as

conspecific and in agreement with accept-
ed usage. As noted by Argaman, this spe-
cies does have a "frenal crest" on the scu-

tellum (frenum present) and the prepectus
is large, forming an equilateral triangle

with coarse punctures on all three sides.

There are, however, additional species
that share these features and a number of

other attributes with P. micans (the Peri-

lampus micans group of Boucek 1971); e.g.,

P. poh/pori Boucek (which Argaman places
in Vadramas). Boucek (1956, 1971) noted

that species of the Perilampus micans group
also have a distinct uncus on the stigma.

Possibly related to this species group ac-

cording to Boucek (1971) are P. aeneiis and

P. rusclikai Hellen, which Argaman refer to

Olarlnr and Burksilampus (!), respectively.

Steffanolampus salicetum (Steffan) also has

these morphological features and both S.

salicetu)!! and P. micans are regarded as

primary parasitoids of xylophagous bee-

tles. As discussed above, I regard Steffan-

olampus as an outgroup, possibly the sister

group of Perilampus (s.l.), suggesting that

the morphological features used by Ar-

gaman to define Itonayis are plesiomor-

phies. All of these considerations suggest
that a monotypic genus for Perilampus mi-

cans is inappropriate, or at least prema-
ture. I therefore regard Itonayis Argaman
as a junior subjective svnonym of Perilam-

pus Latreille, 1809 (NEW SYNONYMY).

Bagdasar Argaman, 1990:250. Type species:

Bagdnfnr nmmmius Argaman, 1990, by origi-

nal designation. Monotypic.

Material Examined.—Holotype 9,

"SOUTH AFRICA Natal Pietermaritz-

burg", "Ashburton 3.X.83 A. Freidberg";

Argaman Collection.

This is another previously undescribed

species with a raised scale or tubercle on

the dorsum of the scutellum (fig. 99). The

scale is in a similar location on the scutel-
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lum as that of P. mimbeaui {Nilgator sensu

Argaman), but Argaman's species is not

closely related to this species and does not

belong to the P. piinctiveiitris group; the

head is acarinate and the third metasomal

tergite is not punctate. The prepectus is

much broader than the adjacent pronotal

panel and the metasoma is flat and elon-

gate, not strongly arched, similar in these

regards to P. riificornis and P. auratiis. If,

in fact, B. amnonius is closely related to

these two species, the raised scale on the

scutellum is not remarkable; P. aiiratus has

a raised scale on the mesoscutum and low

protuberances on the scutellum, and pro-
tuberances are completely absent from P.

riificornis. Argaman, perhaps realizing the

weakness of the scale on the scutellum as

a generic character (although he used this

feature to define Nilgator, q.v.), supported
his generic concept by stating that the

anellus is "unusually" long. In fact, his il-

lustration of the antenna (fig. 115) is very
inaccurate, e.g. an 8-segmented funicle

and a quadrate anellus are represented. In

fact, the antenna of the holotype is rather

typical in structure to most other species
of Perilampinae. A monotypic genus does

nothing to improve the classification, par-

ticularly if this species forms a monophy-
letic group with P. riificornis and P. aiira-

tus. I therefore regard Bagdasar Argaman
as a junior subjective synonym of Pcrilani-

pus Latreille, 1809, (NEW SYNONYMY).

(4) Segregates of the Perilampiis fiilvicornis

Group

Smulyan (1936) recognized the Perilam-

piis fiilvicornis group for seven small,

black, acarinate species found in America

north of Mexico. The defining features,

discussed only in the key, were that the

first tergite of the metasoma is petiolate
and that the petiole does not have a raised

flange or scale on the anterior margin (cf.

P. anonioceriis group. Figs. 13-15) and the

sculpture of the petiole is rugose (Figs. 20,

30-32). These species appear to be unre-

lated to small black species of Perilampiis

from other regions of the world, most of

which do not have a distinct petiole. Burk-

silampiis was described for a New World

species with a very long petiole (Fig. 33),

suggesting that this species could be re-

garded as a member of the Perilampiis fiil-

vicornis group. However, there are signif-

icant differences in both the sculpture of

the petiole (alveolate or coriaceous versus

rugose) and the malar region of the head

(malar sulcus absent versus present) be-

tween the type species of Burksilampiis

(Chrysolampus anobii Burks) and species of

the P. fiilvicornis group (Darling, 1995a).

The length of the petiole is variable across

species and sexes, and is usually much

longer in males (Figs. 30, 31). The Perilam-

piis fiilvicornis group may be the most spe-
ciose species group in the New World,
where there are many undescribed spe-
cies. Argaman described the following
three genera for species of the Perilampiis

fiilvicornis group.

Naspoyar Argaman, 1990:261. Type species: J
Perilampiis fiilvicornis Ashmead, 1886, by

original designation. Five included species:

P. philembin Burks, P. muesebecki Smulyan, P.

siinilis Crawford, P. minutus Girault

Material Examined.—Perilampiis fiilvicor-

nis: Holotype d, "E. Fla. Ashmead", "3",

"Type No. 22886 USNM", "Perilampus
fulvicornis Ashm."; USNM. Perilampus
minutus: Lectotype 9, PRESENT DESIG-

NATION, "Paraguay (San Bernardino) K.

Fiebrig S.V.", "4506", "Ex Coll Girault",

"minutus", "TYPE [red]", "31947", "Zool.

Mus. Berlin", "Lectotype 9 Perilampus
minutus Gir. D. C. Darling"; Zoological

Museum, Humboldt University, Berlin.

Perilampus philembia: Paratype 9, 6 Peru:

Tingo Maria; see Burks, 1969 for details;

USNM.
There is considerable uncertainty sur-

rounding the identity of P. fiilvicornis in

North America; there are numerous host

records and morphologically distinctive

forms are currently referred to this species

both in collections and in the literature.
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Argaman apparently based his concept of

P. fulvicornis on the single male specimen
in his personal collection, which may or

may not be conspecific with the holotype.

Argaman noted that species of Naspoi/ar

have a dense patch of setae laterad on the

second metasomal tergite, T2 (Fig. 20).

However, this is only true for three of the

five species included by Argaman in Nas-

poyar (absent from P. mimttus, P. philembia)

and there are also many species not stud-

ied by Argaman (and therefore left in Per-

ilnmpus) that are petiolate with a distinct

patch of setae laterad on T2 (e.g., P. gahatii

Smulyan, P. parvus Howard, and P. politif-

roiis Howard). Both P. miinitus and P. phi-

lembia do not have the patch of setae on

T2 and are more closely related to P. pw-
thoraciciis Smulyan (cf. Zuglavas). The ques-
tion of generic status for the Perilampus ful-
vicornis group of Smulyan, and including
at least P. rohertsoni (Ecalibur, q.v.), and

perhaps P. prothoraciciis and P. sti/giciis

Provancher {Zuglavas, q.v.), is complicated
and will require a comprehensive study of

the New World species of Perilampus. For

example, the patch of setae on T2 is also

found in species of the Perilampus anomo-

cerus group (Figs. 13, 14) and may be ple-

siomorphic at the level of the Perilampus

fulvicornis group. Clearly, it is inappropri-
ate to burden the nomenclature with an

additional generic name at this time. I

therefore regard Naspoyar Argaman as a

junior subjective synonym of Perilampus

Latreille, 1809 (NEW SYNONYMY).

Zuglavas Argaman, 1990:231. Type species:

Pcrilnnipiis sh/gicus Provancher, 1888, by orig-

inal designation. Two species, also P. pro-

thornciciis Smulyan.

Material Examined.—Perilampus sh/gicus:

Lectotype 9: [Canada, Quebec, Cap
Rouge] "1599" [yeUow], "Perilampus styg-

icus Prov."; Laval University, Sainte-Foy,

Quebec. Designated by Gahan and Roh-

wer, 1918. Lectotype labels of Comeau
1947, Gahan and Rohwer 1915, and Barron

1971. 9,6 "[USA] NY; Tompkins Co.

White Church IX-1 1-1981 M. Sharkey";
ROM. 9,6 "U.S.A.: Michigan Ann Arbor
ix-x 1975, Fitton"; BMNH. Perilampus pro-

thoraciciis: Holotype, 9: "[USA] Loui[siana]

2568", "Collection CF Baker", "Type No
49785 USNM", "Perilampus fulvicornis

var. prothoracicus Type Smul."; USNM.
9,6 "[Canada] Ludlow N.B. [various

dates] D.P. Pielou Ex: Polyporum betuli-

nus"; CNC, ROM. 9, "[USA, NY] Amer.

sept. Horv. 1907", "Adirondak Long
Lake", det. Zuglavas stygicus by Argaman;
HNHM. Note: Argaman did not examine

the type material of these two species and,

as discussed below, confused these two

species.

Perilampus stygicus is one of the most
distinctive species of Perilampus in North

America; both males and females have a

distinct infuscate band on the forewing
below the marginal vein and the lateral

pronotal panel is rounded (Fig. 11). As Ar-

gaman noted, this species is closely related

to P. prothoracicus. These are the only two

species referred by Smulyan (1936) to the

Perilampus fulvicornis group that lack a dis-

tinct patch of setae on the lateral margin
of T2. Until Argaman's study, P. stygicus

was most easily separated from P. prothor-

acicus by the coloration of the forewing; P.

prothoracicus does not have a distinct in-

fuscate region on the forewing, the wing
is either hyaline or has a very faint dark-

ened region below the marginal vein. Ar-

gaman has discovered another important

morphological feature to distinguish these

two species, the shape of the scapula. Ar-

gaman stated (1990:212) that in P. stygicus,

the type species of Zuglavas, the lateral

lobe of the scapula is "deeply emarginate
anterad to tegula, producing an acute,

backward directed peg-like structure" (fig.

104). However, he misinterpreted the dis-

tribution of this character because of a

misidentified specimen(s). Tliis reflexed

lobe-like configuration of the scapula is

not present in P. stygicus (Figs. 11, 21), but

is present in P. prothoracicus (Fig. 22). The

scapula of P. stygicus (Fig. 11) is virtually
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identical to that of P. tristis Mayr (Fig. 9)

and P. fiilvicornis (Fig. 12). The apomor-

phic configuration of the scapula is there-

fore found in only one of the two species

included by Argaman in Zuglavas and not

in the type species (P. st\jgiciis)\
A mono-

typic genus based on this apomorphic

configuration of the scapula (for P. pno-

thorncicus) is inconsistent with the close re-

lationship of this species and P. stygicus. I

therefore regard Zuglavas Argaman as a

junior subjective synonym of Perilampus

Latreille, 1809 (NEW SYNONYMY).
Ecalibur Argaman, 1990:260. Type species: Per-

ilampus robertsoni Crawford, 1914, by original

designation. Monotypic.

Material Examined.—Holotype 9 "[USA]

[No.] 9729", "Robertson S. Illinois", "9",

"Type No. 18299 U.S.N.M.", "Perilampus

granulosus Type 9 "; USNM.

Argaman based his concept of P. robert-

soni on a single male in his personal collec-

tion. My attempts to borrow this specimen
have not been successful. From a study of

Argaman's key it is apparent that generic

status was awarded to this species based

on the following features (190:227): "Head

with residual scrobal carina primitively re-

tained"(!) and T2 with a "not very dense

patch a pale pubescence". There is no di-

agnosis of Ecalibur and the key separates

the type species from Naspoyar on the basis

of the features listed above and on features

of the surface sculpture. Smulyan (1936) re-

marked that the head has a well developed
keel "sometimes with a semblance of a ca-

rina", but appreciated the natural affinities

of this species even without apparently re-

alizing the importance of the patch of setae

on T2. Argaman, on the other hand, real-

ized that this species has a patch of setae

on T2, but still erected a monotypic genus
because of the structure of the head. Peri-

lampus robertsoni is clearly a member of the

Perilampus fulvicornis group. 1 therefore re-

gard Ecalibur as a junior subjective syn-

onym of Perilampus Latreille, 1809 (NEW
SYNONYMY).

(5) Segregates of the Perilampus anomocerus

Group

Smulyan (1936) recognized the Perilam-

pus anomocerus group for two acarinate

species found in America north of Mexico,

P. anomocerus Crawford and P. granulosus

Crawford. The distinguishing feature of

this species group, discussed only in the

key, is that the anterior margin of the first

metasomal tergite (petiole) is strongly el-

evated as a flange or scale that can com-

pletely cover the neck or nucha of the pro-

podeum (Figs. 13, 14). Both of these spe-

cies also have a distinct lateral patch of

very long setae on T2 (Fig. 14) and also

share numerous other morphological fea-

tures. Argaman described a genus for each

of these species.

Ihambrek Argaman, 1990:252. Type species:

Pcrilnmpus chrysonotus Forster, 1859, by orig-

inal designation. Two species, also Perilam-

pus anomocerus Crawford.

Material Examined.—Perilampus clmjsono-

lus: Lectotype 9, PRESENT DESIGNA-
TION, [Germany] "[Germany] Bopp[ar]d.",

"Collect. G. Mayr", "P. chrysonotus Forster,

Type", "Lectotype 9 Perilampus chrysonotus

Forster D. C. Darling", Paralectotypes

lc5,19, same collector and type labels;

NMV. 9,6 [Central Europe], det. S. Novitz-

ky; BMNH. Perilampus anomocerus: Holo-

type 9, "[USA] Colo[rado] [No.] 1584",

"Collection CF Baker", "9", "Type No.

18302 U.S.N.M.", "Perilampus anomocerus

CwfdType 9"; USNM.

Specimens identified as P. chrysonotus

by Argaman were not available for study.

This is one of the most distinctive Pa-

laearctic species and it is likely that Ar-

gaman's exemplar is conspecific with the

lectotype. Argaman (1990:213) distin-

guished Ihambrek in the key on the basis

of the configuration of the mesosomal

sclerites, i.e., "Spiracle between pro- and

mesonotum indistinct, covered, the notal

sclerites not emarginate there as usual"

and "Upper border of prepectus meeting

directly and perpendicularly the prono-
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Figs. 27-33. 27-29. Prepectus and lateral pronotal panel of Perilampus species. 27. P. catilus, Holotype. 28. P.

picpus. Holotype. 29. P. chn/sonotus. 30-32. Petiole of Perilampus species, dorsal view. 30. P. stygicus 6. 3\. P.

stygicus 9 . 32. P. fulvicoruis 9 . 33. Petiole of Biirksilampua uncbii 9 , dorsal view.

turn." These statements are inaccurate

based on the material I have examined.

However, in both P. chrysonotus (Fig. 29)

and P. iDioiuoccnis (Fig. 10), the mesono-
tum is emarginate, and the upper border

of the prepectus is horizontal only in P.

cliryfoiiotiifi (Fig. 29, cf. Fig. 10, P. aiioino-

cerus). What is interesting is that both spe-

cies have a scale-like petiole (Figs. 13, 14),

a character apparently missed by Arga-
man although discussed by Smulyan
(1936). The petiole is virtually identical in

these two species and the scale-like petiole

is found only in these two species, in P.

I^rauiilofiuf, and in undescribed species of

the P. anonioccriis group. Significantly, P.
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chn/sonotiis does not have a patch of setae

laterad on T2; these setae are restricted to

New World species of the Perilampiis an-

omocems and P.fulvicornis groups. Also, the

structure of the prepectus and lateral pron-

otal panel is different in the Old World and

New World species; in P. chrysonotus there

is a distinct and continuous suture between

these sclerites (Fig. 29), which is absent

from P. anomocenis (Fig. 10). In conclusion,

not only is the diagnostic feature of Iham-

brek not present in the type species, but the

two included species almost certainly do

not form a monophyletic group. I therefore

regard Ihanibrek Argaman as a junior sub-

jective synonym of Perilampiis Latreille,

1809 (NEW SYNONYMY).
Dekterek Argaman, 1990:262. Type species: Per-

ilampiis gniniilosiis Crawford, 1914, by original

designation. Two species, also Perilampiis kasz-

abi Boucek.

Material Examined.—Perilampiis granulo-

sus: Holotype 9, "[USA] Alab[ama] [No.]

1967","Collection CF Baker", "Type No.

18305 U.S.N.M", "Perilampus granulosus

Type 9"; USNM. Perilampus kaszabi: Para-

type 9 , Mongolia; see Boucek 1983 for de-

tails; BMNH.

Argaman studied a single female of P.

granulosus, which is apparently now depos-

ited in his personal collection. He based his

generic concept on the structure of the pre-

pectus and mesepistemum; however, the

prepectus of the holotype is virtually iden-

tical to P. anomocerus and bears little resem-

blance to Argaman's illustration (fig. 69, cf.

Fig. 10). It is likely that Argaman's exemplar
was misidentified; he did not mention the

granulose sculpture laterad on the scutel-

lum that is diagnostic for this species

(Crawford 1914, Smulyan 1936). Further-

more, he stated that T2 is glabrous, but a

distinct patch of setae is present in the ho-

lotype (as in P. anomocerus, Figs. 13, 14). Per-

ilampus granulosus is unquestionably closely

related to P. anomocerus (Smulyan 1936) and

I therefore regard Dekterek Argaman as a ju-

nior subjective synonym of Perilampus La-

treille, 1809 (NEW SYNONYMY).

(6) Segregates of the Perilampus tristis Group

This informal species group has been

used by European authors (Boucek 1956, J
Steffan 1952) for small black species that

"

have the prepectus very closely associated

with the lateral pronotal panel. There is a

distinct suture along the pronotum dor-

sad, but ventrad the suture is obliterated

by vertical rows of alveolae on both the

pronotal panel and prepectus (Fig. 9). The

first metasomal tergite (petiole) is trans-

verse with a raised scale (Fig. 15); the scale

is narrower and less heavily sculptured

than in P. clm/sonotus and P. anomocerus

(Figs. 13, 14). Argaman used "fusion" of

the prepectus to separate a group of 6 gen-

era, three of which were discussed above

as segregates of the Perilampus fiilvicornis

group and three of which are discussed

here as segregates of the Perilampus tristis

group.

Pondoros Argaman, 1991:1. Type species: Peri-

lampus tristis Mayr, 1905, by original desig-

nation. Nine included species.

Material Examined.—Perilampus tristis:

Lectotype 6, PRESENT DESIGNATION,

"[Germany] Forst.", "Collect. G. Mayr",
"Peril, tristis G. Mayr, Type", "TYPUS"

[red, printed], "Lectotype d Perilampus

tristis Mayr D. C. Darling", Paralectotypes

2d<J,39 9 [Germany, all labelled with red

type label]; NMV. Note: The syntype se-

ries in Vienna also contains 56 6 and 29 9

(on 6 pins) that are not conspecific with

the Lectotype, det. P. minutalis Steffan, D.

C. Darling. 9, "[Germany?] Modling
Schmidt", det. Argaman; HNHM. 6, 9

"Switzerland: H. L. Parker 1957 hyper.

Ryacionia buoliana"; ROM.

Perilampus tristis is a very distincti\'e

species that is rather common in European
collections. The most striking characteris-

tic of this species is the long, paired, lat-

erally-directed spines on the aedeagus

(Fig. 16). These spines are clearly visible
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on the lectotype and in male specimens
that were introduced into North America.

This species is a common hyperparasitoid
of the codling moth and was apparently

inadvertently introduced into North

America, where the species was described

as P. capitatiis by Smulyan (1936) and later

synonymized by Steffan (1952). The name
P. tristis has been applied uncritically to

many small black species of Perilmnpus in

European collections and this lectotype

designation will stabilize the nomencla-

ture for this species. It should be noted

that Argaman's lectotype designation for

P. tristis (1991:16) is invalid; the specimen

designated is from his personal collection

and not one of the syntypes!

Argaman based his concept of Pomioros

on a correctly identified specimen of P.

tristis, although his illustration of the pre-

pectus is very inaccurate (fig. Ill, cf. Fig.

9). He distinguished Pondoros from other

"genera" with a "fused" prepectus by the

presence of a plical carina on the propo-
deum and the postmarginal vein longer
than the radial vein. Both of these features

are widely distributed in Perilmnpus and

are most likely plesiomorphic. The Peri-

lmnpus tristis group remains rather poorly
defined. The close association of the pre-

pectus and pronotum ventrad (Fig. 9), and

a low scale on the petiole (Fig. 15) is all

that delimits this species group. A similar

form of prepectus is found Ln the Perilam-

pus fulvicornis group {Naspoyar sensu Ar-

gaman) (Figs. 11, 12), but the form of the

petiole differs (Figs. 30-32). Until the affin-

ities of P. tristis are better understood, it

is premature to recognize separate genera
or a monotypic genus for P. tristis. I there-

fore regard Pondoros Argaman as a junior

subjective synonym of Perilampus Latreil-

le, 1990 (NEW SYNONYMY).
Lufarfar Argaman, 1991:3. Type species: Lufar-

far rainerius Argaman, 1991, by original des-

ignation. Two included species.

Material Examined.—Lufarfar rainerius: Ho-

lotype 9, "[Egypt] Coll. A. MtKhi VII.6.1935

Gebel Asfar Egitto"; MCSN. Paratype 9,

"[Egypt] Coll. A. Mochi 6.VII.1936 Gebel

Asfar Egitto"; MCSN.

Argaman distinguished Lufarfar from

Pondoros by three attributes: absence of a

plical carina on the propodeum, postmar-

ginal vein shorter than stigmal vein (his ra-

dial vein), and absence of a malar sulcus.

However, the malar sulcus is present in the

paratype that I examined and the postmar-

ginal vein is shorter than the stigmal vein;

his figure 78 is an accurate depiction of the

relative lengths of these veins. The absence

of a plical carina was regarded by Arga-
man as a result of further reduction of

sculpture laterally on the propodeum, a

characteristic of P. tristis. In P. tristis there

is a large glabrous area, without any sculp-

ture, ventrally on the propodeal callus (Fig.

15). The type species of Lufarfar also has a

smooth area that extends mesally to oblit-

erate the plical carina (fig. 77). In my opin-

ion, these characters do not merit generic

distinction, at least not until the full range
of variation is assessed in the Perilampus
tristis group. I therefore regard Lufarfar Ar-

gaman as a junior subjective synonym of

Perilampus Latreille, 1809 (NEW SYNON-
YMY), based on the synonymy of Pondoros

with Perilampus discussed above.

Bukbakas Argaman, 1990:261. Type species:

Perilampus microgastris Ferri^re, 1930, by orig-

inal designation. Four included species.

Material Examined.—Perilampus microgas-

tris: Paralectotype 9, "[India] Rahatgaon,

Hoshangabad, C.P., S. N. Chatterjee

23.IX.1926", "Parasite on Apanteles ma-

chaeralis Wilk.", ROM. 6, 9 "KOREA,
Prov. South Pyongan, Nampo, Wauto",

"22.IX.1979, leg. Dr. H. Steinmann et Dr.

T. Vasarhelyi, No. 563", det. Argaman;
HNHM.
Argaman based his concept of P. micro-

gastris on a single female from Korea

which I regard as conspecific with the par-

alectotype. However, he stated that both

Pondoros and Lufarfar have a deep longi-

tudinal furrow on the vertex, which is ab-
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sent from P. rnicrogastris. This character is

the main reason for separating Pondoros

and Lufarfar from Bukbakas in the key and

is therefore critical in evaluating the status

of Bukbakas. I can see no major differences

in the vertex of the type species of these

three genera. I agree that the vertex is

smooth in P. rnicrogastris, but a distinct

furrow is not present in P. tristis (Pondoros

sensu Argaman) (Fig. 5) or in P. rainerius

(Lufarfar sensu Argaman). Argaman dis-

tinguished Bukbakas from the Perilampus

fulvicornis group (Naspoyar sensu Arga-
man) by the profile of the mesosoma (fig.

136). Not only does his illustration of Buk-

bakas not agree with the material I have

examined, but the profile of the mesosoma
in P. rnicrogastris falls within the range of

variation found in the Perilampus fidvicor-

nis group. There is nothing remarkable

about P. rnicrogastris, and earlier authors

(Ferriere 1930, Boucek 1983) have suggest-
ed that this species is closely related to P.

tristis. On the basis of both a lack of mor-

phological criteria and possible affinities

with P. tristis, I regard Bukbakas Argaman
as a junior subjective synonym of Perilam-

pus Latreille, 1809 (NEW SYNONYMY).

(7) The Perilampus laevifrons / chrysopae

Group

The Perilampus species that are primary

parasitoids of lacewings (Neuroptera:

Chrysopidae) have been regarded as be-

longing to the P. chrysopae group in the

New World (Smulyan 1936) and the P. lae-

vifrons aggregate or group in the Old
World (Kerrich 1958, Boucek 1983). These

species all have a very narrow prepectus
that appears distinctly separate from the

lateral pronotum (Fig. 7) and a short malar

sulcus (Fig. 7), but as discussed by Boucek

(1956) and Kerrich (1958), the most re-

markable feature of these species is the

strongly expanded scape of the males,

which has resulted in modifications to the

lower face in certain species. There still re-

mains uncertainty about the possibility of

Holarctic species in this group. Argaman

referred most of these species to the genus
Mivarhis, which he separates from Perilam-

pus (s.s.) by a single character, i.e., malar

sulcus half as long as front margin of ma-
lar cavity versus as long as front margin of

malar cavity. As diagnosed in the key,

species referred to both of these genera
have the face sculptured; the ocular-ocel-

lar region has "irregularities, coarse rugu-

lae, wrinkles, or costulae" and the face be-

tween the malar sulcus and the clypeus has

"wrinkles or rugulae, occasionally only in

its extreme inner comer" (1990:215). And
as discussed below and in the previous
treatments of Sicatang, Vadramas, and Fifir-

tiz (q.v.), there are species with smooth ver-

tices that agree in most other regards with

the Perilampus laeinfrons/chrysopae group.

Mivarhis Argaman, 1990:255. Type species:

Perilampus laevifrons Dalman, 1822, by origi-

nal designation. Eleven species, including P.

clm/sopae Crawford, P. aureoviridis Stephens
in Walker, and P. iiuisculimis Boucek.

Material Examined.—Perilatnpus laevif-

rons: 9, "Yugoslavia Dubrovnik", "1967.

Vlll. 10-11 leg. Zombori", det. Argaman;
HNHM. 6, 9 "[Sweden] G. Sandon A.

Jansson", Det. G. J. Kerrich 1958; ROM. 6,

"S. ENGLAND. Buck. Loadwater, Boucek

6.VII.75", det. Z. Boucek 1982; ROM. Per-

ilampus chrysopme: 9, USA, California Ex:

Chrysopa californica; ROM. Perilampus au-

reoviridis: 3 , 9 Mongolia, det. P. lacunosus

Boucek, 1982; ROM. P. masculinus: Para-

type 9 , Czech Republic; ROM.
For European species, Argaman's con-

cept of Mivarhis is identical with the Peri-

lampus laevifrons group sensu Boucek

(1983). Also included by Argaman is P.

chrysopae, a North American species close-

ly related to Old World P. laevifrons and

P. aureoviridis. Excluded by Argaman was
the Nearctic species P. rolnveri, which was

placed in the P. chrysopae group by Smu-

lyan (1936); this species has a smooth ver-

tex, which precludes placement in Mivar-

his as defined by Argaman. Species in oth-

er Argaman genera (e.g., Vadramas, Sica-
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tang, Fifirtiz) also have a smooth vertex

but agree in most other regards with the

Perilnnipus laevifwns/chrysopac group. Fur-

thermore, this genus is separated from

Perilampus by a single character, the rela-

tive length of the malar sulcus, a highly
variable character that Argaman himself

uses many times in his key to distinguish

genera. As presently defined, recognition
of the genus Mivarhis does not improve
our understanding of the phylogenetic re-

lationships of the Perilampinae. I therefore

regard Mivarhis Argaman as a junior sub-

jective synonym of Perilampus Latreille,

1809 (NEW SYNONYMY).

(8) The Core Genus, Perilampus

Perilampus Latreille, 1809. Type species: Cynips
italica Fabricius, 1793:103, subsequent desig-

nation by Westwood (1840); =
Perilampus ae-

neus (Rossi), 1790, synonymy by Illiger 1807,

confirmed by Steffan 1952, and accepted by
Boucek 1956.

Cinipsillum Lamarck, 1817:156. Type species:

Chalcis violacea Panzer, 1804 [auct. 1805]: 88

(fig. 15), subsequent designation by Gahan
and Fagan (1923);

=
Perilampus ruficornis (Fa-

bricius), 1793, synonymy by Boucek (1956).

CynipsUlum Lamarck; Agassiz, 1845:325. Incor-

rect subsequent spelling. Note: Although Cy-

nipsUlum was probably intended as an emen-

dation of Cinipsillum (Agassiz cited Lamarck)
the action does not comply with the require-

ments of Article 33 of the Code and therefore

CynipsUlum is properly regarded as an incor-

rect subsequent spelling and is not an avail-

able name. The type species designation for

Cynipsillun by Gahan and Fagan (1923)

should be applied to Cinipsillum. Gahan and

Fagan provided a citation of Lamarck's ge-

nus, but with the orthography of Agassiz. In

typifying Lamarck's genus they were trying
to effect an objective synonymy with Perilam-

pus, which they considered (incorrectly) was
also typified by Chalcis violacea Panzer, 1804.

Afroperilampus Risbec, 1956:184. Type species:

Afroperilampus meloai Risbec, 1956, by origi-

nal designation. Synonymy by BouCek

(1972).

Material Examined.—Perilampus aeneus:

9, "AUSTRIA: Wien 25.8.60 S. Novitzky",

det. Boucek 1982; ROM. 6, "Austria: Vi-

enna dist.: Modling Novitzky 12.9.52",

det. DC Darling; ROM. 29 9, 26 6,

"[Hungary] Ex: larvis Athaliae colibri",

det. Szelenyi (P. italicus Panzer); ROM.
29 9 "[Italy] Rosignano, (Piemonte) 15-lX-

1883", "Collezione Gribodo" and "Rosig-

nano, (Piemonte) lO-IX-1881", "Collezione

Gribodo", both det. Argaman; MCSN.
As discovered by Z. Boucek in 1981 (in

litt.), the type species of Perilampus has

been incorrectly regarded as Diplolepis vio-

lacea Fabricius, 1804, designated by La-

treille, 1809 (e.g., Burks 1979, Boucek 1988,

Argaman 1990:253). There are two prob-
lems with this typification. Fabricius

(1804) did not describe Diplolepis violacea,

he only transferred Panzer's species from

Chalcis to Diplolepis; Fabricius clearly cited

"Chalcis violacea Panz. Fn. Germ. 88. tab.

15." Secondly, Latreille (1809) is not a val-

id type species designation for the genus.
Two species were listed, "Perilampe. Di-

plolepis violacea, Fab.; ejusd. D. ruficornis."

and, therefore, ICZN Direction 4 (Hem-

ming 1954) excludes this typification. It

does not matter that these are presently

regarded as subjective synonyms; more

than one nominal species is involved in

Latreille's discussion of Perilampus. The

typification then becomes Westwood

(1840:67): "P. italicus Fab". The original

combination is actually Cynips italica Fa-

bricius. This species was also regarded as

the type species of Perilampus by Ashmead

(1904:266).

This new information was made avail-

able to Argaman prior to his publications
and he discussed the implications of this

typification for his generic classification,

albeit with the mistaken notion that the

ICZN will need to validate Cynips italica

Fabricius as the type species of Perilampus

(Argaman 1990:254). It should also be not-

ed that his designations of type species for

Cinipsillum and CynipsUlum are unneces-

sary and without merit; Agassiz was cor-

recting Lamarck's name and therefore the

typification of Gahan and Fagan should
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apply to Cinipsillum. This typification has

been accepted since first published in 1923

and should not be changed.

Perilampus sensu Argaman is a hetero-

geneous assemblage comprised of species
that Argaman did not see or did not care

to deal with. He treated only twelve spe-
cies in his key, but refers 45 species to Per-

ilampus in his checklist. It is clear that spe-
cies remained in Perilampus if they could

not be referred to other genera; Perilampus
sensu Argaman contains even less infor-

mation than Perilampus (auctorum), which
is itself demonstrably paraphyletic (Dar-

ling 1983). As a result of the synonomies

proposed herein, all species of Perilampi-
nae will return to Perilampus unless clas-

sified in Euperilampus Say, Monacon Wa-

terston, Krombeinius Boucek, Burksilampus

Boucek, or Steffatiolampus Boucek; a key to

the genera is provided in Boucek (1978).

DISCUSSION

The net result of the synonymies pro-

posed herein is a return to the status quo.
It should be noted that all of the synon-
omies are subjective; hence, considerable

detail has been provided to point out the

problems inherent in each of Argaman's
generic concepts and the shortcomings of

the reclassification as a comprehensive

system for the species traditionally re-

ferred to Perilampus. It is not my intention,

nor would it be possible, to suppress Ar-

gaman's work. Most of his generic names
will remain as available names and some
would undoubtedly become valid names
if Perilarnpus were subdivided at some lat-

er date. The problematic cases from the

standpoint of nomenclature are the genera
with type species based on misidentified

specimens. A number of these cases have

been documented and additional cases

can only be confirmed by studying Arga-
man's collection and by assembling all the

material that formed the basis for his treat-

ment of particular type species. If nomen-
clatural instability arises for particular

genera, submissions will need to be pre-

pared asking the Commission to typify
these genera, ideally resulting in objective

synonymy with Perilampus. The nomencla-

ture of the Perilampidae needs to be sta-

bilized, but does not necessarily need to

involve the Commission, which is a time-

consuming process. My purpose in pro-

viding a rather lengthy discussion of the

inadvisability of incorporating the Arga-
man genera into the nomenclature is to

obviate formal action by the Commission.

In the context of evaluating the genera

proposed by Argaman, I have tried to in-

dicate some morphological characters that

may define monophyletic species groups
of Perilampus. All of these character sys-
tems (e.g., size and shape of Tl, shape of

prepectus, setae on T2, sculpture on T3),

need much more detailed analysis, both in

terms of homology and level of generality.

Comprehensive phylogenetic studies may
eventually support a revised generic clas-

sificaHon, but for the present, a system of

informal species groups, some of which

have been discussed above, will serve

both as mnemonic devices and as more in-

clusive names. Following the suggestion
of Smulyan (1936), species group names
could be based on the first described spe-

cies, but other systems are certainly pos-
sible. The beauty of such a system is its

flexibility and independence from the

strictures of zoological nomenclature; and

errors, oversights, omissions, and idiosyn-
cracies can be dealt with expediently. Spe-
cies groups are a lexicon for communica-

tion rather than a vehicle for self-aggran-
dizement:
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APPENDIX 1

Alphabetical index to the primary treatments of the

genera recognized by Argaman (1990, 1991).

Afroperilampus Risbec, 1956 110

Bagdasar Argaman, 1990 119

Balmtos Argaman, 1990 107

Bukbakas Argaman, 1990 125

Df*:ft'reA: Argaman, 1990 124

Durgadas Argaman, 1990 114

Eaj/ifcur Argaman, 1990 122

Fifirtiz Argaman, 1990 116

fii/(7ytar Argaman, 1990 110

Goyurfis Argaman, 1990 113

Ihambrek Argaman, 1990 122

Itonayis Argaman, 1990 119

Kekender Argaman, 1990 105

Lufarfar Argaman, 1991 125

Mivarhis Argaman, 1990 126

Naspmi/ar Argaman, 1990 120

Nilgator Argaman, 1990 108

O/flWflr Argaman, 1990 114

Peri/flmpus Latreille, 1809 127

Pondoros Argaman, 1991 124

Sicatang Argaman, 1990 117

Taltonos Argaman, 1990 Ill
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Vaktaris Argaman, 1990 117

Ycrfflfo;' Argaman, 1990 107
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Abstract.—In the morphological space defined by queen head length and head width, seven

Costa Rican species or species complexes in the ant genus Azteca have relatively narrow, subrec-

tangular heads (head length 2 1.3 times head width), and all of them share characteristic nesting

behavior in live stems. These species and species complexes are taxonomically characterized, and

queen and worker-based identification guides are provided. A subset of these species are common
inhabitants of the specialized ant plants Cordia alliodora (Boraginaceae) and Triplaris melacnodcndron

(Polygonaceae). Azteca longiceps is an obligate inhabitant of T. mdaenodendron, but is known only

from two mid-elevation Pacific slope sites. In the Pacific lowlands T. melaenodendron is usually

inhabited by either A. beltii or Pseudomyrmex viduus, two species that are not obligate inhabitants

of particular ant plants, but instead may be found in a variety of different ant plant species. The

Azteca pittieri complex contains the common obligate inhabitants of Cordia alliodora. A general

description of ant community composition in Cordia and Triplaris ant plants, and discussion of 1)

the adaptive significance of queen characters in Azteca, 2) problems of species definitions as re-

vealed by this study, 3) possible mechanisms generating complex character distributions in the A.

pittieri complex, and 4) the contrasting roles of regional faunas and global revisions are provided.

Taxonomic changes are: Azteca beltii Emery 1893, new slat. [= laeta Wheeler 1942 new syn.,
=

stolli Forel 1912 new syn.]; Azteca cordincola Forel 1920, new stat.; Azteca juruemis Forel 1904, new

Stat.; Azteca nigricans Forel 1899, new stat.; Azteca patruelis Forel 1908, new stat.; Azteca pittieri

Forel 1899 [= emarginatisquaniis Forel 1920 new syn.]; Azteca sapii Forel 1912, new stat.

INTRODUCTION interpretation of field results and /or an un-

^ . ,. , , . . derestimation of diversity in ant plant as-

Specialized ant-plant associahons are a ... „ ^ , 1. J lUi.^
. r r 1 ^ J sociations. Two ant-plant associahons that

conspicuous feature or the tropics, and
, • j ,-,.i ,. i- i ,.u

, \ , , ,uLri-j have received little attention involve the
they have been a frequent subiect or study , ^ ,. j-r-r-ni.'

,
, ,1. , .

, /D : plant eenera Cordm and Trwlaris. The last
in ecology and evoluhonary biology (Beat-

^ ^
^ , . .

^
, ,.„

tie 1985 Davidson & McKey 1993, Holl-
'"^^'^"^ °^ '^ese associations was by Whee-

dobler & Wilson 1990). Most of the con-
^^' (1942), which contains a wealth of tax-

spicuous ant-plant associations involve ""^"^''^ ^"'-'^ "''^>'^' ^'^^°'y d^*^'

communities of interacting species (Longi-
The genus Cordia occurs throughout the

no 1989a, 1991a, Ward 1991, Fiala et al. Neotropics, and two species, C. nodosa and

1991, Davidson et al. 1991, Davidson & C. alliodora, are specialized ant-plants

Fisher 1991, McKey 1991). Studies of these (Wheeler 1942). Both species have pyn-

communities are hampered by a lack of ba- form cauline swellings at nodes where

sic taxonomy and nahiral history of the or- whorls of branches arise. These domatia

ganisms involved. Lack of names and/or a are hollow and are usually inhabited by

confused state of names impedes effective ants. Cordia nodosa is South American. Cor-

communication of results. An inability to dia alliodora is widespread in South Amer-

distinguish among species can lead to mis- ica and also extends through Central
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America to southern Mexico. In Costa

Rica, C. alliodora is the only myrmecophy-
tic Cordia. It is a very common tree in an-

thropogenic habitats, occurring along
roadsides and in pastures. On the dry Pa-

cific side, the trees are usually small and

bushy, with crooked trunks. On the wet

Atlantic side, the trees are tall and

straight. It has the common name "laurel"

and is considered a valuable timber tree

(Opler & Janzen 1983).

Wheeler (1942) considered the following
to be obligate inhabitants of Cordia allio-

dora: "Azteca longiceps and its subspecies,
A. pjittieri and its var. emarginatisquamis,

Pseiidoim/rma sericea and its varieties ita

and cordiae, and Ps. alliodorae." Wheeler

misidentified the material he called Pseii-

domyrmex ita (Forel). True ita is a gener-
alist inhabitant of dead twigs, and is oc-

casionally found in Acacia thorns (Ward

1993). The material Wheeler identified as

"ita" is close to or the same as P. cordiae

(Forel) (Ward, pers. comm.), and is prob-

ably an obligate Cordia ant. Pseudoinyrmex

alliodorae, described by Wheeler from his

study of Cordia, is a junior synonym of P.

elougatits (Mayr), a common and general-
ized inhabitant of plant cavities (Ward

1989). In the Canal Zone of Panama,
Wheeler encountered what he interpreted
to be two species of Azteca that were spe-
cialized inhabitants of Cordia. He identi-

fied them as A. longiceps and A. pittieri. Az-

teca longiceps was the most abundant, oc-

curring in 85% of the domatia. The species

was previously known only from the type

queen, collected in Costa Rica with no bi-

ological data, and he redescribed it based

on abundant material from C. alliodora.

His results have influenced subsequent
identifications of Cordia ants as A. longiceps

(e.g. Opler & Janzen 1993). As reported

below, true A. longiceps is a Triplaris me-

laenodendron specialist known from two

sites in Costa Rica, and Wheeler's two C.

alliodora ants should be interpreted as

members of the A. pittieri complex.

Triplaris contains at least 17 species

throughout the Neotropics, all of which

have hollow stems that are inhabited by
ants (Brandbyge 1986, Wheeler 1942). The

hollow stems are much like Cecropia or

bamboo, with short cylindrical intemodes

separated by solid septa. In many parts of

South America, Triplaris trees are dominat-

ed by the Psendomyrtnex triplarinus com-

plex, a set of at least four species of obligate

Triplaris ants (Ward 1991). Triplaris melaen-

odendron subsp. melaenodendron {sensu

Brandbyge 1986; often identified as T.

americana in earlier literature; referred to as

T. melaenodendron in this paper) occurs

from Mexico to southern Costa Rica, and is

the only Triplaris species in Costa Rica. Tri-

plaris melaenodendron is moderately abun-

dant on the Pacific side of Costa Rica,

where it most often occurs along streams

in dry forest areas (pers. obs.).

Wheeler (1942) examined numerous

specimens of what he called Triplaris amer-

icana in Panama, which I assume to be T.

cumingiana based on Brandbyge's (1986)

revision. Wheeler found two ant species

he considered to be obligates: Azteca men-

ceps and "Pseudomyrma loeivensohni" . Az-

teca metKeps is not known from Costa Rica

(pers. obs.). The material Wheeler identi-

fied as "loeivensohni" (an unavailable

name; Ward 1989) is symbioticus, an obli-

gate Triplaris ant in the P. triplarinus com-

plex, and known from Panama and north-

ern South America (Ward, pers. com.). As

reported below, Costa Rican T. melaeno-

dendron is inhabited by a somewhat less

specialized community of ants, without

close affinities to the specialist Triplaris

ants from South America.

Ants in the dolichoderine genus Azteca

are major elements of neotropical forest

ant communities (Forel 1899). All are ar-

boreal. The numerous species exhibit a va-

riety of nesting habits, inhabiting external

carton nests, dead branches, dead cores of

living trees, and live branches. A number

of species are obligate inhabitants of spe-

cialized ant plants (reviewed in Davidson

& McKey 1993). Forel (1878) established
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the genus, and his definition remains es-

sentially unchanged. Shattuck (1992) rec-

ognized the genus as a monophyletic lin-

eage within the Tapinomini. Emery (1893)

provided the first and as yet only revision

of Azteca, recognizing 25 valid names, but

there are now over 150 available names

(Shattuck 1994) due to subsequent discon-

nected descriptions. Longino (1989b,

1991b) has recently reviewed the taxono-

my of the species that are obligate inhab-

itants of Cecropia trees.

My studies of the Costa Rican ant fauna

have revealed at least 20 species of Azteca

in the country. Seven of these species nest

in live plant stems and have queens with

relatively long, narrow heads (head length

greater than or equal to 1.3 times head

width). This report addresses the taxono-

my and natural history of these seven spe-
cies. The species treated here include the

obligate inhabitants of C. alliodora and T.

nwlaenodeiidwn, as well as other less spe-

cialized inhabitants of a variety of plant

species. The remaining known Costa Rican

Azteca, including the five obligate Cecropia

ants (Longino 1989b, 1991b), have queens
with relatively broader heads (head length
less than 1.3 times head width).

This is an intentionally regional work.

Differentiating species within Costa Rica

has proven difficult. Distinguishing contin-

uous geographic variability from discontin-

uous character change is difficult even in

an area the size of Costa Rica, and chal-

lenges species concepts. Thus, formal tax-

onomic changes are restricted to "nomen-

clatural housecleaning" for a few obvious

cases. Species that are insufficiently well-

known, primarily due to inadequate

knowledge of character variation within

and outside of Costa Rica, are given taxo-

nomically unavailable code names. These

code names are developed by the author

and are unique within the genus Azteca. In

the future, if numbered taxa are named or

associated with existing available names,
the numbers will be retired and not reused.

The term "complex" is used for clusters

of phenetically similar organisms for

which 1) the range of character variation

is greater than that typically observed in

single species, 2) character variation is at

least partially discontinuous, suggesting

multiple species, and 3) either the discon-

tinuity is geographically unstable (e.g. Az-

teca pittieri complex) or there is insufficient

material to evaluate its stability (e.g. Az-

teca nigricans complex).
A provisional taxonomy is provided,

along with keys to queens and workers. The

taxonomic results are based on queens be-

cause they show greater differentiation be-

tween species than workers or males (Lon-

gino 1991b, Wheeler and Bequaert 1929).

Distinguishing species from workers alone

is problematic, because workers exhibit con-

tinuous size polymorphism, and colonies of

the same species vary greatly in the size of

the largest workers. Following the species

accounts are a summary of Cordia and Tri-

plaris tint community composition in Costa

Rica, and discussions of 1) the adaptive sig-

nificance of queen characters, 2) problems of

species definitions as revealed by this study,

3) possible mechanisms generating complex
character distributions in the A. pittieri com-

plex, and 4) the contrasting roles of regional

faunas and global revisions.

LIVE-STEM NESTING AZTECA

All members of the group described here

nest in live stems. When in Cordia, Triplaris,

or Cecropia they inhabit pre-formed cavities

in the stems. When in plant species without

pre-formed cavities, they occupy irregular

chambers throughout the stems, apparent-

ly excavated by the workers themselves.

Only young stems are occupied; older

parts of the plant are gradually abandoned.

Colonies are usually polydomous, with all

or large parts of a plant crown being in-

habited. Brood, often including sexual

brood or alate adults, is dispersed through-
out the colony space. No cases of polygyny
are known, and workers must transport

brood among nests in a polydomous colo-

ny. Carton construction is common, usu-
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ally in the form of small platforms and baf-

fles inside the stems, but sometimes ex-

tending outside of the stems to form run-

ways along the stem surfaces. The insides

of the stems are usually packed with Ho-

moptera (Coccoidea: mealy bugs and

scales), and when carton galleries extend

outside of the chambers, abundant Ho-

moptera are often found underneath.

Workers do not appear to forage off their

host plant, and conspicuous patrolling or

foraging outside of the stems is rarely ob-

served. Thus, colonies of these species are

relatively inconspicuous. Workers are often

somewhat timid, emerging and biting only
when the nest space is violently disturbed

or actually broken open. A completely dif-

ferent ant fauna may occupy the outer sur-

faces of the host plant.

METHODS
Measurements were taken at 50X mag-

nification, using a Nikon micrometer stage
with an orthogonal pair of Boeckler rotary

micrometers, wired to a dual-axis digital

readout. The output of the measuring de-

vice was in 0.0001mm increments, and the

raw data were recorded as such, but 10 rep-
licate measurements of head length of one

specimen had a standard deviation of

0.0025mm. Thus, the 95% confidence inter-

val for measurements spans 0.003mm. Mea-
surement definitions are in figure captions.
The following abbreviations of research

collections are used:

IBCR: Instituto Nacional de Biodiver-

sidad, Santo Domingo de He-

redia, Costa Rica.

LACM: Los Angeles County Museum of

Natural History, Los Angeles,
CA, USA.

MCSN: Museo Civico de Storia Nahirale

"Giacomo Doha," Genoa, Italy.

MCZC: Museum of Comparative Zool-

ogy, Cambridge, MA, USA.
MHNG: Museum d'Histoire Naturelle,

Geneve, Switzerland.

The specimens examined in this work

were mainly from my research collection.

These specimens will be deposited in re-

search museums (primarily LACM and

IBCR).

CHARACTERS

Species definitions are based on the fol-

lowing character set:

Queens

• Head shape (Fig. 1).

• Plot of head width vs. head length

(Fig. 2, 3; measurement definitions

provided in figure caption).
• Mandible sculpture and pilosity (Fig.

4).

•
Pilosity of the propodeum (Fig. 5).

• Shape of the petiole in lateral view

(Fig. 6).

• Color
• Plot of head width vs. scape length

(Fig. 7).

Workers

• Head shape of largest workers (Fig.

8).

• Plot of head width vs. head length

(Fig. 9).

• Plot of head width vs. scape length

(Fig. 10).

•
Pilosity of the mesosomal dorsum

(Fig. 11).

Each character (except color) is illustrated,

with a discussion in the caption of character

variation. The figures and keys provide di-

agnostic information, so it is not repeated in

species accounts. Species accounts contain

taxonomic changes, taxonomic comments,
distribution data, and biological data. Costa

Rican place names are used commonly in

the species accounts (Fig. 12).

TAXONOMIC SYNOPSIS

Aztcai hdtii Emery 1893, new stat.; Honduras
to Panama; ant-plant generaiist
=

fnscintn subsp. Inctii Wheeler 1942, new syn.
= stolli Forel 1912, new syn.

Aztecn cordiiicolci Forel 1920, new stat., Boli\'ia;

Cortiin specialist?
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Azteca JTL-003, unavailable code name; Costa Azteca (nigrkatis complex) JTL-002, unavailable

Rica; Cordia specialist code name; Costa Rica; live-stem generalist

Azteca JTL-007, unavailable code name; Costa Azteca patruelis Forel 1908, new stat., Mexico

Rica; Ocotea specialist? (pittieri complex); Cordia specialist?

Azteca juruensis Forel 1904, new stat., Brazil; in Azteca pittieri Forel 1899; Costa Rica; Cordia spe-

Swartzia stems (Fabaceae) cialist

Azteca longiceps Emery 1893; Costa Rica; Tri- =
pittieri var. emarginatisquamis Forel 1920,

plaris specialist
new syn.

Azteca nigricans Forel 1899, new stat.; Panama Azteca sapii Forel 1912, new stat., Brazil; in Sap)-

Azteca {nigricans complex) JTL-001, unavailable ium stems (Euphorbiaceae)

code name; Costa Rica; live-stem generalist

KEY TO QUEENS
Key to Azteca queens that: 1) are known to occur in Costa Rica, and 2) have subrectangular heads, with

head length ^ 1.3 times head width. Species definitions in this treatment strongly rely on length and width

of the queen head capsule, and the key should be used in conjunction with Figures 2 and 3.

La. Color largely orange; head width > 1.2mm (Fig. 2) beltii

l.b. Color largely or entirely black; head width < 1.2mm 2

2. a. Mandible with even covering of coarse, piligerous puncta (Fig. 4A); mandible surface

appearing bristly {nigricans complex) 3

2.b. Mandible always with row of piligerous puncta along masticatory margin, but large

puncta sparse to absent on mandible surface proximal to this row, and with at most four

puncta bearing setae (Fig. 4B-F) 4

3. a. PeHolar node low and blunt, ventral lobe deep (Fig. 6D); scape relatively short (Fig. 7)

JTL-001

3.b. Petiolar node sharp; ventral lobe shallow (Fig. 6E); scape relatively long (Fig. 7) . . .JTL-002

4. a. Head strongly rectangular, with flat sides and lateral margin of vertex relatively sharp

(Fig. 1, longicepis and JTL-003); head length > 0.275 + 1.3(head width) (above line in Fig.

2) ^ 5

4.b. Head less rectangular, with sides slightly convex, and lateral margin of vertex more

broadly rounded (Fig. 1, remaining species); head length < 0.275 -I- 1.3(head width)

(below line in Fig. 2) 6

5. a. Petiolar node low, anterior face of petiole flat (Fig. 6C); propodeum with sparse short

setae concentrated posterior to spiracle (Fig. 5C); mandible lacking large puncta proximal
to masticatory margin (Fig. 4E) JTL-003

5.b. Petiolar node higher, anterior face somewhat concave (Fig. 6B); propodeum with setae

sparse or abundant (Fig. 5); mandible with about 5 large puncta proximal to masticatory

margin (Fig. 4F) longiceps

6. a. Mandible with about 5 large puncta proximal to masticatory margin, about 3 of these

bearing setae (Fig. 4C); propodeum sparsely setose (Fig. 5C) JTL-007

6.b. Mandible with about 3 large puncta proximal to masticatory margin, these not bearing

setae (Fig. 4D); propodeum densely setose over most of surface (Pacific slope; Fig. 5A)

or sparsely setose (Atlantic slope. Fig. 5B) pittieri complex

KEY TO WORKERS
This key is a corroborative device when one also has queens and/or host plant data.

La. Promesonotum with sparse pilosity (Fig. IIA); setae present on propodeum; head width

of largest workers often, but not always, > 1mm (Fig. 9) 2

l.b. Promesonotum with abundant pilosity (Fig. IIB-E); propodeum with or without pilosity;

head width of largest workers often, but not always, < 1mm (Fig. 9) 3
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2.a. Head and pronotum red or orange, grading to brown posteriorly, appearing bicolored

in the field beltii

2.b. Color more uniform red brown JTL-003
3. a. Propodeum lacking or with at most one or two short erect setae (Fig. 11D,E); mandibles

bristly (nigricans complex) 4

3.b. Propodeum with more than 5 conspicuous erect setae; mandibles with or without bristles

5

4.a. Scapes relatively short (Fig. 10); mesosomal pilosity relatively long (Fig. IIE) JTL-001
4.b. Scapes relatively long (Fig. 10); mesosomal pilosity relatively short (Fig. IIF) JTL-002
5. a. Head relatively narrow (Fig. 9); inhabitants of Tripilaris mdaenodendron longiceps
5.b. Head relatively wider (Fig. 9); inhabitants of Cordia alliodora or Ocotea nicaraguensis 6

6. a. Common inhabitant of Cordia alliodora pittieri complex
6.b. Inhabitant of Ocotea nicaraguensis, known from one collection at Carara JTL-007

SPECIES ACCOUNTS

Azteca beltii Emery new stat.

(Figs 1-11)

Azteca bicolor race beltii Emery, 1893:142. Holo-

type worker, Costa Rica (Alfaro) [MCSN]
(examined).

Azteca fasciata subsp. laeta Wheeler, 1942:227.

Holotype (unique syntype) queen: Panama,
Canal Zone, Barro Colorado Island, 9 July
1924 (Wheeler #637), from a domatium of

Cordia alliodora [MCZC] (examined), new

syn.
Azteca stolli Forel, 1912:54. Syntype workers:

Guatemala, Retaluleu (StoU) [MHNG] (ex-

amined), new syn.

Under beltii Emery (1893) described a

major worker from one collection and two
small workers from a different collection.

In the publication he designated the single

major worker as the type (considered the

holotype here), and conjectured that the

smaller workers might represent a distinct

taxon. The major worker, collected by Al-

faro and simply labeled "Costa Rica,"

matches material commonly collected

from Triplaris and other trees in the Pacific

lowlands of Costa Rica. The smaller work-

ers, also examined, are from "Jimenez," a

lowland Atlantic site, and are workers of

Azteca alfari. The stolli syntype workers

clearly come from a single nest series, and

appear identical to queen associated ma-
terial of beltii from Costa Rica and Hon-
duras.

Large size, orange head, and sparse dor-

sal pilosity make workers of this species

relatively distinctive. Azteca beltii is known
to occur from Guatemala to Panama. In

Costa Rica it is common at Santa Rosa,

Palo Verde, and along the road to Mon-
teverde. It is one of the more common in-

habitants of Triplaris melaenodendrou, but

has also been collected from Cordia nodosa,

Cecropia peltata, Cochlospermum intifolium

(Janzen, pers. comm.), and Pithecellobium

samaii. Colonies can be large, filling the

crown of large Pitliecellobiiirii trees. The
nest space is entirely within live stems at

branch tips, and workers are rarely seen

foraging outside of the stems. This species
is much more common than museum col-

lections might suggest, because of its cryp-
tic habits.

An observation of queen founding be-

havior is described below under A. longi-

ceps.

I have examined scattered material from

southern South America that is either the

same species, a close relative, or a highly

convergent species. These include the type

queens of Emery's fasciata and nun/ri, for-

mer syntype workers of bicolor (workers
excluded from types and bicolor synony-
mized with alfari in Longino 1991b), and

recent Bolivian collections by P. S. Ward.

If the South American material is beltii,

then the biology and distribution of beltii

is strikingly similar to that of Pseitdonn/r-
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mex vidiius (Ward 1991). Both show cath-

olicity with respect to which ant-plants

they will inhabit, and both are present in

both Central America and southern South

America.

Azteca cordincola Forel new stat.

Azteca longiceps subsp. cordincola Forel, 1920:

203. Holotype (unique syntype) worker: Bo-

livia (Bang, n.ll78) in cauline swellings of

Cordin [MHNG] (examined).

The single small worker (head width

0.59mm) is nondescript and I cannot dis-

tinguish it from most Azteca species.

Wheeler (1942:232) described the queen
and redescribed the worker based on

Mann collections from cauline swellings
of Cordia alliodora in Ivon, Beni, and Hu-
achi Beni, Bolivia. Wheeler also listed "Co-

chabamba" as the type locality for cordin-

cola, although this does not appear in the

original description nor on the type spec-
imen label. The queen that Wheeler de-

scribed has head length 2x head width,

and so may be part of the pittieri complex,
but Mann's collections cannot be assumed

conspecific with the type.

Azteca JTL-003

(Figs 1-11)

This species is known only from be-

tween 400-500m on the road to Monte-

verde, from six different Cordia alliodora

trees. It has been collected in two different

clusters of trees along the road, and is

sympatric with A. beltii, A. longiceps, and

two forms of the A. pittieri complex.

Azteca JTL-007

(Figs 1-11)

This species is known from one collec-

tion from Carara Biological Reserve. Oco-

tea )iicaraguensis is an understory laura-

ceous tree at Carara. It is part of a group
of understory Lauraceae whose stems are

always occupied by ants (Stout 1979,

Hammel 1986, Burger & van der Werff

1990). The ants are usually obligate inhab-

itants in the genus MyniielacJiista, but

Pseudomyrmex vidmis and Azteca may also

be found. During a brief examination of

O. nicaraguensis plants at Carara, I ob-

served that plants in shaded understory
were small and all inhabited by Myrme-
lachista, while plants in more sunny areas

along stream banks were larger and in-

habited by Azteca. However, only one

voucher collection of the Azteca was taken,

from a vigorous colony with alate queens
in the stems.

Azteca juruensis Forel new stat.

Azteca longiceps var. juruensis Forel, 1904:699.

Syntype workers, females, male(s): Brazil,

Amazonas, Jurua, Jurua Mirim, Aug 1901

(Ule), in branches of Sclnvartzia [MHNG] (ex-

amined).

A syntype queen has head length
1.24mm, head width 0.77mm. In general
habih.is juruensis looks like a pittieri com-

plex species, including the same lateral

profile of the petiole. The size is consid-

erably smaller than any Costa Rican ma-

terial. It is very similar and possibly con-

specific with sapii (see below). 1 cannot

distinguish the two, but I defer synonymy
for lack of data on character variation in

Amazonian stem-nesting Azteca.

Azteca longiceps Emery 1893

(Figs 1-11)

Azteca longiceps Emery, 1893:344. Holotype

(unique syntype) queen: Costa Rica, Alajuela

(Alfaro) [MCSN] (examined).

The species is now known from the type

queen, collected in Alajuela before the

turn of the century, and seven collections,

all from between 700 and 900m elevation

in the Guacimal river valley below Mon-
teverde. The type has no biological data.

The seven new collections are all from live

stems of Triplaris nwlaenodendron. Some
collections are from mature colonies, and

others are founding queens from stump

sprouts. Extensive collections in the area

have not revealed longiceps using any oth-
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Fig. 2. Queen head width vs head length. Head width is the greatest width of the head in full-face view.

Head length is measured along the median axis, from the anterior border of the clypeus to a line tangent to

the posteriormost extent of the vertex lobes. Line: Head Length
= 0.275 + 1.3(Head Width), "n" =

nigricans

type; "3" = JTL-003; "7" = JTL-007.

er plant species, and so longicef^s is prob-

ably a host specialist in T. melaenodendron.

The discovery of longiceps as a Triplaris

ant was unexpected. Subsequent to the

naming of longiceps, Forel named a num-
ber of longiceps subspecies based on ants

from Cordia and other plants (cordincola,

patruelis, juruensis, and sapii). Wheeler

(1942) encountered two species of Azteca

regularly inhabiting Cordia alliodora in

Panama (Canal Zone). He identified the

more common one as longiceps, and thor-

oughly described the worker, queen, and
male based on his new material. Myself
and other contemporary workers have

continued to identify the common Cordia

ants as longiceps or cf. longiceps. Examina-

tion of the type revealed that longiceps was
not one of the common Cordia ants. Short-

ly after examination of the type, the Mon-
teverde population of longiceps was dis-

covered in Triplaris trees. As interpreted

here, longicepjs is a narrowly circumscribed

Triplaris ant, with the queen head relative-

ly narrower than most Cordia ants. The

Cordia ants examined by Wheeler are in-

terpreted here as more closely related to

pittieri. In order to dissociate the infraspe-

cific taxa cordincola, patruelis, juruensis, and

sapii from longiceps, all are raised to spe-
cies elsewhere in this paper.
The following observations, derived

from field notes, describe the nesting hab-

its of A. hvigiceps:

5 July 1991, Longino #2956: I climbed a

Triplaris tree and cut out 3 small branches

that all contained parts of a colony. No
workers appeared as I climbed the tree.
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nor after I cut branches. A few workers

emerged from cut branch bases. Only as I

began to split stems did large numbers of

workers swarm out. Abundant Homop-
tera were inside stems, and a few males

and a few alate queens. There was abun-

dant worker brood throughout.
I examined a 24cm long section in de-

tail. The intemodes contained "knollen,"

discrete mounds of sticky bran-like mate-

rial filled with nematodes, tiny dipteran

larvae, and what appeared to be abundant

stylets of Homoptera. (Knollen are also

found in nests of Cecropia ants (Miiller

1880-1881, Longino 1991a), and are prob-

ably common to many or all stem-nesting

Azteca.) There were pink coccids in the oc-

cupied intemodes: 5, 7, 32, 31, 8, 7, 4 coc-

cids in the 7 occupied intemodes. There

was a single pseudococcid in these 7 in-

temodes. Many of the exit holes were

originally large enough to accommodate a

queen, but had been reduced to worker

size with resinous carton. Some of the in-

temodal septa were perforated, others not.

There were perforated partitions made of

resinous carton, which formed artificial

septa. Some were foimd in the middle of

intemodes, others were partially closing

chewed-out intemodal septa.

There was one unoccupied intemode in

the middle of the branch, with solid septa

on both sides. The sclerenchyma was

thicker on the occupied side than the un-

occupied side of the septa, as though the

sclerenchyma were a secondary response
to ant presence. The walls of ant-occupied

intemodes were black. The walls of un-

occupied intemodes were covered with

flaky red brown material. Inner diameters

of occupied intemodes were greater than

inner diameters of unoccupied intemodes,

but the sclerenchyma layer was thicker in

the former, again suggesting that the scle-

renchyma layer was a response to the

ants.

The ant entrance holes were irregularly

scattered, not in any predictable location.

The terminal intemodes, near the unoc-

cupied apical shoot area, were the most

recently entered.

5 July 1991, Longino #2972: 1 climbed a

4m tall Triplaris tree. It contained a pop-
ulous colony, and workers emerged onto

trunk when I climbed tree. The largest

branch segments 1 examined from this tree

were 3cm dia., and still contained hollow

intemodes with ants. A large basal section

contained relatively few workers and scat-

tered pseudococcids, with no coccids. Exit

holes were still maintained through 1cm

of wood. I dissected 180cm of occupied
branch. There were abundant brood,

workers, carton partitions, and exit holes,

much like #2956. There were scattered

alate queens, and at least one male. Unlike

#2956, there was no trace of pink coccids,

and pseudococcids were widespread and

common.
5 July 1991, Longino #2969-s: I cut one

branch from a Triplaris tree. The terminal

20^0cm, the leafy part, was unoccupied.
Lower in the branch, 2 founding queens
of Azteca longicep's and beltii occupied ad-

jacent cavities. The cavities of the two

queens formerly were continuous through
a perforated septum, but a plug of partic-

ulate matter separated the two. The plug
was asymmetrical, as though built from

the beltii side (Fig. 13).

Azteca nigricans complex

The queens of this complex have the

mandibles with an even cover of large pi-

ligerous puncta, so that the mandibles are

bristly. Azteca nigricans s.s. is known only

from the type queen from Panama, JTL-

001 occurs in the Pacific lowlands of Costa

Rica, and JTL-002 occurs in the Atlantic

lowlands. The three "species" recognized

here differ in queen head size and relative

scape length. However, samples are avail-

able from few localities, and knowledge of

geographic variation in these characters is

inadequate to confidently establish species

boundaries.
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Fig. 3. Queen head width vs head length for Azteca pittieri complex. Dashes = road from PanAmerican

Highway to Monteverde; "a" = Nuevo Arenal, on north side of Lake Arenal; "h" = Hone Creek, south of

Limon; "1" = La Selva; "p"
= 4-lOkm east of Palmar Norte, along the Rio Grande de Terraba; "s" = Santa

Rosa National Park and vicinity; "u" =
Santiago de Puriscal.

Azteca nigricans Forel, new stat.

Azteca fasciata var. nigricans Forel, 1899:122.

Unique syntype queen: Panama, Bugaba,
Volcan de Chiriqui (Champion) [MHNG]
(examined).

Azteca (nigricans complex) JTL-001

(Figs 1-11)

This species is known from a number of

nest collections from lowland rainforest in

southwestern Costa Rica, and two alate

queens in collections: one from Golfito, and
one from Cerro el Hacha near Santa Rosa.

The following observations, derived
from field notes, describe the nesting hab-

its of this species:
28 Aug 1982, Longino #28Aug82/1500:

In the uppermost crown area of a large
Licania tree (Chrysobalanaceae), a colony

occupied chambers in the center of nearly

every branch tip I could reach. The cham-
bers looked chewed out by ants, and were

not a natural feature of the plant. The
chambers had many pink coccids on the

walls, and some chambers had brood. The
branches showed a history of synchronous
new growth flushes. Chambers in the lat-

est flush were most active; chambers in

older or dead stems were abandoned or

had few workers. TTie chambers in se-

quential shoots were usually not connect-

ed. All the chambers were connected ex-

ternally by an extensive system of galler-

ies, made of a black, very crusty carton,

filled with tiny, circular holes.

3 Sep 1982, Longino #3Sep82/1100: In

the same canopy Licania, 1 observed a

queen investigating a small hole in a liv-

ing shoot. The hole was too small for her

to enter.
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25 Mar 1990, Longino #2651: A colony

occurred in live stems of a small Grias tree

(Lecythidaceae). Branch surfaces were

covered with black, crusty carton, with a

high density of small, circular entrance

holes. Irregular cavities in stems contained

abundant Homoptera.
28 Sep 1982 (Longino): Founding

queens were in separate chambers at the

tips of living branches, 10m high in a tree

(Moraceae). The stems of this tree fre-

quently had small, pre-formed internal

chambers, some with dead Azteca remains.

Leeanne Tennant studied the ant-plant

Tetrathi/laciiim costaricemis (Flacourtiaceae)

in Corcovado National Park, during July

1987. She found JTL-001 to be one of the

most common inhabitants. This ant-plant

has pre-formed chambers that split, allow-

ing entrance of ants without excavation.

Azteca (nigricans complex) JTL-002

This species is known from numerous

recent collections from La Selva Biological

Station, and one old (1926) collection from

Parismina, on the Atlantic coast. Like JTL-

001, it appears to be a generalist, nesting

in live stems of a variety of plant species.

At La Selva, workers were encountered in

two of 18 canopy fogging samples, from

crowns of Carapa guianensis (Meliaceae)

and Tapirira guianensis (Anacardiaceae).

Nests have also been sampled from scat-

tered small chambers in live stems of Den-

dropmnax arhoreus (Araliaceae), Pentaclethra

macrohba (Leguminosae), Inga sp. (Legu-

minosae), Erytlirina pcoppigimm (an intro-

duced species, Leguminosae), and Phoebe

chavarriana (Lauraceae). Wetterer collected

a founding queen in an internode of a Cec-

ropia insignis sapling. Although inconspic-

uous, Azteca JTL-002 is one of the most

common Azteca species in the canopy at

La Selva.

Azteca patruelis Forel, new stat.

Aztccn longiceps subsp. patruelis Forel, 1908:392.

Syntype workers, queen: Mexico, near Coli-

ma (Townsend), in Cordin alliodorn [MHNG]
(examined).

A syntype queen of patruelis has head

length 1.62mm, head width 1.10mm. In

most characters, including head shape, it

closely matches pittieri complex specimens
from upper elevation collections near

Monteverde (see below). Although not ex-

amined on the type, a queen from near the

type locality (Mexico, Jalisco: Estacion

Biologica Chamela, 19°30'N, 105°02'W,

100m (Ward #9253), ex Cordia alliodora)

differs slightly in the pilosity of the ventral

surface of the petiole. On Costa Rican

specimens, the setae on the anteroventral

margin are longer and more appressed.

Pending additional data on character vari-

ation between Costa Rica and Mexico, pa-

truelis is retained as a valid species (see

Discussion below).

Azteca pittieri complex

(Figs 1-11)

Ants in the Azteca pittieri complex are

the primary obligate inhabitants of C. al-

liodora throughout Costa Rica. In some ar-

eas character variation is discontinuous,

suggesting discrete, parapatric species,

but these differences are not stable geo-

graphically. In a plot of queen head length

vs. head width (Fig. 3), specimens from

the Pacific lowlands form one cluster,

specimens from above 500m near Monte-

verde form a second cluster, and speci-

mens from the Atlantic lowlands and the

Valle General form a third cluster some-

what intermediate between the first two.

One queen from Santiago de Puriscal

(swept from vegetation, and thus not

known with certainty to be a C. alliodora

ant) is discontinuously larger than all oth-

er queens examined.

Collections along an elevational transect

(400-900m along the road from the Pan

American Highway to Monteverde) re-

vealed two phenotypes that could be in-

terpreted locally as two species. One form

has relatively small queens (Fig. 3), and
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Fig. 4. Queen mandible sculpture and pilosity- A.

complex; E. JTL-003; F. longiceps.

ni^ncaii:!S, JTL-001, JTL-002; B. beltii; C. JTL-007; D. pittieri

workers with the margin of the vertex

shallowly excavated and the sides of the

head nearly flat (Fig. 8). The other form

fias relatively large queens, and workers

with the margin of the vertex more deeply
excavated and the sides of the head more

convex. The two forms have a sharply

parapatric distribution, with small-queen
colonies occurring from 400-500m, and

large-queen colonies occurring from 500-

900m. In the narrow zone of sympatry
both forms were found in adjacent trees,

anci founding queens of both forms were

found in different nodes of the same small

stump sprout or sapling. A similar pattern

may occur on the mtire southern Pacific

slopes, where one small and two large

queens were collected near Palmar Norte

(Fig. 3).

Variation in queen propodeal pilosity is

discordant with head shape. Queens from

the Pacific side of Costa Rica, regardless

of queen head shape, have dense pilosity

on the propodeum (Fig. 5A). Queens from

La Selva on the Atlantic slope have spars-

er propodeal pilosity, and it varies from a

uniform covering to a discontinuous cov-

ering, with a few setae near the mesopro-

podeal suture, a gap with no setae, and a

cluster of setae posterior to the spiracle

(Fig. 5B). La Selva queens with the rela-

tively shortest heads are indistinguishable

from two queens collected from Hone
Creek south of Limon, and these relatively

small queens exhibit the extreme of pro-

podeal pilosity reduction. Relatively larg-

er queens tend to have more uniform pro-

podeal pilosity.
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Fig. 5. Queen propodeum pilosity. A. Pacific slope pittien complex. B. Atlantic slope pittieri complex. C. JTL-

003, JTL-007, JTL-001, and JTL-002. beltii and loiigicqys are variable, with sparse setae that are either clustered

posterior to the spiracle, as in B, or more uniformly distributed over the propodeum, but never dense as in A.

Azteca pittieri Forel

Azteca pittieri Forel, 1899:120. Sjmtype workers:

Costa Rica, Buenos Aires (Pittier) [MlfNG]
(examined).

Azteca pittieri var. emargiimtisqunmis Forel, 1920:

204. Syntype workers: Costa Rica (Pittier,

n.6701), found by Chodat in cauline swell-

ings of Cordia gerascanthus [MHNG] (exam-

ined). New syn.

I examined an herbarium sheet at the

Nahonal Museum of Costa Rica. It was

part of the Pittier collection, and had the

label "Cordia gerascanthus, arbre, Plaine

du Rio Ceibo a Buenos Aires, Alt: 300m,
Dat: I 1892, Legit: Tonduz," and it had
Tonduz collection number 6701. It had a

1984 J. S. Miller determination label as

Cordia alliodora. This collection was no
doubt the source of the syntypes of emar-

ginatisqiiamis, which Chodat probably
found in a duplicate specimen in Europe.
Thus pittieri and emarginatisquamis have

the same type locality, and the types are

possibly from the same colony. Pittier ap-

parently distributed Tonduz collections

under his own name (L. D. Gomez, pers.

comm.), and thus the types of pittieri s.s.

could have been from the same collection,

sent to Forel by Pither.

Azteca sapii Forel new stat.

Azteca longiceps race sapii Forel, 1912:56. Syn-

type workers, queens: Brazil, Amazonas, St.

Antonio de Iqa (Ducke), in stems Sapium

glandulosum [MHNG] (examined).

A syntype queen has head length
1.20mm, head width 0.73mm. I cannot dis-

tinguish this species from piruensis (see

above).

COMMUNFIY COMPOSITION AND
DISTRIBUTION

Cordia alliodora

Individual Cordia trees usually harbor a

number of ant species. In small saplings
or stump sprouts, many species of found-

ing queens may be found dispersed in the

available nodes. In mature trees, live

nodes typically house species distinct

from those housed in dead nodes. Most
often a dominant colony occupies most

but not all of the live nodes, with smaller

colonies of other species occupying the re-

maining nodes. Alternatively, a single
dominant colony may not be recognizable.

Instead, the tree may contain a mosaic of

numerous colonies, or many nodes may
be unoccupied.
The species of ants in individual trees

are a subset of the surrounding commu-

nity of available ant species. As with in-

sect herbivores, those species exhibit a

broad range of host specificity. A large
number of species of generalist inhabi-

tants of dead stems may be available to
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Fig. 6. Queen petiole shape and pilosity. Drawing scales are adjusted to equalize petiole size in figure. A.

heltii. B. pittien complex OTL-007 and lonsiccps are the same). C. JTL-003. D. JTL-001. E. JTL-002.

occupy dead nodes of a C. alliodora tree.

In the Neotropics these include members
of the genera Crematogaster, Dolichoderus,

Tapinomn, Ccimpo)wtus, Leptothorax, Pseu-

domi/rmex, Brachymyrmex, Zacryptocerus,

Paratrechina, and others. A smaller num-
ber of generalist inhabitants of live stems

may be available to occupy live nodes,

and part or all of a crown may be inhab-

ited by one or more colonies of these gen-
eralists. These include some species of Cre-

matogaster, Pseudomyrmex, Zacryptocerus,

and Azteca. These live stem generalists

may have small colonies in one or a few

nodes, or they may form large, dominant

colonies that occupy much of the tree.

Generalist inhabitants of C. alliodora show
no obvious specialization for use of the

plant. They are often scavengers and om-

nivores, and forage both on and off the

plant. Species that form large, dominant

colonies are not necessarily restricted to a

single tree. Their large, polydomous colo-

nies may extend into the surrounding veg-
etation.

In contrast to these generalists, a smaller

pool of available colonists make special-

ized use of C. alliodora. They usually form

large, dominant colonies, occupying most

or all of a live crown, and they are typi-

cally the most common inhabitants in an

area. Their nest space is entirely within a

single tree (or tight cluster of trees if from

stump sprouts), and they do not forage off

the tree. In spite of their local abundance

in C. alliodora trees, they are never found

nesting elsewhere, which suggests that

they are obligate host specialists. The Az-

teca pittieri complex and, at least locally,

Azteca JTL-003 appear to be the dominant

or primary host specialists in Costa Rica.

Not all host specialists are dominant

ants. The most ubiquitous inhabitant of C.

alliodora is Zacryptocerus setulifer (Emery).
This myrmicine ant has phragmotic sol-

diers which plug the entrance to the nest

with their perfectly circular heads. They
are inconspicuous and timid ants. They
are capable of coexisting in the same tree

with any of the above dominant ants, and

they can live in trees without a ciominant

ant colony. They appear to be an obligate
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inhabitant of C. alliodora; I have never en-

countered them anywhere else. Nearly ev-

ery C. alliodora population I have exam-

ined in Costa Rica has had Z. setulifer in

some of the nodes.

Two ant species, Pseudomyrmex viduus

(Fr. Smith) and Aztcca beltii, show a com-

bination of traits of host specialists and

host generalists. They exhibit the behavior

of a specialized plant-ant: they confine

their nesting and foraging territory to the

host tree itself, and, in the case of P. vid-

uus, they may aggressively defend their

host tree. However, they are generalists

with respect to which species of host plant

they inhabit. Both species can be found in

different genera of well-known ant-plants

{e.g., Cecwpia, Triplaris, and Cordia), and A.

beltii has also been foLmd in other species

of non-ant-plants.
Most trees in populations of C. alliodora

are occupied by members of the A. pittieri

complex, with Zacryptoccrus setulifer, Az-

teca beltii, and Pseudonix/rmex z'iduus as less

common background elements. This is

well-illustrated with data from an eleva-

tional transect. The road from the Pan-

American Highway to Monteverde passes

through an elevational gradient from

200m to 1400m, all of which is in pastures
and second growth vegetation. Cordia al-

liodora trees are common in patches along
the roadside, starting at 400m around

Guacimal, and extending to about 900m,

along 10km of road. In 1984 and in 1991,

I sampled ants from C. alliodora trees along
this road. Azteca beltii occurred occasion-

ally throughout the transect. Pseudomyr-

mex Z'iduus occupied patches of trees near

500m. I found Azteca JTL-003 in two patch-

es of trees around 500m, and collected the

only known samples of this species. Mem-
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bers of the A. pnttieri complex occupied the

great majority of trees. As described ear-

lier, there appeared to be two different bi-

ological species in the A. pittieri complex

along this transect, with a lowland form

changing to an upland form around 500m
elevation.

It is unknown what impact parasitoids

may have on community dynamics and

structure. Founding A. pittieri complex

queens are often attacked by parasitoid lar-

vae inside Cordin nodes. They are probably
larvae of Cotioaxinia (Eurytomidae); they
are similar to larvae of Conoaxima I have

observed attacking Azteca queens in Cecw-

pia (Longino 1991b). At La Selva Biological

Station I have observed larvae feeding ex-

ternally on dead queens, and in two cases

parasitoid pupae were on the walls with

dead queen remains in the bottom.

Triplaris melaenodendron

Similar to C. alliodora, individual T. me-

lacnodoidwn trees usually host a commu-

nity of ants, and the same general obser-

vations regarding host generalists and
host specialists apply. Dead branches and
some live branches may be occupied by
generalist arboreal ants, while the bulk of

the live crown may be occupied by a dom-
inant ant.

In contrast to the situation for C. allio-

dora, T. melaenodendron does not have a

dominant host specialist ant in all parts of

its range in Costa Rica. Pseudomyrmex vid-

uiis is the most common occupant in the

Pacific lowlands, followed by Azteca beltii.

A dominant host specialist occurs near

Monteverde. Along the road to Monte-

verde, between 700 and 900m elevation, T.

melaenodendron occurs in a few spots along
the road where there are seeps or stream

crossings. T. melaenodendron trees also oc-

cur along the margins of the Rio Guacimal

(just below Monteverde on the Pacific

slope), between 800 and 1000m. In 1991, I

examined these trees, both along the road

and along the Ri'o Guacimal. In contrast to

the lowlands, the most common inhabi-

tant was the specialist A. longiceps, fol-

lowed in frequency by A. beltii. I found no

Pseudomyrmex viduus at this elevation.

DISCUSSION

Adaptive Significance of Queen
Characters

The species of live-stem inhabiting Az-

teca treated in this paper are often distin-

guishable by head size and shape, and by
mandible sculpture and pilosity. Why
should these characters vary between spe-

cies, and have relatively low variance

within species? And why are queens more
differentiable among species than work-

ers?

Alate queens of arboreal ant species
must disperse and find suitable nest sites

in vegetation. Ant queens are typically
filled with flight muscles and reproductive

organs, and thus are favored prey for

birds, rodents, and other ants. While

searching for nest sites, queens are highly

conspicuous and vulnerable. There must
be strong selection on queens to reduce

this vulnerable period to a minimum. Se-

lection should act to make queens ex-

tremely efficient at finding a particular
kind of nest site, and quickly gaining ac-

cess. Characters that influence nest site se-

lection are concentrated in the head. Head
size will influence the muscle mass avail-

able to power the mandibles, and thus will

influence both the hardness of substrates

that can be cut and the speed of cutting.

Mandible sculpture and pilosity will also

influence the performance of the mandi-

bles on different substrates. Head size and

shape will determine the size of stems that

can be entered. Within species, selection

may tailor head characteristics to optimal-

ly match a highly canalized behavioral (vi-

sual or chemical) search image for partic-

ular nest sites. Intense selection for spe-
cialization during colony founding may be

driving diversification in Azteca, and this

diversification is manifested in high inter-

specific diversity of queen head shape.
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The long, narrow heads of the species ad-

dressed in this paper may simultaneously

provide great mandible strength and re-

duced head cross-section for entry into

plant cavities in narrow stems.

Worker morphology may be much less

constrained by nest site characters, and

similarity between workers and queens

may be the result of developmental con-

straints rather than strong selection on the

workers. Strong selective factors acting on

worker morphology are more likely to in-

volve foraging and colony defense. These

factors may vary little across Aztecn spe-

cies, and be independent of or only weak-

ly influenced by nest site characters. Thus,

there may be little selection for divergence
in worker morphology between species.

Variation in queen mandible pilosity

may also be strongly related to colony

founding. The pilose mandibles of the A.

nigricans complex are in striking contrast

to the nearly hairless mandibles of the ob-

ligate Cordia and Tr/);/(7r/s-inhabiting spe-
cies. Mandibles of beltii and JTL-007 exhib-

it intermediate degrees of pilosity. Differ-

ences in mandibular pilosity are not due
to differential wear. Alate queens of Cordia

and Triplaris ants that have yet to leave

their natal nest have largely hairless man-

dibles, and the large puncta from which
hairs arise would not be effaced by wear.

Azti'ca longicep^s, pittieri complex, and JTL-
003 all appear to be primary occupants of

specialized ant-plants. To found their col-

onies, they have to cut rapidly through

plant tissue into a domatium. The smooth,
hairless mandibles may be an adaptation
for rapid cutting. Azteca beltii and JTL-007
have been found in ant-plants that have

other primary occupants. Although there

are no direct observations of founding be-

havior, the one observation of the close

proximity of founding longiceps and beltii

queens (Fig. 13) hints at the possibility
that beltii and JTL-007 are secondary oc-

cupants of ant-plants. They may rely on
the primary occupants to excavate en-

trances, entering subsequently and either

fighting or walling off the primary occu-

pant.
The stiff setae on the mandibles of ants

in the A. nigricans complex appear as

though they would impede cutting into

plant stems. In the case of Tetrathylacium

costaricensis, it is clear that the queens do
not have to excavate an entrance hole to

enter the stems; on maturation the stems

split down the side, allowing ant entry.

Perhaps ants in the A. nigricans complex,
rather than being specialized to excavate

entrances in a particular kind of hostplant,
are instead specialized to find preexisting
entrance holes into plant cavities, regard-
less of plant species. Strongly pilose man-
dibles may be an adaptation for efficient

and rapid construction of carton nest ma-

terial, which would be necessary to close

large and /or irregular preexisting en-

trances.

These speculations regarding the func-

tional aspects of queen head morphology
deserve greater study. Direct and close ob-

servations of early nest establishment be-

havior by Azteca queens are needed.

Problems of Species Definitions

The A. pittieri complex exhibits at least

one area where two morphologically diag-
nosable groups of organisms are parapa-
tric, with the zone of sympatry being less

than 5km wide. However, the characters

that are diagnostic in this area are not sta-

ble in other parts of the range. Taxono-

mists routinely face this level of knowl-

edge about patterns of organismal diver-

sity, and the frequency of encoimtering

patterns such as this can only increase

with the current emphasis on intensive

biodiversity inventories at the national or

more local scale (Janzen 1991, Longino
1994, Stork 1994). How taxonomists treat

this situation nomenclaturally underlies

the conflict that often occurs between the

local field collector's and the museum tax-

onomist's definitions of species (Gentry

1990).

Parapatric boundaries between diagnos-
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Fig. 9. Worker head width vs. head length. For definitions of measurements see Figure 2. Each measurement

is from a different colony, from among the largest workers in the collection. Most are from queen-associated

collections, and so identification is relatively secure. Because of worker polymorphism, and inter-colony vari-

ation in the size of largest workers, the spread of points within species is large, and species generally converge
in the lower left region of the plot. The curved lines delimit the maximum sizes observed for species or sets

of species. A) beltii; B) JTL-003; C) JTL-002; D) pittien complex; E) JTL-007. Numbers refer to measurements

of individual workers. 1) beltii type; 2) stolli type; 3) pittieri type; 4) eniarginatisqiiamis type; 5) hngicepv, 6) JTL-

001. Note that longiceps workers tend to have relatively narrower heads, and JTL-001 workers tend to have

relatively wider heads.

able groups are commonplace, and are the

subject of extensive study on hybrid zones

and clines (e.g. Endler 1977, Harrison &
Rand 1989). In many cases they have been

demonstrated to be genetically leaky
boundaries, maintained by opposing forc-

es of dispersal and selection or a number
of other mechanisms (Hewitt 1989). It is

common to treat such cases as intraspecif-

ic genetic structuring of a single "polytyp-
ic" species, partly due to the biological

species concept and its emphasis on repro-
ductive isolation (Cracraft 1989). Cracraft

criticizes this approach on the grounds
that it obscures or ignores data on differ-

entiation, and that such differentiation

data can be used to support hypotheses
about the phylogenetic history of the

group. Cracraft defines a phylogenetic

species as "an irreducible (basal) cluster of

organisms, diagnosably distinct from oth-

er such clusters, and within which there is

a parental pattern of ancestry and de-

scent." In some well-sampled and well-

studied groups, this approach has led to a

greater understanding of biological diver-
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sity and an improved species-level no-

menclature (e.g. Hillis 1988 for the Rmia

pipiens complex. Ward 1993 for the Pseu-

doniyrmex ferrugineiis complex).

However, applying a phylogenetic spe-

cies concept is premature in situations like

the A. pittieri complex, where there are

data on differentiation, but they are insuf-

ficient to identify monophyletic groups.
The phylogenetic species concept may not

even be appropriate if the character dis-

continuity is a purely local phenomenon
generated by strong selection or other con-

temporary mechanisms, in which case the

differentiation is not due to a history of

lineage splitting and subsequent diver-

gence. To address this level of uncertainty

regarding species boundaries, I have re-

ferred to species complexes rather than

polytypic species. The observed character

discontinuities are not "captured" in any
official nomenclature, but use of the term

"complex" will alert a user to the presence
of complex character patterns within the

group, and the possibility of future reso-

lution into multiple phylogenetic species.

A phylogenetic species concept requires

autapomorphies for species. Adherence to

this approach should result in greater cau-

tion being applied to the naming of new

species and the matching of local species

to types from distant localities. In the case

of Costa Rican Azteca, local species are de-

fined phenetically, as clouds of points in a

metric character space. Queens from sur-

rounding countries are often very similar

to one of the Costa Rican species, but not

exactly the same. As additional queens
from other areas are measured and added

to figure 2, the plot gradually fills in. The
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Fig. 11. Worker lateral mesosoma, showing dorsal pilosity. beltii (drawn from type. JTL-003 is similar). B.

pittieri complex from Pacific slope near Monteverde {longiceps and JTL-007 are similar). C. pittieri complex
from La Selva. D. JTL-002. E. JTL-001.

phenetic clouds of points drift around

geographically. When a queen from a dis-

tant locality falls within one of the Costa

Rican phenetic clouds, it is uncertain

whether this is due to shared ancestry or

convergence on that morphometric point.
For example, A. pittieri complex queens
from above 500m near Monteverde are

very similar to the type of A. patruelis from

Mexico. However, the ventral setae on the

petiole are not exactly the same. Perhaps
molecular markers or newly discovered

morphological traits will reveal that the

Monteverde population of A. pittieri and
Mexican A. patriielis form a monophyletic

group. However, 1 think it just as likely

that there is a complex mosaic of species
between Costa Rica and Mexico, and the

similarity is purely coincidental (or par-
allel response to similar selection). In other

words, even though Monteverde A. pittieri

and Mexican A. patruelis are phenetically

very similar, there are no well-supported

synapomorphies uniting them. For these

reasons, I have often relied on unavailable

code names for locally-defined species.

pending larger character sets and place-
ment in a global context.

Further understanding of Costa Rican

Azteca will require population samples
from additional localities within the coun-

try. To understand the stem-nesting Azteca

at a global level will require similarly

thorough sampling throughout the Neo-

tropics. The lack of similar specimen cov-

erage from other parts of the Neotropics
is a severe impediment to global defini-

tions of species.

Possible Determinants of Character

Distribution in A. pittieri Complex

What mechanisms might produce the

patterns of character variation seen in the

A. pittieri complex? Possibilities include

contemporary selection pressures and sec-

ondary contact following anthropogenic

landscape changes.

Stabilizing selection may vary geo-

graphically, producing geographic varia-

tion in the presence of gene flow (Endler

1977). Selection may be strong, for the rea-

sons noted above, increasing the likeli-
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Fig. 12. Map of Costa Rica, showing localities appearing in text. Dotted line is approximate divide between

Atlantic and Pacific drainages. Atlantic lowlands and southern Pacific lowlands are evergreen wet habitats

with dominant South American affinities; northern Pacific lowlands are seasonal dry habitats, with dominant

Mesoamerican affinities. C = Carara. P = Palmar Norte on the Rio Grande de Terraba. S =
Santiago de

Puriscal. Buenos Aires is in the Valle del General. Bar below Monteverde is location of elevational transect.

hood that queen morphology would close-

ly track geographic variation in selection

regime. Selection gradients can produce
discontinuous character variation such as

that seen below Monteverde (Endler

1977). There may be a selective trade-off

affecting queen size. Smaller queens
would be less costly in terms of resources

and could disperse farther. Larger queens
with greater muscle mass in the head

would have larger and more powerful
mandibles for chewing into C. alliodom

nodes. Montane plants subject to cool,

windy conditions often have thick,

gnarled stems, reflecting a greater invest-

ment in structure (Lawton 1984). Cordia al-

liodom at higher elevations may thus have

relatively thicker-walled nodes than at

lower elevations, which would tip the se-

lection balance in favor of relatively larger

queens.
An alternative explanation is secondary

contact and intergradation of previously
isolated forms. Rapidly changing land use



154 Journal of Hymenoptera Research

I carton partition

beltii queen longiceps queen

Fig. 13. Sagittal section of Triplaris melnencAendron branch multiply occupied by queens of Azteca beltii and

longiceps. Note that the two queens occupied chambers that were formerly continuous across perforated septa,

but were subsequently separated by an asymmetrical plug of carton, with concave shaped side facing beltii.

in Costa Rica may be causing dramatic

changes in distribution and dispersal of C.

alliodora ants (and possibly also creating
new and shifting selective regimes). In re-

cent decades the Atlantic lowlands have

gone from nearly unbroken rainforest to a

largely agricultural landscape. It is un-

known what the prehistoric distribution of

C. alliodora was, but currently it is a very
common pasture tree. It is a candidate

species for plantation forestry, and there

are several plots of various ages at La Sel-

va. The La Selva A. pittieri exhibit high
variance, ranging from relatively small

queens with reduced propodeal pilosity to

relatively larger queens with greater pro-

podeal pilosity. A few queens examined

from south of Limon exhibit the former

condition. At La Selva, we may be wit-

nessing a dynamic invasion and /or hy-
bridization process as formerly Pacific

slope forms spread with agricultural de-

velopment and come into contact with At-

lantic lowland rainforest forms. Prior to

extensive land clearing, there may have

been allopatric populations of C. alliodora

containing morphologically differentiated

populations of the A. pittieri complex. Cor-

dia alliodora requires bare ground and high
insolation to establish (J. Haggar, pers.

comm.). On the Atlantic slope, trees may
have been restricted to highly dynamic
river margins where rivers meandered
across the coastal plane. Queens with rel-

atively short, wide heads and reduced

propodeal pilosity may represent the orig-

inal Atlantic lowland form, and thus

should be widespread and associated with

large areas of primary forest. The mid-el-

evation Pacific slope form with larger
head and greater propodeal pilosity may
have dispersed eastward with land-clear-

ing, or been transported with nursery
stock, and may occur as pockets of inva-

sion or else closely associated with exten-

sive land-clearing.

The Role of Local Faunas

The above discussion illustrates some of

the differences between locally and glob-

ally defined species. Sorting local species
can often be done simply and quickly, us-

ing highly accessible characters. The task

of global revisions is a much greater chal-

lenge, requiring large specimen bases and

the use of different character systems, of-

ten those requiring dissection or molecu-

lar analysis. Ideally, large effort should go
to the immediate production of global re-

visions, from which the clarification of lo-

cal faunas will be a by product. However,

publication of local faunas prior to a glob-
al understanding of taxa serves several

purposes. For the systematist, local faunas

provide clues to characters that differen-

tiate locally sympatric species, and these

characters may be useful in global studies.

Local faunas give the field collector an

idea of what to expect in local communi-

ties, and the kind of sampling effort re-

quired to adequately sample a region.

They also provide identification tools,

which may inspire non-systematists to use

the group for study, which in turn may
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increase the importance of systematic

study of the group. For the non-system-
atist, regional faunas provide a realistic as-

sessment of diversity, and one hopes pre-
vent the conflation of species that is so

common in ecological studies of arthro-

pods. Finally, conservation efforts in par-
ticular regions require immediate taxo-

nomic knowledge of the fauna, and cannot

wait for the painstaking global revision of

groups.
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Abstract.—The genera Occipitalia and Clypearia are synonymized. The single species included in

Occipitalia, sulcata (de Saussure), is the sister-group of Ch/penria, based on morphological and

behavioral characters. This species is intermediate in the morphological and nest architectural

characters defining Clypearia. There is thus no useful reason to separate these genera.

In December of 1990, JMC and JWW
collected six colonies and numerous indi-

viduals of the paper wasp Occipitalia sul-

cata (de Saussure) along the Amazon and

Napo Rivers in Loreto, Peru. The collec-

tion included the hitherto undescribed

male and larva of this species. The nests

represent a larger sample than any previ-

ously available, and detailed study of nest

architecture, along with adult and larval

morphology, lead us to the conclusion

that the genus Occipitalia Richards should

be synonymized with Clypearia de Saus-

sure.

TAXONOMIC HISTORY

Clypearia de Saussure, 1854, was de-

scribed as a subgenus of Polybia Lepeletier
for the single species apicipenrjis (Spinola,

1851). Ducke (1904: fig. 4) first described

the nest of this species, noting its similar-

ity to that of the genus Synoeca de Saus-

sure. The nests of these taxa are what is

now termed astelocyttarus: with combs

lacking pedicels, built directly on the sub-

strate, and covered with an envelope.
Ducke (1905a) first raised Clypearia to ge-
nus (Richards 1978: 191, cited Ducke

1905b), in part because of its nest architec-

ture, on which basis he grouped Clypearia

with Synoeca and Metapolybia Ducke rather

than Polybia. The nests of Polybia are

termed phragmocyttarus: with a series of

stacked combs, each having an envelope
and built on the envelope of the preceding
comb. Ducke (1906) described another

species of Clypearia, angiistior, and Araujo
(1951) illustrated its nest and described

the male. As noted by Richards (1978:

192), Clypearia is a "genus whose species
are rather rare in collections," and it re-

ceived little further attention in the litera-

ture until Richards' monograph, in which

he described five new species. Since then,

Jeanne (1979) figured the nest of U'ei/rauchi

Richards, Jeanne (1980) described meco-

nium extraction in apicipennis, Jeanne et al.

(1983) described sternal glands in this spe-

cies, and Snelling (1983) and Sarmiento

(1994) provided range extension records

for naumanni Richards. The genus was dis-

cussed in the chapters by Carpenter,

Jeanne, Wenzel, and Downing in the re-

cent book. The Social Biology of Wasps (Ross

and Matthews 1991).

In his monograph, Richards (1978) de-

scribed the genus Occipitalia to include

two species formerly placed in Polybia.

TTiese were sulcata, the type species, and

train Cameron. Richards justified the new
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genus as follows (p. 198): "It has always
been noted that P. sulcata and P. traili (P.

ujheh/i) were very unusual species of Po-

lybia but they were rare and nothing was
known of their biology. Dr W. D. Hamil-

ton found them in some numbers on the

Amazon and discovered that the nests are

astelocyttarus, quite unlike any species of

Polybia (all phragmocyttarus). I think

therefore it is appropriate that they should

be generically separated since they also

lack the pronotal fovea found in all other

Polyhia."

Richards' phylogenetic tree for the gen-
era of Polistinae (his fig. 40) showed Oc-

cipitalia as most closely related to Clypear-

ia, with both genera sharing the state of

larval mandibles "rather long, two teeth"

(9a in his table 1; the origin of this state is

not unique on Richards' tree, but as dis-

cussed by Carpenter (1991), that diagram
is not based on a parsimonious mapping
of the characters presented by Richards.

Note also that Richards described the lar-

va of Occipitalia on p. 198 as "with one

long apical tooth," contradicting both his

tree and key to larvae). Richards grouped
Occipitalia + Clypwaria in a clade including

Synoeca and Metapolybia, based on absence

of the pronotal fovea, secondary spiracu-
lar entrance raised and narrow, and nests

astelocyttarus.

Snelling (1981) treated Occipitalia as a

synonym of Polybia, stating only (p. 374)

that he did not consider it "sufficiently
distinct from Polybia." That action was cer-

tainly unjustified. But then Raw (1985)

split Occipitalia, describing the new genus
Asteloeca for traili. Raw stated (p. 185):

"Morphologically, the two species are

quite different so I compared them with

related genera. Tbe genus is not mono-

phyletic, but neither of the two species is

sufficiently close to any recognized genus
to justify a transfer." Raw considered that

Occipitalia and Asteloeca formed "a natural

group" with Synoeca, Metapolybia and Cly-

pearia, and compared 11 characters among
these five genera. He did not discuss states

in other genera, but concluded (p. 187)

that "Asteloeca lies closer phylogenetically
to Metapolybia than to Occipitalia." About
the relationships of Occipitalia he came to

no conclusions, although his table 1

showed it differing from Clypcaria in only
three characters, fewer than the four dif-

ferentiating Asteloeca and Metapolybia.

Carpenter's (1991) analysis of generic

relationships in Polistinae established a

monophyletic group comprising Occipital-

ia sensii stricto, Asteloeca, Clyp^earia and Me-

tapolybia, based on the raised pronotal

prominence (= anterior pronotal carina;

see Carpenter 1989), but did not resolve

their interrelationships. The sister-group
of these four genera is Synoeca, based on
loss of the pronotal carina and astelocyt-
tarus nests. These five genera are a lineage
within Epiponini, a tribe that comprises all

of the neoptropical polistines that found

new colonies by swarms (Carpenter 1993).

Wenzel's (1993) detailed analysis of nest

architecture likewise recognized a lineage

comprising these five genera; he did not

detail the characters supporting this clade,

but it was based on three features: comb
built on bark without pulp foundation,

material of coarse chips, and envelope re-

inforcement by secretion. His results dif-

fered from Carpenter's, which were based

mostly on adult morphology, in placing

Synoeca as sister-group of Metapolybia,
with Asteloeca most closely related in turn;

relationships of Occipitalia and Clypearia
were not resolved further. Wenzel and

Carpenter (1994) combined the data ma-
trices from Carpenter (1991) and Wenzel

(1993), and added unpublished larval

characters provided by JK; their analysis
established Occipitalia sulcata and Clypearia
as sister-groups. Characters supporting
the branches were not detailed, but this

relationship was based on six characters:

tempora narrowed, forecoxa rounded,

propodeal concavity broad and deep,
metasomal segment I subpetiol?te, two
larval mandibular teeth with subsidiary
tooth distinct, and comb heavily rein-
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forced and obscuring initial construction.

We now take up the matter of the distinc-

tion between Occipitalia and Ch/pcaria.

ADULT MORPHOLOGY
Richards' (1978) concept of Occipitalia

being a composite of what are now con-

sidered two genera, his keys and diagno-
ses do not accurately distinguish O. sulcata

from Ch/pcaria. The crucial character given
in his generic key (p. 10, couplet 16),

"Gena narrow even in 9" z's. "Gena nor-

mal, wide at least in 9," is more precisely

described in his diagnosis of Clypearia (p.

191) as "Outer orbits (gena) very narrow,

at top never more than half as broad as

eye, below retreating and much narrow-

er." His key to species of Occipitalia (p.

198) separates O. sulcata from A. traili by,

inter alia, "Gena about half as wide as

eye." To be sure, O. sulcata has the gena
wider than any species of Ch/pearia, but it

is narrower than is typical in other epi-

ponines. As well, the state is variable

within Clypearia, with C. weyrauchi having
the gena wider than other species we have

examined (viz., C. apicipennnis, C. angus-

tior, C. duckei Richards and C. naumanni).

Distinguishing Occipitalia from Clypearia

on this basis is simply arbitrary partition-

ing of continuous variation. A similar sit-

uation for this particular character has

been shown in the synonymy of Pseudo-

chartergus with Protopolybia by Carpenter
and VVenzel (1990).

Of the other characters discussed in

Richards' diagnoses and keys, for only
four are any differences at all stated be-

tween O. sulcata and Clypearia. These are,

seriatim: (!) mandibles "rather long" in

Clypearia I's. "short" in the composite di-

agnosis of Occipitalia. The mandibles of

Asteloeca differ from Clypearia, not so

much in length as in having the external

margin drawn out into a flange; O. sulcata

does not differ from Clypearia. (2) Clypeus
"much longer than broad" in Clypearia vs.

"about as wide as long" for O. sulcata in

the key to species of Occipitalia. That dif-

ference holds, but again is continuous

variation, with O. sulcata having the clyp-
eus narrower than, say, Asteloeca (clypeus
"much wider than long" in the same key).

And again, the character is variable within

Clypearia, with C. wei/rauchi having the

clypeus wider than the other species.

Moreover, the clypeal apex is described as

"feebly truncate" in both Clypearia and O.

sulcata, a derived condition (O. sulcata

having the truncation less pronounced
and slightly narrower than in species of

Clypearia), and the clypeal-eye contact in

both is about as long as the width of the

antennal socket. (3) Fore basitarsus "two

and a half or (C. augustior) three times as

long as broad" in Clypearia i>s. "three and

a half times as long as broad" in the com-

posite diagnosis of Occipitalia. Again, this

is continuous variation, and again even

within Clypearia, and the character offers

only an arbitrary basis on which to distin-

guish the two genera. (4) Metasomal seg-

ment I, which is of variable form in Cly-

pearia; the petiole in O. sulcata is within

this variation, similar in form to the peti-

ole of C. angustior.

Occipitalia and Clypearia are thus at best

poorly differentiated by the characters

treated by Richards (1978). Taking up the

characters listed by Raw (1985: table 1), of

the three characters differentiating Occipi-

talia and Clypearia, two have already been

discussed: #4, length of the clypeus, and

#10, width of the gena (note that Raw list-

ed an intermediate state for this latter

character in Occipitalia). The remaining

character, #3, whether the antero-dorsal

edge of the propleura is folded out along
its entire length or only in part, had only

Occipitalia with the former state. The dif-

ference between this taxon and the others

is minor at best, but in any case is simply
an autapomorphy of O. sulcata.

Turning now to characters of the male,

these show the usual sexual dimorphism
in Polistinae—a statement that could re-

place most of the descriptions of males in

Richards (1978). The antennae, clypeus.
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Fig. 1. Male genitalia of Occipitalia suIcaUh a, vulsel-

la, lateral view; b, aedeagus, ventral view; c, aede-

agus, lateral view; d, paramere, lateral view. The

scale bar is 1 mm.

tempora, metasoma, and so forth, differ

between the sexes O. sulcata in just the

same way as is typical of other polistines.

The more critical source of characters is

male genitalia, and this character system
was scarcely discussed in Richards' mono-

graph. He briefly summarized (1978: 5) an

unpublished survey of polistine genera by
Vreugdenhil and van der Vecht, but the

Occipitalia studied was A. traili. Of the spe-
cies of Ch/pearia, males were known for

only two, C. angustior and C. diickei Rich-

ards. Araujo (1951) published a photo-

graph showing the genitalia of the former

species in general aspect, but the genitalia

of the single male specimen of the latter

species were not studied by Richards. We
have examined two species of Clypearia

{apicipennis and nainiianni) and the hither-

to undescribed male of O. sulcata, as well

as Asfeloeca, all five species of Synoeca, and

five of Metapolybia (bromelicola Araujo, ciu-

gulata (F.), ilocilis Richards, suffusa (Fox)

and an undescribed species).

The male genitalia of O. sulcata are il-

lustrated in Fig. 1, and those of C. duckei

in Fig. 2. The genitalia of the genera ex-

amined are basically similar, with some
differences in detail of the shape of the ae-

deagus noted. In particular, the aedeagus
of Synoeca is more attenuate than in the

other four genera. These latter genera
have the aedeagus apically broader, and
the cuticular rods which form the aede-

agus are more strongly sclerotized. As-

Fig. 2. Male genitalia of Clypearia duckei. a, apex of

aedeagus, ventral view; b, volsella, lateral view; c, ae-

deagus, ventral view; d, aedeagus, lateral view; e,

paramere, lateral view. The scale for b-e is the same
as Fig. 1; a is drawn at about twice that magnification.

sessing the significance of this character

will require thorough investigation of the

other genera of Epiponini: it may be an

autapomorphy of Synoeca, or else support
the monophyly of a group comprising the

other four genera. In any event, the male

genitalia do not support the distinction of

Occipitalia and Clypearia {cf. Figs. 1 and 2).

Aside from the aedeagus, the only notable

feature is the volsella of S. surinama, which

has the digitus much more sharply point-
ed ventrally than any of the other species,

an evident autapomorphy.

Regarding the three characters of the

male genitalia mentioned by Richards

(1978: 5) as distinguishing two groups of

genera, the genitalia of O. sulcata fall into

Group II (as do the other genera discussed

here). However, the two groups are not

distinct as stated. First, as shown in Fig. 1,

Group II genitalia may have the aedeagus
"serrate" beneath; the serration is simply

very fine. Second, the medial lobes of the

aedeagus (ventral process of Richards) dif-

fer in shape and size, rather than attach-

ment to the cuticular rods. But it is not

clear how, if at all, the two groups may be

distinguished by the medial lobes, for

these show considerable variation. And

concerning the third character, hairs on
the parameral spine, these are lacking in

O. sulcata and the other genera examined
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here. But this feature varies within Group
I (viz., a few short hairs in Parachartergus).

The distinction of the two groups should

be re-examined in the context of a com-

prehensive investigation of all the polisti-

ne genera, a task we will take up else-

where.

LARVAL MORPHOLOGY
Richards' (1978) key and description of

the larva of Clypearia was based on a sin-

gle species, C. diickei. He did not state on

which species his description of Occipitalia

was based, but it was A. traili, according
to an unpublished manuscript preserved
in the British Museum (Natural History).

JK has studied the larva of O. sulcata, and

it and C. duckei have the same condition

of two larval mandibular teeth, with the

subsidiary tooth distinct (secondarily de-

rived condition). This is a synapomorphy
between these two taxa. The only differ-

ences among the remaining larval features

studied are: (1) setae on the cranium are

very sparse and minute in C. duckei and

are thick bristles in O. sulcata, the latter

condition being more derived; (2) setae on

the venter of thoracic segment 1 through
abdominal segment I are thin and short in

C. duckei I's. thick bristles in O. sulcata, the

latter condition again being more derived;

and (3) body spicules on anterior four or

five segments are blunt or minutely den-

tate in C. duckei vs. pointed in O. sulcata,

the former state being derived. These

characters are often polymorphic or vari-

able within other polistine genera, and so

we view these differences as minor, hav-

ing no more than specific value.

NEST ARCHITECTURE

As already mentioned, the nests of sev-

eral species of Clypearia have been de-

scribed and illustrated. The nest of O. sul-

cata has also been illustrated; as noted by
Richards (1978: 199), Evans and West-

Eberhard (1970: fig. 92, not 85 as stated by
Richards) figured its nest as "Clypearia

sp."

Similar nest architecture has been re-

garded as evidence of close relationship

by authorities on Polistinae (see, e. g., de

Saussure 1853-1858; Ducke 1914; Richards

1978). Much of this view is now supported

by modem analytic methods whereas oth-

er aspects are not (Carpenter and Wenzel

1990; Wenzel 1991, 1993). The regions
where classical views differ from modem
views are generally those where taxa are

poorly known or where concepts of the

polarity of character state transformations

are critical. Both of the genera in question
here are still poorly known in comparison
to other South American genera. State-

ments not followed by a citation are based

on specimens in the private collection of

W. D. Hamilton (C. duckei and A. traili),

and specimens collected by JMC and JWW
and deposited in the AMNH.
The relevant aspects of nest architecture

are those of the neotropical taxa that build

combs as sessile structures (no supporting

pedicel), and subsequently expand the

nest along the substrate contiguously with

the primary comb (astelocyttarus sensM

Richards 1978) rather than by building a

new comb upon the exterior of the pri-

mary envelope (phragmocyttarus sensu

Richards). Polybia builds nests of the

phragmocyttarus type, quite unlike those

of the genera discussed here (Asteloeca,

Clypearia, Metapolybia, Occipitalia, Syiuieca).

Although they are not all relevant to the

morphological determination of the place-

ment of O. sulcata, these latter five genera
are discussed below because of overlap-

ping architectural variation for which

character polarity has yet to be deter-

mined. Taken in turn, the major elements

of comparison are: the comb either entire-

ly versus only partly attached to the sub-

strate; the envelope thin and showing the

original lines of construction versus later

reinforced by addition of more pulp to the

surface; and the structure of the nest en-

trance.

If the support is broad, the initial comb
will be built entirely sessile upon it. If the
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support is a narrow branch, C. diickei, and
A. traili, project a planar comb beyond the

margin of the branch, a trait that is prob-

ably plesiomorphic given that it is also

found among many phragmocyttarus gen-
era (Wenzel 1991: figs. 48-58). In contrast,

Metnpoh/hia and Synoeca will wrap a comb
around a narrow branch so that all cells

have their bases on the substrate, as per-

haps will C. augustior (Araujo 1951). O.

sulcata and C. apicipennis are intermediate

between these extremes. Nests of O. sul-

cata will wrap partly around a narrow

support before being extended beyond it.

One specimen from near Iquitos, Peru

(AMNH 901231-1), has cells around near-

ly half the circumference of a branch;

however, these cells are oriented through

only about 90 degrees relative to each oth-

er, rather than representing radii of the

curve, and the bases of yet more lateral

cells are built free of the substrate. Very
similar to this is C. apicipennis, which
builds all brood cells sessile on the branch,

inside a bulging envelope. The space be-

tween the brood comb and the envelope
is filled with structural, non-brood "cells"

(Jeanne, pers comm. to JWW).
Nests of C. duckei and O. sulcata are built

of a rough carton. The envelope rises

abruptly from the substrate and is rein-

forced and disguised by subsequent ad-

dition of many fine particles that may dif-

fer in color and shape from the original
carton (a trait widespread among epipon-

ines), but C. duckei envelope may also

have windows of pure secretion else-

where. In contrast, both nests of C. wey-
rauclii collected by Jeanne (1979) and Wey-
rauch (now in the Fundacion e Instituto

Miguel Lillo, Tucuman, Argentina, and

strikingly similar to that photographed by
Jeanne) had envelopes that arose at a shal-

low angle from the substrate and were

composed of fine, straight parallel lines of

construction. C. weyrauclii and A. traili

build a very smooth envelope that is

glossy and thoroughly covered with secre-

tion after completion. Intermediate be-

tween these two pairs of species, a nest of

C. angustior was built by application of

pulp in tortuous, fine stripes, short and

spread in all directions; although the sur-

face was rough, there were windows that

consisted of pure secretion with no pulp

(Araujo 1951: 55). This description would
fit most Metapolyhia nicely. When the back

of the comb projects beyond the support,
C. duckei and O. sulcata thicken it with

pulp, obscuring cell bases. The comb sides

are also thickened and do not show cell

contours, and the cells may be partly flat-

tened so as to provide a smooth exterior

wall (C. duckei). In contrast, the exterior of

a C. angustior nest (which did not project

beyond the support) was reported to re-

flect the positions of cell walls (Araujo

1951), as does that of A. traili (which does

project), and often Metapolyhia and Synoe-
ca. Jeanne's C. apicipennis did not have an

envelope in contact with the walls of the

brood cells (above), and there was no ev-

idence of secondary thickening of the en-

velope anywhere (Jeanne, pers. comm. to

JWW). C. weyrauclii (entirely sessile on the

substrate) envelopes do not contact the

cells. The Astcloeca nest collected by JMC
and JWW (AMNH) and one recorded by
W. D. Hamilton (unpublished notes) in-

dicate that A. traili is unique among these

species in that the comb back is extended

beyond the substrate, but not reinforced

by additional pulp, so that rows of convex

cells bottoms are clearly visible.

In all astelocyttarus genera, expansion
of the nest is accomplished by adding a

new comb adjacent to, and contiguous
with, the older comb. Synoeca z'irginea will

sometimes build cells on the envelope
(van der Vecht 1967; Overal 1982), but this

is not known as a regular habit among the

other Synoeca or other genera considered

here. Richards' (1978: 199) statement re-

garding Occipitalia that "at a later stage
cells were built on the envelope and cov-

ered with a new one" is based on notes

by R. L. Jeanne, who is of the opinion that

these cells were not normal and not part



Volume 5, 19% 163

of the regular comb that expands along
the branch (Jeanne, pers. comm. to JWW).
Ducke (1910) said that his nest of C. api-

cipennis was enlarged like Si/notxa, but

with additions more irregularly juxta-

posed, and his photograph shows a nest

growing in several sections along a

branch. When Synoeca and Metapohjbia
build on an inclined surface, the expan-
sion is directed upward. The new struc-

ture generally encompasses the original

entrance hole (which is at the periphery of

the envelope in the upper part of the nest),

concealing it. In these two genera, the en-

trance is built as a short collar and is built

separately from the last gap in the incipi-

ent envelope. C. angustior (Araujo 1951)

and C. diickci both build short collars, the

former peripherally and upward, the lat-

ter at least peripherally, perhaps directed

upward (it is not yet known how these

structures relate to the last gap in con-

struction). In contrast, C. apicipennis has an

entrance at the top, but without any collar

or spout (Jeanne, pers. comm. to JWW). O.

sulcata and C. weyraiichi have no collar or

spout at the entrance, which in both cases

is the last remaining gap in construction

and is more central rather than peripheral
in the envelope. Neither Jeanne's (1978)

nor Weyrauch's nest of C. weyrauclii
showed evidence of expansion, but one

nest of O. sulcata that was apparently ex-

panded (AMNH 901231-4) had two en-

trances, one at the center of the old enve-

lope and one at the center of the contigu-
ous new addition, as would be expected if

the new envelope does not overlap the old

entrance. A. traili has the entrance in the

center of the envelope and built at the last

remaining gap, but it orients a short collar

downward.

Finally, two other behavioral traits are

noteworthy and deserve more attention.

First, all of the six O. sulcata colonies JMC
and JWW collected (and the several more

they did not) were in close association

with the nests of Azteca ants, sometimes

only centimeters away. Hamilton (1972:

225), Richards (1978: 199, discussing nests

collected by Hamilton) and Chadab (1979:

162) have all commented on the associa-

tion, which appears to be obligate. It

would be interesting to know to what ex-

tent the species of Clypearia share this trait;

evidently C. apicipennis and C. weyrauclii

do not, but Richards' (1978: 196) descrip-
tion of C. duckei gave label data as "in ant

complex" and Chadab (1979: table 49) list-

ed this species as nesting with Azteca in

Limoncocha, Napo Province, Ecuador.

Secondly, some of these species remove
the meconium through the mouth of the

cell after an adult emerges (Jeanne 1980).

Jeanne's study found that such hygienic
behavior was present in C. apicipennis, O.

sulcata, and A. traili, but not in C. ivei/rau-

chi, and evidently not in Synoeca or Meta-

polybia. At the time of Jeanne's publica-

tion, Richards had recently placed O. sul-

cata and A. traili in his new genus Occipi-

talia, so the fact that they shared this trait

made more sense than it does now in light

of what we propose to be a rather distant

relationship between them.

The evidence from nest architecture is

somewhat ambiguous as to the correct

placement of O. sulcata, but several things
are clear. The range of variation found in

Clypearia for architectural traits (such as

attachment to the substrate, reinforcement

of original carton, and placement and

structure of the nest entrance) includes the

states typical of O. sulcata. Indeed, the spe-
cies of Clypearia appear to have no unique

synapomorphy among these traits to dis-

tinguish them from O. sulcata. Further-

more, A. traili is not more closely allied to

O. sulcata than to Clypearia species, con-

trary to Richards' opinion, and would be

placed awkwardly anywhere among the

known forms.

CONCLUSION

We have documented that there is no

adequate basis, in adult or larval mor-

phology or nest architecture, for separat-

ing Occipitalia from Clypearia at the generic
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level. Regarding adult morphology, the

features by which these genera differ are

nothing more than the arbitrary partition-

ing of continuous variation. For the larvae,

there are only minor, specific differences

between the two species known. And nest

architecture does not differ.

Richards (1978) was correct to remove
O. sulcata and A. fraili from Poh/bia. But his

original concept of Occipitalia was not

monophyletic, instead it was a composite
of two distantly related species. Raw
(1985) correctly separated A. traili from

Occipitalia; as concluded by Raw and
shown in Wenzel and Carpenter (1994) A.

traili is more closely related to Metapolybia,
as established by the synapomorphies of

mandibular edge raised, first metasomal

tergum abruptly expanded apically, and

thyridium elongate. But with the recogni-
tion of Asteloeca, the distinction between

Occipitalia and Ch/pearia is also largely re-

moved. Synonymy of these two genera is

thus indicated, and we establish that syn-

onymy now.

Clypearin de Saussure, 1854: 165, as subgenus of

Polybia Lepeletier, 1836.

Type species: Polistes apicipennis Spinola, 1851,

by monotypy.

Occipitalia Richards, 1978: v, 11 (key), 198, as

genus. NEW SYNONYMY.
Type species: Polybia sulcata de Saussure, 1854,

by original designation.
Occiitalia [!] Richards, 1978: 16. Incorrect spell-

ing of Occipitalia.
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Abstract.—Plynops Shaw, a new genus in the tribe Euphorini, is described and illustrated. The

genus is characterized by bizarre modifications of the female head, which are hypothesized to be

adaptations for host manipulation. The phylogenetic affinities of the genus are examined and a

sister-group relationship with Cn/ptoxilos Viereck is hypothesized. Ten new species of Plynops are

described: braziliensis, cnrinatus, edwanii, falcntus, Imnsoni, masoni, nwgnkephnlos, mimitus, pilatus, and
riedeni. A key to species is given, and phylogenetic relationships among the species are briefly
discussed.

INTRODUCTION AND HISTORICAL
REVIEW

For several years the existence of an un-

usual new euphorine genus with bizarre

head modifications (Figs. 1, 5-21) has been
known among North American braconi-

dologists, but until now the genus has not

been described or discussed in the litera-

ture. The purpose of this paper is to de-

scribe the genus, so that it may be includ-

ed in the Ideutificatiou Manual for New
World Genera of the Famili/ Braconidae, cur-

rently in production.
The earliest known specimens of this

genus (three males) were collected by
Fritz Plaumann in Nova Teutonia, Brazil,

in 1940 and 1941, but their significance
was not recognized until recently. Two
specimens were sent to the British Muse-
um (Natural History) in London, where

they were accessioned in 1957, and anoth-

er was sent to the Canadian National Col-

lection at Ottawa. However, these speci-
mens remained essentially lost in the col-

lections until they were recently rediscov-

ered and sent to me by Drs. D. Quicke and
M. Sharkey, respectively.
The first person apparently to recognize

the identity of this taxon as a new genus

was Mr. C.F.W. Muesebeck, working at

the U.S. National Museum in the 1950s. A
single female specimen was reared from
Canavalia seeds in Nogales, Mexico, in

May of 1953, and was later sent to Mr.

Muesebeck for identification. The speci-

men now bears his identification label as

"n.g. near Eiiphoriis" (a junior synonym of

Lciopjliron). However, Mr. Muesebeck did

not publish on the new genus and species,
and subsequently the Mexican specimen
was loaned to Dr. W.R.M. Mason at the

Canadian National Collection, at Ottawa.

Many years later, early in 1984, 1 was
fortunate to visit the Canadian National

Collection where 1 met Dr. Mason and he

showed me specimens of this remarkable

genus. By that time he had accumulated

only three more specimens, representing
two more new species from Ecuador. He
indicated to me that he had known about

the new genus for many years, but had

delayed publishing on it because of the

scarcity of specimens. We examined the

specimens together and we both agreed
that the new genus very closely resembled

Cryptoxilos Viereck in the form of the pet-

iolar sculpturing (Figs. 2, 4), wing vena-

tion (Fig. 22), and ovipositor structure, but
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that the head morphology was bizarrely

apomorphic (with the face deeply concave

and densely lined with setae, mandibles

enlarged and hooked, and with unusual

protruberances below the antennae). Dr.

Mason indicated that he had coined a

manuscript name for the new genus,
which he called Plynops. Since he indicat-

ed to me that he planned to eventually

publish on the new genus, I did not in-

clude the taxon in my subsequent studies

of the Euphorinae (Shaw, 1985, 1987).

A few years later, around 1989, I began
a collaboration with Prof. Paul Hanson, of

the Universidad de Costa Rica, to help de-

velop a textbook to the Hymenoptera of Cos-

ta Rica. As a result of this effort, dozens of

Malaise traps were operated at sites

throughout the country, and many
thousands of specimens of Braconidae

were collected and prepared for study.

One of the unexpected surprizes of this

project was the accumulation of several

additional new species of this new eu-

phorine genus, in substantially greater

numbers than had previously been seen

elsewhere. For the first time, a description
of the genus based on substantial speci-

men series seemed possible.
In 1991 I contacted Dr. Mason about this

project, and we agreed to collaborate on

the description of this new genus. How-

ever, due to his untimely death late in

1991, our plans for a joint paper were cir-

cumvented. Later, Dr. M. Sharkey sent me
all the specimens he was able to locate,

but no manuscript was discovered. Con-

sequently, I've endeavored to describe this

new genus and ten included species. Oth-

er than adopting Bill Mason's proposed
name for the genus, my work presented
here is completely original. One new spe-
cies included here is named as a patronym
in honor of Dr. Mason, for his numerous
contributions to the study of the Hyme-
noptera.

METHODS
The morphological terminology used

here follows that of Shaw (1985, 1987), ex-

cept for the wing venation terminology,
which is adapted to conform to more re-

cently adopted changes (Huber & Shar-

key, 1993). To facilitate comparision with

previous work, the wing venation terms of

Shaw (1985) are given parenthetically in

the descriptive section. Body length was
measured from the front of the head to the

apex of the metasoma, exclusive of the an-

tennae and ovipositor. Ovipositor length
was measured, in lateral view, relative to

the length of the metasoma exclusive of

the ovipositor. Acronyms for collections

are given in the acknowledgments section.

Figs. 3-10 were done using the Environ-

mental Scanning Electron Microscope at

the Western Research Institute. Uncoated

specimens were examined at operating

voltages of 11-19 kV.

To examine the phylogenetic placement
of the new genus, the taxon was coded for

the 45 phylogenetically-informative char-

acters examined by Shaw (1987) and add-

ed to the matrix for the tribe Euphorini

(see tables 1 & 2 of Shaw, 1987). The re-

vised matrix was analyzed using the Hen-

nig86 program. Since the character list and

matrix for the Euphorini is already pub-
lished (Shaw, 1987), and all the character

states for Ph/uops are given in the descrip-

tion below, the entire character list and

matrix is not repeated here. The author

will provide a diskette copy of the matrix

to any interested reader.

PLYNOPS Shaw, New Genus

Head.—Ocular setae present; inter-ocu-

lar distance broad, shortest distance be-

tween eyes greater than clypeus width;

median frontal carina absent; frontal

sculpture punctate medially; antenna with

11-19 flagellomeres; apical flagellomere

with tip rounded or tapering to a rounded

apex, not acutely pointed; scape length

short, 2.5 X scape width or less; occipital

carina complete; malar space very short,

less than Vi eye height; face and clypeus
indented medially and weakly (males) to

strongly (females) concave; facial concav-
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^ll^Ki^-^)

Figs. 1-2. 1. Head of Pli/iwp>s Imiisoni, anterior view. 2. Metasomal tergum 1 of Pli/iwfs Imn^oni. lateral view.

ity moderately to densely setose; mandible length; maxillary palpus 5-segmented; la-

elongated, but curved apically, degree of bial palpus 2-segmented.
mandibular overlap less than V2 mandible Mesosoina.—Mesonotal disc nitid; notau-
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Figs. 3-4. 3. Head of Plyiwps bmzilieiisis, dorsal view. Note coarse surface sculpture extending to vertex. 4.

Metasomal tergum 1 of Plynops braziliensis, dorsal view.
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li indicated antero-laterally by coarse

rugo-punctate sculpture, medially punc-
tate; scutellar disc nitid; propodeal sculp-
ture areolate; propodeum convex, without

medial or posterior impression; petiolar
notch absent; forewing vein Rl (metacar-

pus) desclerotized, absent except weak

pigmentation basally; forewing vein 3RS

(radius) desclerotized distally, free from

wing margin; forewing vein 2RS (first in-

tercubitus) absent, except for short free

stub apically; forewing vein r-m (second

intercubitus) absent; forewing vein RS-HM

(first cubital abscissa) strongly curved;

forewing vein M (second cubital abscissa)

absent distad of RS+M; forewing vein

m-cu (recurrent) absent; forewing vein

M +CU (medius) present; forewing vein

Icu-a (nervellus) postfurcal, relative to

vein M (basal); forewing vein 2CUa (dis-

coideus) varying from short stub (virtual-

ly absent) to well-developed; forewing
vein 2CUb (subdiscoideus) absent; fore-

wing vein 2-1A (brachius) absent; hind-

wing vein C+SC +R (costella and subcos-

tella) absent; hindwing vein RS (radiella)

absent; hindwing vein cu-a (nervellus) ab-

sent; hindwing vein A (submediella)

absent; hind femur length/width ratio less

than 6.

Metnsoma.—Petiole of segment 1 with

tergum and sternum not fused; petiolar

sculpture rugo-costate; petiolar shape nar-

row, less than 3x broader apically than

basally, at most % as long as metasoma

beyond petiole excluding ovipositor;

glymma absent; petiolar spiracles anterior

to middle of segment; tergite 2+3 length
shorter than % length of metasoma be-

yond petiole excluding ovipositor, several

following segments exposed; syntergum
2 + 3 not overlapping ventrally; lateral fold

of syntergum 2 + 3 absent; lateral suture on

syntergum 2+3 absent (latero-tergites not

differentiated); ovipositor and sheaths

long and straight, varying from 0.4-2.3 X

metasoma length.

PIn/logcnetic considerations.—Phylogenet-
ic analysis of the revised data matrix for

the tribe Euphorini resulted in one most

parsimonious cladogram with a length of

109 and a consistency index of 54, as cal-

culated by the "mhennig*" and "bb" op-
tions of the Hennig86 program. Aside

from the insertion of Ph/nops as the sister-

group of Cnjptoxilos, the addition of this

new genus did not alter the topology of

the previously published cladogram for

the Euphorini (Shaw, 1987). Application of

sucessive approximations to character

weighting (using the "m*; bb*; xs w; cc;"

options) resulted in a single stable solu-

tion after two iterations, and that tree also

had the same topology.
A sister-group relationship between

Plynops and Cryptoxilos is indicated by five

putative synapomorphies: forewing vein

M +Cu present and somewhat curved,

hindwing vein C+SC+R absent, metaso-

mal syntergum 2+3 short, ovipositor long
and straight, and ovipositor sheaths long.
These conditions were previously inter-

preted as synapomorphies for Cryptoxilos

species (Shaw, 1985), but the monophyly
of Cryptoxilos is still indicated by the ex-

tremely narrow inter-ocular distance in fe-

males of that genus (the eyes are strongly

convergent ventrally, and nearly touch-

ing)-

The monophyly of Plynops is indicated

by several putative synapomorphies: the

extremely wide inter-ocular distance with

the face broadly concave and densely se-

tose, medially punctate frontal sculpture,

strongly concave clypeus, mandible en-

larged, presence of forewing vein 2CUa,
and postfurcal position of forewing vein

Icu-a.

Discussion.—Plynops will key to subfam-

ily Euphorinae without difficulty with ex-

isting keys to braconid subfamilies (e.g.

M. Shaw & Huddleston, 1991; Sharkey,

1993; S. Shaw, 1995). In existing keys to

genera (e.g. S. Shaw, 1985; Marsh et al,

1987) Plynops will key to Cryptoxilos, from

which it can be distinguished by the syn-

apomorphic characters listed above.

The striking head modifications of fe-
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male Ph/nops are so bizarre that it is

tempting to speculate about their probable

function, but aside from a few plant as-

sociations, nothing is known about the bi-

ology of Pli/)wps. Since these head modi-

fications are sexually dimorphic, being
most strongly expressed in the female, it

seems likely that these features are adap-
tations to grasping the host during ovi-

position. Other such unusual host-manip-

ulating adaptations are known in the Eu-

phorinae: females of Cosmophorus grasp
their host with enlarged mandibles and fe-

males of Streblocera have raptorial anten-

nae (Shaw, 1985). Presumably such adap-
tations would be useful for coping with

adult host insects, which may be both

highly mobile and densely sclerotized, as

compared with immature hosts. The ac-

tual hosts of Pli/)hips are unknown, but

given the similarity of ovipositor form it

seems reasonable to speculate that like its

sister-group, Cryploxilos, Plynops may at-

tack small, densely sclerotized hosts such

as adult bark beetles (Scolytidae). The as-

sociation of one species with legume seeds

suggests the possibility that bruchids may
be attacked. Thus, the peculiar head of fe-

male Plynops may function as a "beetle

clamp." The deep facial concavity, dense

setal pads, associated carina, tubercles,

and protuberances could all fit neatly over

a small, cylindrical insect such as a bark

beetle, while the enlarged mandibles

could function to clamp the host in place.
The median facial carina of Plynops cari-

natiis, new species, is oriented such that it

might fit between the elytrae of a beetle

host. At least one specimen examined here

demonstrates the feasibility of this ovipo-
sitional method: a specimen of Plynops ed-

umnii, new species, died with the ovipos-
itor fully extended anteriorly, along the

venter of the body. It runs between the

coxae and anteriorly between the closed

mandibles (see Fig. 10). If my "beetle

clamp" hypothesis is correct, then the fa-

cial concavities of Plynops are unique fea-

tures adapted to the parasitization of par-
ticular host species, and may possibly
serve as a "lock and key" mechanism. It

is hypothesized that the morphologically-
based species proposed here will eventu-

ally be found to have separate hosts,

which actually fit well into the unique fa-

cial concavities of each wasp species.

Etymology.
—From the Greek plynos

meaning basin, and the Greek ops mean-

ing eye or face. The name Plynops refers

to the basin-like concavity of the face, be-

tween the eyes, that characterizes this ge-
nus. The name was suggested to me by
Dr. W.R.M. Mason.

Distribution.—Mostly Neotropical in

distribution, the genus ranges from Mex-
ico and southern Florida south to Peru

and Brazil.

Type species.
—

Plynops hanso)ii Shaw,
new species.

KEY TO THE KNOWN SPECIES OF PLYNOPS

1 Lateral portion of frons, on line directly between antenna! insertion and median ocellus,

coarsely punctate and dull (Fig. 3) 2

Lateral portion of frons, on line directly between antennal insertion and median ocellus,

smooth and shining (Figs. 1, 5, 7, 9) 5

2 (1) Coarse rugo-punctate sculpture of frons ending roughly on line between lateral ocellus

and compound eye, vertex smooth and shining; 15-19 flagellomeres 3

Coarse rugo-punctate sculpture of frons extending posteriorly to vertex, crossing well

beyond line between lateral ocellus and compound eye, vertex partly rough and dull

(Fig. 3); 13-14 flagellomeres Plynops braziliensis Shaw, new species

3 (2) 15-16 flagellomeres 4

18-19 flagellomeres Plynops megakephalos Shaw, new species



172 Journal of Hymenoptera Research

4 (3) Median area of facial concavity smooth and shining, without a vertical carina (Fig. 10)

Plynops edwardi Shaw, new species
- Median area of facial concavity with a strong vertical carina narrowly bordered by

coarse, dull punctation (Fig. 8) Plynops carirtatus Shaw, new species

5 (1) Facial concavity dorsally margined by a carinate edge that separates the concavity from

the frons (Fig. 12); area just below each antenna prolonged anteriorly as a roughly

triangular projection, in dorsal view (Figs. 5, 7, 9) 6

- Facial concavity not margined dorsally, grading smoothly onto the frons; area just below

each antenna not prolonged anteriorly 8

6 (5) Head, in dorsal view, with the dorsal margin of the facial concavity forming a U-shaped

depression between the antennal insertions (Figs. 7,9) 7

Head, in dorsal view, with the dorsal margin of the facial concavity forming a V-shaped

depression between the antennal insertions (Fig. 5) . . Plynops hansoni Shaw, new species

7 (6) Triangular projection below antenna (in dorsal view) extending anteriorly beyond an-

tennal insertion for a distance equal to twice the diameter of the antennal socket (Figs.

9) Plynops riedeni Shaw, new species

Triangular projection below antenna (in dorsal view) extending anteriorly beyond an-

tennal insertion for a distance equal to the diameter of the antennal socket (Fig. 7)

Plynops masoni Shaw, new species

8 (5) Dorso-lateral areas of facial concavity only sparsely setose; facial setae normal; short,

straight, and not forming thick, brush-like pads; lower median area of facial concavity,

near dorsal clypeal margin, either with a single triangular projection, or none; 10-11

flagellomeres
9

Dorso-lateral areas of facial concavity densely lined with long, curved setae forming

thick, brush-like pads (Figs. 20-21); lower median area of facial concavity, near dorsal

clypeal margin, produced into too sharp, thorn-like spines (Fig. 21); 12 flagellomeres

Plynops pilatus Shaw, new species

9 (8) Mandible long and sickle-like (Figs. 6, 19); lower median area of facial concavity, near

dorsal clypeal margin, with a single triangular projection (Fig. 19); face, in lateral view,

with only a trace of a section visible in front of the eye, below the antenna, visible

portion narrower than antennal socket (Fig. 18) Plynops falcatus Shaw, new species
- Mandible not so long and sickle-like (Fig. 17); lower median area of facial concavity,

near dorsal clypeal margin, without a triangular projection (Fig. 17); face, in lateral view,

with a distinct section visible in front of the eye, below the antenna, that is about as

wide as antennal socket (Fig. 16) Plynops mintitus Shaw, new species

Plynops braziliensis Shaw, new species Color: head dark brown, except face yel-

(Figs. 3^) lowish brown; antenna yellowish brown

„ .^. ,
, r>.i lUTATT basally, gradually darker brown apically;

Description of male.—Body length 2.0-2.3 /''^ ,, .
, ,

•

,
/

, ^. , r ,. J. mandible yellowish brown, except tipsmm; lateral portion or trons, on line di-
, . , , , . . i, ,

•

rectly between antennal insertion and me- '•'^ddish brown to black apically; palpi

dian ocellus, coarsely rugo-punctate and P^^^ brownish white; mesosoma, wing ve-

dull; coarse rugo-punctate sculpture of "^tion, and metasoma dark chocolate

frons extending posteriorly to vertex, brown; legs yellowish brown, except hmd

crossing well beyond line between lateral coxa basally and tips of tarsi dark brown,

ocellus and compound eye, vertex partly
Female. Unknown,

rugo-punctate and dull; 13-14 flagellom-
Material Examined.—Holoiype: male,

eres; forewing vein 2CUa well-developed, Brazil, Nova Teutonia, 2.xi.l940, F. Plau-

sclerotized portion about as long as hind mann, B.M. 1957-341, BMNH. Paratypes:

coxa. 1 male, same data except 3.iv.l941,
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Figs. 5-10. 5. Head of P/i/hc);'s hansoni, dorsal view. 6. Mandibles of Plynopsfalcatus in closed position, anterior

view. 7. Head of Plyiwfi masoni, dorsal view. 8. Head of Plytiops cariimtus, antero-lateral view. 9. Head of

Plynops riedcni, dorsal view. 10. Head of Plynops cdimrdi, antero-lateral view.

BMNH; 1 male, same data except 27°irS,

52°23'W, 300-500m, 10.iii.l941, CNC.
Distribution.—At present known only

from three specimens all from Nova Teu-

tonia, Brazil. No other Plynops species
have been recorded from Brazil.

Biolo^/.
—Unknown.

Remarks.—Ph/nops brazilicnsis can be dis-

tinguished from all other Pli/nops species

by the more extensive coarsely rugo-punc-
tate sculpture on the upper regions of the

head (Fig. 3). Coarse rugo-punctate sculp-
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ture of the lateral frons is a synapomorphy
shared with three other species: carinatus,

edwardi, and megakephalos, but none of

these three has coarse rugo-punctate

sculpture extending fully onto the vertex.

Also, these three species have 15-19 fla-

gellomeres, while braziliensis has 13-14 fla-

gellomeres.
The recognition of braziliensis as a spe-

cies poses a particular problem, since it is

based entirely on males, while the three

most closely related species are based en-

tirely on females. Thus, it is impossible to

judge to what extent the differences ex-

pressed in braziliensis may be due to sex-

ual dimorphism, and the possiblility that

braziliensis is actually the male of another

species cannot be totally ruled out. Nev-

ertheless, the variation noted above, along
with the widely separated distributions of

the populations involved, indicates that

the best course of action at present is to

hypothesize this as a separate species.

Etymology.
—Named for the type-locali-

ty-

Plynops carinatus Shaw, new species

(Fig. 8)

Description of female.
—Body length 2.7

mm; lateral portion of frons, on line di-

rectly between antennal insertion and me-
dian ocellus, coarsely rugo-punctate and

dull; coarse rugo-punctate sculpture of

frons ending roughly on line between lat-

eral ocellus and compound eye, vertex

smooth and shining; 16 flagellomeres; me-
dian area of facial concavity with a strong
vertical carina narrowly bordered by
coarse, dull punctation; forewing vein

2CUa well-developed, sclerotized portion
about as long as hind coxa; ovipositor

length 1.4x metasoma length.

Color: head and antenna dark chocolate

brown, except pedicel yellowish brown;
mandible yellow, except tips reddish

brown to black apically; palpi pale brown-
ish white; mesosoma, wing venation, and

metasoma dark chocolate brown, except
membranous ventral parts of metasoma

white; legs medium to dark brown, except
coxa and trochanters pale brownish white.

Male.—Unknown.
Material Examined.—Holotype: female,

Ecuador, Napo Province, Huahua Suma-

co, km. 44 on HoUin-Loreto Road, xii.1989,

MT (Malaise trap), M.J. Wasbauer, H.

Real, CNC. Paratype: 1 female, Ecuador,
Pastaza Province, 25 km. N. of Puyo,
1000m, montane moss forest, 4.vii.l976, S.

& J. Peck, CNC.
Distribution.—Known only from Ecua-

dor.

Biology.
—Associated with montane

moss forest.

Remarks.—Plynop^s carinatus can be dis-

tinguished from all other Ph/iwps species

by the presence of a strong vertical carina,

narrowly bordered by coarse, dull punc-
tation, along the median area of the facial

concavity (Fig. 8). In other respects it is

quite similar to Plynops edioardi from Costa

Rica, but that species lacks such a median

carina, and the facial concavity is smooth
and shining medially (Fig. 10). Also Ply-

nops carinatus has darker leg coloration

and the ovipositor is slightly shorter than

in Plynopjs edzuardi.

Etymologxj.
—From the Latin carina for a

ridge, in reference to the facial ridge that

is diagnostic for this species.

Plynops edwardi Shaw, new species

(Figs. 10, 13-14)

Description of female.
—
Body length 2.2-

2.6 mm; lateral portion of frons, on line

directly between antennal insertion and

median ocellus, coarsely rugo-punctate
and dull; coarse rugo-punctate sculpture
of frons ending roughly on line between

lateral ocellus and compound eye, vertex

smooth and shining; 15-16 flagellomeres;
median area of facial concavity smooth
and shining, without a vertical carina;

forewing vein 2CUa well-developed,
sclerotized portion about as long as hind

coxa; ovipositor length 1.5-2.3X metaso-

ma length.

Color: head and antenna dark chocolate
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Figs. 11-15. 11. Head of P/i/)iOfis hansoni, lateral view. 12. Head of PlytWfK hansoni, anterior view. 13. Head

of Plynopf, cdwanii, lateral view. 14. Head of Ph/iiopri edimriii. anterior view. 15. Head of Plytwpi mef;akeplmlcis,

anterior view.

brown, except scape and pedicel yellowish parts of metasoma white; legs light to me-

brown; labrum yellow; mandible yellow, dium brown, except coxa and trochanters

except tips reddish brown to black apical- white.

ly; palpi pale brownish white; mesosoma, Male.—Unknown.

wing venation, and metasoma dark choc- Material E.\ami)ifd.—Holotype: female,

olate brown, except membranous ventral Costa I^ca, Puntarenas Province, Ciolfo
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Duke, 24 km. W. Piedras Blancas, 200m,

iii-vi.l990, P. Hanson, RMSEL. Paratypes:
1 female, same data; 1 female, same data

except xii.1989-iii.1990; 1 female, same

data except xii.1991; 1 female, same data

except vii.1992; 1 female, Costa Rica, San

Vito, Las Cruces, 17.viii-12.ix.l98?, B. Gill.

RMSEL, UCR.
Distribution.—Southern Costa Rica.

Biologi/.
—Associated with moist pri-

mary tropical forest.

Remarks.—Plynops edwardi is similar to

Plynops carinatiis from Ecuador, but edwar-

di lacks a median facial carina (Fig. 10),

and the facial concavity is smooth and

shining medially (see Remarks above for

carinatiis).

Although not specifically mentioned on

the labels, all the specimens from the Gol-

fo Dulce site were sampled via Malaise

traps. According to Prof. Hanson, the

traps 24 kilometers west of Piedras Blan-

cas were situated in the primary tropical

forest at the Reserva Forestal Golfo Dulce,

at coordinates of 8°46'N and 83°24'W.

Originally one trap was placed about 50

meters down a trail into the primary for-

est, in a shaded situation. In October 1990

a second trap was situated at the very

edge of the same forest. These traps were

maintained locally by Maria Salablanca

Nieto.

Etymology.
—This species is named in

honor of my father, Mr. Edward B. Shaw,
of Boyne City, Michigan, in grateful rec-

ognition of his unswerving support for

my entomological pursuits since early

childhood. His assistance with aquiring
and manufacturing nets, cages, and other

collecting materials, along with leading

collecting expeditions too numerous to

count, were crucial elements in my ad-

vancement to a career as a naturalist, a sci-

entist, and a professional entomologist.

Plynops falcatus Shaw, new species

(Figs. 6, 18-19)

Description of female.
—Body length 1.0-

1.1 mm; lateral portion of frons, on line

directly between antennal insertion and

median ocellus, smooth and shining; facial

concavity not margined dorsally, grading

smoothly onto frons; area just below each

antenna not prolonged anteriorly; dorso-

lateral areas of facial concavity only

sparsely setose; facial setae normal: short,

straight, and not forming thick, brush-like

pads; lower median area of facial concav-

ity, near dorsal clypeal margin, with sin-

gle triangular projection; 11 flagellomeres;

mandible long and sickle-like; face, in lat-

eral view, with only a trace of a section

visible in front of the eye, below the an-

tenna, visible portion narrower than an-

tennal socket; forewing vein 2CUa virtu-

ally absent, reduced to a short stub; ovi-

positor length 0.7-0.8 X metasoma length.

Color: head dark chocolate brown, ex-

cept antenna yellowish brown; mandible

yellow, except tips reddish brown apical-

ly; palpi pale brownish white; mesosoma,

pterostigma, and metasoma dark choco-

late brown; wing venation and legs light

yellowish brown.

Male.—Unknown.
Material Examined.—Holotype: female,

Florida, Monroe County, Sugarloaf Key,

Key Deer Refuge, SEl, S23, 6.vi-

29.vii.1986, S.&J. Peck, 86-32, forest ham-
mock Malaise, FIT, CNC. Paratype: 1 fe-

male, same data except S25, Kitchings,

hardwood hammock forest, 26.ii-6.vi.1986,

86-29, CNC.
Distribution.—Known only from Sugar-

loaf Key, Florida. Plynops falcatus has the

most restricted distribution of any known

Plynops species.

Biology.
—Associated with tropical hard-

wood forest vegetation (hammock) of the

Florida Keys.
Remarks.—The exceptionally small body

size and short ovipositor sets this species

apart from other Plynops, with the excep-
tion of Plynops minutus. However, Plynops

falcatus can be immediately distinguished
from this and all other Plynops species by
the presence of long and sickle-like man-

dibles (figs. 6, 19), and a single triangular
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projection on the lower median area of the

facial concavity, near the dorsal clypeal

margin (Fig. 19).

Eti/mology.
—From the Latin falcatus

meaning "sickle-shaped," in reference to

the form of the mandible.

Plynops hansoni Shaw, new species

(Figs. 1-2, 5, 11-12, 22)

Description of female.
—Body length 1.5-

2.0 mm; lateral portion of frons, on line

directly between antennal insertion and
median ocellus, smooth and shining; facial

concavity dorsally margined by a carinate

edge that separates the concavity from the

frons; area just below each antenna pro-

longed anteriorly as a roughly triangular

projection (in dorsal view); head, in dorsal

view, with the dorsal margin of the facial

concavity forming a V-shaped depression
between the antennal insertions; 11 flagel-

lomeres; forewing vein 2CUa present as a

short branch, sclerotized portion about V2

as long as hind coxa; ovipositor length
0.7-0.9 X metasoma length.

Color: head very dark brown to almost

black; antenna dark chocolate brown, ex-

cept scape and pedicel yellowish brown;
mandible yellow, except tips reddish

brown apically; palpi pale brownish

white; mesosoma and metasomal tergum
1 very dark brown to almost black; wing
venation, and remainder of metasoma
dark brown, except membranous ventral

parts of metasoma white; legs light to me-
dium brown, except coxa and trochanters

yellowish brown.

Male.—As female except body length
shorter, 1.2 mm; face only slightly exca-

vated and less densely setose, facial area

lacking carinate margins and triangular

projections; mandibles slightly shorter,

less hooked apically; antenna and legs

lighter, yellowish brown.

Material Examined.—Holotype: female,

Costa Rica, Puntarenas Province, Road to

Rincon, 10 km. west of Pan-American

Highway, 100m, iii-v.l989, P. Hanson & I.

Gauld, RMSEL. Paratypes: 3 females.

same data; 2 females, Costa Rica, Puntar-

enas Province, Reserva Forestal Golfo Dul-

ce, 10 km. west of Piedras Blancas, 100m,

vi-viii.l989, P. Hanson; 1 female, Costa

Rica, Puntarenas Province, R.F. Golfo Dul-

ce, 24 km. west of Piedras Blancas, 200m,
vi-viii.l989, P. Hanson; 4 females, same
data except xii.1991; 1 female, 1 male,
same data except ii.l992; 9 females, same
data except x-xi.l992; 2 females, Costa

Rica, Puntarenas Province, Golfo Dulce, 5

km. west of Piedras Blancas, 100m,
xi.l990, P. Hanson; 2 females, same data

except xii.1990; 1 female, Costa Rica, Pun-

tarenas Province, R.F. Golfo Dulce, 3 km.
SW. Rincon, 10m, ii.l992, P. Hanson; 7 fe-

males, Puntarenas Province,P.N. Corco-

vado. Est. Sirena, 50m, x-xii.l990. RMSEL,
UCR.

Distribution.—Various sites in Puntar-

enas Province, Costa Rica.

Biology.
—Associated with moist pri-

mary tropical forest habitats at elevations

from 10-200 meters on the Osa Peninsula.

Remarks.—Pli/nops hansoni is one of

three species that have a pronounced syn-

apomorphic triangular (in dorsal view)

projection below each antenna, the other

two being Plynops masoni and Plynops rie-

deni (see Figs. 5, 7, 9). Plynops hansoni can

be distinguished from these, and all other

Plynops species, by the profile of the space
between these projections, which in dorsal

view is distinctly V-shaped (Fig. 5). The

profile of this space is U-shaped in both

Ph/nops masoni and Plynops riedeni (Fig. 7,

9)'

All of the specimens of Plynops hansoni

were sampled via Malaise traps set by
Prof. Paul Hanson, on, or in route to, the

Osa Peninsula. The traps situated 24 ki-

lometers west of Piedras Blancas are dis-

cussed above, under Plynops edwardi. The

trap located 10 kilometers west of Piedras

Blancas (
= 10 km. W. of Pan-American

Highway) was situated at coordinates of

8°45'N and 83°18'W, placed just inside a

primary forest, at a mostly shaded site.

This trap was destroyed by a fallen tree
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Figs. 16-21. 16. Head of Ph/iwps miiuitus, lateral view. 17. Head of Phnmi'f iiiiiudiif, anterior view. 18. Head

of Pli/nops fnlcatus, lateral view. 19. Head of Pli/iiops falcatus, anterior view. 20. Head of
P/i//ici('.>^ pihitin; lateral

view. 21. Head of Plynops pilatus, anterior view.
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after 1-2 years of operation. The trap lo-

cated 3 kilometers southwest of Rincon

was situated at the edge of a primary for-

est, and was maintained by Moises Perez

Parra and family.

Eti/inology.
—This species is named in

honor of Professor Paul Hanson, of the

Universidad de Costa Rica, at San Pedro,

in appreciation for several years devoted

to the maintenance of Malaise traps, and

subsequent sorting of samples too numer-
ous to count. Without his collaboration,

five of the species treated here (including
this species), would not have been avail-

able for study.

Plynops masoni Shaw, new species

(Figs. 7)

Description of female.
—Body length 1.6-

1.9 mm; lateral portion of frons, on line

directly between antennal insertion and
median ocellus, smooth and shining; facial

concavity dorsally margined by a carinate

edge that separates the concavity from the

frons; area just below each antenna pro-

longed anteriorly as a roughly triangular

projection (in dorsal view); head, in dorsal

view, with the dorsal margin of the facial

concavity forming a U-shaped depression
between the antennal insertions; triangu-
lar projection below antenna (in dorsal

view) extending anteriorly beyond anten-

nal insertion for a distance equal to the

diameter of the antennal socket; 1 1 flagel-

lomeres; forewing vein 2CUa reduced to a

short stub, sclerotized portion about '/« as

long as hind coxa; ovipositor length 0.5-

0.9 X metasoma length.
Color: head reddish brown, except fa-

cial concavity yellowish brown; antenna

medium brown, except scape and pedicel

yellowish brown; mandible yellow, except

tips reddish brown apically; palpi pale
brownish white; mesosoma, wing vena-

tion, and metasomal tergum 1 dark red-

dish brown; remainder of metasoma dark

brown to yellowish brown, except mem-
branous ventral parts of metasoma white;

legs light to medium brown, except coxa

and trochanters yellowish brown to yel-
lowish white.

Male.—Unknown.
Material Examined.—Holotype: 1 female,

Ecuador, Pichincha, 47 km. S. Santo Do-

mingo de los Colorados, Rio Palenque Sta-

tion, Pacific lowland rainforest, 1-

14.vii.l975, A. Forsyth, CNC. Paratype: 1

female, same data except 200m, vi.l976.

Peck, CNC.
Distribution.—Known only from the

type-locality in Pichincha, Ecuador.

Biolog}/.
—Associated with Pacific low-

land rainforest.

Remarks.—Ph/nops riiasoni is similar to

Plynops riedeni from Costa Rica, but differs

from that species by having much shorter

triangular projections below the antennae

(Fig. 7).

Etymolog]!.
—This species is named in

honor of Dr. W.R.M. Mason in recognition
of his many contributions to the study of

braconid wasps, and in appreciation for

first calling to my attention this interesting
new genus.

Plynops megakephalos Shaw, new

species

(Figs. 15)

Description of female.
—Body length 2.7-

3.9 mm; lateral portion of frons, on line

directly between antennal insertion and

median ocellus, coarsely rugo-punctate
and dull; coarse rugo-punctate sculpture
of frons ending roughly on line between

lateral ocellus and compound eye, vertex

smooth and shining; 18-19 flagellomeres;

fc:)rewing vein 2CUa well-developed,
sclerotized portion slightly longer than

hind coxa; ovipositor length 1.5-1 .6 x me-

tasoma length.
Color: head very dark chocolate brown,

nearly black; antenna dark brown, except

scape, pedicel, and apical 6 flagellomeres

yellowish brown; labrum yellowish
brown; mandible yellowish brown, except

tips reddish brown to black apically; palpi

pale brownish white; mesosoma, wing ve-

nation, and metasoma very dark chocolate
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Fig. 22. Wings of Plynops Imnsoni.

brown to nearly black; legs medium to

dark brown, except coxa and trochanters

light brownish white.

Male.—Unknown.
Material Examined.—Holotype: female,

Costa Rica, Heredia, Estacion Biologia La

Selva, 50-150m, 10°26'N, 84°0rW,
2.V. 1993, INBio-OET, bosque primario,

M/05/084, INBio Barcode CRIOOI-

227693, INBio. Paratype: 1 female, same
data except 2.iv.l993, M/05/052, INBio

Barcode CRlOOl-239856, INBio.

Distribution.—Known only from the

type-locality at the La Selva Biological Sta-

tion, Heredia Province, Costa Rica.

6/o/o^i/.—Associated with moist pri-

mary tropical forest.

Remarks.—Coarse rugo-punctate sculp-
ture of the lateral frons is a synapomorphy
shared with three other species: brazilien-

sis, carinatus, and edzvardi, but Pli/nops me-

gakeplialos can be distinguished from these,

and all other Ph/nopjs species, by its large

body size, exceptionally broad head (Fig.

15), and long flagellum. Plynops megake-

phalos has more flagellomeres (18-19) than

any other Plynops species.

These specimens were collected during
the ALAS Project (Arthropods of La Sel-

va), but they were recognized as Plynops
and brought to my attention by Geraldine

Wright and Carlie Miller who were study-

ing in Costa Rica during the summer of

1994, with support from an NSF-REU

grant.

Etymology.
—Derived from the Greek

megakephalos, meaning "large-headed."

Plynops minutus Shaw, new species

(Figs. 16-17)

Description of female.
—Body length 0.9-

1.6 mm; lateral portion of frons, on line

directly between antennal insertion and

median ocellus, smooth and shining; facial

concavity not margined dorsally, grading

smoothly onto the frons; area just below

each antenna not prolonged anteriorly;

dorso-lateral areas of facial concavity only
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sparsely setose; facial setae normal: short,

straight, and not forming thick, brush-like

pads; lower median area of facial concav-

ity, near dorsal clypeal margin, without a

triangular projection; mandibles not long
and sickle-like; face, in lateral view, with

a distinct section visible in front of the eye,

below the antenna, that is about as wide
as antenna! socket; 11 flagellomeres; fore-

wing vein present as a short branch, scler-

otized portion about V4 as long as hind

coxa; ovipositor length 0.4-1.3 x metaso-

ma length.
Color: head dark chocolate brown to

nearly black, except antenna yellowish
brown to brown; mandible yellow, except

tips reddish brown apically; palpi pale
brownish white; mesosoma, pterostigma,
and metasoma dark chocolate brown to

nearly black; wing venation and legs me-
dium to dark brown.

Male.—As female except face less

strongly excavated; body length 1.2 mm;
10 flagellomeres; antenna and legs lighter,

yellowish brown.

Material Examined.—Holotype: female,

Costa Rica, Puntarenas Province, Golfo

Dulce, 3 km. SW. Rincon, 10m, xii.1989-

iii.1990, P. Hanson, RMSEL. Paratypes: 1

female, Mexico, Nogales, 8.V.1953, with

Canavalia seeds, 72857, n.g. near Euphorus
det. Mues., USNM; 1 female, Peru, Madre
de Dios, Puerto Maldonado, 6-1 l.i. 1984, L.

Huggert, CNC; 1 female, Costa Rica, He-

redia Province, Puerto Viejo, OTS, La Sel-

va, 100m, iv.l991, P. Hanson, UCR; 1 fe-

male, Costa Rica, Puntarenas Province,

Peninsula Osa, Puerto Jimenez, 10m,
vi.l991, P. Hanson, grassy, weedy site,

UCR; 1 male, same locality as holotype ex-

cept ii-iii.l989, P. Hanson & I. Gauld,
RMSEL.

Distribution.—This species has the

broadest distribution of any Plynops spe-

cies, ranging from Central America (Mex-
ico and Costa Rica) to Peru.

Biology.
—The Mexican specimen is as-

sociated with seeds of Canaz'alia (jack

bean), a member of the Leguminosae. The

species occurs in habitats ranging from

shaded, moist, primary forests, to very
disturbed, sunny, weedy sites.

Remarks.—This tiny species is similar to

Plynops falcatiis, which also has a very
small body size and short ovipositor. Ply-

nops miinitus differs from falcatiis in the

form of the mandibles, which are not so

strongly sickle-shaped (Fig. 17), by lacking
a triangular projection medially in the fa-

cial concavity (Fig. 17), and by having the

lateral borders of the face, below the an-

tenna, more noticeably protruding in lat-

eral profile (Fig. 16).

The Costa Rican specimens were all col-

lected by Malaise traps set by Prof. Paul

Hanson. The trap located 3 kilometers

southwest of Rincon was situated within

a, more or less, primary forest (the under-

story at this site was cleared) on a very

steep, shaded slope. The trap at La Selva

was situated within a virgin primary for-

est. In stark contrast to these, the trap at

Puerto Jimenez was located in full sun, in

a grassy, extremely disturbed site with

weedy bushes and trees nearby. Judging
from these collecting sites, it appears that

Plynops minutiis is adapted to a broader

range of habitats than other Plynops spe-

cies, which may account for its broader

distribution.

Etymology.
—Derived from the Latin

minutiis, meaning "little."

Plynops pilatus Shaw, new species

(Figs. 20-21)

Description of female.
—Body length 2.2

mm; lateral portion of frons, on line di-

rectly between antennal insertion and me-
dian ocellus, smooth and shining; facial

concavity not margined dorsally, grading

smoothly onto the frons; area just below

each antenna not prolonged anteriorly;

dorso-lateral areas of facial concavity

densely lined with long, curved setae

forming thick, brush-like pads; lower me-
dian area of facial concavity, near dorsal

clypeal margin, produced into two sharp,
thorn-like spines; 12 flagellomeres; fore-
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wing vein 2CUa present as a short branch,

sclerotized portion about Va as long as

hind coxa; ovipositor length 0.8 X meta-

soma length.

Color: head dark chocolate brown; an-

tenna dark brown, except scape and ped-
icel yellowish brown; mandible yellow,

except tips reddish brown apically; palpi

pale brownish white; mesosoma, pteros-

tigma, wing venation, and metasoma dark

chocolate brown; legs medium yellowish
brown.

Male.—Unknown.
Material Examined.—Holotype: female,

Costa Rica, San Jose Province, San Anto-

nio de Escazu, 1300m, iv.l987. Col. W.

Eberhard, RMSEL.
Distribution.—Known only from the

type-locality Ln Costa Rica.

Biology.
—Unknown.

Remarks.—Plynops pilatiis can be distin-

guished from all other Plynops species by
the presence of thick, brush-like setal pads
on the dorso-lateral areas of the facial con-

cavity (Figs. 20-21), and also by the pres-
ence of two sharp, thorn-like spines on the

lower median area of facial concavity,
near dorsal clypeal margin (Fig. 21).

Etymology.
—From the Latin pilatus,

meaning "grown hairy."

Plynops riedeni Shaw, new species

(Figs. 9)

Description of female.
—Body length 1.8-

2.1 mm; lateral portion of frons, on line

directly between antennal insertion and
median ocellus, smooth and shining; facial

concavity dorsally margined by a carinate

edge that separates the concavity from the

frons; area just below each antenna pro-

longed anteriorly as a roughly triangular

projection (in dorsal view); head, in dorsal

view, with the dorsal margin of the facial

concavity forming a U-shaped depression
between the antennal insertions; triangu-
lar projection below antenna (in dorsal

view) extending anteriorly beyond anten-

nal insertion for a distance equal to twice

the diameter of the antennal socket; fore-

wing vein 2CUa present as a short branch,

sclerotized portion about Va as long as

hind coxa; ovipositor length 0.9-1 .3 x me-
tasoma length.

Color: head very dark brown to almost

black, except triangular projections and

lower Vi of facial concavity yellowish
brown; antenna dark chocolate brown, ex-

cept scape and pedicel yellowish brown;
mandible yellow, except tips reddish

brown apically; palpi pale brownish

white; mesosoma and metasomal tergum
1 very dark brown to almost black; wing
venation, and remainder of metasoma
dark brown, except membranous ventral

parts of metasoma white; fore leg yellow-
ish brown; middle and hind legs light to

medium brown, except coxa and trochan-

ters yellowish brown.

Male.—Unknown.
Material Examined.—Holotype: female,

Costa Rica, Heredia Province, 3 km. S.

Puerto Viejo, OTS, La Selva, 100m,
ii-iii.l993, P. Hanson, RMSEL. Paratype:

female, Costa Rica, Alajuela Province,

10°27'N, 84°05'W, Los Chiles de Aguas
Zarcas, cafe, 300m, xi.l989, mixed coffee

plantation, R. Cespedes, UCR.
Distribution.—This species is known

only from two sites in Costa Rica, on the

northern part of the Caribbean coastal

plain.

Biologi/.
—Recorded from both moist pri-

mary forest at La Selva, and a mixed cof-

fee plantation at Los Chiles de Aguas Zar-

cas.

Remarks.—Plynops riedeni is one of three

species that have a pronounced triangular

(in dorsal view) projection below each an-

tenna, the other two being Plynops masoni

and Plynops hansoni. Plynops riedeni can be

distinguished from these, and all other

Ph/nops species, by the exceptionally large
size of the triangular projection below the

antenna, which extends anteriorly beyond
antennal insertion for a distance equal to

twice the diameter of the antenn.il socket

(Fig. 9).

£fi//»o/o^i/.—This species is named in
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honor of my father-in-law. Dr. James A.

Rieden, of Bloomfield Hills, Michigan.
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Abstract.—Population fluctuations sampled by Malaise traps are reported for three species of

Ammophila and three species of Eremnophila during a 16 month period at Finca Montezuma in

Guanacaste Province, Costa Rica. Populations of Ammophila centralis Cameron and Eremnophila

melanaria (Dahlbom) reach their peak during the wet season, and populations of Ammophila picipcs

Cameron and Eremnophila aureonotata (Cameron) are greatest during the dry season. Ammophila

gaumeri Cameron and Eremnophila opulenta (Lepeletier) were infrequently taken at the site, and no

conclusions regarding them are possible. Podalonia montana (Cameron) is recorded from Costa

Rica for the first time.

Three genera of Ammophilini occur in

Costa Rica, Ammophila Kirby, Eremnophila

Menke, and Podalonia Fernald. In this pa-

per we report on population fluctuations

of species in the first two genera at one

location in northwestern Costa Rica over

a period of 16 months in 1992 and 1993.

Janzen (1983) described a variety of fac-

tors that possibly have roles in regulating
insect populations throughout the year in

Costa Rica, particularly in the lowlands

of Guanacaste Province, but he stressed

that ". . . . we know next to nothing about

the ecology of almost all Costa Rican in-

sects." This is certainly true of the am-

mophiline wasps. While our data suggest
that population fluctuations throughout
the year appear to be influenced by rain-

fall/temperature in some species, we
know nothing about the influence of oth-

er environmental factors such as sunlight,

wind, parasites, etc. We do not know
how long adults live, or how many gen-
erations each species has per year. We do
not know if their population fluctuations

are tied to prey availability and abun-

dance. For that matter, we know nothing

about the prey of Costa Rican ammophi-
lines other than that they take caterpil-

lars.

The study site was premontane wet

forest in the transition between wet and

dry zones located at Finca Montezuma,
Guanacaste Province. This finca is located

3 km southeast of Rio Naranjo (lat. 10°

42", long. 85° 5") at an altitude of 450 m.

Total precipitation at Finca Montezuma

averages about 2200 mm per year, with

the majority of rainfall occurring from

June through December (Fig. 1). Defolia-

tion is not total during the drier part of

the year because of mist blown by trade

winds over the continental divide from

the wet zone. Flowering plants are com-
mon throughout the year. Temperature at

Finca Montezuma fluctuates about 3° C

during the year and reaches its maximum

during the dry season (Fig. 2).

One of us, Parker, operated 12 Malaise

traps continuously for several years at

Finca Montezuma. The traps used were

of various designs and set up at the eco-

tone between forests and crop lands.

Most traps were between the edge of the
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Rainfall, FInca Montezuma, 1992-1993

Fig. 1. Bar graph showing rainfall in millimeters at Finca Montezuma from January 1992 to April 1993.

forest and coffee plantations, but some

traps were placed along roads that ran

through the forest. The collecting heads

of the traps were sprayed with locally

purchased insecticide; the insects trapped
in the bottles died rapidly. The trap bot-

tles were emptied daily and the insects

sorted and stored. The Ammophilini
taken in the traps during 1992 and the

first four months of 1993 were placed in

bags of 70% alcohol and sent to Menke
for identification. Menke then tallied the

numbers of each sex for each species on

a monthly basis and plotted them on

graphs (Figs. 3-8).

Four species of Ammophila (picipes Cam-
eron, centralis Cameron, <iaumeri Cameron
and procera Dahlbom) and three species of

Eremnophila {aureonotata (Cameron), melnn-

arin (Dahlbom), and opulentn (Lepeletier))

are known in Costa Rica. Ammophila pro-

cera was the only wasp not taken in the

traps during the survey, although it occurs

at lower elevations in Guanacaste Prov-

ince. The absence of procera in the traps

may indicate that it occupies different

Temperature, Finca Montezuma, 1992-1993

Fig. 2. Bar graph showing temperature fluctuations in Celsius at Finca Montezuma from January 1992 to

April 1993.
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Ammophila picipes, 1992-1993

Fig. 3. Bar graph showing number of males and females of Anmiophila picipes taken at Finca Montezuma

from January 1992 to April 1993.

habitats. One example of the genus Poda-

lonia was taken during the survey, a male

of montana (Cameron) captured in Febru-

ary, 1992. This specimen proves that all

three genera occur at the survey site, but

more importantly, it represents the first

record of this species in Costa Rica. Poda-

lonia montana was known previously from

Mexico, Guatemala and Nicaragua. Three

females of montana have since been found

among material collected by Parker at Fin-

ca Montezuma, using an insect net, in Feb-

ruary and March 1992.

The most common species at the site

was A. picipes, which is ubiquitous

throughout Mexico and Central America

and extends into Arizona, New Mexico

and Texas. The second most abundant

taxon is E. aiireonotata, a species that is

common over most of the eastern half of

North America and which ranges south

as far as Guanacaste Province, Costa Rica.

The remaining species taken in the traps

were far less abundant, particularly E.

melanaria and E. opidenta. However, E. me-

lanaria is a common species over most of

Ammophila centralis, 1992-1993

12

10
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12
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Eremnophila melanaria, 1992-1993

d
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Abstract.—Three genera {Ammophila Kirby, Eremiwphila Menke and Podalonin Fernald) and nine

species of Ammophilini are recorded from Costa Rica and a key and illustrations provided for

their identification. Ammophila is represented by centralis Cameron, gaiimcri Cameron, picipes Cam-

eron, and procera Dahlbom; Ercmnopihiln by attreonotata (Cameron), mclammn (Dahlbom) and opu-

lenta (Lepeletier); and Podalonia by atriceps (Smith) and montami (Cameron). The following new

synonyms are proposed: Ammophila consors Cameron, 1888, and A. nigrocaerulea Cameron, 1888 =

Ammophila coitralis Cameron, 1888; Ammophila communis Cresson, 1865, A. alpestris Cameron, 1888,

and Podalonia comiininis ssp. intermedia Murray, 1940 = Podalonia atriceps (Smith), 1856. A. piceiv-

entris Cameron, 1888 is treated as a tentative synonym of P. atriceps (Smith). Ammophila gaiimeri

Cameron is recorded from Venezuela. Records of Podalonia robusta (Cresson) in Costa Rica are

shown to be erroneous.

INTRODUCTION

Publication of the book. The Hymenop-
tera of Costa Rica (Hanson and Gauld,

1995), will doubtless foster considerable

interest in the wasps of the country, as

will the keys to genera of Neotropical

Sphecidae by Menke and Fernandez (in

press). The following is the first of a series

of papers dealing with the identification of

Costa Rican Sphecidae.
The ammophiline wasps are among the

larger sphecids in Costa Rica, but because

of their slender build, they are less con-

spicuous than their cousins in the genera

Sphex and Isodontia. Nevertheless, they are

fairly commonly collected. These wasps
are predators of lepidopterous caterpillars,

although nothing has been published on

the biology of any Costa Rican ammophi-
line. Three genera are known in Costa

Rica, Ammophila Kirby, Eremnophila Men-

ke, and Podalonia Fernald, containing four,

three, and two species, respectively (Han-
son and Menke, 1995; Menke and Parker,

1996). Our knowledge of the distribution

of ammophiline species in Costa Rica is

fragmentary, but the rapidly growing col-

lection of the Instituto Nacional de Biodiv-

ersidad in Santo Domingo (INBio), Costa

Rica should improve this situation dra-

matically in the coming years. Menke and

Parker (1996) provided phenological data

for some species of Ammophilini at one

site in Guanacaste Province, Costa Rica.

Populations of some species reach their

zenith in the dry season, others in the wet

season.

The Costa Rica/Panama section of Cen-

tral America is a zoogeographical cross-

roads between the North American and

South American sphecid faunas (Hanson
and Menke, 1995). Some northern ele-

ments extend south to the seasonably dry
Guanacaste Province of northwestern Cos-

ta Rica, and apparently go no farther.

Within the Ammophilini, Ammophila pro-

cera Dahlbom, Eremnophila aureonotata

(Cameron), and Podalonia montana Cam-
eron have this pattern. For some northern

taxa, Panama is the southern limit, and Po-

dalonia atriceps (Smith) is the only example
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in the Ammophilini. Some South Ameri-

can species occur as far north as Panama
or Costa Rica. The common South Amer-

ican wasp Eremnophila bi)iodis (Fabricius)

is the only ammophiline with this pattern,

and so far, it is known only as far north

as central Panama. The remaining Costa

Rican ammophilines are more wide-

spread.
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KEY TO GENERA AND SPECIES OF AMMOPHILINI IN COSTA RICA

1. Sternum I not tapering distad (ventral view), meeting and often overlaping base of II

(Fig. 2); spiracle of tergum I located before apex of sternum I (lateral view. Fig. 1) . . . .

Podalonia Fernald 2

Sternum I tapering distad, not reaching base of II, intervening space usually long and

consisting of membrane and a ligament (Fig. 4); spiracle of tergum I (lateral view) usually

located at or beyond level of sternum I apex (Fig. 3) 3

2. Female: gaster red, free margin of clypeus with four, large, irregular teeth; male terga I-II

broadly black (red only laterally). III nearly all black; Guanacaste Province at elevations

below 600 m P. montana (Cameron)
- Female: entirely black, free margin of clypeus without teeth; male terga l-III entirely red

(III may be narrowly black distally); generally at elevations of 1000 m or more
P. atriceps (Smith)

3. Episternal sulcus curving posterad from subalar fossa to scrobe, then extending obliquely

ventrad to anteroventral area of mesopleuron (Figs. 5, 7); entirely black wasps with con-

spicuous spots of appressed silver setae on mesopleuron and propodeal side

Eremnophila Menke 4

-
Episternal sulcus extending straight down from subalar fossa (Fig. 6), not curving toward

scrobe (area in front of scrobe mav be depressed, connecting with episternal sulcus),

sulcus sometimes ending at le\el of pronotal lobe (Fig. 9); abdominal terga I-II often red;

side of thorax with or without conspicuous spots of appressed silver setae 6

4. Scutum anteromedially with large area of appressed silver or golden setae, surface an-

terolaterallv densely transversely carinate; male sternum VIII with prominent median

tubercle; Guanacaste Prov £. aureonotata (Cameron)
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- Scutum without appressed silver or golden setae, surface punctate anterolaterally; male
sternum VIII without tubercle; widespread in Costa Rica 5

5. Setae forming appressed silver mesopleural spot arranged in a swirled, circular pattern

(Figs. 7-8); mesopleuron with digiform or conical tubercle anteroventrally (Figs. 7-8);

male gastral sternum 1 (not petiole) flat in lateral profile E. opulenta (Lepeletier)
- Setae forming silver mesopleural spot arranged in sinuate pattern; mesopleuron with

angular bulge anteroventrally; male gastral sternum I with angular bulge at distal third

in lateral profile £. melanaria (Dahlbom)
6. Pronotal collar and scutum coarsely, transversely ridged; Guanacaste Province

A. procera Dahlbom
- Pronotal collar and scutum smooth, not cross-ridged; widespread in Costa Rica 7

7. Erect setae of head and thorax pale; mesopleuron with linear band of appressed silver

setae (usually sharply defined) that extends along mesopleural suture from base of mid-

coxa to just beneath tegula (Fig. 6); epistemal sulcus ending at level of scrobe (Fig. 9)

A. picipes Cameron
- Erect setae of head and thorax black; mesopleuron with broad, non-linear silver spot

adjacent to mesopleural suture, or appressed mesopleural setae sparse, not forming a

discrete silver band or spot; epistemal sulcus extending past level of scrobe to ventral

region of mesopleuron (Fig. 6) 8

8. Female, abdomen with six visible terga 9
- Male, abdomen with seven visible terga 10

9. Mesopleural silver spot larger than pronotal lobe, broadly triangular, extending from
scrobe to near midcoxa; abdominal terga l-Il usually partially to largely red (rarely all

black); black part of abdomen without bluish-green tint A. centralis Cameron
-

Mesopleural silver spot, if present, usually smaller than pronotal lobe, located next to

midcoxa (spot rarely extending to level of scrobe as a narrow band); abdomen black;

body, especially abdomen, with bluish-green tint A. gaumeri Cameron
10. Apex of gonoforceps drawn out into a long, narrow, parallel-sided and largely asetose

process that is longer than outer spur of hindtibia, and truncate apically; edge of gono-

forceps lateral to base of apical process fringed with one to three long, slender, pale setae

(Fig. 10) A. centralis Cameron

Apex of gonoforceps extended as a fingerlike, incurved lobe, acuminate apically, its outer

edge densely fringed with short setae; edge of gonoforceps lateral to base of lobe fringed
with many long, stout, black setae (Fig. 11) A. gaumeri Cameron

AMMOPHILA W. Kirby Cameron and gaumeri Cameron belong to

Femald's (1934) revision of the North
*^ nigrwam group (Menke, 1970).

Ammophila centralis Cameron

(Fig. 10)

American and Mexican members of this

genus is of little use for various reasons.

Murray (1938) clarified the stah.is of a few

species and provided a partial key. 1 AmmopMIa centralis Cameron, 1888:6. Lectotype;

(Menke, 1964a, b, 1965, 1966b, 1967, 1970) male. El Reposo, Guatemala (LONDON),
described many new species, established designated by Menke, 1976:151.

species groups, and new synonymy, but '4"""";''"/" "'"«'"•« Cameron, 1888:12. Lectotype:

my revision of the New World fauna is
"'^^''' ^- Yucat.in, Mexico (LONDON), des-

still in progress. The four Costa Rican spe- , 'g^^'f*? ''>!
^'^"'^'''

^Z^'^^'^'
^^"^

^y"""/""'
J. . , , ^, . Ammop/;iw n/PTOCflen</efl Cameron, 1888:12. Syn-

cies are divided among three species ,ri t- ^ ^ ^ . ,

. . „ V . ,

"^
. types: females, San Geronimo, Guatemala

groups: picipes Cameron is m the urmrw
(LONDON). New synonym,

group (Menke, 1966b), procera is in the pro-
cera group (Menke, 1964a), and centralis Ammophila centralis occurs from ex-
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EremnophJIa Ammophila

Figs. 1-6. Figs. 1-2. First two abdominal segments of Podalonm. \, lateral profile; 1, ventral view. Figs. 3-4.

First two abdominal segments of Ammophila. 3, lateral profile; 4, ventral view. Figs. 5-6. Lateral view ofthorax

showing epistemal sulcus (es). 5, Eremnophila ; 6, Ammophila.

treme southern Texas (Hidalgo and Cam-
eron Counties) through Central America.

I have also collected the species in xeric

areas of northwestern Venezuela (Zulia: 6

km W La Concepcion; Lara: 20 km E Ca-

rora; and Aragua: Ocumare de la Costa)
and even in the Orinoco River basin of

that country (Guarico: Hato Masaguaral,
44 km S Calabozo, see Menke & Carpen-
ter, 1985). In Costa Rica centralis has been

collected in Guanacaste and San Jose

Provinces. In Guanacaste Province cen-

tralis reaches its highest population levels

during the rainy season (Menke and Par-

ker, 1996).

1 studied the type material of Cameron's

three names in 1964, and listed consors and

nigrocaenilea as synonyms of centralis

(Menke, 1976), but I did not indicate that

the synonymy was new. I do so now. Oc-

casional females of centralis are entirely

black and are thus similar to the all black

gaumeri. Black females of centralis have a

broad triangular patch of appressed silver

setae on the mesopleuron, and the body
lacks the bluish tint common in gaumeri.

In gaumeri the mesopleural silver patch is

located near the midcoxa and typically is

smaller than the pronotal lobe. The first

gastral segment of most females of cen-

tralis is largely red, as is tergum I (petiole).

The male genitalia of centralis (Fig. 10)

readily separate this species from males of

gaumeri (Fig. 11).
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Ammophila gaumeri Cameron

(Fig. 11)

Ammophila gaumeri Cameron, 1888:4 Lectotype;

female, N. Yucatan, Mexico (LONDON), des-

ignated by Menke, 1976:152.

Ammophila micans Cameron, 1888:5. Syntypes:

females, San Geronimo, Guatemala (LON-

DON). Synonymy by Femald, 1934:114.

Ammophila gaumeri ranges from tropical

Mexico to the xeric regions of northwest-

ern Venezuela, but it is never as common-

ly collected as centralis with which it is

easily confused. In Costa Rica the species

is known only from Guanacaste Province

(Menke, 1991, Menke and Parker, 1996).

The Venezuelan records for gaumeri have

never been published, but in 1976 and

1981 I collected it in the states of Aragua

(Ocumare de la Costa) and Zulia (Los An-

geles del Tucuco) (WASHINGTON).
This species is entirely black, and fe-

males in fresh condition have areas of mi-

crosetae with a bluish caste. This is partic-

ularly noticeable on the gaster, mesopleu-

ron, and thoracic dorsum. In addition, fe-

males usually have only a small patch of

appressed silver setae on the mesopleuron,

and it is near the midcoxa. This patch is

usually smaller than the pronotal lobe, hi

one female from Costa Rica the patch is ex-

panded upward along the mesopleural su-

ture and extends onto the hypoepimeral

area (Estacion Experimental Enrique Jime-

nez Nunez, 20 km SW of Cartas, Guana-

caste Prov.; LOGAN). Males oi gaumeri and

centralis are very similar, but the genitalia

readily separate them (see Figs. 10-11).

I examined Cameron's types of micans

in 1964 and confirm Femald's synonymy
with gaumeri.

Ammophila picipes Cameron

(Fig. 9)

Ammophila picipes Cameron, 1888:11. Holotype:

male, Temax, Yucatan, Mexico (LONDON).

Ammophila alticola Cameron, 1888:10. Holotype:

male, Volc^n de Chirqui, Panama (LON-

DON). Synonymy by Menke, 1965:2392.

Ammophila vokanica Cameron, 1888:17. Holo-
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type: female, Volcan de Chiriqui, Panamd

(LONDON). Synonymy by Menke, 1965:

2392.

Ammophila chiriquensis Cameron, 1888:18. Ho-

lotype: female, Volcdn de Chiriqui, Panama

(LONDON). Synonymy by Menke, 1965:

2392.

Ammophila picipes occurs from northern

Panama to Texas and southern Arizona,

and it is the most commonly collected spe-

cies of Ammophila in Costa Rica. It is a dry

season species, at least in Guanacaste

Province (Menke and Parker, 1996).

The long band of appressed silver setae

on the mesopleuron is distinctive (Fig. 9),

but in some females of picipes from higher

elevations the appressed silver pubescence

of the mesopleuron (and propodeal side) is

more extensive (San Isidro General, Puntar-

enas Prov., 600 m, LOGAN). In these spec-

imens the setal patches of the mesopleuron

and propodeal side lose their sharp margins

because the integument is generally fairly

densely covered with appressed sUver setae.

Even the scutum and propodeal dorsum are

often silvery in such material. Most of the

picipes
that I have seen from Panama have

this expanded coverage of appressed silver

setae on the thorax.

Ammophila picipes is similar to the wide-

spread, common South American species

gracilis Lepeletier, but until both can be

thoroughly studied, I consider them dis-

tinct.

Ammophila procera Dahlbom

Ammophila procera Dahlbom, 1843:15. Holotype:

female, "N. America" (LUND).

Ammophila procera Lepeletier,
1845:376. Holo-

type: female, "Am. Sept." (TURIN), nee Dahl-

bom, 1843. Synonymy by Menke, 1965:2392.

Ammophila saeva Smith,' 1856:222. Lectotype: fe-

male, California (LONDON), designated by

Menke, 1976:153. Synonymy by Femald,

1934:44.

Ammophila ^n/phiis Smith, 1856: 222. Lectotype:

female, Charlston, Florida (LONDON), des-

ignated by Menke, 1976:153. Synonymy by

Femald, 1934:44.

Ammophila barbata Smith, 1873:260. Syntypes:
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9 A. picipes

Figs. 7-9. Fig. 7. Scanning electron photomicrographs of left side of thorax. 7-8, £.

closeup of whorled setae; 9, Animophita picipes.

'.remiiophila opmlenta. ; is

females, Mexico (missing). Synonymy by
Femald, 1934:44.

Ammophila ceres Cameron, 1888:8. Holotype:
male, San Ger6nimo, Guatemala (LON-
DON). Synonymy by Femald, 1934:44. Men-
ke (1976:153) unnecessarily designated this

specimen as lectotype.

Ammophila championi Cameron, 1888:9. Lecto-

type: female, San Geronimo, Guatemala

(LONDON), designated by Menke, 1976:153.

Synonymy by Femald, 1934:44.

Ammophila striolata Cameron, 1888:10. Holo-

type: female, Ventanas, Durango, Mexico

(LONEXDN). Synonymy by Femald, 1934:44.

Ammophila procera is found throughout
North America, and its range extends

from southern Canada southward through
Mexico and into Central America. It oc-

curs as far south as Costa Rica (Menke,

1991), where it is known only from Guan-

acaste Province (Estacion Experimental

Enrique Jimenez Nuiiez, 20 km SW Cafias;

Finca Jenny, 30 km N Liberia. This is prob-

ably about the southern limit of its range.
The cross-ridged scutum and pronotal

collar of procera are unique features

among Costa Rican Ammophila and im-

mediately identify it.

1 examined the type material of all of the

Smith (except barbata) and Cameron names
in the above synonymy in 1964 and can

confirm Femald's synonymy. As to barbata,

Smith's description strongly suggests that

it is a synonym of procera. It is apparently
an example of the entirely black procera oc-

casionally found in Mexico. Searches for

type material of barbata at the Natural His-

tory Museum in London and the Museum
at Oxford have been fruitless.
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EREMNOPHILA Menke

This genus is endemic to the New
World, but eight of its nine species are re-

stricted to the Neotropical Region. I re-

viewed the genus (as a subgenus of Am-

mophila), segregated the species into

groups, and keyed the species (Menke,

1964c). Ercmnophila was subsequently ele-

vated to genus (Menke, 1966a). Three spe-
cies are currently known in Costa Rica,

but a fourth, binodis (Fabricius), may be

discovered in the southern end of the

country because it is known from central

Panama. Eremnophila binodis is a common

wasp in South America.

Eremnophila aureonotata (Cameron)

Ammophiln aureonotata Cameron, 1888:7. Lecto-

type: male, Valladolid, Yucatan, Mexico

(LONDON), designated by Menke, 1964:881.

This wasp occurs commonly in eastern

North America east of the 100th meridian

from southern Canada to Florida and Tex-

as. I (Menke 1964) recorded aureonotata

from Mexico to El Salvador in Central

America, and subsequently noted its pres-

ence in Guanacaste Province, Costa Rica

(Menke 1991). It is likely that this is the

southern limit of the range of aureonotata.

I have not seen it from other parts of Costa

Rica. Population levels of aureonotata are

highest during the dry season in Guana-

caste Province (Menke and Parker, 1996).

The South American species, binodis, oc-

curs as far north as central Panama, and it

is similar to aureonotata. The scutum of bin-

odis is cross carinate like aureonotata but

binodis usually lacks the appressed gold
setae found on the scutum of aureonotata.

The male genitalia also differ (see illustra-

tions in Menke, 1964c).

Eremnophila opulenta

(Guerin-Meneville)

(Figs. 7-8)

Ammophila opulenta Gu6rin-M6neville, 1838:261.

Holotype: female. Para, Brasii (GENOA).

Ammophila bimaculigera Strand, 1910:129. Lec-

totype: female. Villa Morra, Paraguay (BER-

LIN), designated by Menke, 1964:878. Syn-

onymy by Menke, 1964:878.

This large wasp occurs from tropical

Mexico to Argentina. In Costa Rica it is the

least commonly collected species of Er-

emnophila. The mesopleural tubercle and

whorled nature of the mesopleural silver

patch (Figs. 7-8) easily identify this wasp.

Eremnophila melanaria (Dahlbom)

Ammophila melanaria Dahlbom, 1843:15. Lecto-

type male: "Brasilia" (LUND), designated by
Menke, 1964:878.

Ammophila miliaris Cameron, 1888:3. Lectotype:

female, Bugaba, Panama (LONDON), desig-

nated by Menke, 1964:878.

Ammophila iridipennis Cameron, 1888:5. Lecto-

type: female, Zapote [= El Zapote], Guate-

mala (LONDON), designated by Menke,
1964:878.

Ammophila velutina Schrottky, 1910:31. Holo-

type: female, San Ignacio, Argentina, (loca-

tion unknown, possibly destroyed). Synony-

my tentative.

Ammophila lobicoUis Cameron, 1912:428. Holo-

type: female, Demerara, British Guyana
(LONDON). Synonymy by Menke, 1964:878.

Eremnophila melanaria ranges from trop-

ical Mexico south to Argentina. The spe-
cies is generally distributed in Costa Rica,

and is most commonly collected in the wet

season in Guanacaste Province (Menke
and Parker, 1996).

It is still not clear whether the South

American population of melanaria is dis-

tinct from the Central American one. As 1

mentioned and illustrated (Menke, 1964c),

there appear to be slight differences be-

tween these populations in the male gen-
italia. I am still unable to resolve this

problem, but if the Central American ma-

terial proves to represent a separate spe-

cies, the name miliaris (Cameron) would

apply, with iridipennis as a synonym.
Unless Schrottky's material of velutina

can be found, the status of the species will

remain in doubt. However, the name is ei-

ther a synonym of melaiunia or opulenta.



Volume 5, 19% 197

Podalonia Femald

Murray (1940) revised this genus for the

New World. He recorded two species
from Costa Rica, communis Cresson and
robusta (Cresson). Podalonia comnnmis is a

commonly collected wasp in the western

half of North America and it extends

south to Costa Rica, but as I relate below,
the proper name for the species is atriceps

Smith. Podalonia robusta was recorded

from Costa Rica by Murray based on one
male specimen, but as I demonstrate be-

low, his record is erroneous. The specimen
is actually atricqis. Menke and Parker

(1996) reported the first record of Podalonia

montana Cameron in Costa Rica. Thus,
there are still two species of the genus in

the country, atriceps and montana.

Podalonia atriceps (Smith), new status

(Figs. 12-19, 21-23)

Ammophiln atriceps Smith, 1856:221. Female,

male, Mexico. Lectotype: male, designated

by Menke, 1976:144. (LONDON).
Ammophiln communis Cresson, 1865:462. 40

males, Colorado Territory. Lectotype: male

designated by Cresson, 1916:94. (PHILA-

DELPHIA). New synonym.
Ammophila alpcstris Cameron, 1888:21. Syn-

types: males, Volc^n de Chiriqui, 4000-6000

feet, Panam.1. (LONDON). New synonym.
Ammophila piccii'cntris Cameron, 1888:22. Holo-

type: female, Quezaltenango, Guatemala,
7800 feet (LONDON). Tentative synonymy.

Podalonia communis intermedia Murray, 1940:29.

Holotype: male, Distrito Federal, Mexico

(WASHINGTON). New synonym.

In Sphecid Wasps of the World (Bohart
and Menke, 1976) 1 listed atriceps (Smith)
as a subspecies of communis with alpcstris

as a synonym (I should have added "new

synonym"). This presentation of facts was
erroneous in two ways. First, Smith's atri-

ceps is the oldest available name and must
be used for the species. Second, the lecto-

type of atriceps is not identical with the

syntypes of alpcstris although they appear
to be conspecific. I studied syntypes of

both taxa in in 1964 at The Natural His-

tory Museum, London and can confirm

that the genitalia of alpcstris agree with
those of atriceps (Figs. 12, 16). However,

specimens of atriceps from Costa Rica and
Panama have erect pale setae on the male

clypeus (all black in typical atriceps), and
the name alpcstris was based on this pop-
ulation.

Smith (1856) described atriceps from a

female and a male. Since he did not des-

ignate a holotype in the original descrip-

tion, both specimens are syntypes. Femald

(1927:35) and Murray (1940:30) shidied

the male but noted the female was miss-

ing. Both authors mistakenly regarded the

female as the holotype, and Murray de-

clared that it must be an Ammophila. Con-

sequently Murray did not apply the name

atriceps in Podalonia.

My designation (Menke 1976) of the

male as lectotype resulted in the assign-
ment of atriceps to Podalonia. The genitalia
of the lectotype agree with the traditional

interpretaHon of communis (Murray 1940).

In fact, Murray noted that the genitalia of

Smith's male of atriceps were identical to

communis, and furthermore, that the male

of atriceps was conspecific with Cameron's

alpcstris.

Murray treated alpcstris as a Costa Ri-

can/ Panamanian subspecies of communis

(i.e., atriceps) because of slight external

morphological differences. The female

clypeus was ". . . slightly more bulging in

the middle than in typical communis" and
the arolium was ". . . large, being consid-

erably larger than in typical communis and
almost as large as in violaceipennis." These

female differences do not withstand scru-

tiny. The size of the arolium depends on
the degree of its inflation, and the convex-

ity of the clypeus varies. Murray differen-

tiated the male of alpcstris from communis

by the presence in the former of erect white

setae on the clypeus (all black in communis).
The pale clypeal setae of the male differ-

entiates the Costa Rican/Panamanian alpes-

tris from typical atriceps. In addition, the

erect setae on the gena are also pale in al-
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10 A. centralis

Figs. 10-11. Scanning electron photomicrographs of male genitalia of Ammophila in lateral profile. 10, A.

centralis (30 km n Liberia, Guanacaste Prov. Costa Rica), 11, A. gawneri. (Quezaltepeque, El Salvador).

pestris (iinlike ntriceps). The erect setae of

the male thoracic pleura are extensively

pale in alpestris, and even the coxae and

lateral areas of the pronotal collar and scu-

tum sometimes have pale erect setae. In

typical atriceps pale setae are restricted to

the pleura and are often intermixed with

black setae. Murray (1940:31) also noted

that the shape of the male clypeus varied

in alpestris, some specimens looking like

typical atriceps, others being more broadly
truncate. I have examined the large series

of males from La Carpentera [1200-

1800m], Costa Rica, collected by W. Mann
in April 1924 (WASHINGTON) studied

by Murray, and can confirm the clypeal

variation, but most specimens are more or

less typical of atriceps. Perhaps this varia-

tion is to be expected at the extreme south-

em end of the species' range.
One male from La Carpentera was mis-

identified by Murray (1940:64) as robusta

(Cresson). Apparently Murray misasso-

ciated the genitalia of this specimen with

those from a male of robusta, and on that

basis erroneously recorded Cresson's spe-
cies from Costa Rica.

I have studied the holotype of Came-
ron's piceivoitris, as well as three females

from Totonicapam, Guatemala, menHoned
in the original description as "probably re-

ferable to the same species." There is also

another female from the type locality, and

it, and the Totonicapam specimens, are

smaller (13-15 mm long) than the type (19

mm), and entirely black. These four are un-

doubtedly examples of atriceps, but the

identity of the holotype of piceiveiitris is

puzzling. Murray (1940), who did not

study the type, treated it as a questionable

synonym of coninntiiis (i.e., atriceps). The

problem with this specimen is that abdom-
inal terga II-V are amber rather than black

as noted by Cameron and shown by his

figure 7 on plate II. Small areas of the tho-

rax, especially the pronotum and legs, have

similar coloration. The holotype may sim-

ply have been collected in some type of flu-
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20 P. montana

Figs. 12-23. Scanning electron photomicrographs of male genitalia of Pocialonia, all but 20 are atnccp^. 12-15,

penis valve head in lateral profile (arrow marks end of row of teeth); 12, specimen from Volcan de Chiriqui,

Panama; 13, specimen from La Carpentera, Costa Rica; 14, specimen from Paria Canyon, Arizona; 15, specimen
from Boulder, Colorado. 16-19, dorsal view of penis valve head shown in 12-15, respectively. 20. penis valve

head of P. montana in lateral profile, specimen from Ahuacatlan, Mexico. 21-23, ventral view of penis valve

head shown in 13-15, respectively.

id that brought on discoloration, because

the specimen otherwise looks like atriceps.

Murray's (1940:29) description of the

subspecies Podalonia commutuf intcniicdia

was based on a single male from the Fed-

eral District of Mexico. It differs from

North American material of the species,

and from the Costa Rican/ Panamanian

population, in having an entirely black ab-

domen. 1 have examined the holotvpe

(WASHINGTON) and agree with Murray
that the genitalia are identical with those of

communis (i.e., atriays, see Figs. 12-13, 16-

17). I have also found five additional males

of this taxon from San Marcos, Guatemala,

elevation 3052 m (WASHINGTON), and

one male from Cerro Verde, El Salvador

(WASHINGTON). Apparently it is a me-

lanic, high altitude form of atriays. The

erect body setae are black except on the

mesopleura where pale and black setae are

mixed just as in males of typical atriceps. It

is likely that Murray's intermedia is a junior

synonym of piceiventris Cameron, de-

scribed from 7800' in Guatemala, but males

of the latter will have to be collected at the

type locality to settle the matter.

The range of atriceps includes the west-
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Figs. 24-35. Scanning electron photomicrographs of male genitalia of l^otiiiloiiin luctitot'ii. 24-27, penis valve

head in lateral profile (arrow marks end of row of teeth); 24, specimen from Hallelujah Junction, California;

25, specimen from Shoshone, Idaho; 26, specimen from "Cochetopa Natl. Forest", (probably Saguache Co.),

Colorado; 27, specimen from Powell, Wyoming. 28-31, dorsal view of penis valve head shown in 24-27,

respectively. 32-35, ventral view of penis valve head shown in 24-27, respectively.

em half of North America, the central pla-
teau of Mexico, and Central America as

far south as northern Panama. Apparently
it occurs only at high elevations in Me-

soamerica, and differences between such

isolated populations are to be expected. Po-

dakmia has been poorly sampled in Central

America; thus, I feel it would be premature
to recognize the Costa Rican/ Panamanian

alpestris and Mexican/Guatemalan /El Sal-

vadoran intermedia (= piceiveiitris?) as sub-

species of atricep^.

Podalonia atriceps is similar to P. hictuosa

(Smith), another common North American

species that is sympatric in the west, but

which occurs across the continent in the

north. In fact, Murray (1^40) had difficulty

separating females of liictiiosa and com-
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munis (i.e., ntriceps). Of the separating fea-

tures in couplet 29 of his key, only the

deeply impressed frontal line of female

luctiiosa seems to separate it reliably from

females of communis (i.e., ntricqjs) in which

the frontal line is not impressed. But this

difference may be artificial and needs

careful scrutiny. The only differences be-

tween males of the two species are clypeal

shape and structure of the penis valve

(compare Figs. 12-14, 16-18, and 24-31). I

have examined the material of both taxa

in the collection of the National Museum
of Natural History, Washington D.C.,

much of it identified by Murray, and there

seems to be variation in the form of the

male clypeus and penis valves of both

species. The clypeal margin in hictiiosa

was said by Murray to be "more or less

broadly transverse". By that he meant the

straight or slightly concave portion of the

the free margin was broader than in ntri-

ceps. Generally this is true, but when many
specimens are examined, the distinction is

not always clear. The male genitalia ap-

pear more reliably diagnostic. The essen-

tial difference is the shape of the penis
valve in dorsal outline. In atriceps the out-

er edge is abruptly angled at the point
where the ventral toothed flange ends

dorsad (Figs. 16-18). In liictuosa the outer

edge of the penis valve is an uninterrupt-
ed arc at this point (Figs. 28-31). Another

apparent difference is seen in the fringe of

teeth along the inner, ventral margin of

the penis valve head. In atriceps this row

of teeth passes around the lower end of

the penis valve head and extends dorsad

for some distance (Figs. 12-15). In luctiiosa,

this row of teeth does not extend as far

dorsad (Figs. 24-27). Examination of the

penis valves of many males of luctiiosa

and atriceps from North America has dem-
onstrated to me that in occasional speci-
mens the dorsal outlines described above

are not always clearly diagnostic (for ex-

ample, see Fig. 19). However, in such

doubtful cases, the fringe of teeth along
the inner, ventral margin of the penis

valve head seems to be reliable for dis-

crimination. Nonetheless, the separation
of atriceps and luctuosa should be studied

further.

Podalonia montana (Cameron)

(Fig. 20)

Amnwphila montana Cameron, 1888:20. Holo-

type: male, Ventanas, Durango, Mexico,

4000' (LONDON).

Amnwphila jason Cameron, 1888:20. Holotype:

female, San Geronimo, Guatemala (LON-
DON). Synonymy by Murray, 1940:46.

Ammophila quadridentata Cameron, 1888:23. Ho-

lotype: female, Ventanas, Durango, Mexico

(LONDON). Tentative synonymy by Mur-

ray, 1940:46, confirmed here.

Bohart and Menke (1976) list this large

wasp from Mexico and Guatemala, and I

have seen material from Nicaragua
(WASHINGTON). Menke and Parker

(1996) recorded montana from Costa Rica

based on a single male and three females

from Finca Montezuma, Guanacaste Prov-

ince (LOGAN). Guanacaste Province may
prove to be the southernmost range of

montana. Collecting times were February
and March suggesting that montana may
be a dry season species.

The irregularly toothed female clypeus

immediately identifies this sex of montana.

The male abdominal terga of montana are

black except I and II are red laterally. In

males of atriceps terga I and II are entirely

red. The penis valve heads of the male

genitalia of these two species differ mark-

edly (compare Figs. 12, 20).

I examined the type material of Came-
ron's three names in 1964 and confirm

Murray's (1940) synonymy.
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First Chromosome Records for the Superfamily Ceraphronoidea and
New Data for Some Genera and Species of Evanioidea and

Chrysididae (Hymenoptera: Chrysidoidea)

Donald L. J. Quicke and Vladimir E. Gokhman

(DLJQ) Department of Biology, Imperial College at Silwood Park, Ascot, Berks SL5 7PY, U.K.;

(VEG) Botanical Garden, Moscow State University, Moscow 119899, Russia

Abstract.—The first data on chromosome numbers and karyotypes of the Ceraphronoidea (Mega-

spilidae) are presented. New data is presented for one species of Gasteruptiidae (Evanioidea )

and 3 species in two genera of Chrysididae increasing our knowledge of karyotypes in these

families. Phylogenetic implications of these data are briefly discussed.

Despite intensive chromosome study of

parasitic wasps including the less derived

groups of aculeate Hymenoptera during
the last few years (see Gokhman and

Qviicke 1995 for review), some entire fam-

ilies and even superfamilies still remain

totally or largely untouched by karyolog-
ical investigation. The superfamilies Cer-

aphronoidea, Evanioidea and Chrysidoi-
dea are among the latter. There are no
data at present on chromosomes of these

groups except for one gasteruptiid Gaster-

iiption breviterebrae (listed under Triclw-

foeniis, a junior synonym of Gasteruption),

and one chrysidid, Onmliis djozainis hon-

donis (Hoshiba and Imai 1993), and two

chrysidoids from the family Bethylidae

(Gokhman and Quicke 1995; table 1). In

Hoshiba & Imai a chromosome number
for a Tridiofoenus sp. (a junior synonym of

Gasteruption) is listed loc. cit. as a sphecid
under the Larrinae, but this was appar-

ently a mistake and Hoshiba (pers.

comm.) has kindly had the specimen,
identified as Gasteruption breviterebrae Wa-
tanabe. We have studied for the first time

chromosome numbers and karyotype of

the family Megaspilidae (the first records

for the superfamily Ceraphronoidea), and
a second species of Gasteruption and three

species in two genera of Chrysididae for

which family there was previously only
one published karyotype. Chromosome

preparations were obtained from adult

wasps collected from the wild at Silwood

Park, Berkshire, U.K., during May-July
1995. Preparations were made according
to the previously described protocol
(Gokhman and Quicke 1995). Chromo-
somes were subdivided into four

groups
—metacentrics (M), submetacen-

trics (SM), subtelocentrics (ST) and acro-

centrics (A) following Levan et al. (1964)

and Imai et al. (1977). Voucher specimens
are deposited in the Natural History Mu-
seum, London.

RESULTS

Ceraphronoidea: Megaspilidae

Dendrocerus carpenteri (Curtis). 2n = 18

(4M + 8SM + 6ST); NF = 36 (Fig. la). All

chromosomes are obviously two-armed.

Two pairs of metacentrics differ notably in

size, the second is the smallest chromo-

some in the set. The submetacentric chro-

mosomes show a continuous gradation in

length. The third pair of subtelocentrics is

much shorter than the other two.

Evanioidea: Gasteruptiidae

Gasteruption breviterebrae (Watanabe). 2n
= 28 (4M + 24A)
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Table 1. Chromosome numbers in the Ceraphronoidea, Evanioidea and Chrysidoidea

I.,\,,n
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Fig. 1. Karyograms of the Ceraphronoidea, Evanioidea and Chrysidoidea. a, Dendrocerus carpeiitt-ri (Curtis);

b, Gasteniption jaculator (L.); c, HedyLhndmm roseuin (Rossi).

Omaliis, both characterised by having
n = \9, belong to the Omalini, whereas the

higher value of n=21 found for Chrysis

(Chrysidini) may be an autapomorphy.
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Morphology of Antennal Gustatory Sensilla and Glands in Some
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Sex and Host Recognition
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Abstract.—On the basis of scanning and transmission ultrastructural investigations of nine spe-

cies of parasitoids in four superfamilies along with scanning data on seven other species in three

additional superfamilies, several new sensory and secretory antennal structures are defined. These

are: uniporous gustatory sensilla (UGS), multiporous gustatory sensilla (MGS), male ventral

(MVG) and lateral (MLG) glands, male and female dorsal gland (MDG, FDG), and accessory

glands (AG) associated with MGS. Using these structures, two functional areas, "touch and taste

area" and "release and spread area", are proposed in an attempt to associate them with behavior

and to clear some nomenclatural problems in different taxa. It is suggested that the role of these

areas is chemical communication during sexual and host recognition. Limited observations indi-

cate that non-parasitoid Aculeata also have some of these structures.

INTRODUCTION

The antennae of parasitic Hymenoptera
are segmented appendages that have been

subdivided in various ways. Although the

antennae consist of a series of segments,
we prefer the term antennomer. Most

commonly the antennae are divided into

scape with radicula, pedicel, anelli and fla-

gellum (Fig. la) (e.g. Boucek 1988). How-
ever, these can often be further subdivid-

ed based on the modification of several

antennomers. For example, often the distal

antennomers are enlarged forming a clava

with the remainder being called the funi-

cle. This situation is common in females,

but in certain taxa may also occur in

males.

In general these various labeled anten-

nomers are numbered according to the

smaller subdivision resulting in, for ex-

ample (Fig. la), six funicular antennomers

and three claval antennomers. However,

using such a system becomes cumbersome
when comparing the morphology and

function of the various antennomers be-

tween the sexes or between species, or in

consideration of the evolutionary relation-

ships of the various antennomers in dif-

ferent groups.
Another common system numbers the

antennomeres consecutively from the

scape or first antennomere (Al), pedicel

(A2) and so on (Fig. lb) and is followed

here for the sake of uniformity and sim-

plicity. For the same reason, but especially

for the still controversial opinions about

the true structure of anelli (Richards 1956;

Graham 1969; Schauff 1986; Boucek 1988;

Hayat 1990; Gauld and Bolton 1988), they
are not numbered here.

Traditionally the antennae have been

described as sensory appendages which

may support a large number of sensilla of

different types (Miller 1972; Richerson ct

al. 1972; Weseloh 1972; Voegele et al. 1975;

Borden et al. 1978; Barlin and Vinson 1981;

Cave and Gaylor, 1987; Bin i-t al. 1989; Na-

vasero and Elzen 1991; Olson and Andow
1993). Using external features many dif-

ferent names have been prt>posed, possi-

bly for the same type of structure, or in-
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Fig. 1. Comparison of the different types of antermal terminology: a) traditionally used; b) adopted in the text.

versely one name may cover different

structures, so causing confusion in the lit-

erature. Only through the study of inter-

nal details can the sensilla and associated

structures be correctly defined and rela-

tively few of these structures have been so

studied with many others still to be inves-

tigated.

This has become more apparent as ul-

trastructural studies' have revealed that

some obvious features, as well as incon-

spicuous or obscured features and struc-

tures, thought to be sensilla, were actually
release sites of glands (Dahms 1984; Bin

and Vinson 1986; Bin et al. 1989; Pedata ci

al. 1993; Isidore and Bin 1995). One other

recent aspect is that some glands and sen-

silla can be in close association (Bin ct al.

1989).

In this study only the sensory and se-

cretory structures that probably come into

contact for chemical communication dur-

ing sexual and host recognition have been

investigated. We provide new anatomical

evidence for the function of some of the

antermal structures. We also make com-

parisons among different taxa, reinterpret

the functions of antennae in some groups
of parasitoids, relating some of the struc-

tures to behavior. Some information on

the Aculeata is included.

MATERIALS AND METHODS

The insects examined in this study are

presented in Table 1. For scanning elec-

tron microscopy (S.E.M.) observations,

males and females were anesthetized in

CO,, beheaded, and immediately im-
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Table 1. The antennae of the species and sex examined with SEM and TEM are presented

Ichneumonoidea
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(multiporous) distributed on an area that

varies in shape and size (Altner and Pril-

linger 1980; Zacharuk 1985). Further, these

sensilla are only located in areas that are

associated with touching the substrate,

host or opposite sex (Weseloh 1972; Nor-

ton and Vinson 1974b; Bin et al. 1988; Vin-

son et al. 1988). For these reasons we have

considered these sensilla as gustatory.

Uniporous Gustatory Sensilla (UGS)

These are typical sensilla chaetica, gen-

erally long, straight antennal setae (hairs)

that stick out (Fig. 2a-b). These sensilla

have a fluted setal shaft tapering from the

base to the rounded uniporous tip (Fig.

2c). The cuticular wall is relatively thick.

The UGS are present in both sexes and are

either clustered at the apical antennomere

or latero-ventrally in several antennomeres

(Figs. 2, 3 a-c). The cellular components
consist of three sheath cells (techogen, tor-

mogen and trichogen) and five sensory

neurons, 4 of which are chemoreceptors.
Tlie 4 dendrites reaching unbranched to

the apical pore with the 5th one function-

ing as a mechanoreceptor (Fig. 3d). There-

fore, we suggest that the UGS respond not

only to chemicals acting on contact, but

also respond to mechanical stimuli. These

common ultrastructural features have
been ascertained in Trissolcus basalts (Bin

et al. 1989), Amitiis spinifenis and Encarsia

astewbemisiae (in preparation).
We suggested that sensilla with a simi-

lar external appearance and location, com-

monly reported in different taxa, but re-

ferred to with different names, can be re-

ferred to as uniporous gustatory sensilla.

Some examples are the thick walled pegs
(Slifer 1969), sensilla chaetica (Miller 1972;

VVibel 1984; Bin et al. 1989), and fluted bas-

iconic sensilla (Norton and Vinson 1974a,

1974b; Navasero and Elzen 1991) de-

scribed from various parasitic species.

Multiporous Gustatory Sensilla (MGS)

These sensilla are present ventrally only
in females and their shape, number and

pattern per antennomere varies remark-

ably within different groups. The multi-

porous area is also variable in shape and
size. In Trissolcus basalts the MGS appear
as basiconic sensilla and occur in longitu-
dinal pairs on several antennomeres,
A7-A10, except the apical one. All, which
has only one (Fig. 4a). The cuticular ap-

paratus consists of a short, conical peg in-

serted in a narrow shallow pit and termi-

nating in an elongated sub-elliptical mul-

tiporous area with 7-8 transverse ridges

grooved on the top. Each ridge consists of

4-7 lifetable lobes which cover a thin mul-

tiporous lamina (Fig. 5b). The multiporous
area is generally covered with a secretion

(Fig. 4b), from accessory glands (see be-

low), which can be removed by a protease
treatment (Fig. 4c). The cellular compo-
nents consists of three well developed
sheath cells enveloping a very high num-
ber of sensory neurons, about 420 (Fig.

5a). The perikaryons occupy most of the

antennomere volume while outer dendrit-

ic segments, gradually tapering to the tip,

end unbranched near the pores present on
the multiporous area (Fig. 5b). In another

scelionid, Mantibarta anomala, 3 or 4 MGS,
with a conical shape and a smaller multi-

porous area innervated by 120 sensory

neurons, are present on the apical anten-

nomere (Fig. 4 d-e). No accessory glands
are found in this species (in preparation).

In the platygastrid Amttus spinifenis the

MGS are distributed in a similar way to

Trissolcus basalts but in a smaller number.

One is present on A8 and AlO and 2 on A9

(Fig. 4
f-g).

However these are deprived of

the accessory glands. Further, the multipo-
rous area is smaller and only innervated by
220 sensory neurons (in preparation).

In Trtclio^ranwia brassicae there are about

20 MGS distributed on the distal half of the

apical antennomere (Fig. 6a). Externally

they resemble recurved sensilla trichoidea

and they are laterally flattened (Fig. 6b)

with numerous pores located along the

sharp outer margin of the distal half of the

sensillum (Fig. 7). Each sensillum is inner-
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Fig. 2. Uniporous gustatory sensilla (arrows), an example in Trissolcus basalis male: a) clustered on apical anten-

nomere, b) ventro-laterally located on other antennomeres, c) detail, (bars: a and b = 10 micron, c = 5 micron).

vated with 10 sensory neurons, with the

outer dendritic segments running naked

along the shaft lumen to reach the pores
where some of them branch (Fig. 7).

In Trichopria sp. (probably dwsophilae),
All and A12 have about 20 and 40 MGS
respectively, distributed in a large patch
and interspersed with tactile hairs (Fig. 8a,

b). Each MGS is innervated by 5 sensory
neurons. Only A12 presents a ventral ac-

cessory gland (in preparation).

Glands

Antennal glands were first discovered

in the antennae of male parasitoids

(Dahms 1984, Bin and Vinson 1986; Pedata
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Fig. 3. Distribution of uniporous gustatory sensilla (arrows) on males and females of three different species

showing some differences in location: a) Encarsia asterobemi^iae, b) Tr/sso/ci/s hasalis, c) Amitus spnnifenis. A
diagram of a Uniporous Gustatory Sensillum based on data from Trissolcus hasalis (d): CSD, chemosensory
dendrites; MSD, mechanosensory dendrites; P, pore; TC, techogen cell; TO, tormogen cell; TR, trichogen cell.

(Based on Bin e>f ai, 1989).

et 111. 1993; Isidoro and Bin 199.S) but have

also been found in females (Bin et al. 1989).

These glands occur in different locations

and are thus classified accordingly. Some

glands are associated with campaniform
sensilla. Other glands are associated with

multiporous gustatory sensilla and we

have considered them to be accessory

glands to the MGS.

Female Dorsal Glands (FDG)

In female Trisfolciis basalis shallow dor-

sal depressions are present on A7 to All

(Fig. 10a, b). These depressions are the re-
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Fig. 4. Distribution of multiporous gustatory sensilla (arrows), in females of: a) Trissolciis (wso/is, ventral

view; b) and c) single MGS before and after protease treatment respectively; d) and e) Mtiiitilmriii mioniala,

lateral view; f) and g) Aniitus ipinifenis, lateral view. MA, multiporous area, (bars: a = 50 micron, b and c =

2 micron, d and f = 25 micron, e and g
= 5 micron).
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Fig. 5. Semischematic representation of multiporous gustatory sensilla (MGS) and associated accessory

glands (AG) in Tnsso/ci(s basalis: a) internal view of a subapical antennomere, b) detail showing the multi-

porous area (MA) CSD, chemosensory dendrites; GO, glandular outlet: LL, liftable lobes; P, pores; SC, sheath

cells. (Adapted from Bin el ai, 1989).
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Fig 6. Multiporous gustatory sensilla (some arrowed) of Trichcgmninm Ivnssicac female; a) 1

apical antennomere, b) detail showing the multiporous area (MA), (bars: a = 25 micron, b

lateral view of

5 micron).

lease sites of a series of extensive glands
(Bin et al. 1989) forming a longitudinally

elongated cluster of about 20 unicellular

secretory units that correspond to class 1

gland cells of Noirot and Quennedey
(1974, 1993) (Fig. 11a). The internal wall of

the dorsal depression shows pores which

correspond to the irregular outlets of the

glands (Fig. 10c). The associated campan-
iform sensillum, visible from both an ex-

ternal and internal view (Fig. 10b, c) is in-

nervated by a single sensory neuron

whose dendrite terminates in a typical tu-

bular body (Bin c/ al. 1989) (Fig. 1 la).
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MA-

Fig. 7. Semischematic drawing of multiporous gustatory sensillum of Triclwgnimitm brassiaw female. CSD,

chemosensory dendrites; DB, dendritic branches; MA, multiporous area; P, pores; TC, tecogen cell; TO, tor-

mogen cell; TR, trichogen cell.

A similar type of gland is found in fe-

male Trissolcus simoni, but in this species
the release sites are pits that occur on

A4-A11 (Fig. lOd). Together with pits the

campaniform sensilla are easily visible

both externally (Fig. lOe) and internally

(Fig. 100- A dorsal gland in the antennae

of Ainitus spiuiferus occurs in A8-A10, the

claval segments being fused. This gland
extends the length of the clava and occu-

pies the dorsal half of the antennomeres

(in preparation).
Another new case of these glands has

been found in an aculeate parasitoid, the

dryinid Neodryinus typhlocybae. In this spe-
cies the antennomeres involved are A5 to

AlO. The glands belong to class 1 (in prep-

aration). The conspicuous external struc-

ture is composed of 4 longitudinal deep

grooves each incorporating a longitudinal
lamina (Fig. 23a, b). These grooves have

erroneously been thought to be sensilla

and named rhinaria (Olmi 1984, 1994).

The function of the dorsal glands are

not clear but, as described below, we sug-

gest they play an important role in sex rec-

ognition.

MGS Accessory Glands (AG)

These glands can be found associated

with a single multiporous gustatory sen-

sillum, as in Tri^^olcufi biisnlis, or with a

group of sensilla, as in Tricliopria (proba-

bly ilrofopliihw). In both situations the

glands bek)ng to type 1. In the first case

there is at least a couple of glands per sen-
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Fig. 8. Ventral view of apical antennomere in Trkhopria Cprobably cirofophilae) showing: a) area with MGS
interspersed with trichoid sensilla (arrowed), b) detail with some MGS (arrowed) surrounding the release and

spread structures (RSS). Suspected multiporous gustatory sensilla (some arrowciO ot Poh/ncnui striatuonic fe-

male: lateral view (c) and ventral view (d) of apical antennomere; e) detail showing the possible multiporous
area (MA), (bars: a and c = 25 micron, b and d = 10 micron, e = 2 micron).
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Fig. 9. Suspected multiporous gustatory sensilla (some arrowed) in ventral view of a-b) CopHera occidentalis,

c-d) Aphanogmus steiititzi, e-f) Neodryiinis typhlocybae. MA, possible mulitporous area, (bars: a, c and e = 25

micron, b = 10 micron, d and f = 5 micron).
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1

Fig. 10. Release and spread structures (RSS, one arrowed) of female dorsal glands in Tnsfolcuii teii/is; a)

distribution in dorso-lateral view; b) details of external view with a campaniform sensillum (CAS) and (c)

corresponding internal view . The same in Trissolcus siiuoiii (d-f). P, pores, (bars: a and d = 50 micron, b, c,

e and f = 10 micron).
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RSS CAS

RSS P CAS

Fig. 11. Semischematic drawings of female (a) and male (b) dorsal glands of Trissolciis hasalis. CAS, cam-

paniform sensillum; G, gland; P, pores; RSS, release and spread structures; SEC, secretory cells. (Based on Bin

et at.. 1989).
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Fig. 12. Release and spread structures (RSS) of male ventral gland in: a-b) TrigSDictis Iw^tilis; c-d) Tflciioiiiiis

chloropus. The same of male lateral gland (e-f) in Amitus spiiiifcrus. S, secretion; I', pore, (bars: .a, c and e =

25 micron, b, d and f = 5 micron).

sillum having their outlets in the socket

(Fig. 5) so that the secretion covers the

multiporous area obscuring the cuticular

ultrastructure (Fig. 4b) unless removed

with proteolytic enzyme (Fig. 4c) (Bin et

al. 1989). In the second case shown by Tri-

cliopria (probably dwsopliilac ) 5-6 glands

open in the center of the apical antennom-
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Fig. 13. Semischematic drawings of male ventral gland, lateral view, of Trissolciis Imsijlis (a) and male lateral

gland, dorsal view, of Ariiitus apinifenis (b). CAC, canal cell; CC, conducting canal; P, pore; RC, receiving canal;

RSS, release and spread structure; SEC, secretory cell, (a: based on Bin & Vinson, 1986; b: based on Isidoro and
Bin 1995).
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Fig. 14. Release and spread structures (RSS) of male ventral glands in Emiics/u aftcrobcrnis^iac (a) of different

type in A4 (b) and A5 (c). P, pores, (bars: a = 25 micron, b and c = 5 micron).

ere (A12) (Fig. 8a, b) through 5-6 sub-con-

ical porous structures located in a shallow

depression surrounded and partially cov-

ered by MGS and setae (in preparation).

Although the role of the glands is not

clear, a hypothesis is discussed in the sec-

tion on "release and spread area".

Male Dorsal Glands (MDG)

Male Trissolciis bnsniis have antennal

glands located in the dorsal distal region
of A6-A11 but no obvious cuticular struc-

ture appears with SEM observations. Only
ultrastructural investigations show that

the glands are of type 1 and small in size

(Bin et al. 1989) as diagrammed in Fig. lib.

It also appears they are associated with a

campaniform sensillum.

Male Ventral and Lateral Glands

(MVG and MLG)

These two types of glands may belong
to the type 1 or 3, depending on the dif-

ferent taxa.

In the scelionid Trissolciis basalis the

ventral gland on the modified A5 anten-

nomere has an apparent release site con-

sisting of a cylindrical peg, longitudinally

fluted, and inserted in a shallow depres-
sion (Fig. 12a, b). The tip of the peg (the

release site of the gland) when treated

with protease shows 8-10 openings. Inter-

nally the gland consists of 8-10 isolated

bicellular secretory units each formed by
a secretory cell, corresponding ti> class 3

gland cells, and a canal cell forming the
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Fig. 15. Semischematic drawings of the two different types of male ventral glands in Encarsin asterohcniisiae.

Pores (arrows) of the two different release and spread structures in insets. G, glands; P, pores; SEC, secretory

cell (based on Pedata et al. 1993).
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Fig. 16. Suspected release and spread structures (RSS) of male glands in some Ichneumonidae: a-c) CylkKeria

melanchoUca; d-e) Pimpln hypocondriaca; f-g) Ichticiimon sarcilorius. P, pores, (bars: a = 250 micron, b, d and f =

100 micron, c = 50 micron, e and g
= 25 micron).
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Fig. 17. Hypothetical female antenna with distribution of ascertained and supposed multiporous gustatory
jensilla (MGS) in different taxa: a) apical and/or apico-ventral area, b) ventral area involving several anten-

nomeres, c) ventral area involving many antennomeres. Aph, Aphelinidae; Bra, Braconidae; Cer, Ceraphron-
idae; Dia, Diapriidae; Dry, Dryinidae; Enc, Encyrtidae; Eul, Eulophidae; Ich, Ichneumonidae; Mym, Mymar-
idae; Pla, Platygastridae; Pte, Pteromalidae; See, Scelionidae; Tri, Trichogrammatidae; Tor, Torymidae.

conducting canal which connects the re-

ceiving canal to the external glandular

opening (Fig. 13a) (Bin and Vinson 1986).

The release site in not always an obvi-

ous peg. For example on another scelionid

the gland opens on the surface of the an-

tennomere (Fig. 12d), but is even less ob-

vious when covered by secretion (Fig.

12c). In the platygastrid Amitiis spiiiifcrus

there is a lateral gland on modified A4
with an external release site in form of a

glabrous elevated plate elliptical in shape
and with about 20 scattered pores (12e, 0-

Internally, the gland consists of some 20

isolated bicellular secretory units similar

in structure to those observed in the male
ventral gland of Trissolciis basalis (Fig. 13b)

(Isidoro and Bin 1995).

In the aphelinid Encarsia asterobemisiae

there are two ventral glands on modified

A4 and A5 (Fig 14a). Externally the ventral

side of A4 has a deep cavity with the bot-

tom and the proximal wall perforated by
numerous pores (Fig 14b), whereas the A5
has a concave area with 9 subcorneal cu-

ticular projections (7 with a small spheri-
cal structure on the tip and 2 with a spat-
ulate structure) (Fig. 14 c). Internally, the

two different release sites correspond to

two integumentary glands, both belong-
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Fig. 18. Hypothetical female antenna (a) and distributional patterns of ascertained and supposed multiporous

gustatory sensilla in different taxa: b) single, c) single and parallel pairs, d) single and transverse pairs, e)

triple row, f) double row convergent, g) scattered, h) clustered, i) double row, 1) scattered, m) elliptical, n)

single row.

ing to the class 1 gland type, but with dif-

ferent cytological features (Fig. 15) (Pedata
et al. 1993).

Functional Areas and Their Possible

Biological Role

The lack of anatomical studies of the an-

tennal sensilla and other antennal struc-

tures or antennal regions has led to a pre-

sumption of a sensory function for these

structures. Further, the diversity in the ex-

ternal morphology has resulted in a di-

versity of terms for these structures and

regions. Thus, attempts to associate func-

tions with receptor morphology have been

predicated on an assumed sensory func-

tion. The realization that some of these

structures are secretory and others are

sensory along with common associations

between these two, suggests a functional

region may exist. We are here proposing
a new terminology in the attempt to com-
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Fig. 19. Hypothetical male antenna with distribution of ascertained and supposed antennal glands in differ-

ent taxa. Taxa having only one antennomere with gland are indicated above the antenna, those with more
than one are reported below. Aph, Aphelinidae; Dia, Diapriidae; Eul, Eulophidae; Ich, Ichneumonidae; Pla,

Platygastridae; Pro, Proctotrupidae; See, Scelionidae; Tor, Torymidae.

bine the new data illustrated above with

the behavioral observations available from

the literature.

"Touch and Taste Area"

The occurrence of non-volatile chemi-

cals preceived by the antennae which are

important in host recognition have been

described for a number of species of par-
asitoids (Vinson 1985, 1991). Similarly,
non-volatile chemicals have been isolated

from the braconid, Caniiochilcs nigriceps

Viereck, that are produced by females

which only elicit sexual behavior in males

on contact (Syvertsen et al. 1995). Thus,

touch and "taste" appears to be important
in both host and mate recognition.
The touch and taste area can be defined

as an area of an antennomere or series of

antennomeres that is associated with one
or more gustatory sensilla. This definition

includes both uniporous (UGS) and mul-

tiporous gustatory sensilla (MGS) which
have to "touch" the active compound /s in

order to "taste" the proper chemical stim-

uli. Further, the UGS, being equipped
with a mechanoreceptor, can also perceive
a mechanical stimulus while the MGS can-

not. The "area" is the portion of anten-

nomere/s bearing one of this type of sen-

silla. Examples of "touch and taste areas"

are documented here. In regards to UGS,
this functional area can be found in both

sexes. The functional area may be only the

tip of the apical antennomere or may con-

sist of the ventro-lateral side of several an-

tennomeres. In contrast the touch and

taste area involving the MGS are found

only in females, either on the tip of the

apical antennomere or ventrally on several

antennomeres. These latter sensilla are,

however, surrounded by numerous tactile

trichoid sensilla, all oriented ("combed")
towards the midline and the MGS, or they
are interspersed with them.

Touch and taste areas involving UGS
are present in Encarsia astewbcinisiac (Fig.

3a), Trissolcus basalis (Fig. 3b), and Amitus

spinifcfu$ (Fig. 3c). Together the MGS,
which lack mechanical receptivity, and the

tactile sensilla form a touch and taste area

as shown by MGS found in Maiitibaria

anonmla (Fig. 4d-e; Fig. 18n), Trisfolciif bas-

alis (Fig. 4a-c; Fig. 18c), Amitus spinifcrus

(Fig. 4 f-g; Fig. 18c), Trichogratiniia brassi-

cac (Fig. 6a; Fig. 181) and Copteni occiiien-
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RSS

RSS

MGS

Fig. 20. Semischematic drawings of transverse sections of male (a, b, c) and female (d) antennomere showing
localization and relative volume of glands and sensory neurons with sheath cells (SN + SC) of multiporous

gustatory sensillum (MGS) (a, c, d: Trissolcus bnsnlis; b: Amitus spiniferus). AG, accessory glands; FDG, female

dorsal gland; MDG, male dorsal gland; MLG, male lateral gland; MVG, male ventral gland; RSS, release and

spread structure.

talis (Fig. 9a-b; Fig. 18g). The evidence for

a touch and taste area involving the MGS
in the scelionid Trissolcus basalis and the

platygastrid Amitus spiiiifcnis, can conceiv-

ably be extended to the whole superfamily

Platygastroidea. There are a number of au-

thors who have focused on parts of the

antennae, which we now refer to the

"touch and taste area". Referring to these

either as indefinite or as abrupt clava, or

referring to a specific sensillar formula

(Bin 1981; Masner 1976; Masner and Hug-
gert 1989), including the unique case of

the genus Nixoiiia Msn. (Masner and Hug-
gert 1989) (Fig. 18d). Further, we provide
evidence (Fig. 181) that the basiconic sen-

silla in Triclwj^ramma brassicae are MGS
forming a "touch and taste area" or "sole

chercheuse" (= searching sole) proposed
for Triclw^rauuiia species (Voegele et al.

1975; Olson and Andow 1993). In the dia-

priid Trichoprin (probably dwsophilac), a
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Fig. 22. Possible role of multiporous gustatory sensilla (MGS) and accessory glands (AG) in host recognition
of Trissolcus basalis: a) host examination by antennal drumming and rubbing; b) semischematic detail of host

egg (H) and antennomere with MGS and AG; c) semischematic detail of host and multiporous area (MA) of

MGS. D, dendrites; H, host; K, kairomone; LL, liftable lobe; P, pores; S, secretion.

group of MGS interspersed with tactile se-

tae defines a "touch and taste area" in the

two apical antennomeres of a three seg-
mented clava (unpublished).

Several other examples of distinct areas

with characteristic sensilla have been re-

ported in females of several parasitoid
families. These could fit the definition of

"touch and taste area" when anatomical

studies of the sensilla are available. All the

traditionally described clavomeres and

probably many of the non-incrassate an-

tennomeres may exhibit a "touch and

taste area" ventrally or ventro-laterally.

Dessart (1994) proposed the term "thig-
mochore" or touching area for a region of

the antennae of ceraphronids distin-

guished by an area with trichoidea and

basiconica sensilla, "thigmomere" for any

flagellomere provided with such an area,

and "thigmus" for the continuous or dis-

continuous antennal segments bearing
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Fig. 23. Dorsal view of female antennomere 8 (A8) siiowing the release and spread structures (RSS) of dorsal

glands in Neodryinua typhlocybae (a, b). Ventral view of male antennomere 10 (AlO) with a couple of release

and spread structures (RSS) in Vespa crabro (bars: a, b, and d = 25 microns, c = 250 microns).

thigmomeres. However, the presence of

gustatory sensilla important in the detec-

tion of contact chemical cues (Vinson

1991) suggests a taste function as well.

Some other possible examples of a "touch

and taste area" involving gustatory and
tactile sensilla include the following. In

the mymarid Polxpicuin striaticonie the cla-

va exhibits a double row of blunt tip bas-

iconic sensilla which likely have a multi-

porous tip (Fig. 8c-e, 18i). In Pteromalidae

the clava has often an area of finer or at

least different pilosity, usually collapsing
in dry specimens, called the "micropilos-

ity area" (Graham 1969; Boucek 1988). In

some pteromalids (Miller 1972) the micro-

pilosity area can be defined by thick-

walled chemoreceptors. For some aphel-
inids the term "claval sensorial complex"

has been proposed, suggesting a host or

mate recognition function (Polaszek and

Hayat 1992). In some encyrtids the "sen-

sory part of clava" is indicated by an area

of micropilosity or microtubules or a

sieve-plate structure which may be limited

to the extreme apex of the antennae or ex-

tended almost to the base (Noyes and

Hayat 1994). In other encyrtids the tip of

the antenna is flattened and bears sensilla

located in an elliptical pattern (Weseloh

1972; Domenichini 1977-78) (Fig. 18m). A
torymid has patches composed of several

fluted basiconic sensilla terminating api-

cally in a small bulb-like structure (Do-
menichini 1977-78) which could be mul-

tiporous gustatory sensilla. These basicon-

ica sensilla are likely multiporous gusta-

tory sensilla arranged in different
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patterns, triple row, double convergent
rows, large patches (Fig. 18e,f,g) and at

least in one case (Fig. 9c,d) could be of two
different types. In the dryinid Neodn/iniis

iyphlocybae the ventral side of the 6 distal

slightly thickened antennomeres presents
short apically bent and flattened basiconic

sensilla located in two longitudinal paral-
lel bands, each composed of two-three

rows (Fig. 9e, f). These could be multipo-
rous gustatory sensilla (in preparation).
Even the braconid C. nigriceps has fluted

bent-tipped basiconic sensilla on the api-
cal antennomere and the preceding 28, all

appearing to contact the substrate during
host searching (Norton and Vinson 1974a,

1974b).

Ascertained and suspected "touch and
taste areas" are summarized in Fig. 17

which shows how the antennomeres in-

volved may greatly vary in number be-

tween and within the groups, and are con-

centrated in the distal portion of the an-

tenna. The functions of the "touch and
taste areas" are likely correlated with in-

tra- or interspecific communication, i.e.

sexual or host recognition and discrimi-

nation, respectively.

"Release and Spread Area"

This term suggests a double function for

some cuticular structures which, while

they "release" the gland secretion through

pores, also may "spread" the secretion

onto the proper sensilla or surface, or at

least make contact with them. The "area"

refers to single or numerous antennomer-

es, modified or unmodified, bearing any

type of a "release and spread structure"

(RSS), apparent or inconspicuous. The lo-

cation of RSS reflects that of the respective

glands, i.e. dorsal, ventral or lateral (Fig.

20a-d). All the glands listed in the previ-
ous section have a more or less character-

istic RSS, including the special case of ac-

cessory glands (AG) which are associated

with the MGS in some species (Fig. 20d).

The RSS connected with female dorsal

glands (FDG) appear as shallow depres-

sions in Trissolcus basalis, from A7 to all

(Fig. lOa-b), or as deep pits in Trissolcus

simoni, from A4 to All (Fig. lOd-e). The
RSS are inconspicuous on A8-A10 oi Ami-

tus spinifcrus. In an internal view of RSS in

both species of Trissolcus the pores that

penetrate the cuticular wall become ap-

parent together with an opening associat-

ed with the campaniform sensillum (CAS)

(Fig. lOb-c, e-f; 11a).

The release site of MGS accessory

glands (AG) in Trissolcus bnsnlis, is located

in the sensillum socket (Fig. 5a-b; 20d). It

seems logical that the spreading function

be performed by the multiporous area at

the tip of the sensillum which, in fact, ap-

pears to be covered by abundant secretion

(Fig. 4b). What the general situation is

within a family or superfamily, cannot be

determined as yet since the scelionid Te-

leiioitius busseolae has an AG, whereas we
have no evidence of such a gland in an-

other scelionid, Mantibaria anomala, or the

platygastrid Aniitus spiiiiferus (in prepara-

hon). Therefore, the presence of MGS does

not necessarily imply the existence of ac-

cessory glands.
The inconspicuous RSS of the male dor-

sal glands (MDG) in Trissolcus bnsnlis, the

only species for which such structures in

males have been described so far (Bin et

nl. 1989), does not differ from the sur-

rounding sculpture which includes the as-

sociated campaniform sensillum (CAS)

(Fig. lib).

In contrast, a great variety of RSS have

been described for the male ventral

(MVG) and lateral (MLG) glands, having
been noticed for their appearance, but un-

til recently (Dahms 1984, Bin and Vinson

1986, Bin and Isidora 1995, Pedata et nl.

1995) confused with sensory organs. The
RSS are often associated with variously
modified antennomeres but also occur on

unmodified ones.

Among the scelionids a number of spe-
cies have a single modified antennomere,

A5, for a which a gland and a peg-like re-

lease structure has been described in one

I
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species (Bin and Vinson 1986). All the oth-

ers, whether having single or multiple
modified antennomeres, (Waterston 1923;

Ogloblin 1930; Masner 1976, 1980; Gallo-

way and Austin 1984; Villa and Mineo

1990a, 1990b), also have specialized struc-

tures such as carine (keels), tyloids, plates,

or pegs, which can be suspected to be re-

lease and spread structures.

In the aphelinids a variety of RSS may
exist and, as shown (Figs 14, 15), may
even differ on different antennomeres of

the same species. In some species special-

ized structures have been found on Al or

other antennomeres that appear as lamel-

lar projections (Viggiani et al. 1986) or con-

ical processes (Viggiani and Ren 1991),

short setae or pegs on A3 or A4 (Viggiani

1985, 1987), or a ventral plate bearing nu-

merous minute setae on A6 (Rosen and

DeBach 1979).

In males of many species, "sexually"
modified antennomeres have been report-
ed (see below).

In diapriids a modified antennomere

with a longitudinal carina with a tooth or

a pointed tyloid, can be found on A3, A4
or A5 depending on the subfamily. In Be-

lytinae a modified antennomere can be

found on A3 or, with only one exception,
on A4 (Nixon 1957; Masner 1993). In Am-
bositrinae a modified antennomere can be

found as A3 and A4, but sometimes also

A5 (Naumann 1987; Masner 1993) and in

Diapriinae A4 (Masner 1991) or a few

cases occur with A3 and A4 (Silvestri

1913, Nixon 1957; Huggert and Masner

1983; Early and Naumann 1990). A doubt-

ful case is a species of Diapriinae having
Al to A3 remarkably modified (Baudoin

1962).

In eulophids a glandular release and

spread site is documented on Al by
Dahms (1984). Another spread and release

site is suspected in Apwstocetus (=Tetras-

tichiis) liagemnvii because of the presence of

a shallow trench at the center of Al (Tak-

ahashi and Sugai 1982).

In platygastrids the only documented

case of a gland refers to the elevated lat-

eral plate of A4 (Isidoro and Bin 1995). In

other members of the family the secretory
function can be suspected when the anten-

nomeres are strongly bent ventrally or are

much longer than the others, such modi-

fications also occurring on A3 or A5. The

specialized structures can be plates

(MacGown 1979), or longitudinal sharp
ventral carina which in some cases end in

a subapical tooth (Masner and Huggert
1989).

In proctotrupids, the species of a genus
are nearly always provided with patches
of specialised antennal structures (Nixon

1938) some of which have been called ty-

loids. These appear as slightly raised ellip-

tical areas that may be hairless, polished
or minutely punctate and vary in size de-

pending on the length of the segments.

They may involve several antennomeres

up to the apical one (Townes and Townes

1981). In ichneumonids, as illustrated in

Fig. 16, tyloids usually appear and vary in

form, such as a longitudinal prominence
(Richards 1956), an elliptic or linear raised

area on the outer side of each of several

antennomeres near the mid-length of the

flagellum (Townes 1969), or as a porous
keel (Frilli 1974). These tyloids may also

be gland release structures.

In two torymid species Al is broadened

and strongly arched, with the ventral sur-

face covered with small pores. This area

of Al appears to come into contact with

the female flagella during courtship

(Goodpasture 1975).

Besides the examples described above,

there are a few others which are question-
able because the antennomere is modified,

but there is no obvious specialized struc-

ture. Examples of this situation occur in

two groups; the Eucoilidae with A3 an-

d/or A4 bent, the outer side flattened

proximally and more or less swollen dis-

tally (Nordlander 1980), and the Heloridae

with the posterior surface of A5 sinuate

and smooth (Naumann 1983).

Based on identified RSS and those sus-
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pected to be RSS, due to their morphology
and location, we have developed a map
(Fig. 19) of the location of RSS on a hy-

pothetical male antenna. As can be seen

on the map, the RSS may range from the

scape, Al, to the most apical antennomere

with a concentration in the proximal half

of the antenna. The suspected secretory
function may only occur in A 1 in the Chal-

cidoidea (Aphelinidae, Eulophidae, Tory-

midae). These RSS may occur much more

frequently in A3 to A5 in all the Superfam-
ilies regardless of the antennomere num-
ber. However, the glands extend from A6
to several others in Scelionidae, Proctotru-

pidae and Ichneumonidae. In no case does

A2 play this role. Multiple modified an-

tennomeres with RSS may have a different

functional significance or may simply be a

multiplication of the same functional

structure, possibly to allow for the en-

hancement of the stimulation or to allow

for the induction of a more rapid re-

sponse. An example of the first case is that

of A4 and A5 in E. asterobemisiae (Pedata
et al. 1995) which have different special-

ized structures associated with different

glands which may play different roles in

some complex behavior. The second

seems to be the situation of some Scelion-

idae, Proctotrupoidea and Ichneumonidae

because the repeated specialized RSS
structures appear to be the same.

The term "sex segment" was proposed
for the modified antennomere/s on the

basis of their speculated involvement in

mating behavior of scelionids (Masner

1976). Evidence of a role in mating behav-

ior was later provided by Bin et al. (1988)

for Trissolcus basalis. A similar term, male-

sex antennomere (MSA) (Isidoro and Bin

1995), has also been used in a platygastrid

being determined by ultrastructural evi-

dence and some behavioral observations.

The presence of modified antennomeres

with release and spread structure (RSS) in

males of various parasitoid groups strong-

ly suggest a sexual recognition function.

However, similar structure in females

could function in either sexual recognition
or host recognition, or both.

Sexual Recognition

All the documented cases listed above

indicate that the "UGS touch and taste

area", located apically or latero-ventrally,
could be used for sexual recognition in

conjunction with the female dorsal glands
and male ventral or lateral glands and as-

sociated "release and spread areas".

The diversity of gland structure and lo-

cation suggests a strong selection pressure
towards a unique antennal glandular sys-

tem in each species. It has been long rec-

ognized that the elaborate courtship be-

haviors in many parasitoid hymenoptera
are very effective reproductive isolation

mechanisms (Barrass 1979; van de Assem
1986, 1996). However, it is difficult to use

a complex behavioral sequence involving
two individuals as a taxonomic tool. The

use of the glands may provide a key to

reproductive isolation mechanisms in

these insects. Further, the UGS pattern

may also play a role in the sexual isola-

tion. The secretion, if important in sex rec-

ognition, must be perceived by the oppo-
site sex. Since the secretions appear to be

non-volatile, as evidenced by the need to

remove high molecular weight lipids and

proteins to reveal details of the surface ul-

trastructure of many of these glands, and

the presence of visible secretions (Fig. 12),

they must be detected by a gustatory type
of sensilla. Thus, the placement of the un-

iporous gustatory sensilla and the glands
should reflect the behavior. Although de-

tails of the sexual recognition behavior of

the parasitic Hymenoptera that consider

the positions of the glands and sensilla

have not been examined, with the excep-
tion of information concerning Trissolcus

bnfalls (Bin cf al. 1988; Bin and Vinson, un-

pub.), we suggest that such information

could demonstrate the importance of the

glands, sensilla, and behavior as a repro-
ductive isolation mechanism. In Trissolcus

basalis, males mount the female and en-
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gage in elaborate antennal interactions

(Fig. 21a) where the antennae of the male

initially drums the female antennae. This

places the male uniporous sensilla in con-

tact with the female dorsal glands. As the

antennation proceeds, the antennae of the

male appears to coil partly around the an-

temiae of the female, usually from the me-
dial side (Fig. 21a). The male then moves
back slightly, resulting in the sliding of the

males antennae segment A5, along the in-

ner lateral edge of segments All to A6 of

the female where uniporous sensilla are

located. Whether these glands and sensilla

are involved in sexual recognition remains

to be ascertained.

Some behavioral observations on Ami-

tiis vesiivianus and A. nigosus have shown
that the male A4, having a lateral plate

functioning as a release and spread struc-

ture very similar to that of A. spiniferus

(Fig. 21d) (Isidoro and Bin 1995), touches

the median side of the basal segments of

the female funicle during courtship and

mating (Fig. 21c) (Viggiani and Battaglia

1983a, 1983b).

Another example is provided by £. as-

terobemisiae where the behavior has been

described by Viggiani (1980) (Fig. 21e).

During the elaborate antennal interaction

involved in sexual recognition, the report-
ed glands and uniporous gustatory sensil-

la of the male seem to be appropriately

positioned with the uniporous gustatory
sensilla of the female. However, the role

of uniporous gustatory sensilla of the male
is uncertain because it is unknown wheth-

er a gland is present in these antenno-

meres of the female.

We suggest that correlating the locahon
of secretory areas of the antennae with

that of the uniporous gustatory sensilla,

entering into contact during courtship,

may provide valuable keys to some spe-
cies specific sensilla and gland patterns.
These aspects do not seem to have been

considered in other groups of parasitoids

(van den Assem 1996).

Host Recognition

The "MGS touch and taste area", which

typically occurs ventrally, ventro-laterally
or apically, could be a common feature of

parasitoids. Such an area, consisting of

MGS, mechanoreceptive sensilla and in

some cases UGS and accessory glands,
could be functionally responsible for host

recognition and discrimination since MGS
and possibly UGS could be capable to re-

spond to host recognition kairomone and
host marking pheromone.
At least in one case, that of Trissolciis

basalis, it can be speculated that the acces-

sory gland secretion may be important in

the host recognition process (Fig. 22). Bin

et al. (1993) reported that host eggs re-

moved from the ovary prior to the addi-

tion of an adhesive were not recognized.

However, once the adhesive layer was
added to the egg chorion, the parasitoid

responded (Fig. 22a). Using glass beads of

similar size to host eggs. Bin et al. (1993)

reported no response, but if the adhesive

was added, females responded. Further,

females only responded when the adhe-

sive was present on a curved surface. The

results suggest the adhesive contains a

kairomone to which the female parasitoid

responds only when encountered on a

curved surface (Bin et al. 1993). Further,

the adhesive was found to be composed
of a slightly acidic muco-polysaccharide
with some protein. Thus, the adhesive is

very complex. Although we do not know
what specific compound or component of

the adhesive is responsible for the recog-
nition of the object as a host, the glandular
secretion of the antennae of the parasitoid

may play an important role in this re-

sponse (Fig. 22b). Several possible scenar-

ios include the dissolving of the adhesive

by the secretion releasing the recognition

cue, enzymatic degradation of the adhe-

sive that releases or produces the recog-
nition cue, or the secretion may act as

some sort of receptor protein (Fig. 22c).
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CONCLUSIONS

Antennal gustatory sensilla and several

types of glands, have been documented in

a relatively few species of parasitoid Hy-

menoptera, but we suggest, based on lo-

cations and external features, that such

sensory and secretory structures may be

common. While these sensory and secre-

tory structures appear to differ in detailed

structure, shape, size, number, location

and distribution; there are similarities and

patterns that indicate a common function.

The presence of such organs has also

been determined in Aculeata, such as the

multiporous gustatory sensilla and female

dorsal glands in the Dryinidae (Fig. 23a,

b) and male ventral "tyloids" with con-

spicuous pores, likely indicating a releas-

ing role, in Vespa crabro (L.) (Fig. 23c, d).

In addition, cuticular structures possibly

playing a secretory role, based on the

presence of evident pores, occur in males

of several parasitoid families (Sapygidae,

Tiphiidae, Mutillidae, Pompilidae, Sphe-

cidae) and non parasitoid hymenopterans

(Eumenidae, Andrenidae, Anthophoridae)

(Pagliano et al. unpublished).
Whether sensilla and glands are inter-

active structures for sex communication or

play a role in host recognition (a kind of

a "lock and key system") are hypotheses

which still need confirmation. It is our

hope to stimulate others to examine the

antennae of the hymenoptera, not just as

a sensory receiving organ, but as an organ

that can be involved in the release of se-

cretions. While the role of these secretions

is speculative, we suggest they may be in-

volved in sexual communication and in a

few cases along with the gustatory sensil-

la, aid in host recognition. Assuming that

the secretions are involved in sexual com-

munication and the gustatory sensilla are

involved in either sexual communication,

host recognition, or both; mapping of

these particular structures may provide

for some taxonomic advance. Considera-

tion of the glandular function of the an-

tennae and the presence of gustatory sen-

silla along with additional anatomical

studies and behavioral observations fo-

cused on these structures may help to re-

interpret antennal function, define homol-

ogies, unify terminology and provide ad-

ditional information regarding phylogeny.
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Abstract.—Ammophila gracilis is a mass provisioner, supplying an egg with 1-2 geometrid cat-

erpillars over 1-2 days before final nest closure. Nesting of marked wasps was observed at two

sites in Belo Horizonte, Minas Gerais, Brazil. Nests at the more homogeneous site (n=54), an open
dirt road, had a clumped distribution, compared to those at the other site (n=30) which consisted

of a series of small patchy clearings. Adult wasps lived up to 84 days. Development averaged
56±10 days. Seven nests were destroyed by miltogrammine flies {Metopia n. sp. nr. sinipmlpis). Ant

predation was suspected as the major cause of mortality for 59 nests that did not yield adult

wasps or parasites. A distinctive "crouching" behavior displayed by nesting females when mil-

togrammine flies were detected is described for the first time.

INTRODUCTION

Sphecids in the genus Ammophila Kirby
are all ground-nesting wasps that capture

prey, especially naked lepidopterous cat-

erpillars and symphytan larvae, to provi-

sion each nest where a single larva devel-

ops (Evans 1959; Powell 1964; Bohart and

Menke 1976). However, larval weevils

have been recorded as prey for A. azteca

Cameron (Evans 1965). The complexity of

nesting behaviors is noteworthy in this ge-

nus (Evans and West-Eberhard 1970; Tin-

bergen 1974; Field 1989), and is among the

most diverse in the Sphecidae. The impor-
tance of ethological studies to the system-
atics of the group was demonstrated by
Baerends (1941) and Adriaanse (1947),

who discussed the inter- and intra-specific

nesting behavior, and Rosenheim (1987),

who also discussed the importance of

prey-nest sequences, though Weaving
(1989) stressed that prey-nest sequences in

Ammophila do not always reflect the sys-

tematic relationships supported by mor-

phology.

Members of Ammophila display a wide

range of nesting tactics (discussed by
Evans 1959; Powell 1964; Bohart and Men-
ke 1976; Parker et al. 1981), including mass

provisioning, in which one to a few cat-

erpillars are put into a single nest over a

period of 1-2 days; delayed provisioning,
in which the last prey item is provided af-

ter egg eclosion; and progressive provi-

sioning, in which they continue to reopen
nests to provide food through much of lar-

val life. The progressive-provisioning
members, such as A. harti (Femald), may
maintain several nests in different devel-

opmental stages at one time (Baerends

1941; Evans 1965; Tsuneki 1968; Hager
and Kurczewski 1986). Also, as Weaving
(1989) pointed out, many mass provision-

ing species can be facultatively delayed

provisioners due to inclement weather.

Krombein (1984) discusseci the general

provisioning tactics for several species, in-

cluding A. laevigata Smith (a mass provi-

sioner of several prey items per nest) and

A. atripes Smith (a mass provisioner of one

large prey item per nest). Ammophila are
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also noted for tool use, especially for using
a pebble in the mandibles to push down
and pack soil into their completed nests

(Peckham and Peckham 1898; Evans 1959;

Powell 1964; Tsuneki 1968). A classic ac-

count of nest building and provisioning in

Aniuipphila and other wasps, including nu-

merous outstanding, informative photo-

graphs, is provided by Olberg (1959).

Many of the behaviors discussed in the

present work are also illustrated with pho-

tographs for other Ammophila species in

Olberg (1959).

We observed the nesting behavior of fe-

male A. gracilis Lepeletier, gathering infor-

mation about their general habits of

searching and nest construction, provi-

sioning and nest closure, interactions with

other insects, and nest distributions at two
sites on the Pampulla campus of the Univ-

ersidade Federal de Minas Gerais

(UFMG), Belo Horizonte, Minas Gerais,

Brazil.

MATERIALS AND METHODS
The first site, which we will call "Pre-

feitura," was a 150 m long and 6-10 m
wide, homogeneous, compact sand and
dirt road (Fig. lA) within a 3 hectare plot
of land containing vegetation in secondary
succession. The second study area, which
we will call "Estaqao Ecologica," was a

long trail with a series of small, patchy

clearings (Fig. IB), all within a 156 hectare

research facility of 2nd growth vegetation.
Details of the vegetation of Esta^ao Ecol-

ogica are discussed by Martins and Al-

meida (1994) and Martins and Antonini

(1994). Both sites had dense, grassy and

shrubby vegetation along the edges. Am-

mophila gracilis was commonly encoun-

tered at both of these sites, at which we
logged over 100 hours of observations at

each from April to December 1993.

We spent the first few weeks making
preliminary observations and marking
and measuring female A. gracilis. They
were hand netted and worked into a

matchbox such that only their head and

upper surface of the thorax were exposed
(see Fig. 9 of Martins and Pimenta 1993).

Head and thorax widths were measured,
and each wasp was marked on the meso-

thorax with three dots of acrylic, fast-dry-

ing paint, in a unique color combination.

It was carefully noted where each was

originally captured, and any subsequent

sightings were noted as to exact location

and date. Fifty-four wasps were captured
and marked.

We carefully recorded female activities,

including searching and nest building,

prey handling and nest provisioning, nest

plugging and camouflaging, breaks for

taking nectar from flowers, and any inter-

actions with other insects. In addition, we
marked 84 nests (54 at Prefeitura, and 30

at Estaqao Ecologica) to identify the indi-

vidual wasp and the date of her nest com-

pletion.

Upon seeing a wasp with prey, we fol-

lowed to her nest. After the nest was fi-

nally provisioned and plugged, we placed
a glass chip over the entrance (after Weav-

ing 1989). After the chip remained un-

moved for over a week, indicating that she

probably has not returned and reexcavat-

ed the nest, we secured a marked plastic

cup over the nest to capture whatever

emerged.

During ongoing studies of various

ground-nesting wasps and bees at the two
sites (e.g. Martins and Almeida 1994; Mar-

tins and Antonini 1994), A. gracilis has

been active during the period of February

through September. However, they have

been noticeably absent during the rainy
season of October through January,

though the nature of this apparent dor-

mancy remains a mystery.
All values presented are expressed as

the mean ± standard deviation. Voucher

specimens of A. gracilis have been placed
in the "Laboratorio de Ecologia e Com-

portamento de Insetos" at UFMG, Belo

Horizonte, Minas Gerais, Brazil, and in the

Illinois Natural History Survey, Urbana,

Illinois, USA. Voucher specimens of the
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Fig. 1. A-B. Nesting sites, A. "Prefeitura," showing the homogeneous nature of the area, B. "Esta^ao Ecol-

6gica," showing the heterogeneous, patchy nature of the area.

Metopia species (Diptera: Sarcophagidae:

Miltogramminae) have been placed in the

Swedish Museum of Natural History,

Stockholm, Sweden. The nest distributions

underwent nearest neighbor analyses in

one dimension (after Boots and Getis

1988), using each nest as a point along a

line. The nesting sites were linear in na-

ture, and so were compressed longitudi-

nally so as to be reduced to one dimen-

sional lines. To test whether our distribu-

tions were different from random, we cal-

culated a ;-value based on the S-statistic

suggested by Durbin (1965) and compared
it with the normal.

RESULTS AND DISCUSSION

The mean head width and thorax width

of the marked A. j^racilis was 3.33 ±0.29

mm and 2.68±0.25 mm, respectively
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Histogram representing the minimum longevities of the individual, marked Atmnoplula gracilis fe-

(n
=
53), with no differences between the

sites.

Ammophilii gracilis is a mass provisioner,

always supplying 1 or 2 geometrid cater-

pillars (Lepidoptera: Geometridae) to a

nest over a 1-2 day period before perma-
nent closure. Other species are known to

use a variety of prey, such as A. aherti Hal-

deman, which prey on members of 14 gen-
era in five families of Lepidoptera (Parker
ct al. 1980), and A. harii, which uses at least

16 genera in seven families (Hager and
Kurczewski 1986).

Marked indi\'iduals were never ob-

served far from where they were initially

captured. At Prefeitura, individuals were

only seen within about 10-20 m of their

original marking site. At Esta^ao Ecologi-

ca, they were never observed to move be-

tween clearings, and they were only seen

in the same general area as they were orig-

inally marked in a given clearing. As in A.

Iiarti (Hager and Kurczewski 1986),

marked A. gracilis females each construct-

ed their own nests within this same area.

However, each individual wasp was not

seen every day, and their activity on those

days is unknown, but of interest. The

wasps were typically active only during

sunny periods of the day, with little or no

activity on cloudy days.
The adult life span of A. gracilis is con-

siderably longer than for any other Am-

mophila species recorded. The minimum

longevity histogram (Fig. 2) represents the

longest period of time between our initial

marking and last sighting of an individu-

al, with 84 days being the longest interval.

Eighteen individuals were never seen after

the initial marking (not shown in Fig. 2).

Nest Digging

The general nesting behavior was simi-

lar between the study sites. Typically,
while searching, the female wasp would
not act aggressively towards other insects.

She usually concentrated her search in

sandy patches and along cracks of more

compact ground, and would often start

digging in several different spots before fi-

nally settling in on one, similar to that of

its close relative (another Ammophilini),
Podalonia robusla (Cresson) (Kurczewski et

al. 1992). On most occasions she would
use pebbles and sand to rebury unsatis-

factory holes, and would occasionally
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abandon nearly completed nests, as was
also seen in A. sabulosa (L.) (Field 1989).

Interestingly, on one occasion, an A. grac-

ilis female was observed digging two nests

simultaneously, each a few centimeters

apart. This was probably reminiscent of

the false burrows discussed by Evans

(1966a), where more than one burrow is

simultaneously constructed in a possible
effort to mislead parasites.

Once a suitable spot was found, she

would begin cutting soil with her large

mandibles, flying out of the hole and

throwing each load of soil about one-half

meter from the hole, in all directions. She

did, however, consistently enter the hole

from a single direction. As she dug deeper
(to approximately thorax depth), she

would start flying out of the hole in a sin-

gle direction, about 45° to one side of her

entrance direction, throwing soil farther

from the hole each time, with a maximum
distance of about 1.5-2.0 m. This behavior

of flying loads of soil away from the nest

was also reported, and nicely illustrated

with photographs, for A. piibescens Courtis

and other sphecids (Olberg 1959). Com-

pleted nests averaged 21.6 ±2.0 mm deep,
with an entrance diameter of 6.4 ±0.8 mm
(n
=

18).

During the entire process she would

regularly stop and fly into the nearby veg-
etation to take nectar from any of several

plant species, including Elephantopus mollis

Humboldt, Bonpland, and Kunth (Aster-

aceae), Vcnioina poh/aiUlws (Sprengel) Les-

sing (Asteraceae), Brcdcinei/crn floribunda

Willdenow (Apocynaceae), Mitricnrpus hir-

tiis (L.) DeCandolle (Rubiaceaej, Wnltlierin

indica L. (Sterculiaceae), and a Sida sp.

(Malvaceae). These share the characteristic

of possessing small flowers.

Interactions With Other Insects

While digging, female A. gracilis often

had encounters with other insects. An ant

crossing her nest building area was re-

sponded to aggressively, by attacking and

hovering above, nipping at the ant until it

left. She would often carry the ant into the

air, dropping it a few cm away, as was
also observed for A. dysmica (Rosenheim

1987). When she encountered a female

conspecific, or another ground-nesting

wasp, which were common to the area,

she would attack it aggressively, driving
it away in a similar fashion as with ants.

The case of perching satellite flies (Dip-
tera: Sarcophagidae: Miltogramminae),
was rather interesting, and warrants fur-

ther investigation. When a fly or flies were

perching near her nest, she would often

stop nesting activihes and freeze. This has

been aptly described as "freeze-stops" in

some other sphecid wasps (Alcock 1975;

Spofftird et al. 1986), and was mentioned

for A. harii (Hager and Kurczewski 1985).

The wasp would also crouch low to the

ground with her legs spread wide, re-

maining in this position until the flies left.

This is described here as "crouching" be-

havior. Sometimes, however, she would
attack the parasites, temporarily driving
them from her nesting area. Despite such

efforts, parasitism of the nests was at least

8.37o by these flies.

Provisioning and Nest Closure

Once the nest was complete, she would
search for a plug to form a temporary clo-

sure. In searching for a plug, she would

pick up and manipulate numerous peb-
bles in her mandibles, often dropping
them without trying them in the hole be-

fore finally finding a suitable one, which

was also observed in A. aberti (Powell

1964). Tlien she would plug the hole and

pile several (mean: 6.25 ±1.50; n = 4) more
smaller pebbles on top, finally shoveling
sand over the entrance. Once so plugged,
she would fly off and disappear, usually
not to return for over an hour or two, and

sometimes not until the next day. On sev-

eral occasions, we observed females mov-

ing to tall grass and running their man-
dibles up and down the blades, as if clean-

ing the mouthparts.

Eventually, she could be seen dragging,
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Fig. 3. Egg of Ammophila gracilis on the first abdom-

inal segments of the prey caterpillar.

or taking short hopping flights with, a

paralyzed caterpillar, which she had

grasped in her mandibles below its thorax,

usually venter up, as has also been ob-

served for several AnnnophiJa species

(Powell 1964; Tsuneki 1968). Then she

would find her plugged hole, drop the cat-

erpillar nearby, and unplug the nest. At

both sites, ants would occasionally carry
off the prey if left for more than a few

minutes. Rosenheim (1989) observed that

over 5% of prey items of A. dysmica were

stolen by ants. After inspecting the nest,

she would back down the hole, dragging
the caterpillar down head first, and would
remain inside for 1-3 minutes before ex-

iting, presumably laying an egg on the lat-

eral part of the first few segments of the

prey's abdomen (Fig. 3), or on the second

or third thoracic segment.
Then she searched out a new plug, or

occasionally used the old one, to close the

nest. If the first caterpillar was a large one

(e.g., 2x her own body size), she would

put a permanent closure on the nest. If it

were smaller, such that she needed to find

another prey item, she would make anoth-

er temporary closure, as described above.

The mean caterpillar size (n=9), including

prey from both one- and two-caterpillar

nests, was 30.4± 10.8 mm long, and
3.9±0.9 mm body width. For permanent
closure, she would set the plug deeper
into the hole, then adding smaller pebbles

(mean: 12.50±1.29; n=4) before shoveling
in sand and packing it tight, using her

head and mandibles, or a pebble grasped
in her mandibles, to push. A typical se-

quence would be: add plug, then seven

pebbles, then shovel in some sand, then

add two pebbles and a small stick, then

shovel in some more sand, then add five

pebbles, then finish by shoveling in sand.

Once filled in with pebbles and sand, she

would carefully camouflage the area by

moving sand, pebbles, and small sticks

around the entrance, even rearranging

pebbles and sticks up to 0.5 m from the

nest entrance.

Mortality and Emergence Patterns

Of those A. gracilis that emerged from

both sites (n=12), the mean time period

spent underground after nest closure was
56.30±10.14 days. Although the range was

quite wide (37 days), there was no corre-

lation between days spent underground
and the date. In fact, the individuals with

the shortest (35 days) and longest (72

days) times were initially buried within

four days of each other. An additional six

pupae were excavated from their nests

prior to adult emergence.
Of the remaining 66 nests that did not

have A. gracilis emergence or pupae, seven

nests were found to have been successful-

ly parasitized by members of an unde-

scribed species of Metopia (Allenicia)

Townsend (near M. sinipalpis Allen) (Dip-
tera: Sarcophagidae: Miltogramminae) (T.

Pape, pers. comm.). Each of these nests

produced from one to ten flies within

35.75 ±4.99 days after nest closure. After

excavation, some prey items were ob-
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served to have up to 15 parasite eggs clus-

tered over the caterpillar's head capsule or

first thoracic segment. No other parasites

were recovered from nests of A. gracilis in

this study, although there were numerous

digger wasp and bee parasites (especially

Diptera: Bombyliidae, and Hymenoptera:

Chrysididae, Mutillidae, and Leucospi-

dae) present at each site. We can only

speculate about the remaining mortality

factors, which were responsible for the

non-emergence of 59 of the 84 total nests.

We suspect that there is extremely high
ant predation, as all of these nests were
excavated to yield no remains whatsoever.

Rosenheim (1987) observed that ants

would also prey on nest contents after fi-

nal nest closure in A. di/sniica. Therefore,

we do not know the true rate of milto-

grammine fly parasitism, as these nests

could also have been removed by ants.

Assuming nests with flies were destroyed

by ants at the same rate as those with

wasps, fly parasitism could have been as

high as 28%.

On only one occasion did we observe

the results (but not the event itself, unfor-

tunately) of physical removal of a prey
item after nest closure. Within one day af-

ter an observed final nest closure, we
found the nest unplugged with the para-

lyzed caterpillar beside the entrance, with

no A. gracilis egg attached. This removal

of prey may have been by a conspecific,
as has been observed, for example, in A.

sabulosa (Field 1989), A. di/suiica (Rosen-

heim 1987), and A. aberti (Parker ct nl.

1980).

Interestingly, the total mortality for A.

gracilis was quite high compared to other

published accounts of Atuuiophila species.

The total mortality for both study sites

was 78.6% (66 of 84 nests), with Prefeihira

mortality at 72.3%, and Estaqao Ecologica

mortality at 907o. Mortality rates for other

species include: 52.5% for A. lii/smica (Ro-

senheim 1987); 51.7% for A. liarti (Hager
and Kurczewski 1986); and 33% for A. sa-

bulosa (Field 1989). Outside of Ammopiiila,

the mortality of another sphecid, Tachys-

phex tcriniuatus (Smith), due to miltogram-
mine fly parasitism alone, was 30.6-57.9%,

depending upon nesting site (Spofford et

al. 1986). Only 10.6% of the mortality oi A.

gracilis could be explained by miltogram-
mLne fly parasitism, although the actual

rate of parasitism is probably considerably

higher if ant predation of closed nests is

great.

Nest Distributions

For our nearest neighbor analyses, us-

ing Durbin's S-statistic (Durbin 1965), we
concluded that the distribution of A. grac-
ilis nests was clumped at Prefeitura. The
calculation of the S-statistic for the Prefei-

tura nests yielded a 2-value of —2.406. Be-

cause this calculated value of z is negative
and the value obtained from the tables of

the normal distribution is smaller than

0.05 (P
=
0.016), the H., (that the distribu-

tion of nests is random) is rejected in favor

of one indicating a clumped distribution

of points along the line. Regarding the dis-

tribution of nests at Estaqao Ecologica (us-

ing only the most heavily nested clearing,

at the beginning of the series of patchy

clearings), we found that we could not re-

ject H„. The calculation of the S-statistic

yielded a ::-value of -1.027. The value ob-

tained from the tables of the normal dis-

tribution is larger than 0.05 (P
= 0.306), in-

dicating the distribution cannot be consid-

ered different from random. This could

possibly be explained by the smaller sam-

ple size, or it may be a real difference in

the distributional patterns between the

two sites.

If the differences in nest distributions

between the sites are real, they can be ac-

counted for. It is possible that there is a

differential parasite and predator pres-

sure, causing more clumping and aggre-

gation at the Prefeitura site, but more data

is needed to support this. If that is the

case, there may be less pressure on A.

gracilis in the very diverse, patchy areas of

Esta^ao EcokSgica, where they could be



Volume 5, 1996 247

more difficult to find by searching, gen-
eralized parasites. Prefeitura is a very

large, open, and homogeneous site, with

numerous other ground-nesting wasps

continuously present. This, coupled with

the numerous parasites could pressure the

wasps into small aggregations, affording
them at least some protection by sheer

numbers, as a type of "selfish herd" re-

sponse (Hamilton 1971; Wcislo 1984),

where the probability of nest parasitism
decreases with increasing nest density.

However, it has also been proposed that

parasite pressure may act against the for-

mation of nesting aggregations, and in fa-

vor of delayed nest provisioning (Rosen-

heim 1989) or progressive provisioning

(Evans 1966b; Hager and Kurczewski

1985).
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Abstract.—Papers dealing with the biology of Mutillidae since the last survey (Brothers 1989)

are cited. Tricholabiodes Radoszkowski is the only genus of nocturnal Mutillidae recorded from

southern Africa. Aspects of the biology of three species, T. thisbe (Peringuey) (= T. carinifera

Bischoff syn. nov.), T. livida Andre and T. imbellis (Andre) (grooming), are described, based on
field and laboratory observations in South Africa and Namibia. The following aspects are dis-

cussed: habitat, times of activity, predators and defence, mating, stridulation (during distress,

copulahon and as apparent communication) and grooming. This is the first account of the biology
of any species in the genus.

INTRODUCTION

Although the Mutillidae comprises
about 8000 species of sexually dimorphic

wasps (female always wingless and male
almost always winged), knowledge of

their basic biology is very limited. Of the

more than 200 papers dealing with mutil-

lid biology, host-parasite relationships or

life-history information, fewer than 20 re-

port detailed studies of their biology
(Brothers 1972, 1975, 1989). Since the last

paper cited, the following papers have ap-

peared: a review of mutillid adaptations

(Deyrup 1988); information on water loss

in Dasylabris sp. (Zachariassen et al. 1988);

biological information on Dasyiiiiitilln pyr-
rhuf (Fox) (Manley & Deyrup 1989), D.

scaevola (Blake) (Hook & Evans 1991) and
Pseiidoiucthocn species (Krombein 1992);

details on copulation of Myrmilla calva f.

distincta (Lepeletier) and Myrmilla erythro-

cepbak f. bison (Costa) (Monastra 1989);

seasonal flight activities of species of

Ephtitn Say, Photomorphus Viereck, Pseii-

donicthocn Ashmead, Sphacropllmlma Blake

and TiDiulla Ashmead (Deyrup & Manley
1990); observations on host associations

(e.g., Callan 1991, 1993, Krombein 1991,

Riddick 1991, Brothers 1994, Yanega 1994,

Weaving 1994, 1995, Neff & Rozen 1995);

the effects of urbanization on Mutillidae

(Gayubo & Torres 1989); and sex associa-

tions and mating behaviour (Cambra &
Quintero 1993, Quintero & Cambra 1994).

Tricholabiodes (Sphaeropthalminae, Das-

ylabrini), one of several genera of noctur-

nal mutillid wasps, is restricted to the arid

and semi-arid regions of Africa and the

Palaearctic. Its distribution in southern Af-

rica includes all four desertic biomes:

Nama Karoo, Succulent Karoo, Desert and

arid parts of Savanna, which represent
more than half of the area of the subcon-

tinent, covering the western coastal belt

between 12°S and 33°S and extending into

the Kalahari basin and central Karoo pla-

teau as far as about 26°E (Lovegrove 1993;

Rutherford & Westfall 1994). This paper

provides the first account of aspects of the

biology of any species of the genus.

Specimens of Tricholabiodes are 3-12 mm
long, with the mesosoma completely tes-

taceous; males have large ocelli, hyaline

wings with the forewLngs infuscated dis-
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tally and a sparsely setose petiolate me-

tasoma; females have the metasoma peti-

olate to sessile. Three species, T. tliisbe {S

& 9),T. livida (d & 9) and T. imbelUs (S),

are treated (figs. 1-5). Identifications of

males were made by comparison of

voucher specimens with the holotypes or

lectotypes, and of females by direct obser-

vation of sex associations (see below). As
a consequence of such observations, the

following new synonymy was established:

T. thisbe (Peringuey 1898) (based on males

only)
= T. cariuifera Bischoff 1920 (based

on female only), syn. nov., male observed

in copula with female. (The female was
identified by reference to the original de-

scription with which it agrees well; this is

the only female found in southern Africa

which has the very characteristic strong

longitudinal ridges on the second meta-

somal tergum.) The genus is currently be-

ing revised by Bayliss & Brothers, and tax-

onomic details will be published later.

MATERIALS AND METHODS
Field observations were made during

January to March 1995 and in January
1996 in the south-central and northwest-

em regions of South Africa, and in central

Namibia; laboratory and field observa-

tions were made at Gobabeb Research Sta-

tion, Namibia. In the field, a lighted dome

(Oberprieler 1984) (with three centrally

placed fluorescent tubes emitting a mix-

ture of white and ultraviolet light and

powered by a 12V battery) was used for

attracting males which were then collected

by hand. Females were caught by search-

ing the ground using a flashlight, looking
for signs of movement, or by excavating
burrows. Field observations of behaviour

were made with a red filter over the flash-

light.

Live adults, brought into the laboratory
for observations on communication, strid-

ulation, mating, grooming and feeding,
were kept in small vials or petri dishes (di-

ameter 90 mm, height 20 mm) with the

bottom lined with paper towel to provide

a rough substrate, in a dark cupboard,

simulating conditions in natural refuges.
A Wild M5 stereo microscope, using white

light from a desk lamp, was utilised for

laboratory observations at irregular inter-

vals during the day and at night. Details

on mating were obtained by placing two
adults of opposite sex in the same petri

dish. If no interactions (including stridu-

lation or rubbing of antennae) occurred

between them after several minutes, they
were separated. The same two individuals

were never placed together more than

once, unless interactive behaviour be-

tween them had previously occurred.

Grooming has not previously been de-

scribed in mutillids, so grooming behav-

iour was noted in the field and the labo-

ratory whenever seen, and detailed exper-
imental observations were carried out af-

ter covering the body with flour.

Observations (a total of at least 50) in-

volved several specimens of all three spe-
cies and the full repertoire of cleaning ac-

tivities was seen in about 5 individuals of

T. thisbe (including 1 female) and 8 of T.

imbeUis. The terminology used in the ac-

counts of grooming is from Basibuyuk
and Quicke (in litt.).

The accounts below apply to T. thisbe

and T. livida unless otherwise stated.

RESULTS AND DISCUSSION

Habitat and Activity Patterns

Females are commonly associated with

dry river beds, walking or running on the

banks or in the adjacent loose vegetation.

They walk slowly over hard compact soil,

probing cracks and crevices with their an-

tennae and regularly entering and leaving
burrows. On loose sandy soil they move

ejuickly without appearing to search. (Fer-

guson (1962) observed similar behaviour

in females of the nocturnal subgenus Plio-

topsis Blake.) When inactive, they hide in

pre-existing burrows. Females were seen

emerging from burrows with entrances

opening on the vertical faces of banks of
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Figs. 1-5. Tricholahioiics spp. 1, T. Ihisbc, 6, lateral view. 2, T. thisbe, 9, dorsal view. 3, T. /iwd«, d, lateral

view. 4, T. liz'idii, 9 , dorsal view. 5, T. inihclUs, 6, lateral view. Scales = 3 mm.

compact soil and they were occasionally
found when such burrows were excavated

during the day.
Where the males reside during the day

is unknown. At night, they were often

seen entering and leaving small circular

burrows but were never found residing in

the burrows. Burrows and crevices that

males were seen entering the previous

night were excavated several hours later,

but no males were found. They could not

be found in the surrounding vegetation

along the riverbanks, under rocks, nor in

neighbouring crevices or burrows. Males

are hesitant to fly and prefer running with

the wings folded above the metasoma.

They fly in hops, landing every several

metres. On cold (<20°C) evenings males

were not seen, while on warm evenings,
even with light drizzle, they were fre-

quently found.

Based on specimen labels, individuals
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of all southern African species of Triclio-

labiodes have been most frequently collect-

ed (and are probably most active) during
the summer months (November to

March); they are seldom active during ear-

ly spring and late autumn, and never dur-

ing winter (June to August). Although
most species are strictly nocturnal, females

of T. thisbe were sometimes observed ac-

tive up to two hours before sunset. Since

Nonveiller (1963) hypothesized that mu-
tillids are generally stenothermic and ther-

mophilic, these females may not be avoid-

ing light, but are rather being active dur-

ing optimum conditions of temperature,
which usually occur only after sunset but

on cool overcast days could occur several

hours before sunset.

Females are not influenced by a station-

ary light. If a female enters the area illu-

minated by such a light, she continues her

activities as if the light were not present.
In contrast, females of Photopsis are posi-

tively phototropic (Ferguson 1962), and

they usually approach the light in a semi-

direct path, then move away into a shad-

ow and remain motionless. Females of Tri-

cholabiodes are startled by moving lights

and either remain motionless for some
time thereafter or show escape reactions.

Males could be collected only by attract-

ing them to light; they have seldom been

caught in malaise traps. It is thus probable
that they are strictly nocturnal. Upon ar-

riving at a light, they immediately entered

the brighter inner circle of light before

moving away and grooming themselves

in the dimmer outer circle. The umbrella

used in the light trap was divided into

brown and white segments, with the

white areas brighter than the brown. The
males never rested on the white areas.

Predators and Defence

Females of Tricholabiodcs appear to have

relatively few enemies. Vertebrates were
not observed eating them and they were

ignored by invertebrates such as ants. The

escape reaction used by the females in re-

sponse to disturbance tends to be species

specific. When disturbed, females of T.

thisbe entered the nearest convenient hole

or crevice, but females of T. livida started

burrowing. Female mutillids generally
have a strongly sclerotized exoskeleton,

especially the mesosoma which is robust.

They also have potent stings and can bite

(Masters 1979). When grasped, a female

often stridulates and attempts to sting. A
predator may thus become innately aware
that sound and defence, i.e. sting, are of-

ten associated, and stridulation may aid

predators in recognizing well defended

mutillids in consequent encounters (Ed-

munds 1974).

Males of Tricholabiodcs were seen being
attacked and eaten by toads, birds (night-

jar) and bats, and several species of ants.

If attacked, males of Tricholabiodcs stridu-

late and attempt to escape by flying or

running. Stridulation is accompanied by

opening and closing of the mandibles and

flexing of the metasoma under the meso-

soma, resembling the stinging motions of

the female. Male mutillids are usually

poorly protected against predators. If

grasped, however, a male may administer

a slight prick to a potential predator with

the sharp parameres of the genitalia (Mas-
ters 1979). Masters (1979) further hypoth-
esized that stridulation may also startle an

attacker, thereby increasing the likelihood

of escape by the mutillid, and noted that,

in insects generally, stridulation is fre-

quently coupled with other defences such

as distasteful or noxious secretions. The
stridulation and stinging motions of the

male may thus trick the predator into as-

suming that he is well defended.

Mating

Tricholabiodcs thisbe.—When a male and

a female were confined to a petri dish after

having been kept in separate vials (n
= 3

pairs), they initially tried to escape. TTie

male acted in an excited manner by at-

tempting to fly and run randomly. Within

a few seconds the members of the pair met
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Figs. 6-9. Trkholabiodes thisbe, mating behaviour, diagrammatic. 6, antennal and metasomal movements of

<J when sensing 9 . 7, antennal vibration by 6 when contacting 9 . 8, 9 resisting mounting attempt by 6.9,

mating posture immediately before copulation.

at least once and whenever they met head-

on neither member showed avoidance re-

actions. This is contrary to Ferguson's
(1962) observations on Photopsis where he

noted that whenever the two sexes met
head-on both instantly showed avoidance

or escape reactions by moving away in

different directions. In T. thisbe, a male
avoided a female only if she passed him
from behind. Initially, when meeting, the

male's antennae flickered continuously
and his metasoma vibrated against the

base of the petri dish (fig. 6). His antennae

then began to vibrate rapidly over the

body of the female (fig. 7), and within sec-

onds he attempted to mount her. The fe-

male resisted by stridulating strongly,

flexing her metasoma so that the ventral

surface touched her coxae (fig. 8), and
used her mandibles to pry herself loose

from him if he had not grasped her suc-

cessfully.

The male grasped the female laterally at

the mid length of the mesosoma with his
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mandibles, and twisted his body so that

both were lying on their sides. Her body
was slightly arched with legs tucked un-

der the mesosoma. His middle pair of legs
rested laterally on her metapleuron, while

the hind pair lay on the second tergum,
near the felt line. Once the female was se-

curely grasped, the male partly extruded

his genitalia (fig. 9) and began prodding
her genital opening at about one prod per
second. At this point the female started

stridulating softly. The duration of the

prodding varied before copulation oc-

curred, lasting about 5-15 seconds. Geni-

tal union lasted 10-15 seconds, during
which her ovipositor was partly extruded,

although the pair sometimes remained in

the copulatory position for up to seven

minutes. Immediately after genital union,

the male released his hold and the pair

separated. The way in which the apical

segments were joined and the details of

genitalic attachment could not be studied

under the microscope as the slightest dis-

turbance caused the pair to separate.
The entire copulation process occurred

on the ground; no attempt was made by
the male to fly with the female nor did the

female, once firmly grasped by the male,

try to dislodge him. Nonveiller (1963) stat-

ed that among individuals of similar size,

mating takes place on the ground for it is

not possible for the male to fly freely with

the female. He observed Smicromyrme jov-

anovici Nonveiller mating in a position
similar to that of T. thisbe, as does Dasy-
mutilla foxi (Cockerell) (Spangler & Man-

ley 1978). Pseudomethoca frigida (Smith), in

contrast, mates with the female standing
and the male above her (Brothers 1972).

For several minutes after copulation, the

female partly extruded and withdrew her

sting every few seconds. Brothers (1972)

suggested that these pumping movements

may aid movement of the sperm into the

spermatheca. The male withdrew his gen-
italia before settling down to groom him-

self. After several minutes, he often again
mounted the female but the encounter

lasted only several seconds and never

more than a minute, and actual copulation
was never repeated. Subsequent encoun-

ters between the male and female were of

shorter duration than the previous ones.

The attractiveness of a mated female di-

minishes rapidly after mating, as has been

observed in other species (Brothers, 1972).

On one occasion a different male attempt-
ed to mount the already mated female and

he spent several seconds prodding her

with his genitalia before ceasing his activ-

ities.

Tricholnbiodes livida.—Mating in T. lizuda

(n = 2 pairs) is similar to that in T. thisbe

except for a few details. The male grasped
the female more towards the anterior mar-

gin of the scutum with his mandibles and

used all three pairs of legs to hold the fe-

male firmly once the pair was lying on

their sides. The female then arched her

metasoma forward, directing it between

her legs, before copulation occurred. The

male thus also curved his metasoma far

forward. This position was probably

adopted because the female was relatively

much smaller than the male (compared
with T. thisbe). Additional observations of

mating in T. lividn are needed to verify the

consistency of the arching of the metaso-

ma. No subsequent matings by other

males with the already mated female were

observed. Similarly, the mated female lost

all attractiveness to neighbouring males.

Stridulation

Stridulation in mutillids has been as-

signed various functions in the past, in-

cluding that of intraspecific (Mickel 1928)

and interspecific signalling (Masters 1979),

but little or no hard evidence has been

provided to support most of the suggested
functions. During the present studies,

|

stridulation by males and females of Tri-

cholabiodi's was observed during periods of

distress, during copulation and as an ap- ',

parent calling device. Sounds made while
j

a wasp is on the ground could probably
'

be sensed by others as vibrations through
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the tarsi, but how individuals sense

sounds produced by others during flight

is unknown. Neither sex has any obvious

specialized structures for sensing these vi-

brations.

Distress.—When grasped, both sexes

stridulate vehemently. The sounds pro-
duced are loud, continuous and of long
duration. They may function to startle

predators and warn of possible stinging,
as has been shown for other mutillids by
Masters (1979).

During copulation.
—The female stridu-

lates as the male prods her genital open-

ing with his genitalia. The sounds pro-
duced are loud and rhythmic. They are

not as intense or continuous as those pro-
duced during distress, and their function

is unknown. Reciprocal calling, whether

by "honking" (vibration of the mesosoma
and wings using the flight muscles) or

stridulation, by the male during copula-
tion was not observed, unlike the situation

in D, foxi (Spangler & Manley 1978).

Apparent calling: Communication.—Males

grouped together (3 in a petri dish) com-
municated by slow, barely audible strid-

ulation (heard on 4 separate occasions

over about one hour each when the labo-

ratory was quiet). The sounds produced
were not as intense as those made during

periods of distress and were of short du-

ration (s 2 seconds). Individuals did not

stridulate simultaneously but sequential-

ly. While stridulating they remained sta-

tionary with the metasomal sterna resting
on the ground. Within an hour, 'conver-

sations' between individuals occurred 20-

30 times. The function of these calls is un-

known.

Apparoit calling: Courtship.
—On at least

2 occasions, between about 21:00 and 22:

00, males of T. thisbe, while flying, were
heard stridulating in an area where fe-

males were known to be most common
(confirmed by later investigation). These
sounds were loud, audible up to several

metres away, and of a continuous long
duration. It is assumed that they had some

function in communication between the

sexes. Sounds have an advantage over vi-

sual signals for nocturnal animals (Mas-
ters 1979), since visual signals are ineffec-

tive at night, whether intraspecifically or

interspecifically. This could also explain

why nocturnal mutillids, including Tri-

clwlabiodes, are dull coloured without the

bright patterns commonly seen in diurnal

species.

Grooming

There are no differences in cleaning

techniques between the species observed

(except for one detail involving the anten-

nae) and none between the sexes (except
for the wings). If it is extremely dirty an

individual first cleans the posterior part of

the body partially, otherwise grooming
proceeds anteroposteriorly.

Head.—The antennae are cleaned first,

using the antennal cleaners of the ipsilat-

eral forelegs. All species display either sin-

gle- or, more commonly, double-antenna

scraping (the cleaning of only one or both

antennae at the same time respectively).

During cleaning, the leg is lifted over the

antenna which is placed in and pulled

through the antennal cleaner by tilting the

head backwards and simultaneously mov-

ing the leg away from the head. Individ-

uals of T. thisbe and T. livida first clean the

antennae distally then sequentially more

proximally by cleaning a longer section

each time the antenna is pulled through,

using short rapid strokes. In contrast, in-

dividuals of T. imbellis pull the entire an-

tenna slowly through the antennal cleaner

3—^ times. The ipsilateral middle leg
cleans the foreleg after several strokes of

the antenna through the antennal cleaner.

The surface of the head is combed postero-

anteriorly, using both fore legs simulta-

neously, the basitarsi and calcaria acting
as combs or brushes. The calcaria also

clean the mandibles. The fore leg, after

several sweeps of the head, is cleaned by
one or both middle leg(s).

Body.
—

Cleaning of the dorsal surface of
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the mesosoma was not seen. The fore legs,

reflected back and bent at the femoro-tib-

ial joint, rub the tarsi, tibiae and calcaria

along the mesopleura using short rapid
movements. The calcar is angled away
from the basitarsus. The calcaria and basi-

tarsi clean the sterna. After several sweeps
of the mesosoma, the forelegs are cleaned.

The metasoma is cleaned using the hind

legs, either individually or simultaneous-

ly. An individual balances on its front two

pairs of legs, with wings folded dorsally,
with the entire body slightly dorsally

arched, while the hind legs rub along the

metasoma, using the basitarsi and spurs.
The longer tibial spur is angled away from

the tibia. The sides are groomed first, fol-

lowed by the dorsal surface and then the

sterna.

Legs.
—The legs are cleaned sequential-

ly, anterior to posterior. A foreleg is

cleaned either by the ipsilateral middle leg

or both middle legs simultaneously. In the

former, both fore and middle legs rub

against each other or the fore leg may pass
between the spurs and basitarsus of the

middle leg; in the latter, the fore leg passes
behind the ipsi- or contralateral middle

leg spurs or is placed between the basitar-

si of both middle legs which rub against
it. In T. thisbe and T. livida at least, the fore

leg is not pulled past the tibial spurs in

one quick motion but is cleaned first dis-

tally, and then sequentially more proxi-

mally, as for the antennae. The middle

legs are groomed separately using the tib-

ial spurs and basitarsi of both hind legs.

Only in exceptional circumstances, where
the middle leg is very dirty, does the other

middle leg aid the hind legs in cleaning it.

One hind leg combs and rubs the other

hind leg, using the basitarsus and tibial

spurs. This action is then reciprocated for

the other hind leg.

Wings.
—The left and right wings, like

the antennae, are cleaned either separately
or simultaneously, using the tibiae and
basitarsi of the hind legs; the fore wings
are cleaned before the hind wings. They

are not cleaned in their normal resting po-
sition, but are orientated ventrolateral to

the metasoma. When cleaning the dorsal

surface, the fore wing has the costal mar-

gin ventrally oriented and the dorsal sur-

face facing outwards. The metatibia and

metabasitarsus, remaining outside the

wing, slowly comb the wing. After 3^
strokes of the wing the hind leg is cleaned.

The posterior margin of the fore wing is

cleaned once the dorsal surface has been

combed; it is gripped and pulled between

the spurs and the basitarsus. Thereafter,

the fore wing is orientated so that the cos-

tal margin is dorsally placed, the ventral

surface faces outwards, and the hind wing
lies obliquely lateral to and slightly below

the fore wing. The ventral surface of the

fore wing is cleaned similarly to the dorsal

surface, the leg being between the fore

and hind wings. The hind wing is cleaned

in a sequence similar to the fore wing, the

latter being adjusted in position to permit
access to the former. When the wings of

both sides are being cleaned simulta-

neously, the animal balances on its front

and middle legs, and when cleaning the

wings separately, the wasp shifts its

weight, arching the mesosoma away and

the metasoma towards the wing that is be-

ing cleaned.
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Abstrnct.—The present paper presents results on the observations of the mechanisms of pollen

digestion by larvae of stingless bees. The midgut content was observed with a transmission elec-

tron microscope. The morphological results suggest that pollen digestion in larvae can be a com-

plex mechanism, which involves physical and chemical changes in the pollen cover by enzymatic
action that may be allow some digestive enzymes to enter inside the pollen grains. Later, the

intine may be ruptured as a response to the changes in the osmotic pressure, releasing the pro-

toplasm for further digestion.

INTRODUCTION

The stingless bees, like other polleno-

phagous insects, are important pollinators
of plants. Pollen is the major source of

proteins, lipids and vitamins for both

adults and larvae. Relatively little is

knou'n about how pollen grains are di-

gested in the digestive tract of the bees.

In adult bees, there are many probable

strategies used to digest pollen grains.
Some authors have suggested that adult

bees can break the pollen grains by chevk'-

ing them, or by proventriculus action

(Morton 1950, Snodgrass 1956, Von Planta

1985). On the other hand, Martinho (1975),

Kroon et al. (1984) and Velthuis (1992)

have pointed out that pollen grains can be

digested only after an osmotic shock that

takes place inside the digestive tract that

causes the release of its content. However,
Cruz-Landim (1985) and Cruz-Landim
and Serrao (1994) suggested that digestion
occurs before the content extrusion, there-

fore still inside the covers. Klungness and

Peng (1984a, 1984b) suggested that pollen

digestion can occur by different mecha-

nisms, which depends on the species of

pollen.

Data about digestion of pollen grains by

the larvae are not available. Since all pre-
vious studies were made with adult bees,

this study was conducted to investigate
the digestion condition of pollen grains in-

gested by larvae of two species of stingless
bees.

MATERIAL AND METHODS
Larvae were obtained from worker

brood cells of the colonies of Scaptotrigona

postica Latreille, 1807 and Trigo)m spinipes

(Fabricius, 1794).

The digestive tracts of the larvae were
removed into buffered saline solution for

insects, and the midguts were isolated.

The pieces were fixed in 2.5% glutaralde-

hyde in 0.1M Na cacodylate buffer at pH
7.2, washed twice in the buffer, post-fixed
in 1% osmium tetroxide in the same buff-

er, dehydrated in a series of increasing
concentrations of ethyl alcohol, and em-
bedded in Epon-Araldite resin, following
usual procedures. Thin sections cut with

glass knives were stained with uranyl ac-

etate and lead citrate, and examined in a

Zeiss EM9S2 electron microscope.

RESULTS

At the anterior midgut of the larvae, the

walls and protoplasm of pollen grains ap-
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peared to be largely intact (Fig. 1). By the

time the pollen reaches the posterior mid-

gut, their contents were disorganized and

gradually removed through the germina-
tion pores mostly without rupture of the

pollen wall, forming an electron-lucent pe-

riphery (Figs. 2, 3).

Some pollen grains were seen with their

contents disorganized and retracted in the

center, leaving a clear ring around it (Fig.

4). In addition, material similar to the con-

tent of pollen grains were seen outside of

them and appeared to be formed by many
lipid droplets surrounded by electron

dense material (Fig. 5). Broken pollen

grains are rarely seen inside the midgut of

the larvae.

DISCUSSION

The absence of broken pollen grains in

the larval midgut is an expected result, be-

cause larvae do not have strong mandibles

or a proventriculus bulb, which break

some pollen grains as pointed out by Mor-

ton (1950), Snodgrass (1956) and Von
Planta (1985) for adult bees. The presence
of pollen grains with their walls intact and

with disorganized content suggest that

pollen grains can be useful to larvae with-

out their walls being broken. Similar re-

sults were observed in adult stingless bees

by Cruz-Landim (1985) and Cruz-Landim
and Serrao (1994).

Kroon et al. (1974) and Martinho (1975)

have pointed out that since pollen grains
are immersed in honey or nectar in the

crop of the adult worker, the concentra-

tion of sugar of the pollen grains is al-

tered. When these pollen grains enter the

midgut, where sugar concentration is low-

er, they absorb water osmotically, so that

the protoplasm is forced to protrude

through the germination pores. Larvae do
not have a crop where pollen and honey
could be mixed inside the gut. The pro-
visions of food for them are placed by
nurse workers into the brood cells in lay-

ers consisting of (from bottom to top) by

pollen, a mixture of honey and pollen, and

glandular secretion (Sakagami et al. 1965,

Sakagami and Zucchi 1966). Therefore, the

mixture of pollen and honey is made in

the brood cell. However our results never

show protoplasm extrusion of the pollen

grains in the anterior midgut. Therefore

the model for pollen digestion suggested

by Kroon ei al (1974) and Martinho (1975)

for adult workers, above mentioned, has

not morphological support to occurs in

larvae.

On the other hand, pollen grains in the

middle and posterior midgut have the

protoplasm released through the germi-
nation pore. Similar results were present-
ed for adult Apis mellifera Linnaeus by
Klungness and Peng (1984a) and Peng ct

al. (1986). These authors suggested the oc-

currence of enzymatic degradation of pec-
tic acid and hemicellulose of the exine in

the germination pores where the pollen
wall is thin. As a result of these changes,
the protein constituents of the intine are

exposed to the digestive protease, causing
the protoplasm extrusion. However, our

morphological results show that before

protoplasm extrusion, it is disorganized,

suggesting that digestion begins inside the

pollen wall, perhaps by action of enzymes
that enter the grain through the permeable
wall, as suggested to occurs in adult

workers by Cruz-Landim (1985) and
Cruz-Landim and Serrao (1994) or by pol-

len protease as thought by Grogan and

Hunt (1979).

Therefore, we suggest that pollen diges-
tion in stingless bee larvae can be a com-

plex mechanism, which involves physical
and chemical changes in the pollen cover

by enzymatic action, which would permit
that digestive enzymes enter into the pol-

len grains. Later, the intine may be rup-

tured, as a response to the changes of os-

motic pressure, releasing the protoplasm
for further digestion.

Presence of material similar to pollen

grains but outside of them has been re-

ported by Klungness and Peng (1984b)

and Peng et al. (1986) as being of pollenkitt
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Figs. 1-2. Fig. 1, Trigmui siniiifics. rollen grains inside of the anterior midgut showing the pollen wall largely
intact (PW). P—germination pore, PT—protoplasm. Bar = 1 jim. Fig. 2, Scaftotrigona postka. Pollen grain
inside of the posterior midgut showing disorganized protoplasm (PT) removed through the germination pore
(P), forming a clear ring (EP). PW—pollen wall. Bar =

1 (im.
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Figs. 3-5. Fig. 3, Scaptotrigciui postka. Pollen grain inside of the posterior midgut showing disorganized

protoplasm (FT) without extrusion. PW—pollen wall. Bar = 1 \x.m. Fig. 4, Trigona spinifies. pollen grain inside

the posterior midgut showing disorganized protoplasm retracted in the center (arrow) leaving a clear peri-

pheric space (CP). Bar = 1 jjim. Fig. 5, Trigona ^pinipe^. Material released by the pollen grains, showing lipid-

like droplets (L) surrounded by electron dense material (ED). Bar =
1 (xm.
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origin. The pollenkitt is a protein- and lip-

id-rich layer that coats some species of

pollen. Because the species of pollen

grains present in the midgut of the sting-

less bees studied here could not be deter-

mined in order to know if they have or

not pollenkitt, the origin of material out-

side of the pollen grains although unde-

termined, is though to be, at least partially

resultant of pollen protoplasm extrusion.

Pollen grains with their content disor-

ganized and retracted at the center have

been also observed in adult bees by Cruz-

Landim (1985), Klungness and Peng
(1984b) and Cruz-Landim and Serrao

(1994). As suggested by Klungness and

Peng (1984b) pollen grains with these con-

ditions have a wall composed primarily of

cellulose and sporopollinin. Presumably,
these species of pollen would be of less

nutritive value to the bee. This is in agree-
ment with Maurizio (1954) who observed

that pollen of different species has differ-

ent nutritional value to the worker of Apis

mellifera.

Further, we believe that the larvae must

profit from the ingested pollen, because of

it lasting in the midgut during all larval

life, given it needs a long time to be di-

gested.
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Abstract.—Scanning and transmission electron microscopy were used to study the microbial

flora present in the gut of a Brazilian stingless bee, Melipona quadrifasciata anthidioides Lepeletier

(Hymenoptera, Apidae). At least 5 bacterial morphotypes were found, but only the flora present
in the hindgut maintain relationships with the food and the epithelial wall, indicating that it is

autocthonous.

INTRODUCTION

The association of microorganisms with

the intestinal tracts of insects is varied and

widespread (Buchner, 1965; McBee, 1977;

Breznak and Pankratz, 1977; Bignell et al,

1980; Bignell, 1983; Cruz-Landim and Cos-

ta-Leonardo, 1995 ab; Oliveira et al. 1995).

In bees, the presence of bacteria in the gut
or association with the digestion of food,

has been reported by several authors

(White, 1921; Kluge, 1963; Trienko, 1965;

Giordani and Scardovi, 1970; Machado,
1971; Cruz-Landim, 1972, 1990; Gilliam

and Prest, 1987; Gilliam et al., 1988).

It has long been recognized that the gut
microbiota plays a significant role in di-

gestion. However, the reports of insect-mi-

crobe associations usually describe popu-
lations in the hindgut where the bulk of

digestion has already been completed.
Colonization of the midgut is much less

common and is generally restricted to in-

sects without a peritrophic membrane

(Bignell et al., 1980; Caetano e Cruz-Lan-

dim, 1985).

Most microorganisms found in the in-

sect gut exist freely in the lumen, but oth-

ers attach themselves to the intima (Stram-
bi and Zybberberg, 1967; Cruz-Landim,

1972; Fogelsong et al., 1975; Breznak and

Pankratz, 1977; Bracke et al., 1979; Bignel
et al., 1979; Bayon, 1981; Caetano e Cruz-

Landim, 1985). Bacterial attachment is of-

ten an essential initial step in colonization

of host tissues and subsequent establish-

ment of functiontal relationships. Attach-

ment can be a highly specific process that

involves fimbrial or nonfimbrial proteins
on the outer membrane of the bacteria

(Costerton et al., 1978; Hacker, 1992; Hoe-

pelman and Tuomamen, 1992) and struc-

tural adaptations of the gut wall (Craw-
ford et al., 1983).

In this paper Hght and electron micros-

copy were used to describe, for the first

time, the intestinal microbial flora in Me-

lipona quadrifasciata anthidioides, (Cruz-
Landim, 1990) a Brazilian native stingless
bee. The intent was determine the mor-

phological diversity of the bacteria that

Fig. 1. TEM of bacteria in the crop of foragers of M.
q. anthidioides: a, general view of the bacteria (b) in the

crop lumen (1) (c= cuticle, ep= epithelium, n= nucleus); b, bacteria (b) presenting a tuff of pilli 'p) directed

toward the crop wall (w); c, cells showing division septa (s) and cnws striated pilli (p); d, Aspects of the

bacterial horns (h) formed by cross striated
pilli (p) or fimbriae.
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colonize the gut and whether the gut ep-
ithelium serves as a site for the attachment

of these bacteria.

MATERIAL AND METHODS
The descriptions in this study are based

on guts of nurse workers of Melipona quad-

rifasciata anthidiodies collected directly
from colonies mantained in cages at the

Biology Department, apiary in Rio Claro,

SP, Brazil. The workers were allowed to

fly freely in nature, and no additional food

was given to them. The capture was done
in the summer time. The material exami-

nation was done with transmission (TEM)
and scanning (SEM) electron microscopy.
Guts to be observed by SEM were ex-

cised from the workers under buffered sa-

line for insects, cut into anatomic parts,

and fixed in Kamowsky (1965) during 2h

at room temperature. The pieces were

then freeze-fractured in liquid nitrogen,

dehydrated in a graded ethanol series,

critical point dried and covered with sput-
tered gold.

Dissected gut tracts were also prepared
for TEM by fixation of the pieces in 2.5%

glutaraldehyde in 0,1M cacodylate buffer

during 2h at 4°C. Tissues were then rinsed

in the buffer, post-fixed in 1% osmium te-

troxide in the same buffer and dehydrated
in a graded series of ethanol. The speci-

mens, embedded in Epon-Araldite were

thin-sectioned with glass knives and
stained with uranyl acetate and lead ci-

trate. Some additional preparations were

done by emptying the gut parts on to coat-

ed grids and staining with 1% PTA (phos-

photungstic acid) for negatively contrast-

ed examination of the microorganisms.

Micrographs were taken with an Zeiss

EM9S2 (TEM) and a P15 JEOL (SEM).

RESULTS

Microorganisms were found in all parts
of the worker bees alimentary canal. In the

foregut bacteria were observed in the crop

(Fig. 1) where they were distributed freely

and homogeneously in the lumen. In the

sections, the cell profiles were mainly
round shaped with, some rod-shaped
ones among them (Fig. la). They are prob-

ably all bacillus, the round profiles being
cross sections of the rods. The diameters

of the rod and round cells are very similar,

about 0,5 |i.m. The greater incidence of

round-shaped bacteria could be due to a

preferential orientation of most cells in re-

lation to the plane of the section.

Some cells have tuffs of short pilli or

fimbriae in one pole. In this case the pole

provided with pilli is turned toward the

crop wall (Fig. lb). Other cells have

"horns" apparently formed by the stick-

ing together of long fimbriae (Fig. Id). The
"horns" show cross striations, and do not

determine any special orientation of the

cells. When the cells were observed in di-

vision (Fig. Ic), the cross traberculae sep-
arate short compartments and the walls

between them are thick (about 160 nm).
Some cells have an inconspicuous, fuzzy

capsule.
In the midgut the bacteria are mainly

long rods (Fig. 2a, b) with the same di-

ameter as the foregut cells (0,5 |i.m). How-
ever their distribution seems to be chaotic,

and no fimbriae or "horns" were ever

seen. Some cells have irregular contours,

indicative of the presence of an undulat-

ing membrane (Fig. 2b). The bacteria in

the midgut seem to concentrate in the an-

terior portion, near to the esophagic valve

and posteriorly, near the pylorus.
The hindgut has the richest microorgan-

ism flora of the bee digestive tract . Bac-

teria are found in the ileum and in the rec-

tum. In the ileum the bacteria adhere to

some regions of the cuticle (Figs. 3, 4b).

The bacterial population, formed mainly

by long rods (3-4 |i,m long x 0,4 jim di-

ameter) occupies almost all the ileum lu-

men, leaving free only the spaces filled by
food particles (Fig. 4a, b). The bacteria

tend to group around electron-dense ma-
terial near the ileum wall (Fig. 4b). This

electron-dense material when located at

some distance from the wall appear as
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Fig. 2. Bacteria in midgut of M.
((.

anthidioides: a, negative staining of a bacillum from midgut, m = microvilli;

b, bacteria in the anterior portion of the midgut, showing at least two morphotypes (b 1 and b2)
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Fig. 3. SEM of the hindgut cuticle of M. q. anthidioides (c) with adherent groups of bacteria b).

amorphous and irregular fragments, while

close to the cuticle it appear formed by a

fibrous material. Inside the cuticle it is

possible to see some dots of electrondense

content (Fig. 4b).

In the rectum, most bacteria are located

over the rectal papilae (Fig. 5a, b), but are

also attached to the rectum wall (Fig. 5a).

They are rod shaped, mesuring 3^ |j,m

long by 0,5 ixm wide. The bacteria linked

to the rectum wall have a tuff of pilli by
which they attach themselves to the rectal

wall. The attachement is not direct but

through a thin layer of fuzzy material (Fig.

5c). The rods are straight and have a thick

wall.

DISCUSSION AND CONCLUSIONS

The "in situ" examination of the micro-

biota of Mclipoiia qiiadrifasciata anthidioides

bee workers shows that only bacteria are

present. Only a few different morphotypes
were apparent. For instance, three in the

foregut (bacilli without pilli, bacilli with

pilli and bacilli with horns); two in the

midgut (long straight bacilli and bacilli

with an ondulating membrane); three in

the hindgut (long bacilli with pilli, bacilli

Fig. 4. TEM of bacteria in the hindgut of M. q. anthidioides: a, content of the hindgut showing the bacteria,

an empty pollen grain (po) and digested food (dp); b, bacteria around amorphous material (am) near the

hindgut lumen and fibrous (fm) material near the wall. The arrow points to electron-dense material inside

the cuticle (c).
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Fig. 5. Bacteria in the rectum ot M.
i\.

(mtiuAioidC'^: a, light microscopy ot a thick section showing the rectum

wall (rw) and the rectal papillae (rp) with masses of bacteria (b) over it; b, SEM of bacteria (b) attached to

the rectum cuticle (c); c, TEM of the same region shown in b. The arrows point to a fuzzy material where i

bacteria (b) attach (p= pilli, rw= rectum wall).
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without pilli and slim rods). Almost all

animals have an autochthonous flora in

the gut, formed by indigenous forms that

colonize the individual early in its life,

and remain throughout the life of the

healthy animal (Savage, 1972).

Melipoun quadrifasciata eats nectar and

pollen. The pollen grain is difficult to di-

gest because of its celulose envelope.
Studies by Machado (1971) and Gilliam et

al. (1990) show the presence of bacteria in

the pollen reserves in the colonies of this

bee, where they are supposed to play a

part in pre-digestion of pollen. However,
a role in cellulose digestion is also attrib-

uted to the microorganisms present in the

gut (Gilliam et al., 1988; Breznak and Brune,

1987).

The arrangement of the bacteria in the

different parts of the gut may give some
clues of their function. The bacteria man-

taining special relationships with the gut
wall, or with a special localization, may be

autochthonous while the others may have

been ingested with food. Bacteria attached

to the foregut or midgut wall were rare or

absent, so the bacteria found there may be
in transit. In agreement with this interpre-
tation is the fact that no special spacial or

morphological relationships were ob-

served between the bacteria and the food

present in the miclgut lumen.

In the ileum the bacteria group around
what seems to be fragments of the pollen
shell (Fig.4b). Close to the gut wall, this

material seems to have undergone some
transformation. It changes from a compact
amorphous appearance to a fibrilar one,

perhaps due to bacteria action. Some of

this electron-dense material may cross the

cuticle covering the illeum epithelium,
since electron-dense spots may be seen in-

side the cuticle.

A great concentration of bacteria may
be observed, parallel to the wall, or ran-

domly distributed, over the rectal pads as

has already been reported for Apis mcUi-

fera (Cruz-Landim, 1972). The bacteria in

the rest of the rectum are perpendicular to

the wall and linked to it by pilli tuffs. This

special location seems to indicate particu-
lar functions of these bacteria, linked to

bee physiology. The indications are that

the microbial flora of the hindgut are au-

thochthonous, or at least the parts close to

the walls, or that maintain characteristic

relationships with the wall or the fciod.

However part of the bacterial flora in the

bee gut is not authochthonous and may be

digested or eliminated with the feces as

seen in the honey bee by Gilliam and Prest

(1987).

The physical intimacy of the autochtho-

nous flora with the host probably reflects

an underlying biochemical mechanism,
such that the attachment of bacteria to the

gut epithelium should afford a prime op-

portunity for nutrient exchange between
the cells.
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SCIENTIFIC NOTE

Further Notes on the Family-Group Names of Ichneumoninae

(Hymenoptera: Ichneumonidae)

Since publication of Wahl and Mason

(1995) on the family-group names of the

Ichneumoninae, I have become aware of

several errors and omissions.

1. The authorship of Heterischnini, Pris-

ticerotini, Geodartiini, and Notosemini

were attributed to Townes et al. (1961).

Mason and I failed to note that the tribal

and generic keys in Townes et a. I (1961)

were written solely by Henry Townes

(Dicky Yu and Klaus Horstmann, pers.

comm.). Since the keys validated the

names in question, authorship should be

"Townes, 1961".

2. The tribe Clypeodromini was over-

looked. The entry should be:

16. Clypeodromini Tereshkin, 1992.

Clypeodromini Tereshkin, 1992: 194.

Type-genus: Clypeodromas Tereshkin.

3. The tribe Hemichneumonini was
overlooked. It goes under the tribe Alo-

myini in the arrangement of Wahl and
Mason (1995). The entry should be:

Hemichneumonini Wesmael, 1983:261.

Type-genus: Hcmidmeiimon Valemberg.
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Silk Glands in Adult Sphecid Wasps (Hymenoptera, Sphecidae,

Pemphredoninae)

Gabriel A. R. Melo

Snow Entomological Museum, Snow Hall, University of Kansas, Lawrence, KS 66045, USA

Abstract.—Among the sphecid wasps, females of the genus Pscnulus and some members of the

subtribe Spilomenina are known to use silk for nest lining. In Pfoiulus, this behavior has been

reported for a long time, but the source of the secretion has never been correctly recognized. Most
authors have considered the lining material as derived from salivary glands. Dissection and KOH
clearing of dried specimens and dissection of fixed specimens revealed that the glands in Pscnulus

are associated with the 4th and 5th sterna of the females and in the subtribe Spilomenina, they
are associated with the 6th tergum. In both groups, the glands are composed of class 3 epidermal
cells, in the classification of Noirot & Quennedey (1974). In Pscnulus, the secretory cells associated

with each sternum are numerous, exceeding one hundred. The duct cells are very long and their

opening on the integument is usually surrounded by cuticular seta-like projections, here called

setiform spinnerets. In most cases, each spinneret includes more than one duct. External exami-

nation of 33 species of Pscnulus revealed that the size, number and distribution of the setiform

spinnerets are quite variable; moreover, the spinnerets are absent in the Neotropical group of

species. In the subtribe Spilomenina, the secretory cells have the same morphology, but the seti-

form spinnerets are located at the apex of the 6th tergum. Several authors have misinterpreted
this area in Sfulonwiia as a pygidial plate. The shape, arrangement and location of the spinnerets

vary greatly among species of Spilomena. Despite the similarity in morphology, the silk glands in

Pscnulus and Spilomenina probably evolved independently.

INTRODUCTION

Production of silk or silk-like materials

by adult insects is relatively rare and re-

stricted to a few groups (Rudall and Ken-

chington 1971, Kenchington 1984, Sehnal

and Akai 1990). Among Hymenoptera, it

has been reported for Eupchuus (Chalci-

doidea, Eupelmidae; Delanoue and Ar-

ambourg 1965), Sigiiophora coqiiilletti Ash-
mead (Chalcidoidea, Signiphoridae; Wool-

ey and Vet 1981), Qiiartinia vagepuiuctata

Schulthess (Vespidae, Masarinae; Gess
and Gess 1992), Polistes (Vespidae; Singer
ct al. 1992), Hylaeus (Apoidea, Colletidae;

Espelie et al. 1992) and for two groups of

sphecid wasps (Apoidea).
These two groups of sphecid wasps be-

long to the subfamily Pemphredoninae:
the genus Pseinilits (Psenini) and two gen-
era of the subtribe Spilomenina, Microstig-

mus and Arpactophilus (Pemphredonini).
In these wasps, silk is secreted only by fe-

males and is used in nest construction.

Myers (1934) was the first to suggest that

the nests of Micwstigwiis tlieridii Ducke
were built with plant hairs held together

by some kind of silk. Matthews (1968),

based on observations of females of M.

comes Krombein rubbing the tips of their

abdomens over the nests and on dissec-

tions (KOH clearing of metasoma), sug-

gested that the glands associated with the

setal brush at the tip of tergum VI were

involved in the production of silk. Mat-

thews and Naumann (1988) found that Ar-

pactophilus mimi Naumann builds its nest

inside abandoned mud cells of Scclip^hroti

wasps using only silk. The authors say
that the silk is secreted from glands near

the tip of the metasoma, and that these
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glands appear to be homologous with

those of Micwstigmus comes. Carvalho and

Zucchi (1989) mention briefly the use of

silk for cell lining in Spilotiioia, but do not

comment on the source of the silk.

Since the early studies of the nesting bi-

ology of Psenulus, it has been recognized
that females use some sort of silk to line

the nest walls and to make partitions be-

tween brood cells (Maneval 1932, Grandi

1934, 1935, Iwata 1938, Leclercq 1941).

However, the source of the silk was never

correctly recognized. Grandi (1935) was
the first to suggest that the silk was se-

creted by the females, although he pre-
sented no evidence for the nature of the

putative glands. Janvier (1975), based on

evidence of use of salivary secretions in

nest lining by colletid bees and on his own
dissections of the mouthparts of Pseinilus

concolor (Dahlbom), concluded that the

silk produced by Psenulus was secreted by
labial glands. The labial structures illus-

trated by him seem to be some type of

sensilla or may be openings of a true labial

gland, but certainly these glands would
not be responsible for the large amounts
of silk found in the nests. Small epidermal

glands are widespread in the mouthparts
of social vespids (Landoldt and Akre

1979). Florkin and Bricteux-Gregoire

(1961) demonstrated that the substance se-

creted by females of P. concolor is silk.

They found an amino acid composition
similar to that of silk produced by other

insects and spiders. In this paper, I de-

scribe for the first time the silk glands of

Psenulus. Additional information on the

morphology and taxonomic distribution

of silk glands within Spilomenina is also

presented.

MATERIAL AND METHODS
Most of the material used in this study

were pimied museum specimens that

were examined only under a dissecting

microscope (up to 126 x). A few dried,

pinned specimens of Psenulus frontalis

(Fox), P. mayoruni Bohart & Grissell, P.

puncticeps (Cameron), and Spiloiuena sp.

(from Australia) were dissected and had
their sterna or terga cleared with KOH.
Also, a few fresh and fixed (Kahle's fluid)

specimens of Psenulus mayorum, Microstig-
nius nigroplitliahnus Melo, Spiloinena alini

Antropov, S. pusilla (Say), Spiloinena sp.

(from Brazil) and Xysma sp. (from Brazil)

were dissected. The dissected material

was examined and photographed with an

Olympus BH-2 microscope with differen-

tial interference contrast optics. The

pinned specimens were photographed un-

der an Olympus SZH dissecting micro-

scope. In the descriptions, the term meta-

soma (Michener 1944) refers to the abdo-

men excluding the first segment (the pro-

podeum). The metasomal sclerites are

numbered with Roman numerals.

RESULTS AND DISCUSSION

Psenulus

Upon external examination, females of

P. frontalis were found to have a row of

long pale bristles on the apex of sterna IV

and V (Fig. 1). These bristles have a blunt

tip and are much thicker than the regular
setae found on the sterna (Fig. 2). Their

length varied from 120 to 155 |xm, and an

average of 47 bristles (range 41 to 56) was
found on sternum IV and 51 (46 to 57) on
sternum V. The bristles on sternum V are

somewhat differentiated into two rows,

the anterior row with shorter bristles. Ex-

amination of cleared specimens showed
that these bristles were associated with

long ducts of class 3 epidermal glands [in

the classification of Noirot and Quemie-

dey (1974, 1991)]; see Fig. 2. Numerous in-

dividual ducts enter each bristle and open
at the bristle tip (Fig. 3).

Class 3 epidermal glands are wide-

spread among insects (Noirot and Quen-

nedey 1974), and a great number of glands
in Hymenoptera are known to be com-

posed with this kind of secretory unit (e.g.

Youssef 1975, Holldobler and Engel 1978,

Landolt and Akre 1979, Jeanne et al. 1983,
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Figs. 1-3. Metasoma of Psenulus frontalis. 1. Lateral view, showing the setiform spinnerets (arrows); scale =
0.8 mm. 2. Posterior margin of a cleared sternum IV, showing the spinnerets and ducts of the silk glands;
scale = 0.1 mm. 3. Enlargement of part of Fig. 2, showing spinnerets with several cell ducts entering it; scale
= 50 Jim.

Billen 1987, Cruz-Landim 1987). In most tuberance. Ducts opening at tips of bris-

cases, the ducts open individually on the ties, as in silk glands of P. frontalis, have
surface of the integument and are not as- been reported for abdominal glands in

socitated with any special cuticular pro- males of Campodea (Diplura) and silk
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glands of machilids and lepismatids [see

review in Bitsch and Bitsch (1991)], for an

antennal gland in males of Trissolcus (Hy-

menoptera; Bin and Vinson 1986), for tar-

sal silk glands in males of empidids (Dip-

tera; Eltringham 1928) and for tarsal silk

glands of embiopterans (Nagashima et al.

1991).

With the possible exceptions of Campo-
dea and Trissolcus, these glands are in-

volved in the production of silk, and the

bristles seem to be acting like spinnerets
in the formation of silk threads. Bitsch

(1990) named these special bristles as tu-

bular bristles, while Bitsch and Bitsch

(1991) called them glandular bristles. Con-

sidering the similarities in development

among the different epidermal organules

[sensillae, class 3 glandular cells, non-in-

nervated setae, scales; reviewed in Gnatzy
and Romer (1984)], it seems reasonable to

consider these tubular bristles homolo-

gous only to the external part of setae and

sensillae. In this case, the name glandular
bristle seems preferable, since it makes
reference to the whole organule, and not

only to the external protuberance, as tu-

bular bristle does. For the glands associ-

ated with the production of silk, I will re-

fer to these cuticular protuberances as se-

tiform spinnerets or just spinnerets (Fig.

4A).
In all the 33 additional species of Psen-

ulus examined, the females have some sort

of setiform spinnerets on the apices of

sterna IV and V, with the exception of 3

species (P. aztecus, P. mai/ortim, and an un-

described species from Mexico), all be-

longing to the group occurring in the Neo-

tropical region (5 species known to me).

Among the species with spinnerets, 11 of

them have long spinnerets distributed in

a narrow band on the sternal apex, as in

P. frontalis (P. aurifasciatus, P. ealae, P. eru-

sus, P. freetownensis, P. laevigatus, P. palli-

pes, P. patei, P. paulisae, P. tatmkai, P. tri-

sulcus, P. turneri), while the remaining

species have shorter and more numerous

spinnerets distributed in broader bands on

the sternal apex (P. alienus, P. hakeri, P. bi-

dentatus, P. capensis, P. carinifrons, P. inter-

stitialis, P. latinmiulatiis, P. leoninus, P. lii-

briciis, P. luteopictus, P. luzoneiisis, P. niger-

iae, P. onewi, P. philippinensis, P. puncticeps,
P. scutatus, P. xaiitliognathus, an unidenti-

fied species from Taiwan, and an unde-

scribed species from Sierra Leone). In sev-

eral species of the latter group, the width

of the bands differed between sterna IV

and V, with the band on sternum V al-

ways broader than the one on sternum IV.

In P. puncticeps, the bands do not differ

in their width. The spinnerets are very nu-

merous (over one hundred in each ster-

num) and approximately 40 |xm long. Ap-
parently, one to four ducts are associated

with each spinneret (the spinnerets dis-

appeared with the KOH clearing).

The condition in the Neotropical species
is very peculiar. Sterna IV and V each

have a broad semi-circular area covered

with long erect setae (40 to 85 |xm long in

P. mayorum; longer setae toward sternum

apex), located medially in the segment.
Examination of the cleared sterna of P.

mayorum showed that the ducts open di-

rectly on the integument surface (appar-

ently individually, and not in groups) and

do not have associated spinnerets. The silk

is probably applied with the help of the

erect setae. The absence of spinnerets and

the more disperse distribution of the duct

openings on the sterna suggest that this

might be the primitive condition for the

genus, while the opening of the ducts re-

stricted to a band on the apex of the seg-
ment and associated with spinnerets
evolved later. However, the phylogenetic

relationships among the species in this ge-

nus have not been analyzed and the pro-

posed transformation series can not be

evaluated.

Subtribe Spilomenina

The silk glands of this group are also

composed of class 3 epidermal cells (Fig.

5). However, the setiform spinnerets and

associated silk glands are located in the
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Setiform

spinneret

Secretory
cells

S4 S5

Psenulus

Spilomenina

A B

Fig. 4. A. Diagram of a group of glandular cells and ducts associated with a spinneret. B. Diagram showing
the position of the silk glands in the metasoma of females in the genus Pf.ciiuliis and in the subtribe Spilo-
menina.

tergum VI (Fig. 6). Three main lineages
can be recognized in this subtribe (Melo,
in prep.): Arpactophilus, Spnlomeiia + Mi-

crostigmus + Xi/sina, and Spnkviiena subter-

ranea McCorquodale & Naumann plus re-

lated undescribed species.
In Aijmctophiliis, the arrangement and

shape of the spinnerets do not vary much

among the species examined. They are

branched, relatively short, and form a

dense brush along the apex of tergum VI

(Fig. 6). Xi/sma and some Spilomcna have a

condition similar to Arpactophilus, except
that the spinnerets are less numerous, rel-

atively longer, and without branches. In

most Spilomena and Microstigmus, howev-

er, the spinnerets also occupy part of the

tergum disc, along its midline (Fig. 7). Mi-

crostigmits has simple, non-branched spin-
nerets that form a small tuft at the tip of

the metasoma. In several groups of Spilo-

inena, the spinnerets are arranged in two

parallel or diverging rows over the ter-

gum. Most commonly, these rows extend

over the apical third of tergum VI, but in

some species they almost reach the ante-

rior border of the tergum (Fig. 8). In some

cases, each spinneret can have several
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Figs. 5-9. Silk glands and associated structures in members of the subtribe Spilomenina. 5. Class 3 glandular
cells from Microstigmia nigrcplitlialinuf (fixed material); scale = 50 ^.m. 6. Posterior view of the metasoma of

Arpactophiliis sp., showing the brush of setiform spinnerets In the border of tergum VI (arrow); scale = 0.5

mm. 7. Dorsal view of tergum VI of Spilonicna sp., showing the two rows of spinnerets along its midline

(arrow); scale = 0.2 mm. 8. Lateral view of the metasoma of Splloiuciin sp., showing the spinnerets along the

midline of tergum VI (arrow); scale = 0.5 mm. 9. Highly branched spinnerets in the border of the tergum VI

of Spilomcim sp. Scale = 20 fj.m.

branches (Fig. 9). Another interesting
modification found in some of Spilowena,
as S. fonnosana Tsuneki, is the fusion of the

spinnerets to form a pair of erect laminar

structures, which are very thin, transpar-

ent, and fringed along their edge.
Most authors have erroneously inter-

preted the two rows of spinnerets on ter-

gum VI of females of Spilomena as carinae

delimiting a pygidial plate. No species of

Spilomena is known to have a pygidial

plate, except S. siibterrnnca and related un-

described species. When describing S. fiib-

terranea, McCorquodale and Naumann

(1988) called attention to several features

that this species does not share with other

Sp'iloiiicna or Arpactophiliis. Dissection and

clearing of tergum VI of a species closely
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Future research in this group of wasps
should investigate the ontogeny of the

multicellular glandular unit and its asso-

ciated spinneret, especially in species with

multibranched and laminar spinnerets.
Several studies on the development of epi-
dermal glands composed of class 3 cells

have revealed that each glandular unit is

an isogenic group of cells derived, by suc-

cessive mitosis, from one epidermal stem

cell (Noirot and Quennedey 1991). It

would be interesting to know whether the

multicellular units found in pemphredon-
ine wasps are formed by additional suc-

cessive mitoses of a single stem cell, form-

ing a large isogenic group, or by associa-

tion of several isogenic groups derived

from different stem cells.
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Abstract.—The Aleiodes pulchripes Wesmael species-group is defined to include the following

previously described New World species: flnvidus (Cresson) 1865, pedalis Cresson 1869, quebeceyisis

Provancher (1880), geometrae (Ashmead) 1889, cameronii (Dalla Torre) 1898, insignipes (Brues) 1912,

and vaughani (Muesebeck) 1960. Six newly described species are also included: arizonensis Marsh
and Shaw, cazieri Marsh and Shaw, earijios Shaw, notozophus Marsh and Shaw, and rossi Marsh
and Shaw. The pulchripes species-group is defined by its exceptionally large ocelli and eyes, com-

pact flagellomeres, pectinate tarsal claws, extensive granulate propodeal microsculpture, and first

metasomal tergum with weakly rugulose to rugulocostate sculpture. Revised status is indicated

for the species cameronii, flavidus, insignipes, pedalis, quebecensis, geometrae, and vaughani, which have
been previously classified in the genus Rogas Nees. Rhogas nigriceps Enderlein is an older name
for vaughani, but is a junior homonym of nigriceps Wesmael. Rogas enderleini Shenefelt is an un-

necessary replacement name for nigriceps Enderlein, and a junior sjmonym of vaughani. A lectotype
is designated for Rhogas geometrae Ashmead. A preliminary key is provided for the species-groups
of Nearctic Aleiodes, a key to the New World species of the pulchripes species-group is provided,
and species treatments are given including diagnostic characters, distribution, and biological in-

formation.

INTRODUCTION underestimates the diversity of the group
T,i J- u J Ai • J in North America. Forty-one species are
The rogadme braconid genus Aleiodes

,
.

, „ , , , ,,,„,. ij J J- I u I- u I listed under Rovas and Aleiodes combinedWesmael IS worldwide m distribution, but
i ,,,

is particularly species-rich in the Holarctic (^" °^ ^^^^^^ ^^""''^ ^^
^^^JS"^';'

*° ^^""

region. Alewdes is well diversified in North t'^'
'^"^ ^^ "^^ ^^""^^^^ ^^^^ *^ t^^^l '"

America, but anyone reviewing the recent
^^^ ^'"'^"'^ States and Canada alone is at

synoptic literature (e.g. Marsh 1979; She- '^ast 90 species, and new species are still

nefelt 1975) might overlook this fact, being discovered.

Marsh (1979) in the Catalog of Hymenop-
''^^e species of Aleiodes are koinobiont

tera in North America north of Mexico endoparasitoids of lepidopteran larvae,

treated only three species under Aleiodes. especially macrolepidoptera of the super-

More recently authors have recognized
families Noctuoidea and Geometroidea,

that many of the species previously clas- and to a lesser extent, Arctioidea, Sphin-

sified as Rogas Nees should be transferred goidea, and Papilionoidea (M. Shaw 1983,

to Aleiodes\van Achterberg 1982, 1985, 1994; M. Shaw and Huddleston 1991; S.

1991, 1995; Marsh 1989; M. Shaw 1994; M. Shaw 1995). The method of parasiHsm,
Shaw and Huddleston 1991; S. Shaw 1993, unique to the tribe Rogadini, is notewor-

1995). Even so, the 1979 catalog greatly thy: the Aleiodes larva completes its feed-
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ing and pupates within the shrianken and
mummified remains of the host caterpil-
lar. In all known cases, the form of the

mummy caused by a particular Aleiodes

species is characteristic for that host and

parasitoid, so the mummified remains are

of considerable diagnostic value and
should be retained with the parasitoid,
when reared. These host mummies are

usually attached to the host plant sub-

strate (leaf, grass blade, stem) at the pro-
thoracic region of the host larva, by a glue-
like substance that exudes through a pro-
sternal hole chewed by the parasitoid lar-

va. Exit from the host mummy is always

postero-dorsally, through a circular hole.

The inside of the mummy is lined with

silk by the parasitoid larva, but the main

support for the mummy seems to be the

formation of a premature host pupal cu-

ticle below the remaining larval cuticle.

The physiological basis for host mummi-
fication has not been investigated experi-

mentally in Aleiodes, but we speculate that

it may involve the physical elimination of

the host's corpora allatum by the devel-

oping parasitoid larva, which would re-

duce juvenile hormone levels and induce

the premature formation of pupal cuticle.

This hypothesis is consistent with the ob-

servation that larval feeding by Aleiodes is

usually (all groups except alhitibia) located

initially in the prothoracic region of the

host (e.g. the chewing of the glue-hole).

Currently, two of us (JCF and SRS) are

conducting a phylogenetic analysis of the

species of Aleiodes worldwide, and this is

now complete enough to provide us with
a logical framework for dividing the

North American species into monophylet-
ic species groups. Therefore, our present

plan is to publish a series of shorter pa-

pers on species-groups, of which this pa-

per is the first.

Our original intent was to provide re-

visionary coverage of North America
north of Mexico, and for this area our

study is most complete. Nevertheless, it is

clear that this boundary is quite artificial

and that some coverage of Neotropical

species may be necessary. For example,
two species of the pulchripes group {cawe-
ronii and notozophus) have ranges that ex-

tend from the southern United States

southwards to Costa Rica. Three Neotrop-
ical species (flavidus, pedalis, and vaiighani)
have ranges that extend to areas just south

of the U.S. borders (northern Mexico and

Cuba), and it seems likely to us that they

may eventually be found in southern parts
of the U.S. With this paper we have decid-

ed to treat a complete monophyletic as-

semblage of species rather than some sub-

set as circumscribed by geographical
boundaries.

METHODS

Species covered in this paper can be

identified as members of the subfamily

Rogadinae using the keys of S. Shaw
(1995) or M. Shaw and Huddleston (1991).

Our definition of Aleiodes follows that of

S. Shaw (1993) and van Achterberg (1991).

Specimens can be determined as Aleiodes

using the keys of van Achterberg (1991),

or Marsh et al. (1987). Specimens keyed
through Marsh et al. (1987) will key to

couplet 185, at which point they can be

separated from Rogas by the presence of a

discrete median carina on the propodeum,
the lack of a foveate sternaulus on the

mesopleuron, and the lack of a blunt basal

tooth on the tarsal claw. In practice, more
than 99% of U.S. and Canadian specimens
encountered will be Aleiodes, as true Rogas
is mainly a tropical group that is infre-

quently encountered north of Mexico.

Terminology mostly follows that used

for Aleiodes by S. Shaw (1993) and Marsh

(1989). Microsculpture terminology fol-

lows that of Harris (1979). Wing venation

terminology agrees with the system being

adopted for the Identification Manual for

New World Genera of the Family Bracon-

idae, and agrees closely to that of Goulet

and Huber (1993). To avoid confusion,

wing illustrations with veins and cells
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used in this paper are provided (Figs. 41-

43).

Abbreviations for museums are as fol-

lows: ANSP, Academy of Natural Sci-

ences, Philadelphia, PA; AEI, American

Entomological Institute, Gainesville, FL;

AMNH, American Museum of Natural

History, New York, NY; ABS, Archbold

Biological Station, Lake Placid, FL; CAS,
California Academy of Sciences, San Fran-

cisco, CA; CNC, Canadian National Col-

lection, Ottawa; CUI, Cornell University,

Ithaca, NY; FSCA Florida State Collection

of Arthropods, Gainesville, FL; INHS, Il-

linois Natural History Survey, Urbana, IL;

INBio Instituto Nacional de Biodiversi-

dad, Heredia, Costa Rica; MCZ, Museum
of Comparative Zoology, Harvard Univer-

sity, Cambridge, MA; MISU, Michigan
State University, East Lansing, MI; MSSU,

Mississippi State University, Mississippi

State, MS; NNML, Nationaal Natuurhis-

torisch Museum, Leiden, The Nether-

lands; OKSU Oklahoma State University,

Stillwater, OK; TAMU, Texas A&M Uni-

versity, College Station, TX; NHM, The
Natural History Museum, London; UCD,
University of California, Davis, CA; ULQ,
Universite Laval, Quebec; UKL, Universi-

ty of Kansas, Lawrence, KS; UMCP, Uni-

versity of Maryland, College Park, MD;
UMSP, University of Mimiesota, St. Paul,

MN; RMSEL, Rocky Mountain Systematic

Entomology Laboratory, University of

Wyoming, Laramie, WY; USNM, U.S. Na-

tional Museum of Natural History, Wash-

ington, D.C.

Authorship of the new species is attrib-

uted to the senior authors in the order in-

dicated for each species. Marsh and Shaw,

except for earinos which is attributed to

Shaw.

PRELIMINARY KEY TO THE SPECIES-GROUPS OF NEARCTIC ALEIODES

1. Apex of hind tibia with a row of flattened setae along inner margin
seriatus species-group— Apex of hind tibia without a row of flattened setae along inner margin, setae normal

and hair-like 2

2(1). First metasomal tergum parallel sided; apex of metasoma laterally compressed in

female 3

— First metasomal tergum not parallel sided, wider apically than at base; apex of me-

tasoma not laterally compressed in female 4

3(2). Marginal cell of hind wind narrowest at middle, vein RS sinuate; body color mostly

pale yellowish brown compressor species-group—
Marginal cell of hind wind narrowest at base and widening towards wing apex; body
color boldly contrasting black and red tifei species-group

4(2). Vein RS of hind wing strongly sinuate, nearly reaching anterior wing margin near

middle of marginal cell; parasitoids of Sphingidae praetor species-group— Vein RS of hind wing straight, bent, or slightly sinuate, not close to wing margin near

middle of marginal cell; parasitoids of various groups but never Sphingidae 5

5(4). Central disc of mesopleuron smooth and highly polished; parasitoids of Notodonti-

dae, host mummy with an unusual expanded balloon-like anteroventral area

tilbitibia species-group— Central disc of mesopleuron with various types of surface microsculpture, but not

smooth and highly polished; parasitoids of various groups but host mummy never

with an expanded balloon-like anteroventral area 6

6(5). Clypeus at least 3x wider than tall, with a carina across anterior surface; oral space

large and broad, clypeo-antennal space/ width of oral space less than or equal to 0.69;

malar space narrow, less than mandibular base width melanoptenis species-group—
Clypeus taller or not so wide, and usually without a transverse carina; oral space
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smaller and less broad, clypeo-antennal space /width of oral space greater than 0.69;

malar space variable, sometimes wider than mandibular base width 7

7(6) Median length of pronotum greater than distance between occipital carina and lateral

ocellus; pronotum shelf-like, dorsal surface parallel to dorsal surface of mesonotum

dispar species-group— Median length of pronotum shorter than distance between occipital carina and lateral

ocellus; pronotum not shelf-like, or dorsal surface not parallel to dorsal surface of

mesonotum 8

8(7). Metasomal tergite 3 entirely smooth and shining gressitti species-group— Metasomal tergite 3 with various types of surface sculpture, especially on basal '/,,

often with a median carina 9

9(8). Ocelli very large, ocell-ocular distance "/s width of lateral ocellus or smaller 10
— Ocelli smaller, ocell-ocular distance broader than % width of lateral ocellus, often

wider than ocellus 11

10(9). Flagellomeres compact, middle flagellomeres less than 2x longer than wide, usually
about 1 X as long as wide or just slightly longer; males sometimes with setose, circular

pits medially on terga 5-7; parasitoids of geometrids, notodontids, and noctuids . . .

pulchripes species-group—
Flagellomeres elongate, middle flagellomeres 2x longer than wide or longer; males

with terga 5-7 normal, unmodified; parasitoids of lymantriids

pallidator species-group

11(9). Marginal cell of hind wing narrowest at base and widening toward wing apex, vein

RS straight entire length, or parallel with anterior wing margin along basal half only,
thus marginal cell suddenly widening 12

—
Marginal cell of hind wing narrowest at middle, vein RS slightly sinuate 15

12(11). Tarsal claws strongly pectinate over entire length; males with terga 4-6 densely setose

(subdivided medially) ductor species-group— Tarsal claws not pectinate, or with pectin concentrated at base of claw; males with

terga 4—6 normal, not densely setose 13

13(12). Metasomal terga 1 and 2 extremely coarsely sculptured, strongly porcate with rugae
between ridges; body color black rugiilosus species-group— Metasomal terga 1 and 2 more finely sculptured, finely rugose, to costate rugose or

coriaceous rugose; body usually not all black, varying from brown, to orangish brown,
black and brown, or black and orange 14

14(13). Malar space narrow, less broad than basal width of mandible; body color black with

bicolored black and orange metasoma unipunctator species-group— Malar space wide, broader than basal width of mandible; body color variable but

commonly brown or orangish brown, and never with a bicolored black and orange
metasoma gasterator species-group

15(11). Vertex sculpturing rugose, with strong laterally-running ridges; metasomal tergum 4

mostly covered with coarse granular punctate or rugose sculpture; several species
with metasomal terga 1-4 forming a partial to complete carapace

coxalis species-group (including Tetrasphaeropi/x Ashmead)— Vertex sculpturing either smoother or more irregular, not dominated by strong lat-

erally-running ridges; metasomal tergum 4 mostly covered with fine granular sculp-

ture, or mostly smooth and shining; metasomal terga l-i never carapace-like, terga
5-7 exposed 16

16(17). Ocelli small, ocell-ocular distance larger than width of lateral ocellus; metasoma al-

ways bicolored with black anteriorly and laterally, yellow to yellowish white medially,
black sometimes continuing posteriorly to enclose lighter median spot

circiimscriptus species-group— Ocelli larger, ocell-ocular distance smaller than width of lateral ocellus; metasoma
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color variable, but often mostly yellow or with black restricted to anterior parts of

tergum 1, less commonly with dark markings as above gastritor species-group

ALEIODES PULCHRIPES
SPECIES-GROUP

Included species: pulchripes (Wesmael)

1838, fortipes (Reinhard) 1863, flavidus

(Cresson) 1865, pednlis Cresson 1869, qiie-

becensis Provancher (1880), geometrae (Ash-

mead) 1889, cameronii (Dalla Torre) 1898

{=mexicanus Cameron [preoccupied]), in-

signipes (Brues) 1912, vaughani (Muese-

beck) 1960 (
=
nigriceps Enderlein [preoc-

cupied],
= enderleini Shenefelt [unneces-

sary replacement name]), caucasicus (To-

bias) 1975, antennatus (Belokobylskij) 1988,

arsenjevi (Belokobylskij) 1988; arizoncnsis

new species, cazieri new species, earinos

new species, notozophus new species and

rossi new species.

Remarks.~A small, but distinctive, pre-

sumably monophyletic group restricted to

the New World. As far as known, they are

associated with exposed-feeding geome-
trids, notodontids, and noctuids, mostly
on arboreal vegetation. Members of the

pulchripes species-group have strongly

pectinate tarsal claws (Figs. 14, 16, 18), of-

ten with more than 10 teeth comprising
the pectin. Sculpturing of the first meta-

somal tergum is weakly rugulose to faint-

ly rugulocostate; while the third metaso-

mal tergum sculpturing is shallowly ru-

gulose or rugulocostate anteriorly, and

finely punctate and nitid posteriorly, or

completely punctate-nitid. They have

large to enormous ocelli, ranging from

1.5-9.0 times wider than the ocell-ocular

distance. The malar space is shorter than

the mandibular base, thus the compound
eyes appear very large as well. The anten-

na is long, with 43-70 antennomeres, but

individual flagellomeres are short and

compact. All members of the group have

the antero-lateral margin of the propo-
deum granulate, with just a trace of cos-

tation. In some the propodeum is almost

entirely granulate. This group includes all

known species with males having setose

pits on terga 4-7 (a striking synapomor-

phy), but some included species never

evolved this character.

2(1).

3(1).

4(3).

5(4).

KEY TO THE NEW WORLD SPECIES OF THE PULCHRIPES SPECIES GROUP

Fore wing longer than 9mm, deeply tinted with yellow, usually with dark blackish

patches apically, and sometimes medially (Figs. 36-37) 2

Fore wing shorter than 9mm, clear or only lightly tinted with blackish pigmentation,

and lacking dark patches (Figs. 38^0) 3

Head yellowish orange; apical '/,
of female hind tibia black (Fig. 26); female forewing

lacking a dark medial cloud below pterostigma (Fig. 36) flavidus (Cresson)

Head and apical 'A or more of female hind tibia black (Fig. 28); wing sometimes with

a faint to very distinct darkened medial cloud below pterostigma (Fig. 37)

pedalis Cresson

Marginal cell of hind wing narrowest at apical -7,, vein RS slightly arched at its apical

-/,; hind tarsus pale yellowish or white (Fig. 24) quehecensis (Provancher)

Marginal cell of hind wing narrowest at base and usually widening toward wing

apex, vein RS straight entire length or parallel with wing margin on basal half only,

thus suddenly widening (Figs. 41^3); hind tarsus variable, but not white 4

Body multicolored, head black or dark brown, mesosoma variously marked with

black, brown, yellow or orange 5

Body unicolored orange or honey-yellow 7

Tarsal claw strongly pectinate, without a distinct gap between apical claw and basal
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pectination; hind tarsus dark reddish brown; male with small setose pits medially on

terga 4—7 notozophus new species— Tarsal claw more weakly pectinate or with pectination reduced to mostly seta-like

spines, always with a distinct gap between apical claw and basal pectination; hind

tarsus dark, usually black or rarely brown; male without setose pits medially on terga
4-7 6

6(4). Ocelli enormous, lateral ocellus about 15 times wider than ocell-ocular distance, nearly

touching compound eye; malar space very small, only about half as wide as basal

width of mandible; tarsal claw pectination greatly reduced, pectination mostly com-

prised of seta-like spines concentrated at extreme base; Brazil insignipes (Brues)— Ocelli smaller, lateral ocellus about 3 times wider than ocell-ocular distance, clearly

separated from compound eye; malar space larger, only slightly shorter than basal

width of mandible; tarsal claw pectination visible over at least basal half of claw,

pectination mostly spine-like or tooth-like; Central America south to Ecuador ....

vaughani (Muesebeck)

7(4). Tarsal claws with a wide gap between the apical claw and basal pectination (Fig. 19);

occipital carina broadly effaced medially (Figs. 6, 35) 8
— Tarsal claws with basal pectination extending fully to base of apical claw (Figs. 16,

18, 20, 21); occipital carina complete or only slightly interrupted medially 9

8(7). First metasomal tergum shorter than wide; propodeal sculpture mostly granulate dor-

sally; vein Icu-a of fore wing beyond vein IM by distance greater than length of Icu-a

geometrae (Ashmead)— First metasomal tergum distinctly longer than wide; propodeal sculpture mostly ru-

gose dorsally, greatly obscuring granulate base sculpture; vein Icu-a of fore wing
beyond vein IM by distance equal to or less than length of Icu-a earinos new species

9(7). Vein Icu-a of fore wing beyond vein IM by distance less than length of vein Icu-a

(Fig. 41); tarsal claw with very large pectination, with 3-6 stout spines of the basal

pectin about as large as the apical claw (Fig. 16); males with exceptionally large,

circular setose pits on metasomal terga 4-7 (as in Fig. 13) canteronii (Dalla Torre)— Vein Icu-a beyond vein IM by distance greater than length of vein Icu-a (Figs. 49,

40); tarsal claw with smaller pectination, stout spines of the basal pectin obviously
smaller than apical claw (Figs. 18, 20); males with smaller setose pits on terga 4-7 (as

in Fig. 15) or none 10

10(9). Antennal flagellum entirely brown rossi new species— Antennal flagellum black on basal half, orange on most or all apical half 11

11(10). Apical 3-5 flagellomeres black or brown; stigma of fore wing entirely yellow (Fig. 39);

vein IM of hind wing 1.5 times longer than vein r-m; male with median dorsal pits

on metasomal terga 4-7 arizonensis new species—
Apical half of flagellum entirely orange; stigma dark brown to black medially, yellow

only basally and at extreme apex (Fig. 40); vein IM of hind wing only slightly longer
than r-m, at most 1.2 times longer; male without median dorsal pits on metasomal

terga 4-7 cazieri new species

Aleiodes arizonensis Marsh and Shaw, veins brown except C-l-Sc-i-R, stigma and
new species IRl yellow (Fig. 39). Body length, 8.0 mm;
(Figs. 2, 39) fore wing length, 8.0 mm. Head: 64 anten-

Fetnalc.—Body color: unicolored honey nomeres, all flagellomeres, except apical J/^

yellow, antenna black on basal half, or- as wide as long, those in apical '/, shghtly

ange on apical half except apical 3-5 fla- longer than wide; malar space short, less

gellomeres darkening to brown, ocellar than basal width of mandible and K eye
triangle black, wings lightly yellowish, height; temple very narrow, about '/, eye
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Figb. 1-t). Head vertices of Alciodcs spp.: 1, ocelli of flaviiln^ (213a); 2, ocelli of arizciieiisis, (220^), 3, ocelli

of notozophus, (220x ); 4, ocelli of vaughani, (200X ); 5, ocelli of quebecensis, (220x ); 6, head of gcometrae, poslero-

dorsal view showing effaced occipital carina (215x).

width; occipital carina not reaching hy-

postomal carina, weakly interrupted on
vertex behind ocelli; oral space small and

circular, diameter about equal to basal

width of mandible; clypeus weakly swol-

len; ocelli large, ocellocular distance
V!,

di-

ameter of lateral ocellus (Fig. 2); face ru-

gulose-costate, frons smooth, vertex and

temple granulate; maxillary palpus not

swollen. Mesosoma: pronotum with me-
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dian scrobiculate line, rugulose above,

granulate below; mesonotum and scutel-

lum granulate, notauli weakly scrobicu-

late, meeting in triangular rugose area be-

fore scutellum; mesopleuron smooth and

shining, subalar sulcus carinate, sternau-

lus absent; propodeum rugose-granulate

dorsally, smooth laterally, median carina

complete. Legs: tarsal claws strongly pec-

tinate; inner spur of hind tarsus K length
of hind basitarsus; hind coxa granulate

dorsally. Wings (Fig. 39): fore wing with

vein r
t's length of 3RSa and 7', length of

m-cu, vein Icu-a beyond IM by distance

greater than length of Icu-a, vein ICUa %
length of ICUb; hind wing with marginal
cell gradually widening, vein RS straight,
vein IM about 1.5 times longer than Ir-m,

vein M +CU slightly longer than IM, vein

m-cu absent. Metasoma: first tergum ru-

gulose, longer than apical width, median
carina complete; second tergum costate-

rugulose, median carina complete; thirci

tergum weakly costate-rugulose basally,

granulate apically, median carina present
on basal half; remainder of terga granu-
late; ovipositor about 1/, length of hind

basitarsus.

Male.—Essentially as in female; meta-

somal terga 4-6 with small circular medi-
an dorsal pits.

Holoti/pc female.
—ARIZONA: Ramsey

Canyon, 5000 ft., 15 mi. S. Sierra Vista,

Huachuca Mountains, September 17, 1967,

Sternizky. Deposited in CNC.

P(7rah/ps.—ARIZONA: 1 male, 1 fe-

male, same data as holotype except female

with date of May 1968. Paratypes depos-
ited in USNM, RMSEL.

Distribution.—Known only from the

type locality in Arizona.

Biology.
—Unknown.

Couiincntf.—This species is similar in

morphology and distribution to cazieri but

is distinguished by the males with median

pits on metasomal terga 4-6, by the en-

tirely yellow pterostigma (Fig. 39), by the

longer vein IM in the hind wing, and by
the dark tip of the antenna.

Etymology.
—Named after the type local-

ity of Arizona.

Aleiodes cameronii (Dalla Torre),

new combination

(Figs. 10-13, 16, 21, 33, 41)

Rhogas mexicanus Cameron, 1887, Biol. Cent.-

Amer., Hym. 1:389. Preoccupied in Aleiodes

by mexicanus Cresson, 1869.

Rhogas cameronii Dalla Torre, 1898, Cat. Hym. 4:

216. Replacement name for mexicanus Cam-
eron.

Diagnosis.
—Body color honey yellow,

antennae and ocellar triangle brown,

wings hyaline, veins brown except stigma
and occasionally C-l-Sc-(-R yellow; 60-65

antennomeres, first flagellomere only
slightly longer than second, flagellomeres
2-30 as long as wide, remainder slightly

longer than wide; malar space (Fig. 33)

short, y,„ eye height and 'A basal width of

mandible; temple narrow, '/^ eye width;

occipital carina not quite meeting hypos-
tomal carina; oral space (Fig. 33) small and

circular, width twice malar space and
about equal to length of face; ocelli large,
lateral ocellus nearly touching eye, ocellar

distance /,, greatest diameter of lateral

ocellus; face finely costate-rugulose, clyp-
eus rugulose; frons, vertex, and temple
finely granulate; maxillary palpus not

swollen; mandibles small; mesonotum
and scutellum granulate; notauli weakly
scrobiculate, meeting posteriorly in trian-

gular rugulose area; mesopleuron smooth

except for hair pits, subalar sulcus costate,

sternaulus absent; propodeum (Fig. 10)

granulate, rugulose at apex and along

complete median carina; tarsal claws

strongly pectinate on entire inner edge
(Fig. 16, 21); inner spur of hind tibia about

'A length of hind basitarsus; hind coxa

smooth dorsally; fore wing (Fig. 41) with

vein r about y^, length of 3RSa and about y^

length of m-cu, vein Icu-a beyond IM by
distance equal to half length of Icu-a, vein

ICUa about 'A length of ICUb; hind wing
(Fig. 41) with marginal cell suddenly wid-
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Figs. 7-12. Figs 7-10. Propodea of Aleicdes spp.: 7, vaughani, dorsal view of left antero-lateral area (220x); 8,

quebecensis, dorsal view of left antero-lateral area (220x); 9, notozophus, dorsal view of left antero-lateral area

(220X); 10, cameronii, dorsal view of left antero-lateral area (300X). Figs 11-12. First metasomal terga oi Akiodes

spp. 11, cameronii (78x); 12, canicwiiii (llOx).

ening from basal K, of cell, vein RS sharply
curved downward, vein Ir-m V. length of

IM, veins M-l-CU and IM about equal in

length, vein m-cu short and distinct, often

arising from 2M; first metasomal tergum

(Figs. 11, 12) costate-rugulose, slightly lon-

ger than apical width, median carina com-

plete; second tergum costate-rugulose,
median carina complete; third teigum cos-

tate at base, granulate on apical half, me-
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Figs. 13-KS. Figs 13, 15, 17. Setosi' dorvo-tm'di.il tcrgiil pits of male Alfiodo spp.: 13, ctiiih-ionii (220 -
); 15,

rossi (335X); 17, geometrae .(llOx). Figs. 14, 16, 18. Tarsal claws of Alciodes spp.: 14, qiu'lva'tisis (447x); 16,

cameronii (555 x); 18, cazieri (505 X).

dian carina on basal halt; remainder of ter-

ga granulate; ovipositor barely exerted,

about K) length of hind basitarsus; male

metasomal terga 5-7 with large dorsal me-
dian circular pits (Fig. 13).

Type material examined.—Rliogas mexicnn-

us Cameron, holotype male, "Mexico, Pre-

sidio" [NHM].
Distribution.—This species occurs

throughout the entire southern United

States, and southwards through Mexico to

Costa Rica. In the United States it ranges
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Figs. 23-24. Color patterns of Alciodes spp.: 23, apical flagellomeres of qticbecensis; 24, hind tibia and tarsus
of

i]iiel'i'ccnsis.

phology, both external and internal, need
to be studied further. We hypothesize that

these probably may serve to disperse sex

pheromones, and behavioral studies of the

courtship in this and related species might
be interesting.

Aleiodes cazieri Marsh and Shaw,
new species

(Figs. 18, 40)

Female.—Body color: unicolored, entire

body including legs honey yellow, anten-

na with scape, pedicel and basal V. of fla-

gellum black, apical 'A of flagellum or-

ange, wings slightly yellowish, veins

brown, fore wing with vein C+Sc-I-R, ba-

sal and apical spots on stigma, and vein

IRl yellow. Body length, 9 mm; fore wing
length, 8 mm. Head: 65 antennomeres,
first flagellomere slightly longer than sec-

ond, remainder slightly longer than wide;
malar space short, slightly shorter than

basal width of mandible and about V- eye

height; temple narrow, about !/, eye width;

occipital carina meeting hypostomal cari-

na; oral space small and circular, width

equal to malar space and about 'A face

height; clypeus not swollen; ocelli large,
ocellocular distance about '/, diameter of

lateral ocellus; face rugulose, with median

ridge below antennae; frons smooth; ver-

tex and temple granulate; maxillary pal-

pus not swollen; mandibles small, tips not

overlapping when closed. Mesosoma:

pronotum rugose laterally, granulate dor-

sally; mesonotum and scutellum granu-
late; notauli scrobiculate, meeting in tri-

angular rugose area before scutellum;

mesopleuron smooth, subalar sulcus ru-

gose; sternaulus absent; propodeum ru-

gose, median carina obscured apically.

Legs: tarsal claws completely pectinate,
with 10-15 stout spines on inner edge (Fig.

18); inner spur of hind tibia about '/, length
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Figs. 25-29. Variation in hind tibia color patterns of Alcicdes spp.: 25, gamwtrae female; 2, flavuiui female; 27,

flnvidus male; 28, fedalis female; 29, iiotozoplnis female.

of hind basitarsus; hind coxa rugose dor-

sally. Wings: (Fig. 40) fore wing with vein

r about K, length of 3RSa and about y,

length of m-cu, vein Icu-a beyond IM by
twice length of Icu-a, vein ICUa slightly

more than K length of ICUb; hind wing
with vein RS straight, marginal cell grad-

ually widening to wing apex, vein Ir-m

equal in length to IM, vein M4-CU longer
than IM, vein m-cu short and distinct.

leaving IM before junction with Ir-m and
2M. Metasoma: first tergum longer than

wide, costate-rugulose, median carina

complete; second tergum costate-rugulose,
median carina complete; third tergum cos-

tate on basal y^, granulate on apical V^; re-

mainder of terga weakly granulate; ovi-

positor short, about K, length of hind

basitarsus.

Male.—Essentially as in female; meta-

Figs. 30-32. Mummified noctuid host larvae parasitized bv Alclodcf spp.: 30, ^^cvnui inc; 31, viui\;liiiiii; 32,

quehecensis.
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Figs. 33-35. Head morphology of Akiodcs spp.: 33,

cnmeronii, anterior view; 34, notozophus, dorsal view;

35, geometrac, postero-dorsal view showing effaced

occipital carina.

somal terga 4-6 without dorsal median

pits.

HoIoti/pc.~¥ema\e: ARIZONA, South
West Research Station, 5 mi W. Portal,

5400 ft., Cochise Co., August 4, 1956, C.

and M. Cazier collectors. Deposited in

AMNH.
Parati/pes.—ARIZONA: 1 female, 1

male, same data as holotype except dates

of July 27 and August 8, 1956; 2 males,

S.W. Res. Sta., 5 mi. W. Portal, August 5,

1959, H. E. Evans, 5400'; 1 male, Ramsey
Canyon, 5000 ft., 15 mi S. Sierra Vista, Hu-
achuca Mts., Sternitzky, July 1968. Para-

types deposited in CNC, USNM, AMNH,
CUI.

Distribution.—Known only from Arizo-

na.

Biology.
—Unknown.

Comments.—This species is somewhat
similar to arizoiiensis, but is distinguished

by the much smaller ocelli, shorter vein

IM in the hind wing, and the absence of

median pits on metasomal terga 4-6 of the

male.

Etymology.
—Named for its collector,

Mont Cazier, who was in charge of the

Southwest Research Station in Portal, Ar-

izona for many years.

Aleiodes earinos Shaw, new species

(Fig. 44)

Female.—Body color: Body unicolored

yellowish to reddish brown, antenna

black, wings hyaline, veins light brown,

tegula orange. Body length, 6.0-7.0 mm;
forewing length 5.8-7.3 mm. Head: 57-65

antennomeres; malar space short, equal to

or less than basal width of mandible; oral

opening small, circular; occipital carina

weak or absent on vertex; ocelli large, lat-

eral ocellus 4.3 times wider than ocell-oc-

ular distance; face weakly costate, frons,

vertex and temple granulate. Mesosoma:
mesonotum and scutellum granulate;

mesopleuron smooth, subalar sulcus

weakly rugose, sternaulus absent; propo-
deum granulate anteriorly, grading to ru-

gose posteriorly (Fig. 44), median carina
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Figs. 36^0. Forewings of Akiotlcs spp.: 36, fliwitiuf, 37, ycdali^. holotype; 38, itotozophu!^; 39, unrniit'iis/s; 40,

cazieri.

complete. Legs: tarsal claws with a wide

gap between the apical claw and basal

pectination. Wings: fore wing with vein

Icu-a beyond IM by distance equal to or

less than length of Icu-a; hind wing with

marginal cell gradually widening apically,

vein RS straight, vein r-m nearly as long
as IM. Metasoma: first metasomal tergum

slightly longer than wide; first and second

metasomal terga costate, median carina

complete, third tergum costate on basal Yy

median carina absent.

Male.—Essentially as in female, except
metasomal terga 4-6 with small circular

seta-lined median dorsal pits.

Holotype female.
—FLORIDA: Alachua

Co., Gainesville, Beville Heights, April 14,

1979, L. Stange, blacklight trap. Deposited
in FSCA.

Paratypes.
—ARKANSAS: 1 female, Lo-

gan Co!, Magazine Mt., 2500', T6N, R25W,
sec. 23NW, May 15-16, 1989, ]. MacGown,
Q. Fang, blacklight trap, William H. Cross

Expedition. FLORIDA: 2 females, 1 male.

same data as holotype except females col-

lected 12-13 April, 1980, male collected

April 4, 1979; 5 females, Lk. Placid, Arch-

bold Biological Station, R.A. Morse, March

23-25, 1964, coll. at light. TEXAS: 1 female,

Del Rio, (date illegible), Timberlake coll.;

1 female, Bastrop, Lost Pines Pk., April 6,

1959, W.R.M. Mason. Paratypes deposited
in FSCA, MISS, USNM, CNC, RMSEL,
CUI.

Distribution.—Known only from Arkan-

sas, Florida, and Texas.

Biology.
—The host is unknown, but the

flight period is early in the season and enr-

iiios is attracted to lights.

Connneiits.—This species is similar to

geoiiictrne, with which it has been previ-

ously confused. Similarities with gcoinctrae

include a claw with a gap between the

apical claw and the basal pectin, weak to

incomplete occipital carina, and pits in the

male terga 5-7. Differences of cnriiiof from

gcoiuctrac include the larger body size, of-

ten darker reddish brown color, longer tla-
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Figs. 41^3. Wings of Aleioilcs spp. with principal veins and cells mentioned in descriptions labeled: 41,

cameronii; 42, geometrae; 43, iiotozophus.

gellum, less broad gap in the occipital ca-

rina, vein Icu-a positioned more basally

(more like cameronii than geometrae with

respect to this character), coarser propo-
deal sculpture (Fig. 44), and much longer
first metasomal tergum.

Etymology.
—From the Greek earinos

meaning "of spring," in reference to the

early seasonal occurrence of this species.

Aleiodes flavidus (Cresson),
new combination

(Figs. 1, 26-27, 36)

Rogas flni'idus Cresson, 1865, Proc. Ent. Soc.

Philadelphia 4:83.

Re-description of type series.—Body color:

yellow to yellowish orange, except ocellar

triangle, antenna, apical V, to '/, hind tibia

(Fig. 26-27), and hind tarsi black; maxil-

lary palpi yellow; wings yellow, except

tips blackish. Body length: 9.8 mm; fore-

wing length 9.7 mm. Head: ocelli enor-

mous (Fig. 1), lateral ocellus 7.6 times wid-

er than ocell-ocular distance; vertex gran-
ulate to very finely rugulose; 70 anten-

nomeres, 15th flagellomere from base

width /length less than 0.84, basal

flagellomeres not longer than wide; me-
dial facial ridge extending down frons less

than 0.55 of distance from line between
bases of scapes to clypeus; malar space

very short, shorter than basal width of

mandible, malar space /eye height ratio =

0.11; temple/eye height ratio =
0.11; oc-

cipital carina effaced medially, complete
or nearly so at hypostomal carina; clypeal

shape rounded, not abruptly edged, not

flat ventrad, clypeus rugulose, without

transverse carina, clypeal height/ width

0.42-0.65; oral opening circular, width

shorter than the clypeo-antennal distance.

Mesosoma: pronotum granulate medio-
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sternaulus absent; mesopleural pit poste-
riad to central disk absent; posterio-dorsal
surface of mesonotum with some strong,
smooth carinae, notauli at mid-dorsal sur-

face of mesonotum not coarsely foveate

but with a long longitudinal carinae,

mesonotal sculpturing excluding postero-
dorsal surface of mesonotum granulate;
scutellum granulate, with pronounced se-

tal pits; median carina of propodeum usu-

ally complete to apex; sculpturing of pro-

podeum antero-laterally granulate, faintly

rugulose. Legs: inner apex of hind tibia

with setae normal and unmodified; tarsal

claw not fully pectinate, gap between api-
cal tarsal tooth and claw greater than api-
cal tooth length; 6-7 teeth in basal pectin;

apical tarsal tooth with a small seta-like

tip. Wings: forewing with second submar-

ginal cell irregular in shape, vein 2RS not

parallel with r-m; forewing width /length
at widest point greater than .29, less than

.35; length ratio of veins 3RSa/r about

1.43, vein Icu-a positioned y, distance be-

tween veins IM and m-cu (closer to IM);

hindwing marginal cell narrowest at base,

RS gradually curved to wing margin; vein

r-m length 0.6 times IM. Metasoma: ter-

gum 1 elongate, apical width /tergum
length ratio less than 0.87; tergum I sculp-

turing faintly rugulocostate; median cari-

na pronounced; median carina of tergum
II pronounced; median triangle at base of

tergum II large and associated with ante-

rior carinae which run laterally to margins
of tergum; tergum III sculpturing shallow-

ly rugulose or rugulocostate anteriad,

finely punctate posteriad; medial pits on

terga 4-7 of males absent; ovipositor short,

less than V. length of metafemur.

Type material examined.—Holotype male,

pinned, 4 labels (excluding ANSP tag),

Cuba, Prof. Poey, type #1663.1 (Philadel-

phia). Condition of holotype fair; distal

ends of both antennae lost, left antenna

25% shorter than right; left middle leg lost;

tarsi of right middle leg and both hind

legs lost. One male paratype, Cuba, type
#1663.2 (Philadelphia).

Other Specimens Examined.—Only two

non-type specimens were seen (females
from the USNM collection).

Distribution.—Cuba.

Comments.—Aleiodes flavidus is a distinc-

tive species that can be recognized by its

exceptionally large body size, enormous

eyes and ocelli (Fig. 1), deeply yellow-col-
ored and black-tipped wings (Fig. 36), and
extensive granulate sculpture. It is, how-

ever, rare in North American collections

(we have only seen the holotype, para-

type, and two other specimens). Its nearest

relative is pedalis, which differs by having
the head and apical K (or more) of the

middle tibia black in females (see Figs. 26,

28), and sometimes by having a black me-
dian wing band or cloud.

Aleiodes geometrae (Ashmead),
new combination

(Figs. 6, 17, 19, 25, 30, 35, 42)

Rhogai geometrae Ashmead, 1889 (1888), Proc.

U.S. Nat. Mus. 11: 633.

Diagnosis.
—Body unicolored honey-yel-

low to orange, antenna black, wings hya-
line, veins light brown, tegula yellow;

body length, 5.0-6.0 mm; 43-56 anten-

nomeres; malar space short, equal to or

less than basal width of mandible; oral

opening small, circular; occipital carina

weak or absent on vertex (Figs. 6, 35);

ocelli large, lateral ocellus 1.5 times wider
than ocell-ocular distance (Figs. 6, 42); face

weakly costate, frons, vertex and temple

granulate; mesonotum and scutellum

granulate; mesopleuron smooth, subalar

sulcus weakly rugose, sternaulus absent;

propodeum rugose-granulate, median ca-

rina complete; forewing (Fig. 42) with vein

Icu-a beyond IM by distance greater than

length of Icu-a; hind wing with marginal
cell gradually widening apically, vein RS

straight, vein Ir-m nearly as long as IM;
tarsal claws with a wide gap between the

apical claw and basal pectination (Fig. 19);

first and second metasomal terga costate,

median carina complete, third tergum cos-
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tate on basal % median carina absent,

metasomal terga 4-6 in male with small

pits medially (Fig. 17).

Ty^t' material examined.—Rhogas geome-

trae Ashmead, lectotype male (here des-

ignated), USA, Missouri, reared from an

unknown geometrid larva. May 5, 1877,

C.V. Riley [USNM]; 2 paralectotype males,

same data, [USNM].
Distribution.—Ontario south to Florida,

west to North Dakota, Colorado, and Tex-

as. The period of flight activity for adults

ranges from mid-March to mid-August.

Biology.
—Reared from the geometrids

Paleacrita vernata (Peck) and Semiothisa

ocellinata (Gn.). One specimen from Texas

was reared from an unidentified host on

honey locust.

Comments.—This species is not very
common in collections, considering the

usual abundance of the hosts. Collecting

efforts should focus on trying to rear it

from host larvae. It can be recognized
most easily by its broadly effaced occipital

carina, tarsal claws with a wide gap be-

tween the apical claw and basal pectina-

tion, and median pits on the male meta-

somal terga 4-6. We have seen one unusu-

al male specimen from Rio Grande Valley

State Park, Hidalgo County, Texas

[TAMU] that has some dark markings on

the metasoma, a white annulus on the fla-

gellum, and the first metasomal segment

longer than wide. This may represent an

additional new species near geometrae, but

we hesitate to describe it until more ma-

terial is available.

Aleiodes insignipes (Brues),

new combination

Rhogas insignipes Brues, 1912, Ann. Ent. Soc.

Amer. 5: 221.

Diagnosis.
—Body uniformly pale yel-

low, except head, antemta, pterostigma,
last segment of fore tarsus, middle leg be-

yond basal y, of tibia, and hind leg beyond
extreme base of tibia black; wings hyaline

to pale yellow-fuscous, veins light brown;

body length, 8.0 mm; 65 antennomeres;

malar space extremely short, 'A as wide as

basal width of mandible; oral opening

small, circular; occipital carina weak or

absent on vertex; ocelli extremely large,

lateral ocellus 15 times wider than ocell-

ocular distance, nearly touching com-

pound eye; face weakly transversely ru-

gose aciculate; frons, vertex and temple

granulate; mesonotum and scutellum

granulate; mesopleuron smooth, subalar

sulcus weakly rugulose, sternaulus ab-

sent; propodeum granulate, median carina

complete; forewing with vein Icu-a be-

yond IM by distance greater than length

of Icu-a; hind wing with marginal cell

strongly widening apically, vein RS slight-

ly curved medially, vein Ir-m about V^ as

long as IM; tarsal claws with a wide gap
between the apical claw and basal pecti-

nation, pectination reduced to 4-5 seta-

like spines; first metasomal tergum long
and narrow, 1.3 times longer than wide;

first and second metasomal terga weakly
costate to granulate, median carina com-

plete, third tergum weakly granulate, me-

dian carina absent, metasomal terga 4-6 in

male without small pits medially.

Ti/pe material examined.—Rhogas insigni-

pes Brues, holotype male, BRAZIL, "Par-

ahyba" [Paraiba], Independencia, Stanford

University Expedition, 1911, Mann and

Heath, type #29922 [MCZ].
Distribution.—Known only from the

type-locality in north-east Brazil.

B iology.
—Unknown .

Comments.—This species is quite similar

to vaughani, with respect to most aspects

of body form and color. However, insig-

nipes has much larger eyes and ocelli,

smaller malar space, darker middle tibia,

reduced tarsal claw pectination, and lon-

ger first metasomal tergum. The female of

insignipes is unknown. Brues (1912) noted

that this species has "about 65" anten-

nomeres. The apices of the antennae are

now missing from the holotype, so we
were unable to check this observation. If



Volume 6, 1997 29

correct, this is substantially more than the

usual number (43-56) in i^aughani.

Aleiodes notozophus Marsh and Shaw,
new species

(Figs. 3, 9, 29, 34, 38, 43)

Female.—Body color: head including an-

tennae dark brown to black; apical pal-

pomeres varying from light brown to

nearly white; mesosoma except propo-
deum brown to dark brown, propodeum
always light brown; metasoma light

brown; legs light brown, occasionally fore

leg and hind tibia darker; wings hyaline,
veins brown, tegula brown. Body length,
6.5-7.0 mm; fore wing length, 7.0-7.5 mm.
Head (Figs. 3, 34): 51-54 antennomeres,
basal flagellomeres about as wide as long;
malar space very short, '/^

—
'/„ eye height

and y, basal width of mandible; temple
very narrow, at its narrowest Y- eye width;

occipital carina meeting hypostomal cari-

na; oral opening small, circular, width

equal to basal width of mandible and
about 7', face height; clypeus swollen, stri-

ate; ocelli large, ocellocular distance at

most
!/,

diameter of lateral ocellus, often

lateral ocellus nearly touching eye; face

costate, frons smooth, vertex and temple
granulate, malar space sometimes weakly
costate; maxillary palpus not swollen. Me-
sosoma: propleuron weakly costate, por-
cate medially; mesonotum and scutellum

granulate, notauli weakly scrobiculate,

meeting before scutellum in shallow cos-

tate area; mesopleuron smooth, subalar

area weakly costate, sternaulus absent;

propodeum granulate to granulate dorsal-

ly, smooth laterally, median carina com-

plete. Legs: tarsal claws strongly pectinate
with 7-8 large spines on inner edge; hind
coxa weakly granulate dorsally; inner

spur of hind tibia equal to 'A length of ba-

sitarsus. Wings (Figs. 38, 43): fore wing
with vein r nearly '/, length of 3RSa and
about y, length of m-cu, vein Icu-a beyond
IM by distance slightly greater than

length of Icu-a, vein ICUa about V, length
of ICUb; hind wing with vein RS straight.

marginal cell gradually widening to wing
apex, veins M+CU and IM about equal in

length, vein Ir-m Y^^ length of IM, vein

m-cu absent. Metasoma: first tergum stri-

gate, length longer than apical width, me-
dian carina complete; second tergum stri-

gate, median carina complete; third ter-

gum weakly strigate at base, remainder

smooth, median carina absent; remainder

of terga smooth; ovipositor short, about
!(,

length of hind basitarsus.

Male.—Similar to female; fore legs light
brown to yellow; median pits present on
metasomal terga 4—7.

Holoh/pe.—Female: CALIFORNIA, Tin

Mine Canyon, Riverside County, Decem-
ber 14, 1963, ex. oak gall, M. E. Irwin col-

lector. Deposited in USNM.
Parati/pes.—COSTA RICA: 2 females,

Guanacaste Prov., Derrumbe, Est. Cacao,
lado oeste del V. Cacao, III curso Paratax-

on.. May 1992, L-N 323700, 376700, INBio
barcodes CRlOOO-123504 and CRIOOO-
423594. UNITED STATES: ARIZONA: 1

female, Ramsey Canyon 6000', 15 mi. S.

Sierra Vista, Huachuca Mts., October 23,

1967, Sternitzky; 1 female, Parker Creek,
Sierra Ancha, May 2, 1947, H. and M.
Townes. CALIFORNIA: 5 females, Santa

Margarita, 20 mi. ESE, 2200', October 9,

1966, D. F. Hardwick; 1 male. Cypress
Ridge, Marin Co., May 7, 1922, E. C. van

Dyke collector; 1 male, Calaveras Co., 4.8

km S. West Point, July 26, 1980, Stanley C.

Williams; 1 male. Mill Valley, Marin Co.,

March 16, 1959, H. B. Leech collector; 1

female. Meadow Vista, Placer Co., October

19, 1972, T. A. Sears; 1 female, S. D. Co.,

Potrero, April 8, 1974, H. and M. Townes;
1 male. Lake Wohlford, April 20, 1974, H.

and M. Townes; 1 female, same data ex-

cept April 24; 1 female, same data except

April 27; 2 females, same data except

April 30. FLORIDA: 1 male, Putnam Co.,

2 mi. NW Orange Springs, May 22, 1975,

D. Bowman, blacklight trap. Paratypes de-

posited in USNM, CNC, RMSEL, CAS,
UCD, AEI, INBio, FSCA.

Distribution.—Known only from Flori-
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da, the southwestern U.S., and Costa Rica,

suggesting that notozophus may occur in

the gulf states, Mexico, and other parts of

Central America as well. Possibly occur-

ring in Brazil (see comments below).

Biolog}/.
—Unknown. The holotype is la-

beled as having emerged from an oak gall,

but this seems unlikely. Possibly a mum-
mified host caterpillar was confused with

a gall or a parasitized caterpillar sought
shelter in the gall. It is attracted to lights.

Comments.—This species is similar in

habitus to arizonensis, including the males

with the medial pits on metasomal terga

4—7, but is distinguished by the darker col-

ored head, mesosoma, and legs (Fig. 29).

It is also similar to vaughani from Central

America but is distinguished by the max-

illary palpi being slender (not swollen),

and by the longer first metasomal tergum.
One male specimen from Parana, Brazil

[CNC] fits this description but has lighter

colored orbits around the eyes, light me-

dial bands on the antennae, and reduced

pectination on the tarsal claws. Based on

this specimen alone, we are not able to

judge if this is normal variation at the

southern part of the range of this species,

or whether this lone male represents an-

other species near notozophus.

Etymology.
—The specific name is from

the Greek noto meaning "south" and 20-

phos meaning "western" in reference to

the more frequent occurrence of this spe-
cies in the southwestern U.S.

Aleiodes pedalis Cresson

(Figs. 28, 37, 45)

Aleiodes pedalis Cresson, 1869, Trans. Am. Ent.

Soc. 2:379-380.

Re-description of holotype female.
—Body

color: yellowish orange, except head, an-

tenna, fore basitarsus, apical K, middle and
hind tibiae and tarsi, stigma medially, and

ovipositor sheath black; palpi and basal y,

middle and hind tibiae pale yellowish

white; wings hyaline except faint infuma-

tion medially on forewing, darker infu-

mation apically. Body length, 8.3 mm;
forewing length 9.0 mm. Head: ocelli

enormous, lateral ocellus 8 times wider

than ocell-ocular distance; 66 antenno-

meres, basal flagellomeres shorter than

wide, 15th flagellomere width /length ra-

tio less than 0.84, apical flagellomere ter-

minating in a sharp point; malar space

very short, shorter than basal width of

mandible; malar space /eye height ratio

0.06; temple/eye width ratio 0.10; occipital

carina meeting hypostomal carina ventral-

ly, absent at vertex; oral space /malar

space ratio 3.0, oral space small, circular,

and polished, oral opening width shorter

than clypeo-antennal distance; clypeal

height /width ratio 0.67; clypeal sculptur-

ing finely rugulose; medial ridge extend-

ing down frons less than 0.55 distance

from scape to clypeus; face granulate me-

dially, striate laterally (Fig. 45); frons

smooth; vertex striate; temple granulate;

maxillary palpus not swollen. Mesosoma:

pronotum granulate medio-anteriad, ru-

gose laterally, declining at angle of greater
than 45° from mesonotum, medial prono-
tal length short, about equal to length be-

tween occipital carina and lateral ocellus;

mesonotum granulate, postero-dorsally
with one smooth carina (otherwise meso-

notum damaged by pinning); notauli

smooth, not coarsely foveate; scutellum

granulate, without pronounced setal pits;

mesopleuron smooth, sternaulus absent;

mesopleural pit posteriad to central disk

absent; propodeum granulate, antero-lat-

erally with faint rugation; propodeal me-

dian carina present, complete to apex.

Legs: inner apex of hind tibia with setae

normal and unmodified; tarsal claw with

basal lobe strongly pectinate, gap between

apical pectin tooth and claw greater than

apical tooth length, 7-8 teeth in pectin;

hind tibial spur/hind basitarsus length ra-

tio 0.30; hind coxa dorsally granulate.

Wings: yellowish hyaline, except apex and

median band infumate; forewing width/

length at widest point 0.29-0.35, forewing
with vein 2RS not parallel with r-m;



Volume 6, 1997 31

3RSa/r ratio 2.0; Icu-a beyond basal vein

by 3 times Icu-a length; vein Icu-a about

V, of way between veins IM and m-cu

(closer to IM); hind wing with marginal
cell gradually widening, RS gradually
curved to wing margin; M+CU/IM ratio

0.53; vein r-m 0.6 times length of IM; m-cu
absent. Metasoma: carapace absent, terga
1-8 visible; first and second terga with dis-

tinct median carina; first tergum elongate,

faintly rugulose to granulate, length/
width ratio 1.13; second tergum rugulose
to granulate, length /width ratio 0.71, me-
dian triangle of second tergum large, with

anterior carinae running laterally to mar-

gins; third tergum length /width ratio

0.44; third and forth terga granulate; ovi-

positor length /hind basitarsus length ra-

tio 0.60.

Type material examined.—Holotype fe-

male, minuten-mounted into cork, 3 labels

(excluding ANSP tag), Mexico, Prof. Sum-
ichrast, (Philadelphia). Condition fair; left

flagellum broken near middle, about 'A as

long as right flagellum.
Distribution.—Mexico, Costa Rica, Pan-

ama, Venezuela, and Bolivia.

Biology.
—Unknown.

Comments.—A very distinctive species
that can easily be recognized by its excep-

tionally large body size, very large eyes
and ocelli, black head, extensive granulate

sculpture, and face laterally with well-de-

veloped parallel striations (Fig. 45). It is,

however, quite rare in North American
collections (we have only seen the holo-

type, three specimens from Costa Rica,

and single specimens from Panama, Ven-

ezuela, and Bolivia). The female from Cos-
ta Rica is somewhat larger than the holo-

type from Mexico, and differs by having
darker black wing bands, and the hind fe-

mur mostly black. Two males from Costa

Rica, and one from Panama, lack the me-
dial wing band, have the hind femur or-

ange, and do not have setose pits on the

apical terga. The specimens from Vene-
zuela and Bolivia are unusual in lacking
dark wing patches, but otherwise are

within the observed range of variation for

Central American specimens. Its nearest

relative is flavidus (Cresson) from Cuba,
which differs by having a yellowish or-

ange head and middle tibia The face is

faintly striate in flavidus, but not so strong-

ly as in pedalis. Although originally de-

scribed as an Aleiodes species, pedalis has

been classified as Rogas by recent authors

(e.g. Shenefelt, 1975), and it is here reas-

signed to its original generic combination.

Aleiodes quebecensis (Provancher),
new combination

(Figs. 5, 8, 14, 23-24, 32)

Rogas quebecensis Provancher, 1880, Nat. Can.

12:145.

Diagnosis.
—
Body unicolored honey yel-

low or light brown, antenna usually black

on basal '/,/ yellowish-white to orange on

apical K., occasionally entirely black, or

with apical 10-18 flagellomeres black, fore

leg yellow, apical tarsomere brown, mid-
dle leg with coxa brown, trochanters and
basal

!<,
of femur yellow, apical Xi of femur

brown, basal 'A of tibia yellow, apical 'A

brown, tarsomeres 1-4 yellowish white or

white, apical tarsomere brown, hind leg
with coxa brown, trochanters yellow, fe-

mur brown, basal V, of tibia yellow or

white, apical t', brown, tarsomeres 1-4

white or light yellow, apical tarsomere

brown, wings hyaline, veins including

stigma brown, tegula yellow; body length,
6.0-8.0 mm; 45-55 antennomeres; malar

space short, less than basal width of man-
dible and about V^ eye height; face rugu-
lose, frons smooth, vertex and temple
granulate; oral opening small and circular,

diameter greater than malar space; ocelli

large, lateral ocellus 3 times wider than

ocell-ocular distance (Fig. 5); pronotum
rugose; mesonotum and scutellum gran-
ulate; mesopleuron smooth or weakly
granulate, subalar sulcus rugose, sternau-

lus absent; propodeum rugose granulate,
median carina complete; first and second

metasomal terga rugulose to granulate.
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median carinae complete, third tergum
smooth or weakly granulate, median ca-

rina absent, terga 4-6 of males with dense

patches of long hair on each side of mid

line; tarsal claws strongly pectinate (Fig.

14); fore wing with vein Icu-a beyond IM

by distance greater than length of Icu-a;

hind wing with vein RS slightly arched at

apical 7',, marginal cell narrowest at apical

^3 and suddenly widened to apex, vein

m-cu very short and indistinct.

Type material examined.—Rogas quebeceii-

sis Provancher, holotype female, Quebec

[ULQ].
Distribution.—Quebec south to Florida,

west to Wisconsin, South Dakota, British

Columbia, and Oregon. The period of

flight activity for adults ranges from early

June through mid-August.

Biology.
—Reared from Acronicta fiircifera

Guen. and Acronicta grisea Wlk. One

reared specimen from Indiana has been

associated with Primus sordinia and anoth-

er from New Brunswick has been associ-

ated with choke cherry, indicating the

possibility that several other Acronicta are

potential hosts. Another from Wisconsin

has been associated with Tilia americana. It

has been collected at blacklights.

Comments.—This species is very distinc-

tive and can be distinguished from all oth-

er members of the pulchripes group by the

arched vein RS in the hind wing, and the

hind legs with their pale white or yellow-

ish tarsomeres (Fig. 24). A single specimen
examined from Oregon is much darker

than eastern specimens in the color of the

head, mesosoma, and apical /, of the hind

tibia.

Aleiodes rossi Marsh and Shaw,

new species

(Figs. 15, 20)

Female.—Body color: entire body light

yellow, antemial flagellum brown, scape

and pedicel honey yellow, ocellar triangle

black, all apical tarsal segments brown,

apex of hind tibia black, wing veins yel-

low except costa, stigma and metacarpus

which are brown. Body length, 6.5 mm;
fore wing length, 5.5 mm. Head: 44 anten-

nomeres, first flagellomere longer than

second, remainder as wide as long; malar

space short, slightly less than basal width

of mandible and about '/, eye height; oc-

cipital carina not reaching hypostomal ca-

rina; oral space small and circular, width

equal to basal width of mandible and 'A

length of face; clypeus not swollen; ocelli

large, ocellocular distance less the '/. di-

ameter of lateral ocellus; face granulate,

costulate below antennae; frons, temples

and vertex granulate; maxillary palpus not

swollen; mandibles small, tips not cross-

ing when closed. Mesosoma: propleuron

porcate; mesonotum and scutellum gran-

ulate, notauli weakly scrobiculate, meet-

ing in rugose triangular area before scu-

tellum; mesopleuron smooth, subalar

sulcus rugose, sternaulus absent; propo-
deum granulate laterally, rugose granu-

late dorsally, median carina complete.

Legs: tarsal claws pectinate but with only

8-9 stout spines, with the basal 5 being

much larger than the rest (Fig. 20); inner

spur of hind tibia less than '/, length of

hind basitarsus; hind coxa granulate dor-

sally. Wings: fore wing with vein r '/,

length of 3RSa and ?', length of m-cu, vein

Icu-a beyond IM by distance greater than

length of Icu-a, vein ICUa y, length of

ICUb; hind wing with vein RS nearly par-

allel for short distance at base and then

widening to apex, marginal cell wide at

apex, vein Ir-m slightly longer than IM,

vein M +CU longer than IM, vein m-cu

absent. Metasoma: first tergum costate,

apical width longer than length, median

carina complete; second tergum costate,

median carina complete; third tergum cos-

tate on basal 'A, granulate on apical 'A, me-

dian carina distinct on basal 'A; remainder

of terga smooth; ovipositor short, less than

'A length of hind basitarsus.

Male.—As in female; metasomal terga

4-7 with dorsal median pits (Fig. 15).

Ho/ofi/pe.—Female: TEXAS, Brownsville,
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October, 1942, E. S. Ross, at light. Depos-
ited in CAS.

Parati/pes.
—MEXICO: 2 males, San Luiz,

Potosi,"El Salto, 1800', June 8, 1961, U.

Kans. Mex. Exped. UNITED STATES:

TEXAS: 1 male, Brownsville, September
16, 1942, T. M. Burns collector; 1 male,

Brownsville, June 29, 1938, L. W. Hepner;
1 female, S. Patricio Co., Welder Wildlife

Ref., 8 mi. NE Sinton, May 13-15, 1985, R.

Brown, black light trap, William H. Cross

Expedition. Paratypes deposited in

USNM, MSSU, UKL.
Distribution.—Known only from south-

ern Texas and Mexico.

Biology.
—Hosts unknown. Adults are

attracted to lights.

Coimiients.—This species belongs to the

group in which the males have the medial

pits on the apical metasomal terga; it can

be distinguished from cmneronii by the po-
sition of vein Icu-a in the fore wing and

from cazieri by its brown antenna and stig-

ma. It can be distinguished from geoinetrae

by the presence of dark black markings on

the apices of the tibiae, especially the hind

tibia.

Eti/uiologi/.
—This species is named for

the collector of the holotype, E. S. Ross.

Aleiodes vaughani (Muesebeck),
new combination

(Figs. 4, 7, 22, 31)

Rhogas nigriceps Enderlein, (1918) 1920, Arch.

Naturgesch. 84A(n):155. New junior hom-

onym, preoccupied by nigricepi^ Wesmael
1838 and nigriceps Brethes 1909. All three

nominal taxa are different species.

Rogas vaughani Muesebeck, 1960, Ent. News 71:

257.

Rogas enderkuu Shenefelt, 1975, Hym. Cat.

12(8):1227-1228. New synonymy. Unneces-

sary replacement name for nigriceps Ender-

lein.

Description of female.
—Body color: red-

dish yellow to yellow; head and antennae

black; palpi piceous; wings hyaline, the

stigma and veins very dark; middle tarsus

dusky; apex of hind tibia and the hind tar-

sus blackish; ovipositor sheath black.

Body length about 6 mm. Head: ocelli

large, lateral ocellus 3 times wider than

ocell-ocular distance; 43^8 antennomeres,

basal flagellomeres longer than wide, 15th

flagellomere from base width /length less

than .84; malar space slightly shorter than

basal width of mandible; oral opening cir-

cular, width shorter than the clypeo-an-
teiinal distance; clypeus without a carina,

clypeal height /width between .65 and .42,

clypeal sculpturing finely rugulose, clyp-

eal shape rounded, not abruptly edged,
not flat ventrad; vertex granulate; occipital

carina strong and complete medially, but

effaced well before juncture with hypos-
tomal carina; medial ridge extending
down frons less than .55 of distance from

line between bases of scapes to clypeus.
Mesosoma: pronotum granulate medio-

anteriad, laterally costate, pronotum de-

clining at an angle of greater than 45 de-

grees from mesonotum, pronotal anterior

flange less than .28 of pronotal length,

pronotal medial length longer than length
between occipital carina and lateral ocel-

lus; mesopleuron sculpturing on and pos-
teriad to central disk smooth, punctate;
sternaulus smooth, sometimes slightly in-

dented; mesopleural pit posteriad to cen-

tral disk absent; posterio-dorsal surface of

mesonotum with some strong, smooth ca-

rinae; notauli at mid-dorsal surface of

mesonotum not coarsely foveate, but with

a long longitudinal carina; mesonotal

sculpturing excluding postero-dorsal sur-

face granulate; scutellum granulate, with-

out pronounced hair pits; median carina

of propodeum frequently interrupted be-

fore reaching propodeal apex; sculpturing
of propodeum antero-laterally finely ru-

gulose. Legs: inner apex of hind tibia with

setae normal and unmodified; metatarsal

segment IV length less than 1.5 times

width; tarsal claw strongly pectinate with

10-12 tarsal teeth in pectin; gap between

apical and subapical tarsal teeth; apical
tarsal tooth with a small seta-like tip.

Wings: forewing with second submargin-
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al cell irregular in shape, 2RS not parallel

with r-m; forewing width /length greater
than or equal to .35; length ratio of vein

3-RS/r about 2.5; vein Icu-a about half-

way between veins IM and m-cu; hind-

wing marginal cell narrowest at base, RS

straight; veins M-I-CU and IM about equal
in length; vein Ir-m about y, length of IM.

Metasoma: first tergum not elongate,

sculpturing weakly rugulose to faintly ru-

gulocostate, median carina pronounced;
median carina of second tergum pro-

nounced, basal median triangle large and

associated with carinae which run later-

ally to margins of tergum; third metaso-

mal tergum sculpturing shallowly rugu-
lose or rugulocostate anteriad, finely

punctate posteriad, or completely finely

punctate; medial pits on terga 4-7 of males

absent; ovipositor short, less than /, length
of metafemur.

Males.—Essentially as in female; greater

tendency in males for third metasomal ter-

gum to have more rugation and to be less

nitid.

Type material examined.—Rogas vauglmui

Muesebeck, holotype female, type #65047,

Managua, Nicaragua, ex. Laphygma {
=

Spio-

doptera) friigiperda, deposited in USNM.
The holotype female of Rhogas nigriceps

Enderlein was also examined.

Distribution.—Found in the Neotropical

region from Mexico southwards to Hon-

duras, Nicaragua, Costa Rica, and Ecua-

dor. A series of specimens from Costa Rica

(INBio) indicates that vauglmni occurs

from sea level to 1050m elevation, but

seems to be most common at lower ele-

vations (0-200m).

Biology.
—The type-series from Nicara-

gua was associated with host material

identified as Laphygma (
=
Spodoptera) frii-

giperda (Noctuidae). One specimen of

vaughani from Honduras was associated

with host material identified as Spodoptcra
sunia (Noctuidae). Several specimens from

Ecuador were reared from Spodoptera lati-

fascia. This species is attracted to lights.

Comments.—Aleiodes vaughani is one of

only four species in the group that have a

dark-colored head (the other three being

pedalis, insignipes and notozophus). It differs

from pedalis in that the wings are not

banded; it differs from notozophus by hav-

ing the maxillary palpus somewhat swol-

len and by having a gap between the api-

cal tarsal claw and its basal pectination; it

differs from insignipies by having smaller

ocelli, larger malar space and more dis-

tinct tarsal claw pectination. Of the four

species, vaughani is by far the most com-

mon and appears to readily attack several

species of noctuids that infest agroecosys-
tems. We have also examined a dark-col-

ored form from Ecuador which has the an-

terior half of the mesosoma black in ad-

dition to the head. However, these do not

differ morphologically from typical vaugh-
ani.
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Contributions to the knowledge of Ceramius Latreille, Celotiites

Latreille, Jugurtia Saussure and Masarina Richards (Hymenoptera:
Vespidae: Masarinae) in South Africa

Friedrich W. Gess

Albany Museum, Grahamstown, 6140 South Africa

Abstract.—Descriptions are given of the following new species of Masarinae from South Africa:

Ceramius brevitarsis (female and male), Celonites gariepensis (female and male); Celonites tumidiscu-

tellatus (female and male); Celonites lobeliae (female and male); Jugurtia tigrina (female and male);

Jugurtia codoni (female and male); Jugurtia koeroegabensis (female and male); Masarina ceres (male);
Masarina mixtoides (female and male); Masarina namaqua (female and male); Masarina parvula (fe-

male and male); Masarina pteliostomi (female and male); and Masarina tylecodoni (female and male).
Also described are the previously unknown male of Ceramius peringueyi Brauns, female oi Jugurtia

duplicata Richards and male of Masarina strucki Gess. Jugurtia polita Richards, 1962 is synonymized
with Jugurtia eburnea (Turner, 1935) new status.

INTRODUCTION

The present contribution names and de-

scribes species of Ceramius Latreille, Celon-

ites Latreille, Jugurtia Saussure and Masar-

ina Richards, in order that observations on
flower visiting and, for two of the species,

nesting may be presented in a companion
paper (Gess, S. K. et al. 1997). Names and

descriptions are furthermore given for

three species previously (Gess, S. K. 1996)
identified only by letters of the alphabet.

Comparison of the newly described Ju-

gurtia tigrina with two similarly coloured

species has revealed that these two have

been persistently confused with each oth-

er. This confusion is discussed in full and
resolved. A key to separate the three spe-
cies is given, as are available collecting
data to elucidate their distributions.

The six new species of Masarina, M.

ceres, M. mixtoides, M. namaqua, M. parinila,

M. peliostomi, and M. tylecodoni raise the

number of species assignable to the genus
from four to ten. The listing by van der

Vecht and Carpenter (1990) of Masarina as

a junior subjective synonym of Jugurtia is

reassessed and it is concluded that Masar-

ina should retain generic status. A key to

the presently known species of Masarina is

given.
The opportunity is taken to complete

the descriptions of Jugurtia duplicata Rich-

ards, hitherto known from the male, of

Masarina strucki Gess, hitherto known
from the female, and of Ceramius peringueyi

Brauns, hitherto known from the female.

Collecting data for the above three poorly
known species are given.
A supplement to the previously pub-

lished key to the southern African (in ef-

fect Afrotropical) species of Ceramius

(Gess 1973) is provided to include the

presently described species, C. brevitarsis,

the only additional species discovered to

date, and male of C. peringueyi.

Acronyms for institutions in which ma-
terial is housed are: AMG =

Albany Mu-
seum, Grahamstown, South Africa; NCP
= National Collection of Insects, Pretoria,

South Africa; NHML = National History

Museum, London, United Kingdom; SAM
= South African Museum, Cape Town,
South Africa; TMP = Transvaal Museum,
Pretoria, South Africa.
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SPECIES DESCRIPTIONS

Ceramius Latreille, 1810

Ceramius brevitarsis Gess, sp. nov.

Female.—Black. The following are lem-

on-yellow: spot on proximal two-fifths of

mandible; hexagonal marking covering al-

most entire clypeal disc; large transverse

rectangular supraclypeal marking on low-
er half of frons between antemial sockets;

narrow band margining inner orbits from

clypeo-frontal suture to level of bottom of

anterior ocellus; elongate spot on top of

tempera; diffuse streak on scape; almost
entire pronotum (excepting black band

margining ventral margin and black pron-
otal lobe); longitudinal streaks laterally
and medially on posterior third of meso-

scutum; upper part of axilla; large spot on

prepectus; posterior two thirds of scutellar

disc (extending onto sides and posterior
declivous face of scutellum); transverse

marking on middle of metanotum; irreg-

ularly shaped marking on propodeal an-

gle; tergum I (except for black anterior de-

clivous face); wide, laterally expanded,
transverse posterior bands on terga II-IV;

entire tergum V; tergum VI (except for

narrow black margin); markings laterally
on sternum II; most of sterna III-V; vari-

ously developed spot on underside of

coxa of all legs; distal two thirds of outer

aspect of front femur, entire outer aspect
of middle femur and isolated spot on out-

er aspect of hind femur; most of outer as-

pect of tibia of all legs and most of front

basitarsus. The following are reddish:

mandible (other than yellow part indicat-

ed above and black apical teeth); narrow
ventral margin of clypeus; apex of labrum;
entire antenna (excluding yellow streak on

scape); most of tegula; extreme sides of

terga II and III; a basi-medial spot on ster-

num II; diffuse posterior bands on sterna

II-IV; legs other than yellow parts listed

above. Wings ftiscous; costa and stigma of

front wing and all veins of hind wing red-

dish brown, other veins of front wing dark

brown; thickening at junction of Rs and M
black.

Melanistic specimens differ most

strongly in the following respects: mark-

ings on mandible and scape absent (or, if

present, reddish); marking on clypeal disc

somewhat narrower and barrel-shaped;

supraclypeal marking absent; band mar-

gining irmer orbits reduced in width and

height; spot on tempora reduced; yellow
on pronotum reduced postero-laterally to

a narrow dorsal band and a wider but
shorter lower one; markings on mesono-
tum and metanotum absent and those on
axilla, scutellum, prepectus and propo-
deum reduced; yellow bands on terga I-

IV reduced in width and that of tergum I

not attaining hind margin.

Length 12.5-13.3 mm (average of 7: 12.7

mm); length of front wing 8.3-9.0 mm (av-

erage of 7: 8.6 mm); hamuH 17-19.

Head, thorax, propodeum and tergum I

with long erect pilosity; hairs on clypeus
in region below antennal sockets, on frons

(in particular), vertex, pronotum and an-

terior portion of mesoscutum coarse and

golden, those on other parts much finer

and silvery-white.
Head noticeably wider (1.15X) than

long. Eyes seen in frontal view strongly
convex; lateral margin of eye and lateral

margin of closed mandible (apex touching
that of opposing mandible) forming two
distinct convex curves. Clypeus 1.5 X lon-

ger than wide at ventral margin, truncate

with definite but narrowly rounded angles

separating ventral and lateral margins;
disc finely longitudinally striate and shal-

lowly depressed medially. Frons and ver-

tex closely and coarsely punctured, POL
(distance between posterior ocelli) :OOL
(distance between eye and a posterior

ocellus)
= 1:1.5 (average value for 7 spec-

imens).

Thorax with pronotum and mesoscu-
tum similarly punctured to frons and ver-

tex but with mesopleura and scutellum
more finely punctured. Mesoscutum with

prescutal furrows well marked posteriorly
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and parapsidal furrows distinct. Scutel-

lum anteriorly steeply raised above level

of mesoscutum; disc weakly carinate me-

dially and laterally and with its surface

between these carinae slightly depressed.

Propodeum with sparse shallow punc-
tures and microsculptured interspaces, lat-

erally with pronounced sharply pointed

processes.
Gaster shiny, uniformly microsculp-

tured; tergum I transverse, subapically 3

X wider than long, barely noticeably con-

stricted just anterior to posterior margin;

tergum 11 anteriorly narrowing and pos-

teriorly 1.3 X wider than I; terga II-VI to-

gether progressively and smoothly nar-

rowing posteriorly and with tergum VI

pointed but narrowly rounded.

Front tarsus noticeably short and wide;
middle tibia with 2 apical spurs.

Male.—The following are lemon-yellow:
mandible (other than extreme base and

apical teeth); hexagonal marking covering
almost entire clypeal disc; lateral angles of

clypeal wings adjacent to mandibular ar-

ticulation; irregularly shaped and various-

ly developed supraclypeal markings on
lower half of frons; narrow band margin-

ing imier orbits from clypeo-frontal suture

to level of about one ocellar diameter be-

low anterior ocellus; elongate spot on top
of tempora; scape (except for black, dorsal

longitudinal streak); sometimes upper sur-

face of last flagellomere; pronotum (except
black band margining ventral and pos-
tero-lateral margins); upper part of axilla;

spot on prepectus; posterior half or less of

scutellar disc; propodeal angles (some-
times only spine-like processes); subapical
transverse band widened laterally and fre-

quently interrupted medially on tergum I;

wide, laterally expanded, transverse pos-
terior bands on terga II-VI; basi-lateral

spots on tergum VII; irregularly shaped
and variously developed markings on
discs of sterna II-VII; most of underside of

front coxa and the entire underside of

middle and hind coxae; mesosternal pro-

jections adjacent to coxae; process of front

trochanter; small spot on middle and hind

trochanters; entire outer aspect and un-

derside of front and middle femora; basal

and apical spots on outer aspect of hind

femur; longitudinal streak on basal tarso-

mere of all legs. The following are reddish:

flagellomeres (other than occasionally last

flagellomere as noted above and dorsal in-

fuscation of other flagellomeres); most of

tegula; extreme sides of terga and parts of

sterna; legs other than yellow parts listed

above and strongly contrasting black last

tarsomeres, claws and pulvilli of middle
and hind legs. Wings similar to those of

female but less heavily infuscated.

Length 12.0-12.7 mm (average of 7: 12.4

mm); length of front wing 8.2-8.5 mm (av-

erage of 7: 8.3 mm); hamuli 14-18.

In general fades similar to female, the

chief differences being as follow. Head
width relative to head length even greater

(1.3X); disc of clypeus 1.8 x longer than

wide at ventral margin; POL:OOL = 1:1.4

(average value for 7 specimens). All fla-

gellomeres longer; VI-IX each with a low,

shiny, longitudinal swelling beneath; ulti-

mate flagellomere a little longer than pen-
ultimate, a little flattened and weakly con-

cave beneath. Tergum I noticeably con-

stricted dorsally and dorso-laterally just

anterior to posterior margin. Tergum VII

subtruncate with hind margin widely
rounded laterally. Sterna III, VII and VIII

with processes; process of III small, steep-

ly raised above middle of disc, with its

transverse distal edge about one sixth of

the width of the sternum at its midlength;

process of VII postero-ventrally directed

and spatulate in ventral view; basal pro-
cess of VIII poorly developed. Sternum
VIII with disc posterior to basal process

medially deeply depressed, shiny, and on
each side produced into a prominent pos-

tero-ventrally directed, bluntly pointed,

pilose projection. Trochanter of front leg

produced into an anteriorly directed, api-

cally rounded process. Front femur with

surface depressed in proximal half.

Material exainiiied.—Holotype: female.
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Cape Province: Namaqualand, Richters-

veld N[ational] Park, bet[ween] hills

(28.10S, 17.02E), NW Koeroegabvlakte,
14.ix.l996 (F.W., S.K. and R.W. Gess) (at

water) [AMG]. Paratypes (51 females, 7

males): same locality, date and collectors

(50 females, 6 males at water; 1 female, 1

male on cream fl[ower]s [of] Zi/gophyllum

prismatocarpum E. Mey. ex Send., Zygo-

phyllaceae) [AMG].
All specimens are free of mites.

Discussion.—Ceramius brevitarsis is most

closely allied to cerceriformis Saussure and

peringueyi Brauns. In both sexes it differs

from these species in its smaller body size

(marked with respect to cerceriformis), in

the greater width relative to length of the

head resulting from its more strongly con-

vex eyes, and in the form of the clypeus
—

truncate with definite angles separating
the ventral and lateral margins rather than

(particularly in the female) rounded and
without definite angles. It differs mark-

edly from peringueyi in coloration. The fe-

male is further distinguished by the short-

ness of the tarsus of the front legs. The
male is in addition distinguishable in hav-

ing the last flagellomere only minimally
modified, in the different form of the ster-

nal prominences and of the disc of ster-

num VIII.

Etymology.
—The name brevitarsis serves

to draw attention to the short tarsus of the

front leg of the female.

Ceramius peringueyi Brauns

Ceramius peringueyi Brauns, 1913: 194, female.

Holotype; female. South Africa: Stellenbosch

(TMP).—Richards, 1962: 100 (female only,
male = richardsi Gess, 1965); Gess, 1965: 220.

Male.—Black. The following are creamy-
white: broad streak on mandible, clypeus

except lateral wings, inner orbit from near

mandibular articulation to bottom of oc-

ular sinus, small spot on top of tempora,
streak on underside of scape, pronotal
band wide anteriorly where extended

onto sides but narrow laterally as far as

posterior angles of pronotum whence a

well marked streak extends ventrally onto

spiracular lobes, small postero-lateral
streak on each side of mesonotum, large

spot on dorsal part of axilla, transverse

streaks on posterior declivous portion of

scutellum and median portion of meta-

notum, anterior margin of tegula, minute

to small spots at top of mesopleura, pro-

podeal spines dorsally, sometimes small

diffuse median and lateral spots posteri-

orly on tergum I, transverse median
streaks and variously sized lateral spots

posteriorly on terga II-V (markings some-

times reduced or conversely narrowly
connected along hind margin of terga IV

and V), sometimes single median spot

posteriorly on tergum VI, projection on
sternum III, streak on front tibia dorsally,

spots on underside of middle and hind

coxae, small spots on underside of tro-

chanters and sometimes base and apex of

femora of front and middle legs and spots
on knees of all legs. The following are red-

dish: underside of flagellomeres I-IX and
whole of X, transverse band on declivous

anterior face of pronotum and large area

on sides of same, terga I and III predom-
inently (tergum III sometimes with black

area), sterna II and III and isolated diffuse

spots on sternum IV, legs (excluding yel-

low markings and black fifth tarsomeres

of middle and hind legs). Wings fuscous,

venation dark brown.

Length 13.0-15.2 mm (average of 5: 14.2

mm); length of front wing 8.8-9.7 mm (av-

erage of 5: 9.2 mm); hamuli 15-19.

In general fades and coloration very
similar to the female, the chief differences

being as follow. Disc of clypeus narrower

at base and proportionately longer. Ulti-

mate flagellomere enlarged, hook-like,

folding back against flattened ventral sur-

faces of flagellomeres VII-IX, similar in

general plan to that of C. cerceriformis.

Sterna III, VII and VIII with pronounced
processes and IV with basal quarter mark-

edly transversely raised and posteriorly

falling abruptly to disc. Processes similar
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to those of C. cerceriformis but that on ster-

num III more gracile, its anterior edge

transversely much narrower, sublamellate

and sharply bipointed, seen in side view

raised higher above the convex posterior

part and with anterior face almost

straight, subvertical, and with apical tu-

bercles ventrally directed. Trochanter of

front leg produced into a process similar

to that of C. cerceriformis but not as wide
and thick.

The front femur, as in the female, is un-

modified and is therefore different from

that of the male of C. cerceriformis which,

to a variable degree, has its outwardly fac-

ing surface depressed in the proximal half.

Material examined.—Cape Province: 10-

20 km E Lambert's Bay (32.08S, 18.28E),

3.X.1990 (C. Eardley), 1 male [NCP]; 5 km
E of Vredendal on road to Vanrhynsdorp,
30.ix. 1985, 14 females (all on flowers of

Psilocaulon acutisepalum (Berger) N.E.Br.,

Aizoaceae: Mesembryanthema); Graafwa-

ter (32.09S, 18.33E), 14.X.1994, 4 females

(all on flowers of P. acutisepalum); Klipfon-
tein (32.00S, 18.31E), 14.X.1994, 4 females,

1 male (all on pink flowers of Psilocaulon

sp.) (all F. W. and S. K. Gess) [all AMG];
Graafwater dist., Heerenlogement (31.58S,

18.33E), 6.X.1995, 5 males (all on pink
flowers of P. cf. subnodosum (Berger)

N.E.Br.); same locality, 8.x. 1995, 5 females,

10 males (all on pink flowers of PsUocaulon

spp.); Graafwater/Ratelfontein (32.09/

02S, 18.36 /35E), 7.X.1995, 1 male (on pink
flowers of P. acutisepalum); Ratelfontein/

Oloff Berghfontein (32.02S, 18.35/31E),
7. X. 1995, 1 female (ex nest); same locality,

8.x. 1995, 2 males (both on pink flowers of

P. acutisepalum) (all F. W., S. K. and R. W.

Gess) [all AMG].
Discussion.—Ceramius peringueyi was de-

scribed from a single female, collected by
L. Peringuey, of which the provenance
was given as the vicinity of Cape Town,
with the suggestion that it was probably
from the Peninsula (Brauns 1913). The la-

bel on the specimen, however, gives the

collection locality as Stellenbosch (Rich-

ards 1962 and Gess 1965). The species was

subsequently recorded from Het Kruis

and Paleisheuwel (Gess 1965). Apart from
the cited type locality, attended by uncer-

tainty, all collecting localities suggest a

limited distribution centred upon the

sandveld west of the Olifants River.

The male collected in 1990 carries 14

mites, situated mostly on the metapleura,
and two of the females collected in 1995

bear a single mite each. The remainder of

the total of 19 males and 33 females ex-

amined at different times by the author

are without mites.

SUPPLEMENT TO THE PREVIOUSLY PUBLISHED KEY TO SOUTHERN AFRICAN SPECIES OF
CERAMIUS LATREILLE (GESS 1973)

16 Males 16a

Females 17

16a Head noticeably wider (1.3x) than long. Last flagellomere minimally modified, hardly

longer than that immediately preceding it, not hook-like, gradually narrowed towards

rounded apex. Body black and yellow, length less than 13 mm . . . hrevitarsis Gess sp. nov.

Head at most only minimally wider (less than 1.1 x) than long. Last flagellomere much
modified, as long or longer than preceding two together, broadened on inner side beyond
base and then narrowed again I6b

16b Body predominantly black and reddish with pale yellow markings, length 13.0-15.2 mm.
Prominence on sternum 111 when seen in profile with anterior face almost straight, sub-

vertical, and with apical tubercles ventrally directed. Front femur unmodified

pteringueifi Richards

Body predominantly black and yellow, length 14.5-17.2 mm. Prominence on sternum 111

when seen in profile with anterior face posteriorly curved and with apical tubercles
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postero-ventrally directed. Front femur to variable degree with outwardly facing surface

depressed proximally cercerifortnis Saussure

17 Head noticeably wider (1.15X) than long. Eyes seen in frontal view strongly convex;

lateral margin of eye and lateral margin of closed mandible [apex touching that of op-

posing mandible] forming two distinct convex curves. Clypeus truncate with definite

angles separating ventral and lateral margins. Body black and yellow, length 12.5-13.3

mm brevitarsis Gess sp. nov.
- Head as wide as long or at most only minimally wider than long. Eyes seen in frontal

view only moderately convex; lateral margin of eye and lateral margin of closed man-
dible [apex touching that of opposing mandible] forming a smooth or almost smooth

line. Clypeus rounded and without definite angles separating ventral and lateral

margins 17a

17a Body predominantly black and reddish with pale yellow markings, length 13.6-14.5 mm.
Pronotum predominantly reddish. Prepectus always immaculate. Metasoma with terga

1, II and frequently III reddish; tergum I either immaculate or with pale yellow medial

and lateral spots posteriorly, terga II-V (or fewer) with narrow pale yellow transverse

posterior bands not anteriorly expanded laterally peringiieyi Richards

Body predominantly black and yellow, length 16.7-17.8 mm. Pronotum predominantly

yellow. Prepectus always with a large yellow spot. If melanistic and with pronotum and

tergum I (and sometimes II) reddish then terga II-V with yellow transverse posterior
bands much anteriorly expanded laterally cercerifortnis Saussure

Celonites Latreille, 1802

Celonites gariepensis Gess, sp. nov.

Female.—(Figs. 1-3). Black. The follov^-

ing are yellowish-white: occasionally a

small irregularly-shaped spot medially in

top third of clypeus, small (occasionally

minute) spot on either side of frons close

to margin of upper eye (that is, above oc-

ular sinus), continuous medially widened
band on posterior margin of pronotum
(sometimes interrupted laterally, or inter-

rupted and reddish brown rather than yel-

lowish-white, or occasionally almost total-

ly extinguished), spot of variable size (oc-

casionally totally extinguished) on humer-
al angle, a spot of variable size (sometimes

totally extinguished) on mesopleuron im-

mediately below tegula, outer two-thirds

or less of propodeal lamellae (if coloured

area much reduced then reddish-brown

rather than yellowish-white), postero-lat-
eral markings on terga I-IV and postero-
medial markings on terga V and VI (all

may be reduced or totally extinguished).
The following are reddish-brown: apical
half of mandible, posterior margin of pro-
notum (if coloured band reduced, inter-

rupted and not yellowish-white), tegula,

costal margin of front wing at its base,

outer margin of propodeal lamellae (if col-

oured area much reduced and not yellow-

ish-white), occasionally the visible median

part of the metanotum, transverse bands

(incorporating within them the yellowish-
white markings) on posterior half of terga
I-V (colour progressively darker towards

end of metasoma, tergum VI dark brown;
all transverse bands but that on tergum I

extinguished in some specimens), distal

ends of femora and to a variable extent

tibiae and tarsi of all legs. Wings infuscated.

Length 6.9-7.3 mm (average of 4: 7.0

mm); length of front wing 4.9-5.3 mm (av-

erage of 4: 5.1 mm); hamuli 8. Length of

extended tongue 5.6-5.8 mm (average of

2: 5.7 mm); tongue length: body length
=

0.81.

Head (Fig. 1). Clypeus and frons shiny,

coarsely rugoso-punctate; vertex dull, less

coarsely sculptured. Clypeus with wide,

shallow M-shaped carina, on each side

(where strong) originating from near man-
dibular articulation and rising in outward-

ly directed arc to angle a little below and
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LTior Iwo-Figs. 1-6. Ciionilci gnricpciisis. 1, Frontal view of head ot tomalo (« 20). 2, Uorsial view ot poster
thirds of mesosoma of female (x 20). 3, Lateral view of right side of mesosoma of female (x 20). 4, Frontal

view of head of male (x 20). 5, Dorsal view of genitalia of male (x 50). 6, Ventral view of genitalia of male

(X 50).
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medial to antennal socket (where most

pronounced), thence on each side directed

medially and ventrally (where almost ex-

tinguished) to meet in obtuse angle or

gentle curve. Frons above anteruiae with

shallow, V-shaped carina, pronounced
other than at ends and at medial angle,

arising laterally opposite but outside mid-

dle of ocular sinuses and meeting at wide-

ly obtuse angle at level of upper margin
of antennals sockets.

Thorax (Figs. 2 and 3). Upper surface of

pronotum, mesoscutum, scutellum, tegula
and mesopleuron more or less longitudi-

nally rugoso-punctate; mesoscutum in

posterior half markedly depressed on ei-

ther side of midline; scutellum anteriorly

very steeply raised above level of adjacent

depressed mesoscutum and triangularly

forwardly produced to almost overhang
the latter. Propodeal lamella of each side

wide, obliquely truncate distally, with

outer edge gently convex, separated from

median part of propodeum by narrow

parallel-sided subtransverse slit the inner

end of which is not enlarged; lateral pro-

jection of ventral margin of each side of

the median part of the propodeum with

its hind edge directed anteriorly and its

apex acute.

Gastral tergum I shiny, with dense

punctures of moderate size; remaining ter-

ga with sides and extreme base similarly

punctured but less shiny and rest of each

tergum matt with much finer punctures

separated by microsculptured interspaces.
Male.—(Figs. 4-6). Black. Coloration

similar to that of female. On the head the

following are yellowish-white: usually a

diffuse spot on disc of labrum, variably
sized (but larger than in female) irregular-

ly-shaped spot on clypeus, usually a trans-

verse streak in each ocular sinus, some-
times small spot on frontal carina above
each antermal socket. Flagellomeres II-V

sometimes reddish-brown and contrasting
with black of rest of antenna.

Length 6.5-7.0 mm (average of 3; 6.7

mm); length of front wing 4.4-5.1 mm (av-

erage of 4: 4.6 mm); hamuli 7-8. Length of

extended tongue 5.0 mm (only one mea-

sured); tongue length: body length
= 0.77.

Structure much like that of female dif-

fering most noticeably with respect to the

following: antennal club both longer and
wider and with three sensory depressions
beneath; clypeal carina almost obliterated

medially; frontal carina entire but less de-

veloped, especially medially; scutellum

though steeply raised not antero-medially

forwardly produced; gastral terga more

uniformly punctured, with postero-lateral

angles more strongly projecting; tergum
VII compared to tergum VI of female with

posterior margin of median part a much
flatter curve.

Genitalia (Figs. 5 and 6).

Material examined.—Holotype: female,

Cape Province: Namaqualand, Richters-

veld National Park, Koeroegabvlakte
(28.nS, 17.03E), 17-21 and 24.ix.1995 (F.

W., S. K. and R. W. Gess) (in deep violet

flowers of Pelioshvnum sp., Scrophularia-

ceae) [AMG]. Paratypes (38 females, 12

males): Cape Province: Namaqualand,
Richtersveld National Park, Koeroegab-
vlakte (28. lis, 17.03E), 17-21 and
24.ix.1995 (F. W., S. K. and R. W. Gess), 32

females, 3 males (all in deep violet flowers

of Peliostomum sp.), 1 female, 1 male (both
in purple-violet flowers of Aptosimum spi-

nescens (Thunb.) Weber, Scrophulariace-

ae); same locality, 6.ix.l996 (F. W., S. K.

and R. W. Gess), 1 female, 7 males (female
and all but 1 male on ground near flow-

ering Peliostomum sp.); Namaqualand, Ri-

chtersveld National Park, Paradise Kloof

(28.19S, 17.01E), 22.ix.1995 (F. W., S. K.

and R. W. Gess), 1 female (associated with

nest); Namaqualand, Richtersveld Nation-

al Park, 1.5 km from Helskloof gate

(28.18S, 16.57E), 8 and 9.ix.l996 (F. W., S.

K. and R. W. Gess) 3 females, 1 male (all

on ground near Aptosimum spinescens) [all

AMG].
Discussion.—Celonites ;fariepensis falls

into the group of southern African species
in which the propodeal lamella is separat-
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ed from the median part by a more or less

spiral slit that usually ends in a circular

emargination, with the projection of the

median part, bordering the slit, very

markedly projecting into it. Within this

group it is closest to ch/peatiis Brauns and

andrei Brauns, sharing with them a carina

not only on the frons but also on the clyp-
eus. It is distinguishable from both, how-

ever, by a very different colour pattern,
the possession of whitish-yellow markings

being particularly diagnostic. The raised

anterior part of the scutellum differenti-

ates gariepensis markedly from ch/peatiis

but less so from andrei from which, how-

ever, it differs in both sexes in having nar-

rower and straighter tegula. The male gen-
italia though similar in plan to those of

andrei are noticeably narrower.

Etymology.
—The name gariepensis, an

adjective, is derived from Gariep, the

Nama name for the Orange River which
within its great northward curve embraces

that part of the Richtersveld in which the

present specimens were collected.

Celonites tumidiscutellatus Gess,

sp. nov.

Female.—(Figs. 7-9). Black. The follow-

ing are reddish-brown: apical half of man-

dible, underside of antemial club, entire

dorsal surface of pronotum, tegula, scu-

tellum to varying degree (ranging from

narrow band on posterior margin,

through postero-medial marking, to entire

posterior two-thirds), middle of metano-

tum, transverse bands on posterior half of

terga I-IV (in the specimen from Willow-

more only terga I-III) and entire sides of

same, knees, extreme apices of tibiae and
all tarsi. The following are dark brown:

upperside of antennal club, propodeal la-

mellae postero-laterally, terga V and VI,

sterna, legs (other than parts listed above).

Wings infuscated.

Length 7.7-7.9 mm (average of 3: 7.8

mm); length of front wing 5.0-5.2 mm (av-

erage of 3: 5.1 mm); hamuli 7-8. Length of

extended tongue 4.8-5.0 mm (average of

3: 4.9 mm); tongue length: body length
=

0.63.

Head (Fig. 7). Clypeus and frons shiny,

coarsely rugoso-punctate; vertex dull, less

coarsely sculptured. Clypeal carina of the

same basic pattern as in clypeatits, andrei

and gariepensis (that is shallowly M-

shaped) but medially very indistinct

(where indicated forming an extremely
shallow angle). Frons with shallow V-sha-

ped carina, conspicuous except laterally

and at medial angle, arising laterally op-

posite but outside middle of ocular sinus-

es and meeting at widely obtuse angle just

above antennal sockets. Frons, midway
between V-shaped carina and anterior

ocellus, weakly raised into shallow trans-

verse arc indicated by change in direction

of rugosity (transverse as opposed to lon-

gitudinal in area below).
Thorax (Figs. 8 and 9). Upper surface of

pronotum, mesoscutum, scutellum, tegula
and mesopleuron more or less longitudi-

nally rugoso-punctate; mesoscutum in

posterior half moderately and evenly de-

pressed; scutellum markedly swollen me-

dially, rising above level of the mesoscu-

tum. Propodeal lamella of each side wide,

subtruncate distally, with outer edge con-

vex, separated from median part of pro-

podeum by a spiral slit ending in a cir-

cular emargination, with projection of me-
dian part soniewhat forwardly directed

and projecting into it.

Gastral terga uniformly and evenly cov-

ered with moderately sized shallow punc-
tures; interspaces of about width of punc-
tures and finely microsculptured.

Male.—(Figs. 10-12). Coloration very
similar to that of female but; antemia dark

brown overall; scutellum only exception-

ally with more than posterior margin red-

dish-brown; middle of metanotum black;

number of gastral terga with transverse

reddish-brown posterior bands variable,

ranging from I-lII to I-VI.

Length 6.7-7.5 mm (average of 3: 7.0

mm); length of front wing 4.4-4.9 mm (av-

erage of 3: 4.6 mm); hamuli 6-7. Length of
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extended tongue 4.2-4.4 mm (average of

3: 4.3 mm); tongue length: body length
=

0.61.

Structure much like that of female dif-

fering most noticeably in the following:
antennal club both wider and longer, with

three sensory depressions beneath; clypeal
carina effaced, frontal carina much re-

duced; gastral terga with postero-lateral

angles more strongly projecting; tergum
VII compared to tergum VI of female with

posterior margin of median part a much
flatter curve.

Genitalia (Figs. 11 and 12).

Material examined.—Holotype: female.

Cape Province: Namaqualand, Springbok,
Hester Malan [now Goegap] Nature Re-

serve, 10-11.X.1989 (F. W. and S. K. Gess)

(in flowers of Aptosimum spinescens

(Thunb.) Weber, Scrophulariaceae) [AMG].

Paratypes (34 females, 23 males): Cape
Province: Namaqualand, Richtersveld Na-
tional Park, 1.5 km from Helskloof gate

(28.18S, 16.57E), 8.ix.l996 (F. W., S. K. and
R. W. Gess) 3 males (all on ground near

Aptosimum spinescens); Namaqualand,
Springbok, Hester Malan [now Goegap]
Nature Reserve, 15-22.X.1987 (F. W. and S.

K. Gess), 2 females (1 in flower of Aptosi-

mum spinescens; 1 in Malaise trap); same

locality, 10-12.X.1988 (F. W. and S. K.

Gess), 1 female, 4 males; same locality and
date (D. W. Gess), 5 females, 4 males;

same locality, 10-n.x.l989 (F. W. and S.

K. Gess), 17 females, 5 males (1 female in

flower of Aptosimum indivisum Burch. ex

Benth., Scrophulariaceae; 1 female, 1 male

in flowers of Aptosimum spinescens; 2 fe-

males, 1 male in flowers of Peliostomum

virgatum E. Mey., Scrophulariaceae); same

locality and date (D. W. Gess), 3 females,

6 males; Springbok, Goegap Nature

Res[erve] (plains), 7.ix.l992 (F. W. and S.

K. Gess), 1 male; [Springbok], Goegap
[Nature Reserve] (windmill, 29.37S,

17.59E), 4-8.X.1994 (F. W. and S. K. Gess),

3 females (all in flowers of Aptosimum in-

divisum; Namaqualand, [Springbok],

Voelklip (29.45S, 17.22E), 2.X.1994 (F. W.

and S. K. Gess), 1 female (on dry sandy
ground); Namaqualand, Klipfontein

(29.51S, 17.47E), 14.X.1989 (D. W. Gess), 1

female; Willowmore, 7.x. 1971 (C. Jacot-

Guillarmod), 1 female [all AMG].
Discussion.—Celonites tumidiscutellatus

falls into the group of species made up of

clypeatus Brauns, andrei Brauns and gariep-

ensis Gess. It differs from gariepensis in

lacking yellowish-white markings and
from the more similarly coloured clypeatus
and andrei in lacking orange markings on
the prepectus. The scutellum is more

strongly swollen and raised than that of

clypeatus and totally different from those

of the other two species. The female dif-

fers from those of the other species in that

the clypeal carina is differently formed

and very weak medially and is unique in

the development of the raised transverse

arc on the upper frons. The male genitalia
differ from those of clypeatus in that the

parameres are distally asymmetrically
narrowed and end in a narrowly rounded

point rather than being apically broadly
rounded. The volsella is of totally different

shape.

Etymology.
—The name tumidiscutellatus,

a male adjective, is compounded from the

Latin words tumidus, swollen, and scutel-

latus, distinguished by the scutellum. It

serves to draw attention to a diagnostic
character of the species.

Celonites lobeliae Gess, sp. nov.

Celonites sp. E. (Gess, S. K. 1996: Appendices 1

and 2)

Female.—Black. The following are yel-

lowish-white: small spot on either side of

frons close to margin of upper orbit (that

is, above ocular sinus), small spot on hu-

meral angles, postero-lateral angles of pro-
notum next to tegulae, lateral margins of

propodeal lamellae, small transverse

streaks postero-laterally on terga I-IV and
minute postero-medial spot on tergum V.

The following are reddish-brown: apical
half of mandible, underside of antennal
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club, continuous very narrow band along

posterior margin of pronotum, pronotal

lobe, tegula, metanotum, transverse pos-
terior bands (anteriorly expanded lateral-

ly) on terga I-III, lateral margins of terga

IV and V, diffuse area on tergum VI, ster-

na I-III and parts of sterna IV-VI, most of

front femora and apices of middle and

hind femora, and all tibiae and tarsi. The

following are dark brown: upper side of

antenna, postero-medial parts of terga IV-

V, legs other than for parts already noted.

Wings lightly infuscated.

Length 8.2 mm; length of front wing 5.4

mm; hamuli 10.

Head and clypeus coarsely rugoso-

punctate, clypeus steeply raised laterally,

its disc flat, not carinate. Frons obliquely
raised and subtuberculate immediately
above each antennal socket, raised areas

separated medially by a little less than in-

terantennal distance, therefore not form-

ing a V-shaped carina.

Upper surface of pronotum, mesoscu-

tum, scutellum, propodeum and gastral

terga moderately coarsely and closely

punctured with narrow microsculptured

interspaces; scutellum almost flat, only

slightly raised above adjacent part of me-
soscutum. Propodeal lamella of each side

subtruncate distally, with outer edge gent-

ly convex and postero-lateral corner

smoothly rounded, separated from medi-

an part of propodeum by a wide spiral

slit; projection of median part of the pro-

podeum transverse, apically rounded.

Male.—{Figs. 13 and 14). Black. The fol-

lowing are yellowish-white: labrum,
transverse marking flanking anterior mar-

gin of clypeus, one or two small spots

proximally on clypeal disc, variously

shaped spot within each ocular sinus and

pair of spots on supra-antennal tubercu-

les, small spot on humeral angles, very
narrow interrupted band on posterior

margin of pronotum (present in one spec-
imen only), variously sized spot on pre-

pectus, pair of small spots laterally on scu-

tellum (present in one specimen only), lat-

eral margin of propodeal lamellae, small

transverse streaks postero-laterally on ter-

ga I-IV and small postero-medial spots on

terga I-VI (both series of markings in one

specimen only), spot on distal end of front

femora, base of front tibia and to a lesser

extent bases of middle and hind tibiae.

Distribution of reddish-brown and dark

brown markings similar to those of fe-

male.

Length 6.7-7.7 mm; length of front wing
4.3-4.8 mm; hamuli 6-7. Length of extend-

ed tongue of larger specimen 4.3 mm;
tongue length: body length

= 0.55.

Apart from the usual secondary sexual

differences of the antennal club and gas-
tral terga, the structure is very similar to

that of the female.

Genitalia (Figs. 13 and 14).

Material examined.—Holotype: female.

Cape Province: Betw[een] Nieuwoudtville

and top of Vanrhyns Pass, 29-30.ix. 1990

(F. W. and S. K. Gess) (on purple flowers

of Lobelia sp., Lobeliaceae) [AMG]. Para-

types (2 males): Cape Province: Betw[een]
Nieuwoudtville and top of Vanrhyns Pass,

29-30.ix.l990 (F. W. and S. K. Gess) (1 on

purple flowers of Lobelia sp., 1 on ground
in the vicinity of the plant) [both AMG].

Discussion.—Celonites lobeliae can easily

be confused with C. pwmontorii Brauns for

not only do the two species look superfi-

cially similar but, judging from the type

locality, they may at least partially overlap
in distribution. Celonites lobeliae can be dis-

tinguished in having the antennal club

more gracile, the sides of the clypeus more

strongly raised, the swelling on the frons

above the antennal sockets stronger and

subtuberculate, the puncturation of the

head (and to a less extent of the thorax)

coarser, the clypeus and frons not shiny,
the mesonotum hardly depressed posteri-

orly and the scutellum flatter and hardly
raised above the level of the mesonotum,
the postero-lateral angles of terga II-V of

the female and II-VI of the male almost

right-angled (not acutely produced) and
the last tergum with lateral angles obtuse-
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Jugurtia Saussure, 1854

Jugurtia duplicata Richards

Jugurtia duplicata Richards, 1962: 263, male. Ho-

lotype: male, South Africa: Van Rhynsdorp
[sic] (SAM).

This species was described from 6 males

collected at Vanrhynsdorp during the

months of July and August, 1927. The fe-

male of this very distinct species has hith-

erto been undescribed.

Female.—Black. Lamellate margin of

scutellum creamy-white. The following
are reddish-brown: mandible to variable

extent (all but extreme base, only distally,

or not at all), underside of swollen distal

flagellomeres (to variable extent), narrow

streak at top of tempora behind eyes, teg-

ula and dorso-lateral angle of pronotum
adjacent to it, terga I and II (except base

of I, diffuse antero-medial patch and

sometimes extreme sides of 11), posterior
transverse band not reaching sides on ter-

gum 111 and usually IV, knees of all legs

(sometimes), dorsal proximal streak on

front tibia (usually), all tarsomeres (to

variable extent). Wings subhyaline, darker

than those of male, venation brown.

Length 8.6 mm; length of front wing 5.8

mm; length of extended tongue 3.7 mm;
hamuli 8.

Antemia short, rather abruptly clavate;

scape (with radicle) 3.2 x as long as great-
est width and 2 x as long as combined

length of pedicel and flagellomere 1; fla-

gellomeres I-X, respectively, with the fol-

lowing relative lengths (and breadths) [the

length of flagellomere I being taken as

1.0]—1.0 (0.63), 0.63 (0.65), 0.50 (0.85), 0.63

(1.0), 0.85 (1.44), 0.88 (1.75), 1.0 (1.95), 0.90

(1.88), 0.81 (1.80), 0.94 (end rounded). Ver-

tex behind ocelli depressed in front of

preoccipital carina (as in male). Propo-
deum laterally obtusely angulate in pro-
file. Puncturation of head and body simi-

lar to that of male.

Material examined.—Cape Province: Na-

maqualand, Richtersveld National Park,

Koeroegabvlakte (28.11S, 17.03E),

19.ix.l995 (P. W., S. K. and R. W. Gess), 1

female (at water) [AMG]; Namaqualand,
Richtersveld National Park, Paradise

Kloof (28.19S, 17.01E), 22.ix.1995 (F. W., S.

K. and R. W. Gess), 5 females (4 at water

and 1 on pink flowers of Drosanthcmum

sp., Aizoaceae: Mesembyanthema) [AMG];

Namaqualand, Springbok, Goegap Nature

Res[erve] (hills), 8-10.ix.l992 (F. W. and S.

K. Gess), 1 female, 3 males (1 male on wet

sand) [AMG]; Namaqualand, [Springbok],

Goegap [Nature Reserve] nr Kraaiwater

(29.37S, 18.00E), 3-4.X.1994 (F. W. and S.

K. Gess), 2 females (1 on white-centred

pink flowers of Drosanthemum cf. hispidiim,

Aizoaceae: Mesembyanthema and 1 on

sand in dry water course) [AMG]; Nama-

qualand, W end of Wildeperdehoek Pass

(29.56S, 17.37E), 14.X.1989 (F. W. and S. K.

Gess), 5 females (at water) [AMG]; same

locality and date (D. W. Gess), 1 female (at

water) [AMG]; Namaqualand, ca. 5 km
NNW of Kamieskroon, 21.viii.l991 (T. F.

Houston), 1 male [AMG]; Namaqualand,
Grootvlei Pass, 16 km W of Kamieskroon,
ll.ix.l992 (F. W. and S. K. Gess), 1 female

(on pink flowers of Leipoldtia coiistricta (L.

Bol.) L. Bol., Aizoaceae: Mesembryanthe-
ma) [AMG]; Namaqualand, Knersvlakte

(31.26S, 18.42E), 4.ix.l996 (F. W., S. K. and

R. W. Gess), 1 female (visiting deep pink
flowers of "mesem," Aizoaceae: Mesem-

byanthema) [AMG]; 15 km N of Nieu-

woudtville on road to Loeriesfontein, 3-

8.X.1989 (F. W. and S. K. Gess), 27 females

(25 at water and 2 visiting flowers of Pter-

onia cf. divaricata (Berg) Less., Asteraceae)

[AMG]; same locality and date (D. W.

Gess), 11 females (3 at water) [AMG];
Nieuwoudtville, Skuinshoogte Pass

(31.16S, 19.08E), 23-30.ix.l994 (F. W. and

S. K. Gess), 17 females (10 at water, 2 on

dry river bed, 1 on ground above river

bed, 3 on white cone flowers of Aizoaceae:

Mesembryanthema, 1 on purplish-pink
flowers of Aizoaceae: Mesembryanthema)
[AMG]; Clanwilliam distr., Biedouw Val-

ley (32.08S, 19.14E), 7.ix.l988 (C. D. Ear-

dley), 1 female [NCP].
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Jugurtia tigrina Gess, sp. nov.

Jugurtia sp. C. (Gess, S. K. 1996: Appendices 1

and 2)

Female.—Black. The following are whit-

ish-yellow to yellow: roughly triangular,

basomedian spot on clypeus and broad

oblique band on each side of raised disc

of same (leaving V-shaped black area, of

which arms arise near antennal sockets

and point ends in middle of clypeal emar-

gination); large, strongly upwardly bi-

lobed marking on frons between and

above antennal sockets (narrowly separat-
ed from median clypeal marking); minute

elongate spot on inner orbits below level

of antennal sockets; broad marking that

fills ocular sinus and extends obliquely

upwards to level of lower margin of hind

ocelli; broad streak on outer orbits from

below level of ocular sinus to top of eye;

anterior and posterior margins of dorsal

surface of pronotum; median streak on

posterior half of mesoscutum; small spot
on axilla, posterior half of raised scutellar

disc, lamellate margin of scutellum, ante-

rior and posterior parts of tegula (leaving
between them a clear testaceous area);

large dorsal spot anteriorly on mesopleu-
ron (on prepectus) and contiguous smaller

dorsal spot posterior to it; most of dorso-

lateral surface of propodeum; broad trans-

verse posterior bands on terga I-V (some-
times somewhat widened laterally), some-

times a pair of spots on tergum VI; diffuse

posterior markings on sterna II-V; apex of

femora and most of tibiae. The following
are various shades of light brownish-or-

ange: mandible, palps, antenna (except for

black upper surface of scape and pedicel),

tarsomeres, ill-defined areas within pale
bands on terga and flanking pale mark-

ings on sterna, sometimes middle of ter-

gum VI. Wings nearly hyaline.

Length 7.7-8.3 mm, length of front wing
5.0-5.3 mm; hamuli 10.

Antenna sort, abruptly clavate; scape

(with radicle) 2.8 X as long as greatest
width and 2 X as long as combined length

of pedicel and flagellomere 1; flagellom-
eres I-X, respectively, with the following
relative lengths (and breadths) [the length
of flagellomere I being taken as 1.0]

—1.0

(0.82), 0.64 (0.91), 0.64 (0.91), 0.64 (1.18),

0.64 (1.55), 1.09 (2.09), 1.18 (2.36), 1.18

(2.45), 1.18 (2.36), 1.27 (end rounded).

Clypeus, frons and vertex shiny, with

coarse, shallow punctures; clypeus with

ventral emargination curved but shallow

and with margin slightly upwardly pro-

duced; vertex behind ocelli not depressed
in front of preoccipital carina.

Pronotum and mesoscutum shiny,

coarsely and closely punctured; median,

longitudinally keeled depression on pos-
terior half of mesoscutum less coarsely

punctured; scutellum similarly punctured
to mesoscutum, weakly depressed cen-

trally, moderately bituberculate posterior-

ly; mesopleuron shiny, coarsely and close-

ly punctured dorsally, more finely and

more sparsely punctured with unsculptu-
red interspaces ventrally; propodeum lat-

erally smoothly curved in profile, moder-

ately coarsely and closely punctured and

sides in addition longitudinally rugose.
Gastral terga shiny, microscopically

punctured, with in addition coarse close

punctures on tergum 1 and baso-lateral

parts of tergum II and smaller well sepa-
rated punctures (becoming progressively
weaker on posterior terga) on rest of terga.

Male.—Black. The following are whit-

ish-yellow to yellow: scape, pedicel and

first two or three flagellomeres; mandible

(except apical tooth); palps; entire labrum

and clypeus; large and sometimes bilobed

marking on frons between and above an-

tennal sockets; band margining entire low-

er inner orbits and merging above with

marking that fills ocular sinus and is

sometimes carried obliquely upwards to

level of lower edge of fore-ocellus (in

some specimens median and lateral fron-

tal markings largely fused, leaving only
narrow oblique black streak above anten-

nal sockets); outer orbits from below level

of ocular sinus to top of eye; entire dorsal
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surface of pronotum (that is, entire surface

between anterior and posterior margins
other than for occasional small irregular

black marks); median streak on posterior
half of mesoscutum; small spot on axilla;

posterior half of raised scutellar disc; la-

mellate margin of scutelluni; anterior and

posterior parts of tegula (leaving between

them a clear testaceous area); large dorsal

spot anteriorly on mesopleuron (on pre-

pectus) and two smaller spots contiguous
with and situated posteriorly and ventral-

ly to it; two small spots on mesosternum
anterior to coxae; broad transverse poste-
rior bands on terga I-VI (hardly widened

laterally); most of normally exposed part
of tergum VII; sterna to a large extent; cox-

ae, trochanters, femora (except for limited

dark stripes), tibiae and at least first tar-

someres of all legs. The following are var-

ious shades of light brownish-orange: fla-

gellomeres III or IV-X (except for dorsal

infuscation); ill defined and diffuse areas

within pale bands on terga and on sterna;

sometimes distal tarsomeres. Wings near-

ly hyaline.

Length 7.3-7.5 mm, length of front wing
5 mm; hamuli 8.

Antenna of normal length, flagellomeres
rV-X forming elongate, curved and simple
club (not hollowed out beneath); scape

(with radicle) 2.4 X as long as greatest
width and 1.4 X as long as combined

length of pedicel and flagellomere I; fla-

gellomeres I-X, respectively, with the fol-

lowing relative lengths (and breadths) [the

length of flagellomere I being taken as

1.0]— 1.0 (0.59), 0.73 (0.59), 0.73 (0.64), 0.82

(0.86), 0.82 (1.14), 0.91 (1.36), 1.0 (1.45),

0.91 (1.55), 0.91 (1.45), 1.18 (end rounded).

[The foregoing description and measure-

ments are taken from one paratype; the

other from the same locality has both fla-

gella appearing 9-segmented, flagellom-
eres III and IV being almost completely
fused and together being only slightly lon-

ger (1.2-1.3) than the normal length of ei-

ther of the constituent flagellomeres
alone. 1

Gastral terga II-VI moderately constrict-

ed anteriorly, narrower than correspond-

ing terga of female; tergum VII produced
and narrowly emarginate apically. Punc-

turation similar to that of female.

Material examined.—Holotype: female.

Cape Province: Namaqualand, Springbok,
Hester Malan [now Goegap] Nature

Res[erve], 15-21.X.1987 (F. W. and S. K.

Gess) (at water) [AMG]. Paratypes (39 fe-

males, 5 males): Cape Province: Nama-

qualand, Springbok, Hester Malan [now

Goegap] Nature Res[erve], 15-21. x.1987

(F. W. and S. K. Gess) 34 females (29 at

water, 1 on ground, 3 Malaise trap)

[AMG]; same locality, 10-12.X.1988 (F. W.
and S. K. Gess), 1 female [AMG]; Nama-

qualand, [Springbok], 5 km from Koker-

boom Hotel on road to Droedap (29.445,

17.55E), 8.x.1994 (D. W. Gess), 1 female

[AMG]; Namaqualand, Klipfontein

(29.51S, 17.47E), 14.X.1989 (D. W. Gess), 1

female [AMG]; Namaqualand, 6-13

mi[les] S Mesklip, 21.X.1968 (J. G. Rozen
and E. Martinez), 1 female [AMG]; Na-

maqualand, Farm Arkoep, 6 km N Ka-

mieskroon (30.19S, 17.56E), 1-2.X.1990 (C.

D. Eardley), 1 female, 3 males [NCP];
Nieuwoudtville Falls, 5 km N of Nieu-

woudtville, 28.ix.1990 (F. W. and S. K.

Gess), 2 males (on yellow flowers of Ley-
sera gnaphaloides (L.) L., Asteraceae)

[AMG].

Etymology.
—The name tigrina, a Latin

female adjective meaning tiger-like, refers

to the yellow and black markings and in

particular to the tiger-like banding of the

abdomen.

Jugurtia ebumea (Turner), new status

Masariella turneri ebumea Turner, 1935: 299, fig.

3, male holotype, female allotype (SAM).
Mnsarielln tunieri (non Schulthess 1929) Schul-

thess, 1935: 384, male allotype [= male ho-

lotype of liigiirtiii politn Richards, 1962]

(NHML).

Jugurtia polita Richards, 1962: 256, male holo-

type, female allotype (NHML). New syn-

onym.
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Material examined.—Cape Province: 15

km N of Nieuwoudtville on road to Loer-

iesfontein, 3-8.X.1989 (F. W. and S. K.

Gess), 3 females (visiting flowers of Os-

teospermum cf. oppositifolia (Ait.) T.Norl.,

Asteraceae), 1 male (visiting flowers of Se-

necio sp. prob. nivea Less., Asteraceae)

[AMG]; same locality and date (D. W.

Gess), 1 male [AMG]; Nieuwoudtville

Falls, 5 km N of Nieuwoudtville,
28.ix.1990 (F. W. and S. K. Gess), 1 female

(without flower visiting record), 6 males

(on yellow flowers of Leysera gnaphaloides

(L.) L., Asteraceae) [AMG]; Nieuwoudt-

ville, Skuinshoogte Pass (31.16S, 19.08E),

23-30.ix.l994 (F. W. and S. K. Gess), 7 fe-

males, 1 male (6 females at water, 1 female

on ground above river bed, male on dry
river bed) [AMG]; Namaqualand, Spring-

bok, Hester Malan [now Goegap] Nature

Res[erve], 15-21.X.1987 (F. W. and S. K.

Gess), 2 males (Malaise trap) [AMG]; same

locality, 10-12.X.1988 (F. W. and S. K.

Gess), 1 female, 7 males [AMG]; Nama-

qualand, [Springbok], Goegap [Nature Re-

serve] (windmill, 29.37S, 17.59E), 4-

8.X.1994 (F. W. and S. K. Gess), 3 females

(all on wet sand) [AMG]; Namaqualand,
Farm Arkoep, 6 km N Kamieskroon

(30.19S, 17.56E), 1-2.X.1990 (C. D. Ear-

dley), 1 male [NCP]; Namaqualand, Ka-

mieskroon, Sept. 1930 (Museum Staff), ho-

lotype male and allotype female [SAM].
Discussion.—Schulthess (1929) described

the species tiinieri from 4 females from 38

m[iles] E of Ceres (17-25. xi. 24). Subse-

quently Schulthess (Sept. 1935) described

as the male of turneri a specimen collected

together with 14 females from a locality

given by him as Calvinia, Niewoodtville

[sic] (ll-22.xi.31). This provenance is in-

exact as the two towns are separated by
69 km! Amongst other characters of this

male Schulthess mentioned the very long
antemnae. He made no comment with re-

gard to the females.

Richards (1962) examined Schulthess'

material and recognized that the male and
associated females of Schulthess (1935)

were not conspecific with the females of

Schulthess (1929). At the same time he cor-

rectly recognized a male from Matjesfon-
tein as the true male of turjieri and de-

scribed it as such. The specimens of Schul-

thess (1935) were believed by Richards to

represent a new species which he named

polita. The male described by Schulthess

(1935) and erroneously designated by him
as the allotype of turneri was designated

by Richards as the holotype of polita. Col-

lection data of this specimen were given
more precisely than before as Calvinia

(ll-16.xi.31). Of the associated conspecific
females mentioned by Schulthess, Rich-

ards' allotype and eight paratypes have

the same data as the holotype and two
further paratypes have the data Blau-

krans, near Calvinia (17.xi.31).

Preceding by a few months the second

Schulthess publication. Turner (Febr. 1935)

under the name eburnea described both sex-

es of what be believed to be a subspecies

("race") of turneri of Schulthess (1929) from

Kamieskroon, Namaqualand. He briefly

compared the females and stated how they
differed. The more comprehensive descrip-
tion of the male not only described the an-

tennae in detail but also figured them.

Richards (1962) under his account of

turneri mentioned that Turner had de-

scribed a subspecies eburnea but stated

that he had not seen Turner's specimens.
These specimens, a holotype male and an

allotype female, housed in the South Af-

rican Museum, have been examined by
the present author. They are not turneri

nor a subspecies thereof but are conspe-
cific with pwtita Richards. The name ebur-

nea Turner, 1935 has priority over polita

Richards, 1962, and the latter name there-

fore becomes a synonym.

Jugurtia turneri (Schulthess)

Masariella(?) turneri Schulthess, 1929: 499, 500-

501, fig. 1, female. Holotype: female. South

Africa: Little Karoo, 38 m[iles] E of Ceres

(NHML)
not Masnriclln lunicri Schulthess subsp. cburuai
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Turner, 1935: 384, male, female [= Jiigurtia

ehurnca (Turner)]

not Masaridla turncri Schulthess, Schulthess,

1935; 384, male [= Jugurtia eburnea (Turner)]

]ugurtin tiiineri (Schulthess): J. Bequaert, 1937:

^343; Richards, 1962: 257.

Material examined.—Cape Province, Dor-

ingbos, 3.xi.l966 (J. G. Rozen), 3 males

[AMG]; 43 km ENE of Ceres on road to

Sutherland, 2-3.xii.1989 (S. K. Gess), 3 fe-

males, 1 male (on flowers of Athanasia tri-

furcata (L.) L., Asteraceae); same locality

and date (F. W. Gess), 4 females, 2 males

(3 females, 1 male on flowers of Atlianasia

sp.; 1 female, 1 male on flowers of Senecio

rosmarinifolia L.f., Asteraceae); same local-

ity and date (R. W. Gess), 1 male (on flow-

ers of Athanasia sp.) and (H. W. Gess), 1

female, 1 male (without flower visiting re-

cords) [all AMG].

KEY TO SOUTHERN AFRICAN JUGURTIA WITH EXTENSIVE PALE (WHITE, CREAM OR YELLOW)
MARKINGS (THAT IS EBURNEA, TIGRINA AND TURNERI)

1. Males 2

- Females 4

2. Antennae very long, reaching back beyond tergum I; flagellomeres I-VII greatly elongated

(ratio of length to breadth being 2.3:1 for I, 5:1 for II-VI, 3.8:1 for VII), VIII-X forming an

oval sharply defined club eburnea (Turner) (syn. piolita Richards)
- Antennae of normal length, reaching back at most to middle of mesoscutum; flagellomeres

I-VII not greatly elongated (ratio of length to breadth never exceeding 2.4:1 and generally
much smaller), VI-X forming an elongate curved club 3

3. Flagellomeres I-III gracile, long relative to breadth, ratio of length to breadth being 2.4:1,

2:1, and 1.6:1, respectively. Mesoscutum entirely black. Gastral terga II-V with punctures

close, with transverse posterior pale bands narrow, considerably and abruptly widened

medially and laterally; tergum VI black except on extreme sides and at apex
tumeri (Schulthess)

-
Flagellomeres I-III robust, short relative to breadth, ratio of length to breadth being 1.7:1,

1.2:1, and 1:1, respectively. Mesoscutum with median yellow streak in posterior half. Gas-

tral terga II-V with punctures well separated, with transverse posterior pale bands wide,

slightly and gradually widened laterally; tergum VI yellow except at extreme base

tigrina Gess sp. nov.

4. Propodeum laterally with conspicuous tubercle eburnea (Turner) (syn. polita Richards)
- Propodeum laterally without tubercle 5

5. Propodeum laterally obtusely angulate in profile. Mesoscutum entirely black. Gastral terga
II-V with punctures close, with transverse posterior pale bands narrow, considerably and

abruptly widened medially and laterally; tergum VI black tumeri (Schulthess)
- Propodeum laterally smoothly curved in profile. Mesoscutum with a median yellow streak

in posterior half. Gastral terga II-V with punctures well separated, with transverse pos-
terior pale bands wide, slightly and gradually widened laterally; tergum VI brownish-

orange and sometimes with a pair of yellow spots tigrina Gess sp. nov.

Jugurtia codoni Gess sp. nov.

Female.—Black. The following are yel-

lowish-white: small crescent-shaped mark
at bottom of ocular sinus; streak at top of

tempora behind eyes; narrow transverse

streak medially on pronotal dorsum

(streak sometimes broken up into separate

dots or totally effaced); narrow streak on
humeral angles; posterior angles of pro-
notum adjacent to tegulae; lateral margins
of scutellum; narrow transverse posterior
bands (generally of even width but occa-

sionally slightly widened medially and

laterally) on terga I-IV. Underside of fla-

gellomeres VI-X orange. The following
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are various shades of reddish-brown: usu-

ally distal half of mandible; tegula; knees

of all legs; short streak dorsally on basal

half of front tibia; and front tarsomeres.

Remaining parts of legs brown. Wings
lightly infuscate.

Length 7.7-8.3 mm (average of 5: 8.0

mm); length of front wing 4.9-5.3 mm (av-

erage of 5: 5.2 mm); hamuli 7-9 (usually

7). Length of extended tongue 3.2-3.6 mm
(average of 5: 3.5 mm); tongue length:

body length
= 0.43.

Antenna short, abruptly clavate; scape

closely and finely punctured; scape (with

radicle) 2.6 X as long as greatest width

and 2.2 X as long as combined length of

pedicel and flagellomere 1; flagellomeres

1-X, respectively, with the following rela-

tive lengths (and breadths) [the length of

flagellomere I being taken as 1.0]
—1.0

(0.9), 0.6 (1.7), 0.7 (1.7), 0.8 (1.8), 0.8 (2.1),

1.0 (2.2), 1.3 (2.0), 1.3 (2.2), 1.5 (1.7), 1.4

(end rounded). Clypeus, frons and vertex

shiny, coarsely but shallowly reticulate

punctate; vertex behind ocelli weakly de-

pressed in front of preoccipital carina.

Pronotum and mesoscutum shiny,

coarsely and closely punctured; mesoscu-

tum in posterior half almost flat (that is

lacking a carinate depression), with inter-

spaces (especially in a median longitudi-
nal band and posteriorly) closely and fine-

ly punctured; scutellum similarly punc-
tured to posterior portion of mesoscutum,

only slightly raised above mesoscutum,

anteriorly sloping down onto it (that is,

not falling to mesoscutum abruptly and

step-like), only inconspicuously depressed

centrally, hardly tuberculate posteriorly;

mesopleura shiny, punctured like prono-
tum in upper half, with sparser and small-

er punctures in lower half; angles of pro-

podeum with bluntly rounded projections.

Tegula shiny, virtually impunctate, in ba-

sal half with sides subparallel, in apical
half with outer margin slightly expanded
before curving smoothly and obliquely to

rounded inner posterior corner. Spurs of

middle tibia of average length; outer spur

markedly curved apically; inner spur

straight.

Gastral terga shiny, with microscopical

punctures interspersed with larger but

shallow, well separated punctures that be-

come progressively smaller on apical ter-

ga. Sterna shiny, sparsely punctured.
Male.—Coloration and markings similar

to those of female, with additional yellow-
ish-white markings as follows: small spot
at base of mandible; small streak on inner

orbits above level of antennal sockets;

sometimes a small supraclypeal marking

variously broken up into spots; narrow

transverse posterior band on tergum V;

postero-medial spot on tergum VI. Anten-

na black throughout.

Length 7.5-7.6 mm; length of front wing
4.7-5.1 mm; hamuli 7-8. Length of extend-

ed tongue 3.0 mm; tongue length: body
length

= 0.40.

Structure similar to that of female, dif-

fering most noticeably in the following:
antenna longer; flagellomeres Vl-X form-

ing an elongate markedly curved club; last

three flagellomeres flattened beneath and

together forming a wide hook; scape (with

radicle) 2.2 X as long as greatest width

and 1.2 X as long as combined length of

pedicel and flagellomere 1; flagellomeres
I-X respectively with the following rela-

tive lengths (and breadths) [the length of

flagellomere 1 being taken as 1.0]
—1.0

(0.55), 0.80 (0.60), 0.80 (0.70), 0.90 (0.80),

0.90 (0.90), 1.0 (1.55), 1.20 (1.70), 1.10

(1.70), 1.20 (1.50), 2.1 (end rounded); me-

tasoma narrower relative to its length; ter-

gum VII with posterior margin rounded

except for small semi-circular emargina-
tion medially; sternum II posteriorly with

a pair of pronounced, widely separated
and smoothly rounded transverse tuber-

cles; sternum III posteriorly with a pair of

low transverse swellings.
Material examined.—Holotype: female.

Cape Province: Namaqualand, Richters-

veld National Park, Koeroegabvlakte
(28.1 IS, 17.03E), 17-21 and 24.ix.1995 (F.

W., S. K. and R. W. Cess) (on white flow-
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ers of Codou royenii L., Hydrophyllaceae)

[AMG]. Paratypes (72 females, 4 males):

Cape Province: Namaqualand, Richters-

veld National Park, Koeroegabvlakte
(28.1 IS, 17.03E), 17-21 and 24.ix.1995 (F.

W., S. K. and R. W. Gess) 63 females (54

on white flowers of Codou royenii L., Hy-

drophyllaceae; 5 in deep violet flowers of

Peliostomiim sp., Scrophulariaceae; 3 on

deep pink flowers of Heniibstacdtia glaiica

(Wendl.) Reichb. ex Steud., Amarantha-

ceae; 1 without further data); same locali-

ty, 6.ix.l996 (F. W., S. K. and R. W. Gess)
2 females (1 in deep purple flowers Pelios-

tomiim sp.; 1 on ground nr flowering Pe-

liostomiim sp.); Namaqualand, Richters-

veld National Park, betw[een] hills

(28.08S, 17.01E), NW of Koeroegabvlakte,
14.ix.l996 (F. W., S. K. and R. W. Gess) 4

females, 3 males (1 female on yellow flow-

ers of Zi/gop'ln/lliim meyeri Sond., Zygo-

phyllaceae; 3 females on pink flowers of

Senecio arenarius Thunb., Asteraceae; 2

males sunning themselves on rocks nr last

named plant; 1 male on dry sandy river

bed); Namaqualand, Richtersveld Nation-

al Park, Paradise Kloof (28.19S, 17.01E),

22.ix.1995 (F. W., S. K. and R. W. Gess), 2

females (at water); Namaqualand, Rich-

tersveld National Park, 1.5 km from Hel-

skloof gate (28.18S, 16.57E), 9.ix.l996 (F.

W., S. K. and R. W. Gess) 1 female, 1 male

(male on white flowers Pelargonium klin-

ghardteiise Knuth, Geraniaceae) [all AMG].
Discussion.—/. codoni is a very distinct,

small, predominantly black-bodied and

black-legged species, lacking clypeal and

supraclypeal markings (latter sometimes

weakly indicated in male) and frontal

spots and without any red on the prono-
tum, scutellum and gastral terga, but with

narrow yellowish-white transverse poste-
rior bands on terga I-IV in female and 1-

V in male.

Etymology.
—The name codoni, genitive

singular, is formed from the generic name
of the plant, Codon royenii L. (Hydrophyl-
laceae), in the flowers of which the wasp
was found foraging for nectar and pollen.

Codon royenii is endemic to Namaqualand
and Namibia.

Jugurtia koeroegabensis Gess sp. nov.

Female.—Black. The following are red-

dish-brown: mandible (other than base

and apex); sometimes median spot on ba-

sal half of clypeal disc and a pair of small-

er spots on lateral angles; pair of large su-

praclypeal spots; spots in ocular sinuses;

pair of small spots on frons adjacent to

eyes above ocular sinuses (sometimes
fused with spots in ocular sinuses to form

a continuous band); sometimes pair of

minute spots adjacent to eyes at level of

hind ocelli; streaks on upper tempora be-

hind eyes; pronotum (other than for an-

terior face); median streak on posterior
half of mesoscutum; spot on axilla; disc of

scutellum; large spot on prepectus; tegula;

dorso-lateral parts of propodeum; whole

metasoma (except sometimes lowermost

third of declivity of tergum I); apical third

of all femora; entire tibiae and tarsi. Un-
derside of flagellomeres IV-X is yellow. In

some specimens the following may be yel-

low rather than reddish-brown: very bot-

tom of ocular sinus; dorso-lateral corners

of pronotum; lateral margins of scutellum;

diffuse narrow transverse posterior bands

on terga II-V. Wings hyaline, not infus-

cated.

Length 6.9-8.1 mm (average of 7: 7.5

mm); length of front wing 4.8-5.1 mm (av-

erage of 7: 5.0 mm); hamuli 7-9.

Antenna short, abruptly and strongly

clavate; scape (with radicle) 2.8 X as long
as greatest width and 1.7 X as long as

combined length of pedicel and flagello-

mere 1; flagellomeres 1-X, respectively,
with the following relative lengths (and

breadths) [the length of flagellomere I be-

ing taken as l.Oj—1.0 (0.85), 0.54 (1.57),

0.62 (1.38), 0.54 (2.00), 0.5 (2.43), 0.92

(1.92), 1.15 (1.87), 1.31 (1.76), 1.15 (1.87),

1.0 (end rounded). Clypeus, frons and ver-

tex finely reticulate punctate; vertex be-

hind ocelli not depressed and with preoc-

cipital carina narrow.
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Dorsal surface of pronotum, mesoscu-

tum and scutellum coarsely punctured,
with interspaces micro-sculptured; mesos-

cutum in posterior half (that is lacking car-

inate depression); scutellum moderately
raised above mesoscutum and falling

steeply onto it; scuto-scutellar furrow

wide, crossed by about 12 well-defined ca-

rinae; scutellar disc not depressed central-

ly; angles of propodeum with bluntly
rounded projections. Tegula with a few

scattered punctures in posterior half, in

basal half with sides subparallel, in apical
half with outer margin slightly expanded
before curving smoothly and obliquely to

acutely and narrowly rounded inner pos-
terior corner. Spurs of middle tibiae of av-

erage length, straight.

Gastral terga shiny, with microscopical

punctures interspersed with larger, shal-

low, well separated punctures that be-

come progressively smaller on apical ter-

ga). Sterna shiny, sparsely punctured.
Male.—Black. The following are lemon-

yellow: mandible (except extreme base

and apex); disc of clypeus; most of frons

from fronto-clypeal suture to just below
level of anterior ocellus (at which level

marking is tri-lobed) but excluding an

area broadly margining the lower part of

eyes from antennal insertion to partially
within ocular sinuses (however, not ex-

tending as far as bottom of latter); under-

side of antennal scape (but not radicle);

underside of pedicel and flagellomeres 1-

IV or V; pronotum (other than for anterior

face and dorso-lateral areas); lateral mar-

gins of scutellum; tegula anteriorly; broad

diffuse areas on median third of terga 1-

III. Reddish-brown (grading through or-

ange to the lemon-yellow delimited

above) are: flagellomeres Vl-X (other than

for longitudinal black band); narrow
streak on tempora behind eyes; dorso-lat-

eral areas of pronotum; large spot on pre-

pectus; posterior two-thirds of tegula; me-
dian streak on posterior half of mesoscu-

tum; spot on axilla; scutellar disc posteri-

orly; dorso-lateral parts of propodeum;

entire metasoma (except lowermost third

of declivity of tergum I and for diffuse yel-

low areas described above); apical third of

femora, entire tibiae and tarsi. Wings hy-
aline, not infuscated.

Length 6.6-7.2 mm (average of 7: 6.8

mm; length of front wing 4.4-4.7 mm (av-

erage of 7: 4.5 mm); hamuli 7-8.

Antemia short, strongly clavate; flagel-

lomeres VII-X enlarged and together

forming a smoothly curved hook; flagel-

lomeres Vlll-X markedly excavated ven-

trally to form a continuous (that is single)

oblique depression with rounded margins;

scape (with radicle) 2.8 X as long as its

greatest width and 1.5 X as long as com-
bined length of pedicel and flagellomere I;

flagellomeres I-X, respectively, with the

following relative lengths (and breadths)

[the length of flagellomere 1 being taken

as 1.0]—1.0 (0.71), 0.53 (1.30), 0.59 (1.30),

0.59 (1.50), 0.59 (1.80), 1.0 (1.41), 0.94

(1.88), 1.24 (1.67), 1.12 (1.89), 1.53 (end

rounded).

Tergum VII with posterior margin
rounded except for a small semi-circular

emargination medially. Punctures larger,

somewhat sparser than in female (es-

pecially on pronotum and mesoscutum),
with shiny, smooth (not microsculptured)

interspaces.
Mnterial examined.—Holotype: female.

Cape Province: Namaqualand, Richters-

veld National Park, Koeroegabvlakte
(28.11S, 17.03E), 17-21 and 24.ix.1995, (F.

W., S. K. and R. W. Gess) (on small cream

flowers of Zi/gophi/llum prismatocarpum E.

Mey. ex Sond., Zygophyllaceae) [AMG].

Paratypes (15 females, 16 males): Cape
Province: Namaqualand, Richtersveld Na-

tional Park, Koeroegabvlakte (28.1 IS,

17.03E), 17-21 and 24.ix.1995, (F. W., S. K.

and R. W. Gess) 5 females, 1 male (2 fe-

males on sniall cream flowers of Zygo-

pln/Uiiiii prisinatocarpuni E. Mey. ex Sond.,

Zygophyllaceae; 1 female on yellow flow-

ers of Zi/gophylhiiii sp.; 1 female on yellow
flowers of Osteospeniiuin sp., Asteraceae;

male on floor of dry watercourse); Na-
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maqualand, Richtersveld National Park,

Pootjiespram (28.05S, 16.57E), 16.ix.l995

(F. W., S. K. and R. W. Gess), 1 female (on

yellow flowers of Cleome paxii (Schinz)

Gilg & Ben., Capparaceae); same locality,

7.ix.l996 (F. W., S. K. and R. W. Gess), 9

females, 15 males (1 female in deep violet

flowers of Peliostoimim leucorrhizum E.

Mey. ex Benth., Scrophulariaceae; 2 fe-

males on flowers of Ferraria cf. divaricata,

Iridaceae; 6 females, all 15 males on

ground in dry drainage channel) [all

AMG].
Discussion.—The species is easily rec-

ognizable in both sexes by the body col-

oration in conjunction with the hyaline,
non-infuscated wings, and in the male by
the characteristically modified antennae.

Etymology.
—The name koewegnbensis, an

adjective derived from the Nama word koe-

roegab, "plenty of flintstone," refers to the

white quartz which outcrops all over the

Richtersveld. Koeroegab is applied specif-

ically to a mountain and to the adjacent

Koeroegabvlakte (vlakte, "plain" in Afri-

kaans), the latter being the locality where
most specimens collected during the 1995

expedition were found in and about a dry
watercourse.

Masarina Richards, 1962

Masarina Richards 1962 was listed as a

junior subjective synonym of Jiigurtia

Saussure 1854 by van der Vecht and Car-

penter (1990), a view which was con-

firmed by Carpenter (1993) in his clado-

gram of masarine genera. In the former

publication reference was made to a paper
in preparation by Carpenter on the phy-

logenetic system of the Masarinae in

which would be given the rationale for

this and other synonymies, arrived at by
means of cladistic analyses. Though this

paper has yet to be published Carpenter
has very kindly allowed access to a manu-

script copy. From a study of this manu-

script and from personal communications
it is evident that Carpenter had identified

autapomorphies for both genera. Of these

he found most useful the character states

regarding the form of the antennal club

and the number of spurs of the middle tib-

iae. He did not, however, regard the fea-

tures by which Jugurtia and Masarina dif-

fer to be as significant as those which they
share. Strongly influencing his decision to

sink Masarina into synonymy was the fact

that the name is identical with that of a

subtribe, which he considered could result

in a nomenclatural tangle. The small num-
ber of species of Masarina known at the

time and the wish to eliminate generic

fragmentation in the Vespidae were fur-

ther considerations.

The present author, following his dis-

covery and study of six additional species

assignable to Masarina (bringing the

known species up to ten), had discussions

with Carpenter who, as a result, has

agreed that useful grounds for maintain-

ing two genera have been provided.

Morphological differences between Ma-
sarina and Jugurtia are as follow.

Both genera have a preoccipital carina

that runs posteriorly across the vertex. In

Jugurtia (Fig. 17), however, the carina ex-

tends down the tempora whereas in Ma-
sarina (Fig. 18) it is effaced, the tempora

being rounded, with at most a change in

the sculpturing indicating the course

taken by the carina in the former genus.

Species of Jugurtia are characterized by
a marked sexual dimorphism which is

manifested in the males not only by the

elongated and variously modified anten-

nae but by the generally long narrow ab-

domen. Masarina by contrast exhibits little

sexual dimorphism, the males looking

very like the females and requiring close

scrutiny for separation.

Species of Jugurtia all exhibit a trans-

verse furrow at the base of the second gas-
tral sternum whereas this is absent in all

species of Masarina.

The number of spurs of the middle tib-

iae has proved to be of only limited value

as exceptions to the general rule occur in

both genera. Whereas Jugurtia generally
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Figs. 17-18. 17. lugurtia hrniiiisi. Occipital view of head showing complete preoccipital carina (X 20). 18.

Masarina tylccmlcni. Occipital view of head showing incomplete preoccipital carina (x 20).

has two spurs, /. eburnea has only one.

Conversely Masarina generally has only
one spur but M. ceres and M. peliostomi

each have two.

Masarina strucki Gess

Masarina strucki Gess, 1988; 352, female (in Gess

and Gess 1988). Holotype: female. South Af-

rica: Goegap Nature Reserve near Springbok

(AMG).

Male.—(Figs. 20-22). Males from Goe-

gap Nature Reserve near Springbok (the

type locality) and from Kamieskroon, Bak-

leikraal, are very similar to females (Fig.

19) from these localities. Sexual dimor-

phism is slight. The clypeus like that of the

females is entirely black, differing from
that of the males of many other species of

Masarina in which it is partially or entirely

pale coloured.

Tergum VII semi-circularly emarginate

apically, angles of the emargination acute.

Sterna VII + VIII transversely depressed,

apically trilobed, median lobe produced

ventrally.

Genitalia (Figs. 21 and 22): parameres

long, apically rounded, gently curved in-

wards and ventrad.

Length: 6.0-7.1 mm (average of 9: 6.6

mm); wing length 4.1-4.6 mm (average of

9: 4.4 mm); tongue length 4.0 mm (average
of 2). [Corresponding average lengths for

females are 7.4 mm, 5.0 mm, and 4.2 mm.]
Material examined.—Cape Province, Na-

maqualand. Springbok, Hester Malan

[now Goegap] Nature Reserve, 10-12.X.1988

(F. W. and S. K. Gess), 1 female; Nama-

qualand, [Springbok], Goegap [Nature Re-

serve], nr Kraaiwater (29.37S, 18.00E), 3-

4.X.1994 (F. W. and S. K. Gess), 1 female

(on sand in dry water course); same local-

ity, at windmill site (29.37S, 17.59E), 4-

8.X.1994 (F. W. and S. K. Gess), 12 females,

6 males (9 females on yellow flowers of

Hermannia disermifolia Jacq., Sterculiaceae,

3 females, 6 males on ground beneath H.

disermifolia); Namaqualand, Kamieskroon,
Bakleikraal (30.13S, 18.03E), 9-11.X.1994

(F. W. and S. K. Gess), 16 females, 2 males

(3 females on yellow flowers of H. diser-

mifolia Jacq.; 12 females, 1 male on ground
beneath H. disermifolia; 1 female, 1 male

without further details); same locality,

28.ix.1995 (F. W., S. K. and R. W. Gess), 4

females, 4 males (4 females, 1 male on yel-

low flowers of H. disermifolia; 1 male on

ground; 2 males without further details);

Nieuwoudtville, Skuinshoogte Pass

(31.16S, 19.08E), 23-30.ix.l994 (F. W. and

S. K. Gess), 2 females (1 on dry river bed;
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Figs. 19-22. Masarina strucki. 19, Frontal view ot head of female (x 20). 20, Frontal view of head of male (x

20). 21, Dorsal view of genitalia of male (x 50). 22, Ventral view of genitalia of male (X 50).

1 on ground beneath Hermannia sp.); Clan-

william Dam, E bank, 19.2 km S caravan

park (32.17S, 18.56/ 7E), 5.X.1995 (F. W., S.

K. and R. W. Gess), 3 females (in orange
flowers of Hermannia (Mahernia) sp.) [all

above records AMG]; Clanwilliam distr.,

Biedouw Valley (32.08S, 19.14E), 7.ix.l988

(C. D. Eardley), 1 female [NCP]; Ladi-

smith, Buffelspoort (3320BD), 14.viii.l995

(V. B. Whitehead), 3 females (on Herman-

nia sp.) [SAM]; 6 km from Ladismith on

road to Barrydale, 21.viii.l995 (F. W. and

S. K. Gess), 3 females (visiting yellow
flowers of H. vestita Thunb.) [AMG].

Discussion.—Since the description of this

species from a single female from the Hes-

ter Malan [now Goegap] Nature Reserve

near Springbok, many more specimens,

including males, have been collected.

They exhibit considerable geographic vari-
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Figs. 23-24. Masarina ceres. 23, Lateral view of male (x 10). 24, Frontal view of head of male (antennae

missing) (x 25).

ation. Specimens from Namaqualand
(Springbok and Kamieskroon) have fairly

extensive yellowish-white markings.
Those from the Clanwilliam district and

from Ladismith, all females, are melanistic

and lack the pale markings on the dorsal

hind margin of the pronotum, the prepec-

tus, the scutellum and the transverse pos-
terior band on tergum V (also tergum IV

in the specimen from Biedouw Valley).

The specimens from Ladismith have the

legs almost black instead of orange. In ad-

dition the non-Namaqualand specimens
show some variation in the degree of con-

cavity of the frons and clypeus, in the

shape of the tegulae, and are somewhat

more coarsely punctured. Those from the

Clanwilliam district are also smaller (6.7-

6.8 mm long).

Masarina ceres Gess, sp. nov.

Masarina sp. A. (Gess, S. K. 1996: Appendices 1

and 2)

Mfl/f.—(Figs. 23 and 24). Black. The fol-

lowing are yellow: disc of clypeus; la-

brum; mandible (except teeth); variously

developed transverse supraclypeal mark-

ing on face and spot confluent with it

above antennal sockets (these markings
sometimes much reduced or absent); spot
more or less filling ocular sinuses; streak

at top of tempora behind eyes; underside

of scape; elongate transverse streaks on

humeral angles and on pronotal dorsum

medially; dorso-lateral posterior angles of

pronotum adjacent to tegulae; large spot

on prepectus; tegula (except for transpar-

ent central region); variously developed
oval longitudinal spot on disc of scutel-

lum; occasionally small transverse median

streak on metanotum; small triangular

median spots and larger, anteriorly con-

vex lateral markings on distal half of terga

I-VI (three markings on each tergum
sometimes narrowly connected); some-

times a median longitudinal streak on ter-

gum VII; sometimes a pair of small me-

dian spots and /or small lateral spots on

anterior sterna; usually underside of mid-

dle and hind coxae, sometimes underside

of front coxae distally; underside of front

trochanters; distal portion of femora; and

tibiae to variable extent. The following are

reddish-brown: underside of distal flagel-

lomeres; parts of tibiae; tarsi; occasionally

diffuse area anterior to lateral yellow

markings on terga I and II; sometimes

sterna to variable degree. Wings subhya-
line.

Length 5.7-6.3 mm (average of 5: 6.0

mm); length of front wing 3.3-3.8 mm (av-

erage of 6: 3.5 mm).
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Head (Fig. 24). Mandible laterally wide-

ly and shallowly indented at base, apically
with three strong pointed teeth of which

subapical is only slightly smaller than api-
cal. Clypeus steeply raised from sides; disc

markedly broad and short, its width 1.69-

1.81 X its length (average of 6: 1.74) (mea-
sured between lateral angles and from
base to bottom of ventral emargination),
flattened, slightly longitudinally de-

pressed medially; ventral margin broadly
bilobed and angularly emarginate, eden-

tate, broadly lamellate; surface moderately

coarsely but very shallowly punctured,

shiny. Frons and vertex moderately
coarsely and closely punctured, with in-

terspaces finely punctured in parts and

generally shiny. Preoccipital carina devel-

oped dorsally only, narrow.

Thorax (particularly pronotal dorsum,
mesoscutum, and scutellum) coarsely,

closely and deeply punctured, with inter-

spaces very narrow and reticulate, and
surface generally much less shiny than

head. Scutellum raised above mesoscu-

tum, falling almost perpendicularly into a

wide, crenate anterior furrow, with lateral

wings normal. Propodeal angles subtuber-

culate above. Middle tibia with two spurs;
shorter hind tibial spur simple (not bifid);

claws of all legs minutely toothed. Tegula
short pyriform, only 1.5 x as long as

broad.

Gastral terga I-Vl with coarse shallow

punctures (largest on tergum I, progres-

sively smaller on II-VI), with entire sur-

face (that is bottom of punctures and in-

terspaces) microsculptured; tergum VII

rounded at apex, closely and deeply punc-
tured with interspaces reticulate. Sterna

VII -I- VIII apically with large rounded
lobe on each side but lacking a median
lobe.

Material examined.—Holotype: male.

Cape Province: 17 km N of Ceres, near top
of Gydo Pass, 30.xi.l989 (F. W. and S. K.

Gess) (on flowers of Aspalathus sp., Faba-

ceae) [AMG]. Paratypes: (5 males): same
data as holotype [AMG].

Discussion.—The male of ceres is imme-

diately recognizable by the coarse, close

and deep puncturation of the thorax and

by the distribution and form of the yellow

markings on the otherwise black body.
Closest in gross general appearance to the

somewhat larger male of striicki, which
like it has a yellow spot on the scutellum,
it may readily be distinguished from it by
the possession of yellow markings on the

head and antennal scapes.

Etymology.
—The name ceres, a noun in

apposition to the generic name, is derived

from the town Ceres which in its turn was
named after the Roman goddess of agri-
culture. It indicates the provenance of the

present specimens.

Masarina mixtoides Gess, sp. nov.

Female.—(Fig. 32). Black. The following
are yellowish-white: narrow streak at top
of tempora behind eyes; transverse pos-
terior bands on terga II-IV (on tergum II

very narrow or interrupted medially but

conspicuously expanded laterally, on III

complete and moderately expanded later-

ally, on IV reduced laterally but slightly

expanded medially). The following are

various shades of reddish-brown: under-

side of flagellomeres V-VII; tegula (other
than inner margin); axilla; terga I and II

(except black extreme lateral margins and

pale areas indicated above) and some-
times a small, diffuse area medially on ter-

gum III anterior to pale band; knees of all

legs; diffuse streak on front tibia; apex of

front tarsomere I and whole of II-V.

Wings lightly browned.

Length 6.8-8.2 mm (average of 9: 7.6

mm); length of front wing 5.1-5.7 (average
of 9: 5.3 mm), hamuli 8-10. Length of

tongue 3.5 and 3.6 mm (based on two

specimens), average tongue length: aver-

age body length
= 0.67.

Clypeus raised from sides; disc 1.6 X
broader than long (measured between lat-

eral angles and from base to bottom of

ventral emargination), flattened but not

depressed medially; ventral and lateral
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margins lamellate; ventro-lateral corners

rounded; ventral margin widely and shal-

lowly emarginate, edentate; integument

moderately coarsely and closely punc-
tured, with punctures tending to run lon-

gitudinally. Frons evenly transversely

curved, not depressed medially, similarly

punctured to clypeus; vertex punctured
like adjacent parts of frons; preoccipital

carina developed only dorsally, lamellate,

in length only 0.6 X interocular distance

(measured across ocelli).

Dorsal surface of pronotum, mesono-

tum and scutellum with shallow, widely

spaced punctures, interspaces micropunc-
tured but shiny; scutellum evenly convex,

fairly steeply raised above mesoscutum,

separated from it by narrow, deep, shiny
transverse depression, posteriorly widely
rounded and only minimally indented.

Tegula (Fig. 32) longer than broad, poste-

riorly narrowed, incurved and upturned.
Middle tibia with one spur; shorter hind

tibial spur simple (not bifid); claws of all

legs minutely toothed.

Gastral terga with widely spaced, shal-

low punctures, interspaces micropunctu-
red but shiny.

Male.—Coloration similar to that of fe-

male but differing in the presence of yel-

lowish-white transverse streaks on the

pronotum (mediodorsally and on humeral

angles) and of a minute spot on the pre-

pectus, and in the absence of any mark-

ings of this colour on the metasoma.

Length 6.3 mm; length of front wing 4.9

mm; hamuli 8.

Structurally similar to the female.

Material exaiiiiiwd.—Holotype: female.

Cape Province: Namaqualand, Richters-

veld National Park, Koeroegabvlakte
(28.1 IS, 17.03E), 17-21 and 24.ix.1995, (F.

W., S. K. and R. W. Gess), (on small cream

flowers of Zygophi/lluni prismatocarpian E.

Mey. ex Sond., Zygophyllaceae) [AMG].

Paratypes (26 females, 1 male): Cape Prov-

ince: Namaqualand, Richtersveld National

Park, Koeroegabvlakte (28.1 IS, 17.03E),

17-21 and 24.ix.1995, (F. W., S. K. and R.

W. Gess), 8 females (2 on small cream

flowers of Zi/gopln/lliiin prisniatocarpum; 4

on yellow flowers of Zygophyllum sp.); 1

on yellow flowers of Asteraceae; 1 in pur-

plish-violet flowers of Wahlenbergia sp.,

Campanulaceae); Richtersveld National

Park, bet[ween] hills, at 28.08S, 17.01E and

at 28.10S, 17.02E, NW Koeroegabvlakte,
14.ix.l996 (F. W., S. K. and R. W. Gess) 3

females (one from first locality, two from

second locality, all on yellow flowers of

Zygophi/lluw uieyeri Sond.); Namaqualand,
Richtersveld National Park, 1.5 km from

Helskloof Gate (28.18S, 16.57E), 8 and

9.ix.l996 (F. W., S. K. and R. W. Gess) 15

females, 1 male (all females on white flow-

ers of Pelargonium klinghardtense Knuth,

Geraniaceae; male on ground) [all AMG].
Discussion.—Females of mixtoides differ

from those of mixta in possessing yellow-
ish-white transverse posterior bands on

the abdominal terga and males differ in

lacking any yellow markings on the clyp-
eus and supraclypeus; both sexes, when
viewed with the naked eye from above,

differ in the blacker and more shiny ap-

pearance of the thorax. Under magnifica-
tion this difference is seen to be due to

mixtoides having smaller, shallower and

less close punctures separated by smooth-

er far less densely micropunctured inter-

spaces. The scutellum is shorter, posteri-

orly much more widely rounded and only

minutely indented. The tegula is of differ-

ent shape and much longer (compare Figs.

31 and 32).

Etymology.
—The name mixtoides serves

to draw attention to the general similarity

of this species to M. mixta Richards.

Masarina namaqua Gess, sp. nov.

Female.—Black. The following are yel-

lowish-white: small frontal spot near eyes
above ocular sinus; narrow streak at top
of tempora behind eyes, and occasionally
lateral streaks on clypeus. The following
are various shades of reddish-brown: la-

brum, lamellate ventral margin of clypeus;

mandible, underside of flagellomeres V-
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IX or X, tegula except for inner margin;

occasionally propodeal angles; terga I-IV

mostly and tergum V laterally; sterna to

various degrees (only I and II or I-III and
hind margins of IV, V and even VI); apices
of femora, and all tibiae and tarsi. Wings
subhyaline.

Length 6.8-7.9 mm (average of 9: 7.4

mm); length of front wing 4.8-5.2 mm (av-

erage of 12: 5.1 mm); hamuli 7-9.

Clypeus steeply raised from sides; disc

1.3-1.4 X broader than long (measured be-

tween lateral angles and from base to bot-

tom of ventral emargination), flattened,

only minimally depressed medially; ven-

tral and lateral margins markedly lamel-

late; ventro-lateral corners smoothly
rounded, obtuse; ventral margin shallow-

ly and widely emarginate, edentate; integ-
ument moderately coarsely and closely

punctured (except medially over proximal
three quarters where punctures are few
and interspaces are wide, smooth and

shiny), with punctures tending to run lon-

gitudinally. Frons slightly depressed me-

dially, with faintly impressed median line;

frons and vertex moderately coarsely and

closely punctured throughout (except
sometimes medially on frons); preoccipital
carina developed only dorsally, narrowly
lamellate. Mandible over basal two-thirds

with lamellate upper margin, smoothly
widened and strongly outwardly bent.

Antenna simple; flagellomeres somewhat

depressed (therefore oval rather than
round in cross section), gradually thick-

ened, not forming distinct club; eighth fla-

gellomere only slightly wider than scape,
less than twice width of first two flagel-
lomeres.

Thorax shiny under low magnification;
mesoscutum and scutellum with punc-
tures coarse but shallow and diffuse, with

interspaces only moderately closely and
not very noticeably micropunctured. Scu-

tellum with disc bun-shaped, smoothly
convex, anteriorly falling smoothly but

steeply to meet mesoscutum (furrow be-

tween them smooth, narrow and deep).

posteriorly falling smoothly but steeply,

slightly overhanging metanotum; lateral

wings of scutellum produced, overhang-
ing and therefore covering metanotvim lat-

erally; hind and lateral margins of scutel-

lum forming an almost parabolic curve ex-

cept that in the middle (that is posteriorly)
it is slightly flattened or, in some speci-

mens, even very weakly indented. Angles
of propodeum slightly tuberculate above.

Front tarsomeres II-IV produced into

inwardly directed lobes, that of II short,

those of III and IV much longer, flattened,

narrow and subparallel-sided, that of IV

reaching beyond middle of V; middle tibia

with one spur; shorter hind tibial spur

simple (not bifid); claws of all legs mi-

nutely toothed. Tegula 1.4 x as long as

wide, outer margin of its posterior half de-

scribing a mostly flat arc to the inner pos-
terior angle (that is tegula markedly nar-

rowed posteriorly).
Gastral terga with moderately sized

shallow punctures, moderately spaced an-

teriorly, closer posteriorly.
Mrt/f.—(Figs. 25-27 and 33). Black. The

following are yellowish-white: disc of

clypeus; large sub-quadrate supraclypeal

marking on face; entire labrum; mandible;
entire underside of scape; variously sized

spot in ocular sinus; narrow streak at top
of tempora behind eyes; elongate trans-

verse streak on humeral angles; occasion-

ally spot or elongate transverse streak me-

dially on pronotal dorsum; streaks on dor-

sal aspects of tibiae and front tarsomeres.

The following are various shades of red-

dish-brown: underside of flagellomeres

IV-X; tegula (except broad inner margin);

terga I-III or I-IV generally, and tergum
V and anterior sterna partially and to var-

ious degrees; apices of femora, and all tib-

iae (partially) and tarsi (partially). Wings
subhyaline.

Length 5.8-6.3 mm (average of 8: 6.0

mm); length of front wing 4.1^.5 mm (av-

erage of 8: 4.3 mm); hamuli 6-8.

Head (Fig. 25). Clypeus steeply raised

from sides; disc 1.2-1.3 X broader than
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31 32 33 34

Figs. 31-34. Right tegula. 31. Masanna mixta (x 60). 32, Maianna mixtoides (x 60). 33, Masariim namaqiia (X
60). 34, Masarinn parvula (x 60).

1 female (visiting flowers of Wahlenbergia
cf. prostrata) [AMG]; same locality and
date (D. W. Gess), 2 females [AMG]; Na-

maqualand, Kamieskroon, Sors Sors,

11.X.1994 (F. W. and S. K. Gess), 1 female

(on /in light violet flowers of Wahlenbergia

oxyphylla A.DC. Campanulaceae) [AMG];
Namaqualand, Farm Arkoep, 6 km N Ka-

mieskroon (30.19S, 17.56E), 1-2.X.1990 (C.

D. Eardley), 7 females and 7 males [NCP].
Discussion.—In both sexes the species is

somewhat reminiscent of C. mixta Rich-

ards but may immediately be distin-

guished by the different shape of the teg-
ula (compare Figs. 31 and 33) and by dif-

ferences in the puncturation of the thorax.

Eh/mology.
—The name nainaqua, a noun

in apposition to the generic name, is de-

rived from the Namaqua people of Na-

maqualand and refers to the provenance
of the specimens.

Masarina parvula Gess, sp. nov.

Female.—Black. The following are yel-
lowish-white: minute frontal spot near

eyes above ocular sinus and a narrow
streak at top of tempora behind eyes;
streaks on dorsal aspects of front tibia, ba-

sal half of middle tibia and basal quarter
of hind tibia. The following are various

shades of reddish-brown: underside of fla-

gellomeres IV-IX, mandible (if not dark

brown); outer margin of tegula; terga I-IV

generally and tergum V laterally; sterna to

various degrees (mainly hind margins).

Legs other than parts mentioned and most
of sterna dark brown. Wings subhyaline.

Length 5.8 mm; length of front wing 4.0

mm; hamuli 7.

Clypeus moderately raised from sides;

disc L6-L7 X broader than long (mea-
sured between lateral angles and from

base to bottom of ventral emargination),
flattened, only minimally depressed me-

dially; ventral and lateral margins weakly
lamellate; ventro-lateral corners narrowly
rounded, almost right-angular; ventral

margin widely and shallowly emarginate,
edentate; integument moderately coarsely
and closely punctured (except medially
over proximal three quarters where punc-
tures are few and interspaces are wide,

smooth, shiny), punctures tending to run

longitudinally. Frons somewhat depressed

medially, with distinct, finely impressed
median line; moderately coarsely and

closely punctured laterally, more finely so

medially and ventrally, impunctate and

shiny on either side of median impressed
line; vertex punctured like adjacent parts
of frons; preoccipital carina developed

only dorsally, narrowly lamellate. Mandi-



66 Journal of Hymenoptera Research

ble over basal two-thirds with upper mar-

gin lamellate, smoothly widened and

strongly outwardly bent. Antenna pro-

gressively thickened, especially from fla-

gellomere IV onwards; flagellomere VIII

markedly wider than scape and slightly

more than twice width of flagellomeres I

and II.

Thorax almost matt under low magni-
fication; mesoscutum and scutellum with

punctures only moderately coarse but

well defined, interspaces very closely and

noticeably micropunctured. Scutellum

with disc bun-shaped, smoothly convex,

anteriorly falling smoothly but steeply to

meet mesoscutum (furrow between them

smooth, narrow and deep), posteriorly

falling smoothly but steeply and slightly

overhanging metanotum; lateral wings of

scutellum produced, overhanging and
therefore covering metanotum laterally;

hind and lateral margins of scutellum

forming an almost parabolic curve except
that in the middle (that is posteriorly) it is

slightly flattened or, in some specimens, is

even very weakly indented. Angles of pro-

podeum slightly tuberculate above.

Front tarsus with tarsomeres II-IV pro-
duced into inwardly directed lobes, that of

II very short, those of III and IV short,

somewhat flattened, bow-sided, that of FV

not attaining middle of V; middle tibia

with one spur; shorter hind tibial spur

simple (not bifid); all claws distinctly den-

tate.

Tegula 1.5 X as long as wide, outer mar-

gin of its posterior half describing a quar-
ter circle to inner posterior angle (that is,

tegula evenly rounded and not at all nar-

rowed posteriorly).

Gastral terga with moderately sized and

spaced punctures.
Male.—(Figs. 28-30 and 34). Black. The

following are yellowish-white: disc of

clypeus; occasionally narrow transverse

marking above fronto-clypeal suture;

sometimes labrum (if not testaceous);

mandible (except apex); small spot on un-

derside of scape; small spot in ocular si-

nus; narrow streak at top of tempora be-

hind eyes; streaks on dorsal aspects of

front and middle tibiae and front tarso-

meres; basal third to half of hind tibia. The

following are various shades of reddish-

brown: underside of flagellomeres VI-IX

(or fewer); tegula (except for broad inner

margin); terga 1-IV generally, V or V and

VI occasionally; anterior sterna partially

and to various degrees. Legs other than

parts mentioned and most of sterna dark

brown. Wings subhyaline.

Length 4.8-5.5 mm (average of 9: 5.3

mm); length of front wing 3.5-3.8 mm (av-

erage of 7: 3.7 mm); hamuli 5-7.

Head (Fig. 28). Clypeus steeply raised

from sides; disc L4-1.5 X broader than

long (measured between lateral angles
and from base to bottom of ventral emar-

gination), smoothly convex (not de-

pressed); ventral margin weakly bilobed

and widely emarginate, edentate, broadly
lamellate. Tergum VII rounded to sub-

truncate. Proximal sterna unmodified;
sterna VII -I- VIII trilobed apically, lateral

lobes large and median lobe small.

Genitalia (Figs. 29 and 30).

Material examined.—Holotype: female.

Cape Province: Namaqualand, Springbok,
Hester Malan [now Goegap] Nature

Res[erve], 15-21.X.1987 (F. W. and S. K.

Gess) (Malaise trap) [AMG]. Paratypes (2

females, 9 males): Cape Province: Nama-

qualand, Springbok, Hester Malan [now

Goegap] Natvire Res[erve], 15-21.X.1987 (F.

W. and S. K. Gess) 3 males (2 Malaise trap;

1 on ground); same locality, 10-12.X.1988

(F. W. and S. K. Gess), 2 males (in flowers

of Wahlenbergia sp.); same locality, 10-

11.X.1989 (F. W. and S. K. Gess), 1 male;

same locality and date (D. W. Gess), 3

males; Namaqualand, Kamieskroon, Sors

Sors, 11.X.1994 (F. W. and S. K. Gess), 1

female (on /in light violet flowers of Wahl-

enbergia oxyphylla A. DC. (Campanula-
ceae); Namaqualand, Sors Sors/Taaibos-

kraal (30.08/9S, 18.01E), 3.x. 1995 (F. W., S.

K. and R. W. Gess), 1 female \\n violet

flowers of VJahlenbergia sp.) [all AMG].
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Discussion.—Similar, though somewhat

smaller, to namaqua, sharing with it and
mixta a black thorax (including the scutel-

lum) and an abdomen with at least the an-

terior segments reddish-brown but lack-

ing yellow markings. It differs from both

in the shape of the tegula (compare Figs.

31, 33 and 34), and from namaqua in the

proportions of the clypeus, in the punc-
turation of the thorax, in the presence of

yellow streaks on the tibiae and, in the

male, in the less extensive yellow mark-

ings on the head and scape.

Etymology.
—The name parvula, a Latin

female adjective meaning rather small re-

fers to the size of the species.

Masarina peliostomi Gess, sp. nov.

Female.—(Figs. 35 and 36). Black. The

following are pale yellowish-white: very
small crescent-shaped mark occupying

very bottom of ocular sinus, variably sized

streak at top of tempora behind eyes, nar-

row streak on humeral angles, very occa-

sionally small spot on upper part of pre-

pectus, postero-dorsal angles of prono-
tum, sometimes posterior third or less of

tegula, lateral margins of scutellum, pro-

podeal angles, narrow but laterally slight-

ly widened transverse posterior bands on

terga I-V (that on tergum I sometimes in-

terrupted medially and that on V fre-

quently fragmented into a number of

small spots), occasionally a small spot api-

cally on front tibia. The following are var-

ious shades of reddish-brown: underside

of flagellomeres VI-IX, mandible medial-

ly, tibiae and tarsi of all legs (except some-
times yellow spots proximally on tibiae),

translucent spot on tegula. Wings light
brown.

Length 6.3-6.8 mm (average of 5: 6.6

mm); length of front wing 4.1-4.2 mm;
hamuli 8-12. Length of tongue 4.9-5.0 mm
(based on 5 specimens); average tongue

length: average body length
= 0.75.

Head (Fig. 35) 1.25 x wider than long.

Clypeus steeply raised from sides; disc 1.7

X wider than long, evenly convex; ventral

margin widely and smoothly emarginate,
edentate, lamellate; surface coarsely retic-

ulate punctate. Frons on each side with

pronounced smooth subtransverse carina;

the two carinae laterally downcurved be-

fore reaching middle of upper part of eyes
and ending near upper margin of ocular

sinuses, together for most of their length

forming an extremely flat V but each on

approaching midline strongly downcur-
ved to converge with the other and to

meet in a very narrow V; surface sculp-

turing below carinae like that of clypeus,
above carinae composed of larger and

sparser punctures separated by shiny in-

terspaces; vertex and tempora more close-

ly and finely sculptured; preoccipital ca-

rina short, hardly exceeding distance be-

tween outer margins of posterior ocelli,

very narrow and not at all lamellately pro-
duced.

Thorax (Fig. 36). Pronotum with dor-

sum similarly punctured to upper part of

frons, shiny, contrasting with finely and

closely punctured, dull lateral aspects.
Mesoscutum impunctate and very shiny

(except for a few sparse moderately sized

punctures on anterior and lateral borders

and a microsculptured area postero-me-

dially), with a fine but clear median im-

pression in anterior half and very clear,

fine parapsidal furrows in posterior half.

Scutellum microsculptured, slightly raised

above mesoscutum, gently convex, poste-

riorly rounded, minimally depressed pos-

tero-medially. Propodeum microsculptu-
red, with angles well developed but

rounded. Middle tibia with two spurs;
shorter spur of hind tibia simple (not bi-

fid); claws of all legs minutely toothed.

Gastral terga microsculptured and with

some sparse small punctures; tergum VI

smoothly, transversely depressed in apical
half.

Male.—(Figs. 37-39). Coloration very
similar to that of female with none of the

males examined having any additional

pale markings on the head.

Length 5.6-6.9 mm (average of 5: 6.2
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Material examined.—Holotype: female.

Cape Province; Namaqualand, Richters-

veld National Park, Koeroegabvlakte
(28.11S, 17.03E), 17-21 and 24.ix.1995, (F.

W., S. K. and R. W. Gess) (in deep violet

flowers of Peliostomum sp., Scrophularia-

ceae) [AMG]. Paratypes (49 females, 7

males): Cape Province: Namaqualand, Ri-

chtersveld National Park, Koeroegabvlak-
te (28.1 IS, 17.03E), 17-21 and 24.ix.1995,

(F. W., S. K. and R. W. Gess), 48 females,

5 males (all in deep violet flowers of Pe-

liostomum sp.); same locality, 6.ix.l996 (F.

W., S. K. and R. W. Gess), 2 males (1 in

deep purple flowers of Peliostomum sp.; 1

on ground nr same) [AMG].
DiscussiotT.—M. p'eliostomi differs from

all other species of the genus in the pos-
session of frontal carinae in the female and
in the largely impunctate and very shiny
mesoscutum in both sexes.

Etymologif.
—The name peliostomi, geni-

tive singular, is formed from the generic
name of the plant, Peliostomum sp.

(Scrophulariaceae), in the flowers of which
the wasp was found foraging for nectar or

nectar and pollen.

Masarina tylecodoni Gess, sp. nov.

Female.—(Fig. 40). Black. The following
are yellowish-white: usually small to min-

ute spot on either side of frons, narrow
streak at top of tempora behind eyes, very

occasionally narrow interrupted trans-

verse band medially on pronotal dorsum,

usually small streak on humeral angles,
small spots (sometimes extinguished) pos-

tero-laterally on tergite I, narrow entire or

medially interrupted transverse posterior
bands on terga II-IV (those on terga II and
111 laterally expanded), occasionally nar-

row transverse posterior band medially on

tergum V. The following are reddish-

brown: terga I and II to a variable extent,

tegula to variable extent, knees of all legs,

and front tibia and front tarsus to variable

extent. Wings light brown.

Length 7.7-8.8 mm (average of 6: 8.3

mm); length of front wing 5.5-5.8 mm (av-

erage of 6: 5.7 mm); hamuli 10. Length of

tongue 6.6-6.8 mm (average of 6: 6.7 mm);
average tongue length: average body
length

= 0.80.

Head (Fig. 40) elongate, 1.1 x wider
than long, in profile with frons and clyp-
eus forming two distinct arcs—that of

frons low and that of clypeus higher and
nose-like. Antemia and mandible elon-

gate. Clypeus gradually and evenly raised

from sides, evenly but strongly convex

transversely, elongate, 1.38 X wider than

long; ventral margin widely emarginate,
edentate, lamellate and somewhat up-
turned (especially at narrowly rounded

sub-rectangular lateral angles); integu-
ment with large, shallow punctures sepa-
rated by wide, smooth, shiny interspaces,
and bearing fairly long, coarse, curved se-

tae. Frons almost flat, barely convex trans-

versely, with sculpture and setation simi-

lar to that of clypeus; vertex markedly flat-

tened; preoccipital carina very pro-
nounced, lamellate, extending over a

distance = 0.9 X interocular distance

(measured across ocelli), minimally
curved over most of its length but abrupt-

ly inturned at its ends (viewed from

above, the tempora appear to bulge out on

either side of the carina).

Dorsal surface of pronotum, mesoscu-

tum and scutellum with large shallow

punctures (those on anterior half of me-

soscutum particularly large and widely

spaced), interspaces smooth and shiny, ex-

cept on posterior third of mesoscutum and

on scutellum where closely and finely mi-

cropunctured. Setation on pronotum and

on adjacent parts of mesoscutum like that

on head. Median line on anterior two-

thirds of mesoscutum and parapsidal fur-

rows fine but distinct. Scutellum evenly

convex, fairly steeply but smoothly raised

above mesoscutum and separated from it

by a narrow, deep, shiny transverse de-

pression, posteriorly weakly emarginate.

Propodeum with angles strongly pro-
duced. Middle tibia with single bifid spur;
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Figs. 40-43. Masarina tylecodoni. 40, Frontal view of head of female (x 20). 41, Frontal view of head of male

(X 20). 42, Dorsal view of genitalia of male (x 50). 43, Ventral view of genitalia of male (x 50).

shorter spur of hind tibia bifid; all daws

distinctly toothed.

Gastral terga with moderately sized

shallow punctures and micropunctured

interspaces; tergum VI slightly transverse-

ly depressed in apical half.

Male.—(Figs. 41-43). Similarly coloured

to the female. Black. The following are yel-

lowish-white: mandible to variable extent,

markings on clypeus (varying from almost

entire disc or large central spot and small-

er spot on each antero-lateral lobe,

through reduction of these spots to their

total extinction), narrow streak at top of

tempora behind eyes; transverse band

(sometimes interrupted or extinguished)

medially on pronotal dorsum, humeral

angles, narrow transverse streaks postero-
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laterally on terga II-V (occasionally II-IV

or II-VI). The following are reddish-

brown: terga I and II to variable extent,

tegula to variable extent, all knees, and

front tibia and front tarsus to variable ex-

tent. Wings light brown.

Length 6.1-8.8 mm (average of 5: 7.6

mm); length of front wing 4.3-5.9 mm (av-

erage of 5: 5.3 mm); hamuli 10. Length of

tongue 5.0-7.5 mm (average of 5: 6.4 mm);

average tongue length: average body
length

= 0.84.

Structurally similar to female but differ-

ing in the following respects. Antenna
even more elongate, equalling length of

head (Fig. 41) (measured from vertex to

middle of ventral emargination of clype-

us). Median impression on frons below
anterior ocellus much deeper (barely in-

dicated in female). Tergum VII with hind

margin more broadly rounded than ter-

gum VI of female, not transversely de-

pressed. Preoccipital carina not abruptly
inturned laterally (viewed from above, the

tempora do not appear to bulge out on ei-

ther side of the carina).

Genitalia (Figs. 42 and 43).

Material examined.—Holotype: female.

Cape Province: Namaqualand, Richters-

veld National Park, Koeroegabvlakte
(28.1 IS, 17.03E), 17-21 and 24.ix.1995, (F.

W., S. K. and R. W. Gess) (in yellow flow-

ers of Tylecodon hallii (Tolken) Tolken,

Crassulaceae) [AMG]. Paratypes (22 fe-

males, 18 males): same data as holotype
[AMG].

Discussion.—A very distinct species
characterized by the elongate head and

antemiae, the nose-like clypeus, and the

strongly produced propodeal angles.

Etymology.
—The name tylecodoni, geni-

tive singular, is formed from the generic
name of the plant, Tylecodon hallii (Tolken)

Tolken, (Crassulaceae), in the flowers of

which the wasp was found foraging for

nectar or nectar and pollen. T. hallii is en-

demic to the northern Richtersveld and
the adjacent part of southern Namibia.

KEY TO SPECIES OF MASARINA RICHARDS
Note that the female of ceres is as yet unknown and has been included in the key using presumed characters

for which reason it is given in
[ ).

FEMALES

XI. Head, mandibles and antennae elongated; clypeus markedly convex transversely, raised,

bulbous and nose-like tylecodoni Gess sp. nov.

Head, mandibles and antennae not as above; clypeus either longitudinally depressed or,

if convex, not raised, bulbous and nose-like 2

2. Metasoma black with white or yellow markings 3

Metasoma partially or wholly red, with or without white or yellow markings 5

3. Frons with subtransverse, medially downcurved and converging carinae; clypeus convex;
mesoscutum in greater part impunctate and very shiny; middle tibia with two spurs . .

peliostomi Gess sp. nov.

Frons lacking carinae; clypeus longitudinally depressed; mesoscutum closely punctured;
middle tibia with one or two spurs 4

4. Clypeus and adjacent part of frons markedly longitudinally aciculate; middle tibia with

one spur strucki Gess

[Clypeus and adjacent part of frons moderately coarsely punctured; middle tibia with

two spurs ceres Gess sp. nov.

5. Large (8.5-11.5 mm) species with longitudinally depressed clypeus and with red, pyri-
form tegulae 6

- Small to medium (5.8-8.2 mm) species with convex clypeus and variously shaped red or

black tegulae (if clypeus is weakly longitudinally depressed then tegula is black, broad

and triangular) 7
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6. Frons on each side above ocular sinus with a large yellow spot; metasoma with yellow

markings in addition to reddish ones; puncturation of head, thorax and metasoma coarse;

propodeal angles tuberculate; scutellum with a narrow smooth anterior ftjrrow

familiaris Richards
- Frons on each side above ocular sinus with a small to minute reddish spot; metasoma

with reddish markings only; puncturation of head, thorax and metasoma moderate; pro-

podeal angles almost rounded. Scutellum with a wide coarsely crenulate anterior furrow

hyalinipennis Richards

7. Terga I and II predominently red, contrasting with predominently black terga III-VI;

frons immaculate 8

-
Terga I-V predominently red; frons on each side above ocular sinus with a small yellow-
ish-white spot 9

8. Terga II-FV without any yellowish-white markings; tegula short and broad, as in Fig.

31 mixta Richards
-

Terga II-IV with variously developed yellowish-white transverse posterior bands; tegula

elongate, as in Fig. 32 mixtoides Gess sp. nov.

9. Tibia and tarsus of all legs light reddish brown; tegula markedly narrowed posteriorly,

as in Fig. 33; clypeal disc 1.3-1.4 x broader than long namaqua Gess sp. nov.
- Tibia and tarsus of all legs dark brown with variously developed yellowish white dorsal

streaks; tegula evenly rounded posteriorly, as in Fig. 34; clypeal disc 1.6-1.7 x broader

than long parvula Gess sp. nov.

MALES

1. Head, mandibles and antennae elongated; clypeus markedly convex transversely, raised,

bulbous and nose-like tylecodoni Gess sp. nov.

- Head, mandibles and antennae not as above; clypeus either longitudinally depressed or,

if convex, not raised, bulbous and nose-like 2

2. Metasoma black with white or yellow markings 3

- Metasoma partially or wholly red, with (familiaris only) or without white or yellow

markings 5

3. Clypeus and adjacent part of frons convex; mesoscutum shiny, sparsely punctate; tegula

black; middle tibia with two spurs peliostomi Gess sp. nov.
-

Clypeus and adjacent part of frons longitudinally depressed; mesoscutum closely punctate;

tegula yellow or yellowish-white; middle tibia with one or two spurs 4

4. Clypeus and adjacent part of frons markedly longitudinally aciculate; scape, mandible,

labrum, clypeus and face black; middle tibia with one spur strjtcki Gess
-

Clypeus and adjacent part of frons moderately coarsely punctured; scape, mandible, la-

brum, clypeus, supraclypeal marking and ocular sinus yellow; middle tibia with two

spurs ceres Gess sp. nov.

5. Large (8.5-11.5 mm) species with longitudinally depressed clypeus and with red, pyriform

tegulae 6

- Small to medium (5.8-8.2 mm) species with convex clypeus and variously shaped red or

black tegulae (if clypeus is weakly longitudinally depressed then tegula is black, broad

and triangular) 7

6. Frons on each side above ocular sinus with a large yellow spot; clypeal disc and supracly-

peal marking yellow; metasoma with yellow markings in addition to reddish ones; punc-
turation of head, thorax and metasoma coarse; propodeal angles tuberculate; scutellum

with a narrow smooth anterior furrow; sternum II unmodified; tergum VII emarginate

apically familiaris Richards
- Frons on each side above ocular sinus immaculate; clypeal disc and supraclypeal marking

pure white; metasoma with reddish markings only; puncturation of head, thorax and me-

tasoma moderate; propodeal angles almost rounded; scutellum with a wide coarsely cren-
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ulate anterior furrow; sternum II with a bituberculate prominence; tergum VII rounded

apically hyalinipennis Richards

Terga I, II (and sometimes III) predominently red, contrasting with terga III (or VI)-VII
which are predominently black; scape entirely black; mandible, labrum and clypeal disc

either black or yellowish-white 8

Terga I-IV (at least) predominently red, not contrasting with terga V-VII but rather grad-

ing from red to reddish-brown to blackish; scape with yellow mark; mandible, labrum and

clypeal disc always yellowish-white 9

Mandible, labrum, clypeal disc and broad supraclypeal marking yellowish-white; tegula
short and broad, as in Fig. 31 mixta Richards

Mandible, labrum, clypeal disc and supraclypeus black; tegula elongate, as in Fig. 32

mixtoides Gess sp. nov.

Frons with large, sub-quadrate, yellowish-white supraclypeal marking; entire hind tibia

and basitarsus pale; tegula markedly narrowed posteriorly, as in Fig. 33; clypeal disc 1.2-

1.3 X broader than long namaqua Gess sp. nov.

Frons with at most a narrow, transverse, yellowish-white supraclypeal marking; only prox-
imal half of hind tibia pale; tegula evenly rounded posteriorly, as in Fig. 34; clypeal disc

1.4-1.5 X broader than long parvula Gess sp. nov.
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Update on the Flower Associations of Southern African Masarinae

with Notes on the Nesting of Masarina stntcki Gess and Celonites

gariepensis Gess (Hymenoptera: Vespidae: Masarinae)

Sarah K. Gess, Friedrich W. Gess, and Robert W. Gess

Albany Museum, Grahamstown, South Africa

Abstract.—Flower visiting records are presented for seven newly described species of Masarinae

from the Richtersveld and for Masarina strucki Gess. The potential of these wasps as pollinators

is discussed. Celonites gariepensis Gess and Masarina peliostoini Gess are associated with Peliostomum

and the former, at least, with Aptosimum (Scrophulariaceae), a preference shared with four other

species of Celonites. Masarina ti/lecodoni Gess appears to be restricted to Tylecodon hallii (Tolken)

Tolken (Crassulaceae) and is apparently the first recorded insect visitor to a Ti/lecodon species.

Jugurtia codoni Gess is an abundant visitor to Codon royenii L. of the family Hydrophyllaceae, one

of the preferred forage plant families of the North American masarines but otherwise not known
to be visited by masarines. Records for Masarina strucki from a wide range of localities confirm

its, for a masarine, unusual association with Herniannia spp. (Sterculiaceae). In the Richtersveld

Zygophyllum spp. (Zygophyllaceae) were being visited, though not apparently favoured, by Cer-

aniius brevitarsis Gess, two species oi Jugurtia, J. codoni Gess and /. koeroegabensis Gess, and Masarina

tni.xtoides Gess. These records are of interest as Zygophyllum has only otherwise been shown to

attract one other species of Masarinae, a Quartimoides species, in the Central Namib Desert. Some

aspects of the nesting of C. gariepensis, which constructs aerial mud cells, and of M. strucki, which

nests in the ground, are presented and discussed.

Gess (S.K. 1996) presented a synthesis of

the available data on the nesting and flow-

er visiting of the Masarinae in southern

Africa. Recent fieldwork in southwestern

southern Africa, most notably in the pre-

viously under collected Richtersveld Na-

tional Park in the extreme north of Na-

maqualand (Fig. 1) (16-24.ix.l995 and 5-

18. ix. 1996), has resulted in the discovery
of new species, additional flower associa-

tions of particular interest, and a nest each

of Masarina strucki Gess and Celoiites gar-

iepensis Gess. Descriptions of the new spe-
cies are given in Gess (F.W. 1997) and the

flower visiting and nesting data are pre-
sented and discussed in the present paper.
Some other masarines collected in the

Richtersveld National Park, all extending
the known distributions for the species,
are: Ceramius cerceriformis Saussure, four

species of Jugurtia, j. braunsi (Schulthess),

/. braunsiella (Schulthess), /. calcarata Rich-

ards, and /. duplicata Richards, two species
of Celonites, C. ch/peatus Richards and C.

pcliostomi Gess. Flower visiting records for

these species of Jugurtia and Celonites con-

firm previously recorded flower family
choices (Gess, S.K. 1996).

Celonites Latreille

Celonites gariepensis Gess

Distribution.—Celonites gariepensis Gess

has been recorded from only the Richters-

veld National Park in northern Namaqua-
land (Gess, F.W. 1997).

Floioer visiting.
—On the Koeroegabvlak-

te (28.11S, 17.03E) (Figs. 2-5) C. gariepensis

females and males were foraging only on

flowers of a species of Peliostomum

(Scrophulariaceae), together with Celonites

ch/peatus Brauns, Celonites pcliostomi Gess

(Fig. 6) and Masarina pcliostomi Gess (Fig.
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Figs. 6 and 7. Pcliosiomum sp. (Scrophulariaceae). 6,

Celonitcs pniiostcnii Gess preparing to enter flower. 7,

Masarina peliostcvni Gess entering flower (length of

flower approximately 20 mm).

south. To the north of the Richtersveld

National Park there is a surprising hiatus

in the known distribution of Ceramiiis, no

species having been recorded between

there and northern Namibia whence a sin-

gle species from Group 4, Ceramius dainar-

iinis Turner, was described by Turner

(1935) from females and a male from On-

gandjera (1923) and a male from Kaman-

yab (1925), part of material collected by
the staff of the South African Museum
(Gess, F.W. 1965). Recently this species
was recorded flying abundantly 10.3 km

NW on the road from Okaukuejo to Okon-

deka, 3.iv.l996, by D.W. and G.T. Gess. A
sample of twelve females was taken.

Water visiting.
—C. brci'itarsis was found

to be abundant at a trickle of water cross-

ing the road in a rocky pass (28.10S,

17.02E) immediately to the north of Koe-

roegabvlakte. Whilst imbibing water the

wasps stood on wet sand or rock at the

edge of the water. One further female was
observed imbibing water from the edge of

an isolated pool of water in a hollow on a

steeply sloping rock. In this instance the

surface on which the wasp stood was dry,

indicating that water is imbibed directly

from the pool and not from wet sand as

has been observed for Ceramius hicolor

(Thunberg) (Gess, S.K. 1996) and Ceramius

socius Turner (Gess and Gess 1986). In no

case did one of these wasps alight on the

water surface.

Flower visiting.
—All plants in flower in

the vicinity of the water were sampled for

flower visitors throughout the day, how-

ever, only one female and one male of C.

brevitarsis were taken. Both were visiting

the small cream flowers of Zygcphyllum

prismatocarpum E. Mey. ex Sond. (Zygo-

phyllaceae). This is the first record of Cer-

amius visiting flowers of Zygophyllaceae.
The records are, however, too few for an

association to be suggested as instances of

casual visiting of flowers other than those

preferred has occasionally been recorded

for some species of Ceramius (Gess, S.K.

1996). Aizoaceae: Mesembryanthema
would be the expected plant taxon to be

favoured by C. brevitarsis, it being a mem-
ber of Group 2A and there being consis-

tency of flower family choice within Cer-

amius species groups in southern Africa

(Gess, S.K. 1996).

Jugurtia de Saussure

Jugurtia codoni Gess

Distribution.—Jugurtia coiioni Gess has

been recorded from only the Richtersveld

National Park in northern Namaqualand
(Gess, F.W. 1997).
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Figs. 8-12. Paradise Kloof, Richtersveld National Park. 8, Approach to kloot. 9, Nesting site of Cehnites

^mkyensis Gess marked with arrow. 10, Nest of C. gariepensis on underside of jutting edge in rock crevice

(outer cell broken during capture of builder). 11, Cell of C. gariepensis. 12, Cell of C. gariep\'nsis opened to

show papillate provision mass and position of egg.

Water visiting.
—Two females of /. codoiii

were collected at the edge of a pool of wa-
ter in Paradise Kloof. This suggests that it

is probable that /. cocioni, like the other

species of Jugiirtia for which nesting is

known, uses water in nest construction.

Flower visiting.
—Females of /. codoiii

were found foraging abundantly on the

flowers of the spiny, metre high herb Co-

don royenii L. (Hydrophyllaceae) growing
in the gravelly bed of a dry watercourse,
where it emerged from the hills before

crossing the Koeroegabvlakte (Fig. 5). The
flowers of C. royenii are 35 mm high, erect

and campanulate (Figs. 13-15). The many
lobed corolla is white. There are 10-12 sta-

mens. The filaments are attached to the co-

rolla tube about 5 mm from the base and

are closely adpressed so that they close off

the base of the flower (Fig. 15) presumably

protecting the nectar from evaporation, ju-

giirtia codoni, when visiting a flower,

alights on the outwardly curved corolla

lobes and, when preparing to imbibe nee-



80 Journal of Hymenoptera Research

Figs. 13 and 14. Codoii roi/ciiii L. (Hydrophyllaceae).

13, Jugurtia codoni Gess imbibing nectar. 14, /. codoui

collecting pollen.

tar, walks down the side of the flower

(Fig. 13) and inserts its long tongue be-

tween the filaments. When collecting pol-

len, the wasp either reaches over from the

corolla or moves across onto a filament

and ingests the pollen directly from the

anther (Fig. 14). Although apparently pre-

ferring C. royenii, /. codoni was found less

commonly visiting the flowers of P. leii-

corrhizum (Scrophulariaceae) and of

Hermbstaedtia glauca (Wendl.) Reichb. ex

Steud. (Amaranthaceae). At other sites in

the Park it was found uncommonly visit-

ing flowers of Zi/gopln/Uiim meyeri Sond.

(Zygophyllaceae), Seuecio arenarius Thunb.

(Asteraceae) and Pelargonium klitighard-

tense Knuth (Geraniaceae).
Due to the smallness in size of /. codoni

compared with Codon royenii it is possible
for /. codoni when obtaining nectar to enter

and leave the flowers without coming into

contact with either the anthers or the stig-

mas and to collect pollen from the anthers

without coming into contact with the stig-

mas. It is therefore probable that, whereas

C. royenii is clearly an important forage

plant for /. codoni, /. codoni is not a poten-
tial pollinator of C. royenii but is rather a

pollen and nectar thief. A more likely po-
tential pollinator is the relatively large bee

Xylocopa liiguhris Gerstaecker (Apidae: Xy-

locopinae) which, although it is a less

common visitor and not restricted to Co-

don, in behaviour and fit is ideally suited

to act as a pollinator.

Jugurtia koeroegabensis Gess

Distribution.—Jugurtia koeroegabensis
Gess has been recorded from only the

Richtersveld National Park in northern

Namaqualand (Gess, F.W. 1997).

Floioer visiting.
—Only seven females of

/. koeroegaboisis were collected from flow-

ers. On the banks of a dry watercourse

crossing the Koeroegabvlakte (28.1 IS,

17.03E) (Figs. 2-5) two females were taken

from the small cream flowers of Zygophyl-
luni prismatocarpuin E. Mey. ex Sond. (Zy-

gophyllaceae) and one female was taken

from a yellow rayed capitulum of Osteo-

spennum sp. (Asteraceae). At Pootjiespram

(20.OSS, 16.57E), in a broad sandy drainage
area, four females were taken visiting

flowers, one from the yellow petalled
flowers of Cleoine paxii (Schinz) Gilg. &
Benth. (Capparaceae), one from the flow-

ers of Peliostomum leucorrhizum (Scrophu-

lariaceae) and two from the green and

brown flowers of Ferraria cf divaricata

Sweet (Iridaceae). These records are too
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20 mm

Fig. 15. Coihii nn/ciiii L. (Hydrophyllaceae), Dia-

grammatic representation of flower cut longitudinal-

ly and of lugiiitia codcini Gess (wings and legs omit-

ted).

few to establish a particular preference,

however, it is clear that /. koewegabensis is

not restricted to visiting flowers of a single

plant family.

Masarina Richards

Masarina mixtoides Gess

Distribution.—Masarina mixtoides Gess

has been recorded from only the Richters-

veld National Park in northern Namaqua-
land (Gess, F.W. 1997).

Flower visiting.
—Masarina mixtoides is

not restricted to a single family of plants.

At a site 1.5 km from the Helskloof Gate

(28.18S, 16.57E), the abundant white flow-

ers of an isolated plant of Pelargonium kling-

liardtense Knuth (Geraniaceae) growing on
the edge of a dry, stoney drainage chamiel

on a hillside were clearly attractive to this

wasp, a sample of 15 females and one

male having been taken in under an hour.

However, on the Koeroegabvlakte, where
flowers associated with a dry, gravelly

drainage chamiel crossing the flats (Figs.

2-5) were sampled, three females were
taken from the small cream flowers of lax.

shrubby Zygophyllum prismatocarpum (Zy-

gophyllaceae) (Fig. 4), and four from the

larger yellow flowers of compact, shrubby

Zygophyllum meyeri. In addition one fe-

male was collected from the flowers of a

species of Wahlenhergia (Campanulaceae)
and one from a yellow rayed capitulum of

Asteraceae.

Masarina peliostomi Gess

Distribution.—Masarina peliostomi has

been recorded from only the Richtersveld

National Park (Gess, F.W. 1997).

Flower visiting.
—Both females and males

of M. peliostomi were foraging abundantly
on the flowers of Peliostomum leucorrhizum

(Scrophulariaceae) (Fig. 7) growing along
the banks of the upper reaches of a dry
watercourse crossing the Koeroegabvlakte

(Figs. 2-5). This is the first record of an

association between a species of Masarina

and a species of Peliostomum. However,
five species of Celonites are known to be

associated with plants of this genus (see

above). Masarina peliostomi being of similar

size and behaviour to the Celonites species

should, like them, be considered a poten-
tial pollinator of Peliostomum in the Rich-

tersveld. Although not collected from

flowers of Aptosimum spinescens, which

was growing further down the water-

course, it is probable that M. peliostomi

would visit these flowers.

Masarina strucki Gess

Distribution.—Masarina strucki has been

recorded from Namaqualand (Goegap
Nature Reserve, Springbok and the west-

ern side of the Kamiesberg), the Olifants

River Valley to the south (east bank of the

Clanwilliam Dam), immediately east of

the Western Escarpment (Skuinshoogte
Pass between Nieuwoudtville and Lour-

iesfontein and Biedouw Valley in the Ced-

erberg) and in the western Little Karoo

(Ladismith) (Gess, F.W. 1997).

Flower visiting.
—The first record was for

a single female collected by Michael

Struck, 20.viii.l985, visiting the yellow
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flowers of Hermannia disermifolia Jacq. of

the subgenus Hermannia (Sterculiaceae) in

Goegap Nature Reserve (formerly Hester

Malan Nature Reserve) in the Springbok
district, Namaqualand. An intensive

search by the Gesses for this masarine

during six subsequent spring visits to Na-

maqualand yielded only one further fe-

male, from the same locality (10-12. x. 1988,

F.W. and S.K. Gess), until spring 1994

v^'hen they found females and males rela-

tively abundant in association with H. dis-

ermifolia in the Goegap Nature Reserve

(primarily at 29.37S, 17.59E) (3-8.X.1994,

F.W. and S.K. Gess) and at Bakleikraal

(30.13S, 18.03E) in the Kamiesberg
(9-11.X.1994, F.W. and S.K. Gess) (Figs. 16

and 17). The following spring, 1995, they

again found females and males at the Ka-

miesberg site (28.ix.1995, F.W., S.K. and

R.W. Gess) but none were found at the

Goegap site. The sites in the Goegap Na-

ture Reserve and the Kamiesberg are level

sandy areas at the base of rocky outcrops,
in which H. disermifolia is the dominant

plant.

In the Olifants River Valley on the east

bank of the Clanwilliam Dam, 19.2 km
south of the caravan park (32.17S, 18.56/

7E) M. strucki was found by Robert Gess

foraging on an orange flowered species of

Hermannia subgenus Mahernia (3 females,

5.X.1995, F.W., S.K. and R.W. Gess) grow-

ing in sandy soil at the foot of a rocky

slope.
At the Skuinshoogte Pass site (31.16S,

19.08E) only two females were collected

(23-30.ix.l994, F.W. and S.K. Gess), one on

the ground in a dry river bed and the oth-

er on the ground beneath a shrublet of a

yellow flowered species of Hermannia sub-

genus Hermannia.

In the western Little Karoo two samples
have been taken in the Ladismith district,

one at Buffelspoort (3320BD) (3 females,

14.viii.l995, V.B. Whitehead) on a yellow
flowered shrubby Her)nannia sp. and the

other 6 km from Ladismith on the road to

Barrydale (3 females, 21.viii.l995, F.W.

and S.K. Gess) visiting yellow flowers of

Hermannia vestita Thunb. of the subgenus
Hermannia growing in level ground on the

roadside halfway up a rocky slope.

It seems probable that M. strucki is al-

ways associated with Hermannia spp. as

careful collecting by the Gesses from a

wide range of flowering plants both in the

vicinity of its collection sites and further

afield has been undertaken. It also seems

to be of note that the Hermannia plants
with which it has been found have all

been associated with rocky hill slopes.

The flowers of the Hermannia spp. re-

corded as being visited by M. strucki are

all "bell-shaped" and 7-10 mm in length.
Masarina strucki, of which the females are

an average length of 7.4 mm and the

males 6.6 mm, alights on the side of the

downwardly hanging flowers, moves
down, and curves around the lip to face

upwards into the flower (Fig. 22h). When

remaining in this position an individual is

apparently ingesting pollen. When the in-

dividual enters into the flower leaving

only its abdomen exposed it is undoubt-

edly imbibing nectar. The nectar held in

the inrolled bases of the petals will be

reached by the wasp's tongue which has

an average length of 4.2 mm in the female

and 4.0 mm in the male.

As a flower visitor M. strucki appears to

be restricted to Hermannia and therefore to

be dependant upon this genus for pollen
and nectar. Its distribution is far more lim-

ited than that of Hermannia and within the

areas where it does occur it seems to be

restricted to rocky slopes and on these

slopes to a limited range of Hermannia spe-
cies. It is, however, not the sole visitor to

these species of Hermannia (Table 1). As-

semblages of visitors to the three species
of Hermannia subgenus Hermannia with

which it has been associatetl are charac-

terized by the presence of, in addition, one

or more species of Anthophora {Py^antho-

phora) (Apidae: Apinae: Anthophorini)
and one or more species of Megachili-
dae—one or more species of Plesianthidium



Volume 6, 1997 83

Figs. 16-18. lb. Nesting area ot Masaiina stnicki Gess, Kamiesbcrg, bushes m the foreground, Hcrnmiuim

disermifolin Jacq. (Sterculiaceae). 17, Flowers of H. liiscniiifclin (length of flower approximately 9 mm). 18, Cell

of M. ifrucki opened to show papillate provision mass and position of egg.

(Spinaiithidium) (Megachilidae: Megachili-
nae: Anthidiini) and /or a species of La-

sioglossum (Halictidae). Though these bees

are therefore also expected visitors to the

flowers they are less constant as they are

all known to visit in addition flower spe-
cies of other genera belonging to other

plant families occurring in close proximity
to the Hermannia plants.
Masarina striicki and the bees all visit a

considerable number of flowers in succes-

sion, and all while visiting flowers in the

pollen-presenting stage receive a dusting
of pollen which adheres to them. Masarina

strucki in entering the flowers receives the

pollen dorsally and the bees which are all

too large to enter receive pollen on their

hairy faces. Such pollen would be trans-

ferred to receptive stigmas by the wasps
and the bees visiting flowers in the recep-
tive phase. All can therefore be considered

to be potential pollinators, but where they
are present the masarines will be the more

dependable.
The species of Hermannia subgenus

Makernia was sampled on one day only.
On this day it was only visited by two ma-

sarines, M. strucki and Masarina mixta

Richards. Both can be considered potential

pollinators, however, M. strucki is more

dependable than M. mixta which visits in

addition flowers of plants of several other

families which grow in close proximity to

the Hermantim plants.
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Table 1. Flower visitors to those species of Her-

nujuiiia L. on which Mnsnrimi stnicki Gess is known
to forage. Number in brackets indicates the number

of plant families in addition to Sterculiaceae which

are known to be visited.

subgenus Hcniuiiiiiui

HirmaniULi tlisermifolia Jacq. and Hcnucinniu ct. (/;.v-

ennifolia

Vespidae: Masarinae

Miisariiw sirucki Gess. Goegap, Kamiesberg. (Skuins-

hoogte) (0)

Vespidae: Eumeninac apparently hunting

Megachilidae: Megachilinae: Anthidiini

Plesiiinlhidium {Spiiuiiuhidiiim) callcscens (Cocker-

ell). Skuinshoogle ( 1 )

Plesianthidium {.Spinanlhiiliiint) iniclnisijorme

(Friese), Goegap (1)

Apidae: Apinae: Anthophorini

Antluiphorci [Pygmilhophnni) ubrochiu Eardlcy. Goe-

gap, Kamiesberg ( 1 )

Aiilhopluira iPygiinthophoni) di\'cisipfs Friese, Ka-

miesberg (3)

Anthophoni (.Pygiinthophoni) krngeri Eardley. Goe-

gap (1 )

Anlhophoni {Pygantliophont) scliiill:i'i Frcise. Skuins-

hoogle (2)

Amegilla iMicniiiiegillu) niveala (Friese), Kamies-

berg. Skuinshoogle (16)

Pachymelus peringiie\i (Friese) Goegap. Kamiesberg

(3)

Apidae: Apinae: Apini

Apis mellifeni L. (very many)

Scarabaeidae: Mclalonthinae: Hopliini

A single species

Hcrniniiiiin ct. cuncifolin Jacq.

Vespidae: Masarinae

Masarina stnicki Gess, Goegap, (Skuinshoogle) (0)

Vespidae: Eumeninae apparently hunting

Halictidae

Lasioglossum sp., Skuinshoogte (?)

Megachilidae: Megachilinae: Anthidiini

Plcsiiiiitliidiiiiii {Spiiiiiiilludiiiiii) ciilli'scciif (Cockerel!),

Skuinshoogte (I)

Apidae: Apinae: Anthophorini

Anthophora {P\/ganthoplwrn) ichuUzct Freise, Skuin-

shoogte (2)

Hcnihviiiio I'cstita Thunb.

Vespidae: Masarinae

Masarina strucki Gess, Ladismith (0)

Halictidae

Lasioglcssiini sp., Ladismith (?)

Table 1. Continued.

Apidae: Apinae: Anthophorini

Ainlit>ph(}rci iPygiinllutphiirti) kiugeri Eardley, Ladi-

smith ( 1 )

Nemestrinidae

Prosoeca sp.

subgenus Mahernia

Hcrmannia sp,

Vespidae: Masarinae

Masariun mixta Richards, Clanwilliam (3)

MflSfln'm! strucki Gess, Clanwilliam (0)

Vespidae: Eumeninae apparently hunting

Nesting area.—Unfortunately despite
careful search only one nest has been lo-

cated. This was at the Bakleikraal site in

the Kamiesberg (Fig. 16). The nest en-

trance was between two stones in gently

sloping ground in a bare area between the

Hermannia bushes. The soil was sandy and

friable.

Provision.—The provision from the sin-

gle cell obtained was very moist but jelly-

like, pale yellow ochre, and translucent.

The longitudinal surface was regularly pa-

pillate, each papilla ending in a nipple

(Figs. 18 and 19b). At the inner end of the

provision was a larger central papilla

which supported the egg. The outer end

Fig. 19. Diagrammatic representations of longitudi-

nal section of nest and cell, papillate provision mass

and egg of Masarina strucki Gess.
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of the provision was adpressed to the cell

closure.

Samples of pollen were taken from the

provision and examined microscopically.
The pollen was all of one kind, 0.03 mm
in diameter, and matched pollen from H.

disennifolia.

Description of nest.—The single nest in-

vestigated consisted of a sloping burrow

(3.5 mm in diameter and 6.5 mm in

length) terminating in a cell (Fig. 19a). The
cell which was rounded at the inner end
and sealed with a seal, 0.5 mm in thick-

ness, concave on the outside and convex

on the inside, had an inner length of 7.9

mm and an inner diameter of 3.7 mm. The
walls of the cell were smoothed on the in-

side and the surrounding earth was ce-

mented to a depth of 0.5 mm so that the

cell could be removed from the surround-

ing soil as an entity. There was no en-

trance turret.

Method of construction, ovipiosition and

proz'isioning.
—The nest was discovered af-

ter the burrow had been excavated and
the cell walls were being smoothed and
stabilized. The friable nature of the soil,

the lack of any form of turret, the lack of

discarded mud pellets, and the nature of

the cell walls and seal suggest that exca-

vation of the nest had taken place without

the use of water but that some bonding
agent other than water had been used for

cementing the cell walls and constructing
the seal. The extreme hardness of the cell

walls akin to those of Celonites spp. and
the pliable nature of the freshly completed
seal suggest the use of nectar.

When observations commenced at

14h56 final smoothing of the cell walls

was apparently in progress. The wasp re-

peatedly moved backwards until half the

body length protruded from the entrance

and forwards again into the cell. By shin-

ing a light into the nest and using a den-

tist's mirror during the wasp's absence it

could be seen that the cell walls were
smooth and moist.

At 15hl2 the builder, after an absence of

eight minutes, returned to the nest and en-

tered it head first. After apparently mak-

ing an inspection she came out, turned

around and reversed into the nest dorsum

uppermost, emerged again eight minutes

later, and then re-entered facing into the

cell. Oviposition had apparently taken

place. The egg which was obtained when
the nest was later investigated was white,

curved, and tapered somewhat towards
the ends. It was 2.4 mm in length across

the bow and 0.75 mm in diameter at mid-

length.

Provisioning then commenced. This

took 85 minutes and was apparently ac-

complished with five loads as, during this

phase, the wasp was away from the nest,

apparently foraging, for five periods vary-

ing from 6-10 minutes and in the nest ro-

tating (an average of four times), appar-

ently depositing the provision, for five per-
iods of 3-13.5 minutes.

Sealing of the cell commenced after an

absence from the nest, apparently to col-

lect nectar. Soil for sealing was seen to be

taken from the walls of the entrance shaft.

At 17h07 work for the day was over. On
emerging from the nest the wasp was ob-

served to groom for the first time. She was
then away from the nest for seven minutes

presumably feeding before settling for the

night. On her return to the nest she went
in head first, apparently to inspect the

nest, and then came out, backed in,

groomed her face, and then became still

with her head blocking the nest entrance.

The following morning she remained still

in the same position, apparently sleeping,
until 10h37 when she began to stir and

look out of her nest. She, however, only
left the nest at 10h56. After an absence of

13 minutes she was back in the nest con-

tinuing with the cell closure but not rotat-

ing as she had been when provisioning.
Cell closure was completed by llh30.

Male behaviour.—Males of M. strucki for-

age together with the females on the flow-

ers of Heniuvniia spp. They were also ob-

served on the ground beneath the Herman-
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nia bushes. On the second day (whilst nest

construction was being observed), before

the female emerged from her nest, a male

was seen resting on the ground sunning
himself about 2 m from the nest. No in-

stances of mating were observed.

Associated insects.—A probable associa-

tion between Allocoelia quincjuidens Edney
(Chrysididae) and M. strucki is noted. Fe-

male A. quinquidcns were present on the

ground between the Hermannia bushes at

the Goegap and the Bovlei sites. Further-

more on the second day of nesting obser-

vations one was observed at llh34 ca. 1 m
from the nest, at llh36 ca. Vi m from the

nest, at llh39 30 cm from the nest, at

llh46 ca. 1 V2 m from the nest and finally

at llhSO entering the nest and leaving it,

at llh52 ca. Vi m from the nest, at 12h02

inspecting and entering the nest, at 12h50,

13h34 and 13h50 inspecting the nest.

It is of note that A. quinquidens has also

been observed by the Gesses inspecting a

nest of Masarina familiaris Richards be-

tween Clanwilliam and Graafwater.

Masarina tylecodoni Gess

Distribution.—Masarina tylecodoni has

only been recorded from the Richtersveld

National Park in northern Namaqualand
(Gess, F.W. 1997).

Flower visiting.
—Both females and males

of M. tylecodoni were discovered by Robert

Gess to be foraging on the yellow flowers

of Tylecodon hallii (Tolken) Tolken (Cras-

sulaceae) growing on rocky hills on the

west flank of the Koeroegabvlakte (Figs. 2,

5 and 20). This masarine was foraging

abundantly, and apparently exclusively,
on these flowers. Tylecodon hallii was the

only species of Tylecodon in flower, so it is

not known whether the flowers of other

species of Tylecodon are visited. As noth-

ing is known of the insect visitors to the

flowers of Tylecodon (G. Williamson pers.

comm.) this is of particular interest.

Tylecodon hallii is a compact succulent

shrublet which holds aloft an abundance
of yellow erect campanulate flowers (Figs.

Figs. 20 and 21. 20, Slope of rockv hill on uo^t flank

of Koeroegabvlakte, rounded shrublet in middle dis-

tance T\/k\vitcii hnlUi (Tolken) Tiilkcn (Crassulaccae).

21, Masariiiii t}/lccMicni Gess entering flower of T. hal-

lii.

20 and 21). The flowers are 22 mm in

height. The corolla consists of five fused

petals. Each of the ten stamens is fused to

the corolla just above the "waist" (Fig. 22).
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10 mm

Fig. 22. Diagrammatic representations of half flower

of Tylecodon hallu (Tolken) Tcilken (Crassulaceae) cut

longitudinally and of Masanna codoiii Gess (wings
and legs omitted).

Masarina tyiecodoni, when visiting a flower

for nectar, alights on the outwardly
curved petal lobes and enters between the

corolla and the filaments of the stamens
which being closely adpressed form a bar-

rier to the wasp which inserts its tongue
between two filaments to reach the nectar

at the base of the flower. In forcing its way
into a flower the wasp pushes against the

anthers and therefore when the anthers

are ripe the wasp receives a load of pollen

dorsally. When visiting a flower to collect

pollen a wasp alights on the outwardly
curved corolla lobes and standing thus in-

gests the pollen directly from the anthers.

Masarina tyiecodoni should be consid-

ered as a potential pollinator of T. hallii.

When coming from imbibing nectar from
a flower in the pollen presenting phase
and entering a flower with receptive stig-
mas which are outwardly curved it would

effectively wipe off pollen from its dor-

sum onto one or more of the stigmas. If it

is indeed dependant solely on Tylecodon
for pollen and nectar, even if it visits more
than one species of Tylecodon, it would be
a dependable potential pollinator as T. hal-

lii is the earliest of the Tylecodon species to

come into flower in the Richtersveld.

DISCUSSION

Flower visiting.
—The association be-

tween }ugiirtia codoni and Codon is the first

record of an association between a south-

ern African masarine and Hydrophyll-
aceae, however, the Nearctic masarine ge-
nus Pseudontasaris shows a strong prefer-
ence for flowers of this family. Flower vis-

iting records are available for 13 of the ca.

15 described species of Pseudontasaris and
of these 92% have been recorded from the

genera Phacelia Juss. and Eriodyction Benth.

(Gess, S.K. 1996).

The preference shown by Masarina tyie-

codoni for Tylecodon (Crassulaceae) is of in-

terest as the only other record of a masar-

ine visiting a species of Crassulaceae is

that for Celonites ivahlenbergiae Gess, which
is primarily associated with Walilenbergia

(Campanulaceae), but has been recorded

in addition from plants of several other

genera and families, including Crassula di-

chotonia L. (Crassulaceae) (Gess and Gess

1992). The association with Crassulaceae

(Resales) is not so surprising if one con-

siders that Rosales is considered to be ba-

sal in the Rosidae which includes the Fa-

bales and therefore Papilionaceae with

which are associated at least two species
of Masarina.

That the flowers of Zygophylliini spp.

(Rosidae: Sapindales: Zygophyllaceae) in

the Richtersveld are visited, although ap-

parently not favoured, by Ceraniius hrevi-

tarsis, two species of jitgurtia, ]. codoni and
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/. koeroegabensis, and Masarina mixtoides is

of interest. Although the Gesses have sam-

pled Zygopln/llum species in other areas

where masarines have been present they
have not encountered them visiting these

flowers. The only other records of masar-

ines visiting ZygopIiyUiiin are for a species
of Quartinioides from Zi/gopln/llnm simplex
L. at Gobabeb (23.34S, IS.OSE) in the cen-

tral Namib Desert (Wharton 1980). Indeed

the only other record of a masarine visit-

ing flowers of Zygophyllaceae seems to be

that to Larrea Cav. by Pseiidoniasaris loliee-

leri Bequaert, a Nearctic species more typ-

ically associated with Scrophulariaceae,

Hydrophyllaceae and Asteraceae (Rich-

ards 1966).

The association of Masarina strucki with

Her)iiaiiiiia (Dilleniidae: Malvales: Stercu-

liaceae) is the first recorded association of

a masarine with Sterculiaceae. Indeed an

association with a member of the Dilleni-

idae as a whole is unusual for the Masar-

inae worldwide. Of the 164 other species
of masarines for which flower visiting rec-

ords are available only 13 have been re-

corded from Dilleniidae and most of these

are species which are generally closely as-

sociated with plants of other classes so

that the visits to Dilleniidae are casual in

nature. Classes most favoured are Asteri-

dae 104 species, Caryophyllidae 52 species

(47 being from southern Africa), and Ros-

idae 41 species. Visits to other classes are

for 3 species to Magnoliidae, 2 species to

Liliidae and 1 species to Zingiberidae

(classes sensu Cronquist 1988).

When taking into account the form of

the flowers visited by southern African

species it is of note that a masarine visiting

the flowers of the favoured families Ai-

zoaceae, Asteraceae, Campanulaceae,
Scrophulariaceae and Papilionaceae is im-

mediately in position for reaching the nec-

tar and pollen supplies (Fig. 23 a-g). The
same holds true for the erect campanulate
flowers of T. hallii (Crassulaceae) and C.

royenii (Hydrophyllaceae). By contrast

when M. strucki alights on the outside of

the downwardly directed bell flower of

Hermannia it is not immediately in posi-
tion for reaching these resources but must
move down, pass around the lip of the co-

rolla, and then turn upwards to be posi-
tioned for reaching them (Fig. 23h).

Discussion of uestiug.
—The nesting of M.

strucki is remarkably different from that of

M. familiaris the only other Masarina for

which nesting has been recorded (Gess
and Gess 1988) and from the nests known
for the closely related genus Jugurtia, that

is those of /. confusa Richards (Gess and

Gess 1980) and /. braunsi (Schulthess)

(Gess, S.K. 1996).

In nest construction M. strucki unlike

the other three species apparently exca-

vates the burrow without the use of water

and does not construct an entrance turret.

Excavation of a nest with the use of water

and the construction of a turret are con-

sidered to be basal for the masarines, and

excavation without the use of water and

without the construction of an entrance

turret to be derived (Gess, S.K. 1996). Such

a change has occurred independantly sev-

eral times having been recorded for two

species of Rolaiuiia (Gess et al. 1995 and

Houston 1995), and for Celonites latitarsis

Gess (Gess and Gess 1992). Excavation of

the nest without the use of water has also

been recorded for Quartinia vagepunctata
Schulthess (Gess and Gess 1992), however,

this species does construct a turret but us-

ing self-generated silk not water as a

bonding agent.
The cell of M. strucki like that of Masar-

ina faviiliaris is an excavated cell with the

walls impregnated with a bonding sub-

stance unlike those of the two jugurtia spe-

cies, in which distinct earthen cells are

constructed within excavated cells. How-
ever, the bonding substance used by M.

strucki is apparently nectar whereas that

used by M. familiaris is water. Further-

more, the cells of the two Masarina species
differ in shape. The cell of M. strucki has

the inner end rounded like those of all

other masarines for which cells are known
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Fig. 23. Diagrammatic representations to show how masarines position themselves when preparing to utilize

flowers of the types visited hy them, a, Stamen carpet flower (Aizoaceae: Mesembryanthema). b. Cone flower

((Aizoaceae: Mesembryanthema). c, Capitulum (Asteraceae). d, Campanulate flower (Campanulaceae). e. Gul-

let flower (Scrophulariaceae). f and g, Papilionate flower (l\ipilionaceae). h. Bell flower (Sterculiaceae).
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other than that of M. familiaris which is

distinctly truncate (Gess, S. K. 1996). The
use of nectar as a bonding agent has been

recorded for Pseudomasaris (Torchio 1970)
and suggested for Celonites (Gess and Gess

1992).

That M. strucki lays the egg free from
the cell wall is usual for ground nesting
masarines. In this M. strucki again differs

from M. familiaris which, like the aerial

nesting Gai/ella eumenoides Spinola

(Claude-Joseph 1930) and Pseudomasaris

edwardsi (Cresson) (Torchio 1970), attaches

the egg to the cell wall.

The preparation of a very moist provi-
sion mass is common to both M. strucki

and M. familiaris. In this they differ from

/. confiisa which prepares a firm provision
mass. The construction of papillae seems
to be a recurring feature of very moist pol-
len masses having been recorded also for

that of Pseudomasaris edwardsii (Cresson)

(Torchio 1970) but not for the less moist

pollen masses of Pseudomasaris maculifrons

(Fox) (Parker 1967) and Pseudomasaris pha-
celiae Rohwer (Parker 1967 and Torchio

1970) and in the present paper for Celonites

gariepensis.
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Abstract.—We detail the mating behaviour of an undescribed species of Coccophagus that resem-

bles C. gunieyi Compere anatomically, and which is also an Australian parasitoid of mealybugs.
The pattern of the male-female interaction was complex and protracted, which is typical of many

species in the genus. All three principal behavioural categories, namely precoital courtship, coitus

and postcoital mount behaviour, were expressed. The postcoital aspect was longest, which is

common in the genus and family. Wing flicking during coitus and head nodding movements

during postcoital behaviour were two distinct displays of the males that have not so far been

reported in other Coccophagus species. Attraction of the males to virgin females in the field is

demonstrated and is the first direct evidence of long distance pheromonal attraction of mates in

the genus Coccophagus, and which has been documented only occasionally in other hymenopterous

parasitoids.

INTRODUCTION

Cryptic species complexes exist in the

genus Coccophagus Westwood and the in-

tergradation of structural traits compli-
cates the resolution of species limits (Com-

pere 1931; Annecke and Insley 1974; Wal-

ter 1993). Colour patterns vary intraspe-

cifically within some species groups in the

genus and cannot be used alone in classi-

fication (Annecke and Insley 1974; Walter

1993). In contrast, observations on mating
behaviour have sometimes provided a

good taxonomic tool for accurate diagno-
sis of the Coccopliagiis species that have

elaborate and protracted behaviour asso-

ciated with mating (Battaglia et nl. 1988;

Walter 1993).

Chalcidoid mating behaviour is typical-

ly divided into three phases, the precoital

phase, coitus and postcoital mount behav-

iour (Gordh and DeBach 1978). This divi-

sion, though arbitrary, has been useful in

conceptualising the mating behaviour of

two closely-related Coccophagus species, C.

bartletti Annecke and Insley and C. lutes-

cens Compere (Walter 1993). So far, the

mating behaviour of only eight Coccopha-

gus species has been described in any de-

tail (Table 1). The sequences of many oth-

ers (e.g., C. capeiisis Compere and C. oclira-

ceus Howard), although reported, are still

incompletely known. Long-distance pher-
omonal attraction of males by virgin fe-

males of Coccopliagus species may initiate

sexual communication (Walter 1993), but

controlled tests have never been conduct-

ed.

Here we report the mating behaviour

and role of sex pheromones in an unde-

scribed species of Coccophagus that is an-

atomically similar to C. guruci/i Compere,
but which differs in head colour, ratio of

ovipositor length to middle tibial length

(G.L. Prinsloo, South African National

Collection of Insects, in Hit., 15. vii. 1994),

and in aspects of its host relationships

(Abeeluck 1995). Voucher specimens have

been deposited in the Queensland Muse-

um, Brisbane.

The male eggs of C. guriwyi reputedly
follow one of two c]uite different devel-
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Table 1. Summary of published analyses of mating behaviour of Coccophagus species. Mating is divided

into precoital courtship, coitus and postcoital courtship, and the duration (seconds) of each is presented.

Signals and appendages used in precoital and postcoital display are differentiated. Females of those species
with an asterisk are known to be monandrous.
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microscope (40 X magnification) with a

heat-filtered tungsten light and were re-

corded on video tape. Following copula-

tion, the male was discarded. To confirm

successful insemination, each female was
killed in 70% alcohol and transferred to a

drop of 1% saline. The spermatheca was

detached, covered with a coverslip in a

drop of 1% saline, and examined under

phase contrast for the presence of sperm.
The spermathecal capsule was rated 100%
full when sperm occupied the entire cav-

ity within the capsule (Abeeluck 1995).

Females were also tested to establish

whether, after first insemination, they re-

mained receptive to males that attempted
to mate. One-day old females (n

=
11)

were each exposed to a single male in a

vial. After mating, the females were iso-

lated with a drop of undiluted honey and

the males were discarded. After 24 hours

each female was again exposed to a male

and observed for 20 minutes, a procedure
that was followed for seven days. Most
mated females (60%) died on the eighth

day, when observations were stopped.
To determine whether males could mate

with more than one female, single males

(n
=

7) were each placed in a vial (35 mm
X 10 mm) with three virgin females.

When each male had mated with all three

females, he was isolated and the females

were dissected to assess the sperm content

of their spermathecal capsule. A further

set of three virgin females was exposed to

each of the males 30 minutes later; the fe-

males were dealt with as before.

RESULTS

Cages with virgin females attracted

males, whereas those with mated females

and empty cages did not (Table 2), even

when the position of the cages was

changed. The mean time between initial

exposure of cages and the arrival of the

first male was 10 (±2.5) minutes (n
=

12).

Males flew in a zig-zag course, 10-20 cm
above the cage, for 25 (±3.4) seconds be-

fore landing on the cage (n
=

12). Once on

Table 2. Catches of Coccof'lingus sp. nr gunicyi
males at cages that held virgin or mated females or

that had no wasps (controls) (n
= 2 cages for each

treatment).
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BEHAVIOURAL STEP CAT. NO. SILHOUETTE MEAN (± 1 S.E.)

(SECS)

POSmVE ORIENTATION BY

ANTENNAL CCNTACT

9 WALKS AWAY Cf MOUNTS

I

ANTENNALTOUCH

C? SHIFTS BACK & CURLS ABDOMEN

^ n

^ Combined
DuradoD = 2.6 (± 0.3)

9 3 ^y^

^5r

Combined—•" Duration = 1.4 (± 0.3)

AEDEAGUS
D^SESTED

i
of FUCKS WINGS

C? REMOUNTS 9

FUCKS WINGS
& NODS HEAD

(MOUTH PARTS ON PEDICEL)

9 RESTLESS

d" MOVES LEG
ON HEAD OF 9

9STILL

BOTH STILL

'J^i^

8 :^s^

Duration = 3.0 (± 0.3)

Number of

flicks =1.5 (±0.3)

DuraUon = 49.2 (± 14.2)

Number of

nicies = 24.5 (± 55)

9 DISLODGES d" TOTAL DURATION (SECS) = 56.2 (± 18.8)

Fig. 1. Diagrammatic representation of tlio mating behaviour of Coccophagus sp. nr gunwi/i (n
=

17).
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female in a zig-zag pattern (category 1;

Fig. 1). The male touched the female's an-

tennae, either from the front or from the

side, with his own antennae and then brief-

ly touched her dorsal thorax with them

(category 2). Unreceptive females walked

away after initial contact with a male. Re-

jected males continued walking as they
had when first introduced into the vial.

Receptive females stood still and al-

lowed the male to mount her (category 3).

Once on the female, the male moved for-

ward to her head and touched her anten-

nae with his own. Recognition was stim-

ulated with a single touch and the male

then moved back and curled his abdomen

(category 5). Behavioural categories 1 to 5

were brief, their combined duration being

only about four seconds on average (Fig-

ure 1).

Coital Phase

The copulatory period was short

(3.0 ±0.3 seconds). The male inserted his

aedeagus into the female's gonopore and

at the same time flicked his wings (1.5±0.3

flicks), but never more than four times. In

three of 17 observations, males did not

flick their wings. During coitus, the female

remained quiescent with her antei\nae

held in a geniculate posture and she main-

tained this copulatory position even when
the male did not succeed in inserting his

aedeagus at the first attempt. She allowed

subsequent attempts to achieve intromis-

sion.

Postcoital Mount Behaviour

After insemination, all males remounted

the dorsum of their partner to stand on

her. He placed his forelegs on her vertex

and, with rhythmic head movements,
moved his mouthparts along the antennal

pedicel of the female. Simultaneously he

flicked his wings, as detailed in Fig. 1. His

head movements were not quantified but

he continued with them until the female

dislodged him. The period of postcoital

mount was comparatively long (Fig. 1).

Throughout, the male flicked his wings
and moved his head, as described above,

in protracted or momentary bouts. Males

also stood still for short periods.
In most observations, postcoital mount

was terminated by the female. She either

twisted her head, groomed her eyes with

her forelegs, kicked the male's hind legs
with hers or ran, which shook the male

from her back. In response to each attempt
to dislodge him, the male changed the po-
sition of his fore- and hind legs. Move-
ments of his fore legs were thus conspic-
uous and gave the impression that the

male either searched for a better hold for

them or tried to "pacify" the female when
she attempted to dislodge him. Both the

female and male, when separated, walked

away and preened. Females, once insemi-

nated, were unreceptive if the male at-

tempted to copulate a second time.

In the laboratory, males and females

copulated at any time of the day and even

at night, but this was not quantified. All

males (n
=

7) mated with the two sets of

three virgin females (all of which had

spermathecal capsules 100% full of

sperm). Females, after their first mating,
were no longer receptive to males that at-

tempted to mate, at least not for seven

days (n
=

11). The mated females either

flew or ran to elude an approaching male.

DISCUSSION

Males of Coccophagtis sp. nr guiJiei/i are

polygynous, whereas the females are mo-
nandrous. Use of field-collected males for

the observations reported is therefore un-

likely to have influenced the recorded be-

haviour significantly.

Pheromones undoubtedly serve as dis-

tance attractants because males are attract-

ed to caged virgins exposed in the field

(Table 2). When males are close to females

(< 35 mm), the zig-zag pattern of the male's

approach indicates that olfaction is used

for close range mate attraction and loca-

tion, as suggested also for other Coccoplut-

giis species (Donaldson rt nl. 1988; Walter

1
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1993). Whether the same pheromone op-
erates for both close-up and distance at-

traction is not certain, but close range

(about 1.5 cm) communication between

the sexes by means of cuticular volatiles

has been recorded in the braconid Diachas-

mimorpha kraussii (Fullaway) (Rungro-

jwanich 1994). Distance attraction of mates

has been little studied in parasitic wasps
(Powell and King 1984; Godfray 1994),

and our demonstration of this phenome-
non is apparently the first for any species
of Coccophagus. In lepidopterous species
the long-distance upwind orientation be-

haviour in responding insects may be elic-

ited by one pheromone component where-

as another component may evoke close-

range responses (Roelofs et al. 1977). Vi-

sual orientation may also be involved

when male moths, and perhaps parasit-

oids, get close to calling females.

Male antennation, either on the female's

antennae (categories 2 and 4) or on her

body (category 2), possibly indicates

chemotactile mediated communication by
means of cuticular compounds. The males

of CoLXophagus sp. nr gurnei/i flick their

wings during coitus, which is the first rec-

ord for the genus. Its function has yet to

be determined, but it is not necessary for

successful insemination in species of

Apln/tis (Rao and DeBach 1969).

Males spend comparatively longer in

postcoital mount than in the precoital or

coitus phases. Protracted postcoital

mounting has been described in six spe-
cies of Coccophagus. In none of these do
males touch the female's antennae with

his mouthparts, as recorded for C. sp. nr

gurneyi. In yet other species, postcoital

mounting never occurs (e.g., C. ntratus

(Donaldson et al. 1986); C. hemera (Walker)

(Zinna 1961); C. obscunis (Battaglia et al.

1988). The possible functions of postcoital
mount behaviour in aphelinids have been

discussed by Kajita (1986) and Walter

(1993).

The possibility that C. guniei/i comprises
a complex of species has been expressed

by Walter (1983), based on Flanders'

(1964) description of the "dual ontogeny"
of C. gurneyi males. That Coccophagus sp.

nr gurneyi goes through a series of pos-
tures and behaviours that are complex,

stereotyped and easily visible suggests
that observations on mating behaviour

should help to resolve possible species

problems in the taxon C. gurneyi. How-
ever, the mating behaviour of C. gurneyi
remains undescribed.
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Abstract.—The genera Protaphelinus and Aphelinus (the latter divided into three subgenera) com-

prise all known aphidophagous Aphelinidae. A literature review indicates that these four formal

superspecific taxa are largely restricted to hosts in different families: Protaphelinus on Pemphigidae,
Aphelinus {Indaphelinus) on Greeneidae, Aphelinus {Mesidia) on Drepanosiphidae, and Aphelinus

{Aphelinus) on Aphididae.

INTRODUCTION

Until 1972, the aphidophagous species
of Aphelinidae (Hymenoptera: Chalcidoi-

dea) were divided into three genera, Af^h-

eliniis Dalman, Mesidia Foerster and Mesi-

diopsis Novicky. Records of Marietta Mot-

schulsky reared from aphids (Viggiani

1984) refer to incidences of hyperparasi-
tism only. Species from Aphelinus are re-

corded from Aphididae, Drepanosiphidae,
Lachnidae, Pemphigidae, Thelaxidae (all

Homoptera), plus several non-homopter-
an hosts (Peck 1963, Ferriere 1965, Ni-

kol'skaya and Jasnosh 1966, Kalina and

Stary 1976). Lagace (1969a) noted that

Mesidia was apparently restricted to the

Phyllaphidini (Homoptera: Drepanosiphi-
dae), while the sole species in Mesidiopsis,
M. siibflai'escens (Westwood) was known

only from arboreal Drepanosiphidae (Fer-

riere 1965).

Mackauer (1972) erected Protaphelinus,
in which he placed A. nikolskajae Jasnosh,
known only from Pemphigidae. Mesidiop-
sis and Mesidia were synonymized with

Aphelinus by Boucek and Graham (1978)

and Hayat (1983) respectively. Hayat
(1990) divided Aphelinus into three sub-

genera: Indaphelinus (for a single yellow-
bodied species), Mesidia (for the remaining

yellow-bodied species), and Aphelinus (for

the dark-bodied species).

I have reared several Aphelinus species
from aphids in northern California (Zu-

parko 1983, Zuparko and Dahlsten 1993,

Zuparko and Dahlsten 1995, Appendix).
Most of these species are sympatric and
share the same general ecological habitat

(deciduous urban shade trees), but 1 found

species assigned to A. (Mesidia) tended to

attack drepanosiphids, and those classi-

fied in A. (Aphelinus) preferred aphidids.
This led me to conduct a literature review

of the aphidophagous aphelinids to deter-

mine if a similar pattern occurred on a

larger scale.

The two most extensive listings of Apli-

elinus host records previous to this are

found in Peck's (1963) catalog of Nearctic

Chalcidoidea and in Kalina and Stary's

(1976) review of the hosts of European
Aphelinus. Both studies predate the syn-

onymization of Mesidia and Mesidiopsis,
and do not include taxa from Africa and
Asia. Additionally, at least 11 new species
have been described in Aphelinus since

these works.

METHODS

1 used only host records that could be

assigned to a specified family of aphids,
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excluding records such as "aphis" or

"aphids" and specific names of question-
able taxonomic status. 1 consider records

of non-aphid hosts doubtful, and excluded

them as well. I used Heie's (1980) system
of aphid classification, and followed Eas-

top and Hille Ris Lambers (1976) and

Smith and Parron (1978) for aphid syn-

onymies and placement.
This work is not meant to validate any

aphelinid at the specific level: I largely ac-

cepted the taxa defined by Mackauer

(1972), Graham (1976), KaHna (1976),

Gordh (1979), Wharton (1983), Polaszek

and Hayat (1989), Hayat (1990) and Prins-

loo and Neser (1994). The only exception
is my consideration of A. asi/chis Walker.

The synonymization of this species with

A. seniiflavus Howard (Ferriere 1965) tends

to confuse records of populations that

were disjunct until the mid-1900's, when
Old World material was imported to

North America in a series of biological
control programs (van den Bosch 1957,

Simpson et al. 1959, Jackson et al. 1971).

Although A. asychis and A. semiflavus may
be conspecific, 1 treat this group as three

taxa based on their separation before these

introductions: 1). A. asychis "NA", endem-
ic to North America (= A. semiflavus in

pre-1970 literature), 2). A. asychis "Eur",

native to Europe and imported to North

America for control of Schizaphis graminum
(Rondani) and other Aphididae in the

1970's, and 3). A. asychis "Israel" (= A.

semiflavus in early reports), imported to

North America from Israel and the Middle
East for control of a drepanosiphid, Ther-

ioaphis itiaculata (Buckton), in the 1950's.

RESULTS

Host records are summarized in Table

1. The two described species in Pwtapliel-
inus and A. (Indaphelinus) are known only
from Pemphigidae and Greeneidae, re-

spectively. Of the 55 host records for A.

(Mesidia), 50 (91%) were from Drepanosi-

phidae, and 5 from Aphididae.
Of the 302 host records for A. (Apheli-

nus), 273 (90%) were from Aphididae. The

remaining were from Drepanosiphidae
(16), Pemphigidae (10), Hormaphididae
(1), Lachnidae (1) and Thelaxidae (1). Of
the 35 taxa with recorded hosts in this

subgenus, 27 (77%) are known exclusive-

ly, and 5 (14%) primarily, from Aphidi-
dae.

DISCUSSION

The taxonomy of Aphelinus is not yet
well elucidated. Zehavi and Rosen (1988)

discussed an "A. mali group" whose mem-
bers share similar morphological charac-

ters, but proposed no formal subdivisions

of the genus. Hayat's (1990) concept of

subgenera is based primarily on the Ne-
arctic and western Palearctic fauna; only
four species of Aphelinus have been de-

scribed from Africa and three from eastern

Asia (two of which are unplaced to sub-

genus).
Flanders (1953) stressed the importance

that biological characters can provide with

regard to the taxonomy of aphelinids. Ha-

gen and van den Bosch (1968) speculated
on the relationship of aphid morphology
with parasitoid host selection, while

Mackauer (1965) proposed using aphid/

parasitoid host records of Aphidiinae (Hy-

menoptera: Braconidae) to help elucidate

aphid phylogeny. Haardt and Holler

(1992) reported differences in rates of par-
asitism and development in six European
isofemale lines of A. ahdomiiialis (Dalman),
and found three groups that appeared to

be reproductively isolated.

The results of this survey form a pattern
of host specificity which supports the su-

perspecific classifications proposed by
Mackauer (1972) and Hayat (1990): each

superspecific taxon is largely restricted to

a different host family
—

Protaphelinus to

Pemphigidae, Aphelinus (Indaphelinus) to

Greeneidae, A. (Mesidia) to Drepanosiphi-
dae and A. (Apjhelinus) to Aphididae. Of
the 69 taxa treated in this paper, 12 had

unrecorded hosts, and a further three

were Aphelinus species unplaced to sub-
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genus, but of the remaining 54 species, 41

(76%) followed this pattern exactly.
Ten taxa largely conformed to this pat-

tern, but had a total of 19 conflicting host

records. Nine of these records (from A. au-

tomatus Girault, A. fulviis Jasnosh, A. gil-

letti (Howard), A. sp. nr. perpallidus Gahan,
A. abdominalis, A. chaoiiia Walker and A.

semiflainis) were based on rearings of less

than 10 specimens each, and a further five

(of A. asi/chis) are known only from labo-

ratory exposures.

Although these records document a

physiological ability to reproduce in a va-

riety of hosts, the rarity of the field rear-

ings suggests they are atypical parasitiza-
tions and do not reflect a parasitoid's nor-

mal life history. The physiological restric-

tions on Apheliniis host ranges have not

been clearly delineated. Wilbert (1964) re-

ported that A. asi/diis would attack dre-

panosiphids and aphidids, but not a pem-
phigid or a phylloxerid, while Carver and
Woolcock (1985) demonstrated that A. asy-

chis parasitized several genera of Aphidi-
dae, but failed to successfully develop in

several others due to encapsulation and
host incompatibility. Jackson and Eiken-

bary (1971) and Raney et al. (1971) suggest

morphological or behavioral characters

may be important aphid defense mecha-
nisms which could influence aphelinid
host choices.

Previous lab studies generally support
the noted pattern of host ranges. Mack-
auer and Finlayson (1967) remarked on
the absence of A. asi/chis "NA" (= A. sem-

iflainis) from Tlwrioaphis species in the

field, and were unable to transfer it to T.

richini (Borner) in the lab. Another drepa-

nosiphid, Periphylliis negundinis (Thomas),
was accepted for oviposition, but all par-
asitoids died before emerging. Transfers

to aphidid species were generally success-

ful. Jackson and Eikenbary (1971) and Ra-

ney et al. (1971) found that A. asychis dem-
onstrated a distinct non-preference for the

drepanosiphid Sip}in finvn (Forbes); the lat-

ter group of workers doubted the ability

of A. asi/chis to survive on this aphid in

the field. Wood (1958) reported A. varipes

(Foerster) (as A. iiigritus) attacked four

species of Aphididae, but not a drepano-

siphid or a fifth aphidid species.
I found only three taxa did not follow

this pattern of host specificity: all are in

Aphelinus (Apheliims), and are relatively
more host specific (apparently to a single

species or genus) than are the majority of

the species in their subgenus. Aphelinus
mali has been recorded from many species
of Aphididae, but is most often found on
the pemphigid Eriosoma lanigerum (Haus-

mann). Howard (1929) thought A. mali

was restricted to aphids with waxy cov-

erings (mostly Pemphigidae) and that oth-

er records were misidentifications. Michel

(1969) and Kalina and Stary (1976) consid-

ered A. mali was specific to £. lanigerum.
In lab trials, Zehavi and Rosen (1988)
found that A. mali attacked £. lanigerum
and ignored Aphis gossypii Glover (an ac-

ceptable host according to Howard
[1895]), whereas A. paramali Zehavi and
Rosen (which closely resembles A. mali)

exhibited exactly the opposite behavior.

Aphelinus prociphili Carver has been re-

corded only from a pemphigid (Carver

1980). This species was placed in the "A.

mali group" (Zehvi and Rosen 1988). In

the field, Aphelinus asychis "Israel" has

been reared only from Therioaphis species,

though Finney et al. (1960) found it

"readily attacked" Myzus persicae (Sulzer)

(Aphididae) in the lab. Manglitz and
Schalk (1970) reported very low parasit-
ism rates (3%) on M. persicae, versus 94%
on T. riehmi.

Five described Aphelinus species have
not been placed in Hayat's subgeneric
scheme. Hayat (1991b) described A. nepa-
Icnsis without referring it to a subgenus,
but noted that it was the most distinctive

species in the genus; its host is unknown.

Aphelinus ceratovacunae Liao was described

from eastern Asia (Liao et al. 1987), but its

subgeneric placement is unknown. Its

rearing from the Hormaphididae (Ho-
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Table 1. Number of recorded host aphid species for Protaphclinui and Aphclinus

Aphid httsl Kimil\'*

Genus (subgenus) Unk Pen Hor The Ore Gre Aph

Protapjheliiius
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Table 1. Continued.

1G3

Genus (subgenus)

Aphid hust tamilv'

Species The Dre Aph
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rived groups (Heie 1987), and each is at-

tacked by a different taxon of aphelinids.
The Aphididae is the most recent and di-

verse aphid family, and is parasitized by
the most diverse Aphelinus subgenus. This

hypothesis may be tested by a phyloge-
netic analysis of the aphidophagous
Aphelinidae. Although such information

is not yet available, an analysis of the

Aphelinidae is currently in progress (J.

Woolley, pers. comm.).
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APPENDIX

New Aplieliiius spp. host records, 1990-94. (All col-

lections made by R. L. Zuparko). All material depos-
ited in the Essig Museum of Entomology, University
of California, Berkeley.

Aphelinus autoniatus Girault

CALIFORNIA. ALAMEDA CO.: Berkeley; Mi/-

zocallis sp. on Qucrcus agnfolia Nee, 27-VII-

1994, 1 male.

Aphelinus howardii Dalla Torre

CALIFORNIA. ALAMEDA CO.: Albany; Macw-

siphum {Sitobiou) rhnmni (Clark) on Rhamnus.

californica Eschscholtz, 4-VIII-1994, 1 female,

1 male.

Aphelinus sp. nr. niali (Haldemann)

LOUISIANA. ST. HELENA PAR.: Highway 38,

5 kms. west of Easleyville; lUinoia liriodeudri

(Monell) on Liriodendron tidipifcra L., 29-IV-

1992, 4 females.

Aphelinus sp. nr. perpallidus Gahan

CALIFORNIA. ALAMEDA CO.: Berkeley; Peri-

phyllus sp. on Acer sp., ll-VIII-1990, 15 fe-

males and 14-VI-1991, 4 females. SONOMA
CO: Petaluma; /. Uriodendri on L. tulipifera,

29-IV-1992, 1 female (reported as Aphelinus

sp. in Zuparko and Dahlsten 1993).

Aphelinus sp. nr. sanborniae Gahan

CALIFORNIA. ALAMEDA CO.: Berkeley; Aphis

pomi DeGeer on Cotoneaster pannosa Franch,

26-VIII-1993, 1 male.

Aphelinus subflavescens (Westwood)

CALIFORNIA. ALAMEDA CO.: Berkeley; Eu-

ceraphis gillettei Davidson on Alnus sp., 30-VI-

1992, 1 female and 1 male.
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Abstract.—Mexican species of Omphale Haliday are presented, including a key for their identi-

fication. The interpretation of Omphale and of species groups follows Hansson (1996b). Fortyfour

(44) species are included, of which 30 are described as new: angiisticornis (female), carinata (female,

male), cherana (female, male), cumbrensis (male), dentata (female, male), flainscutelhim (female,

male), fossata (female), fovcata (female, male), fulguia (female, male), gracilis (female), indistmcta

(female, male), lanceolata (female), metallica (female, male), iiita (female), notaula (female, male),
obscura (female, male), oriampla (female), pallida (female, male), petatlana (female, male), petioiata

(male), sola (female, male), stigmalis (female), tcmpora (female, male), tria (female, male), triangulata

(female), uruapana (female, male), valida (female), whartom (female, male), woolleyi (female, male),
zolnerowichi (male). Thirteen previously described species are newly recorded from Mexico. The

genus is divided into seven species groups, two of which are newly created, in addition there are

six unplaced species. The phylogeny of species groups found in North America (including Mexico)
is hypothesized. The male genitalia is shown to be a valuable tool for the classification, as was
the case with Nearchc species (Hansson 1996b). Nothing is known concerning the biology of the

species.

INTRODUCTION

Mexico holds a major part of the

worlds' biodiversity, including many en-

demic species (McNeely et al 1990). The

biological wealth is a result of the great
habitat variation, complex topography,

heterogeneity of soils and climate, geolog-
ical history and location—being a path-

way between two major zoogeographical

regions: the Nearctic and Neotropical

regions. The insect fauna of Mexico is

poorly known, but when studied, e.g. cer-

tain groups of beetles (Whitehead 1973,

Liebherr 1991) and parasitic wasps (Hans-
son 1996a), the diversity revealed is high.

Omphale Haliday is a large and fairly

well known genus in temperate areas. In

the Palearctic region Graham (1963) and

Gijswijt (1976) have formed a base for the

knowledge of Omphale. Species of Canada
and the United States have been studied

recently by Hansson (1996b). Omphale is

also well represented in subtropical and

tropical areas of the Americas, but is prac-

tically unknown taxonomically, and oth-

erwise, from these parts. Prior to this

study only one species of Omphale was re-

corded from Mexico.

The biology of Omphale-species is very

poorly known. The current, scanty knowl-

edge stems mainly from European species,

where gallmidges (Diptera: Cecidomyi-
idae) have been found to be the principal
host group (Boucek and Askew 1968; Gi-

jswijt 1976). The few host records from the

Nearctic region (Hansson 1996b) support
these findings. There are no host records

from Mexico.

Compared to Omphale in the Palearctic

the fauna of Nearctic region (including all

of Mexico) has a higher diversity, being
richer in both species and species groups.
There are no species groups exclusively
found in the Palearctic, all groups present
in the Palearctic are also found in the Ne-

arctic. The Nearctic region (including
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Mexico) holds seven species groups not

present in the Palearctic. Also when com-

paring the number of species, far more
have been found in the Nearctic region

(including Mexico) (87), than in the Pale-

arctic (34), indicating a peak in diversity

in the New World. In the Americas some

groups appear only in temperate areas, i.e.

species groups of salicis, versicolor and aca-

itias, and these groups are also present in

the Palearctic, while others only appear in

subtropical to tropical areas, i.e. species

groups of cherana and notaula.

The purpose of this study is to intro-

duce the subtropical and tropical New
World species of Omphale into the classi-

fication of this genus. No such study has

ever been published.
This study is based mainly on material

from Texas A & M University (TAMU),

College Station, with additional material

from Canadian National Collection of In-

sects (CNC), Ottawa and Natural History
Museum (BMNH), London. Unless other-

wise stated the material is from Mexico.

The method used when studying male

genitalia is accounted for in Hansson

(1996a). The terminology of male genitalia
in Omphale is indicated in Fig A. The de-

scription of each species includes the bulk

of specimens examined, not just the pri-

mary type, and the observed variation is

included in the descriptive text. Ratios for

the species are accounted for in Table 1.

The descriptions of previously described

species are to be found in Hansson

(1996b).

PHYLOCENY AND CLASSIFICATION

The monophyly of Omphale was dem-
onstrated by Hansson (1996b) through a

single apomorphy, the possession of en-

larged volsellar setae on the male genitalia,

a unique feature within Entedoninae.

These setae are like spears, pointing

straight backwards (Figs 92-99, 103-110),

occasionally bent (salicis group, not repre-
sented in Mexico, see figs 176, 177 in Hans-

son (1996b)). In other genera of Entedoni-

digital si^ines (ds)

digitus (di)

parameral
seta (ps)

paramere (pa)

volsellar

ridge (vr)

volsellar

seta (vs)

penis

valves (pv)

aedeagal

apodemes (aa)

Fig. A. Male genitalia of Om/jhalc erginnus (Walker):

phallobase (left) and aedeagus (right). For a discus-

sion of the morphology of male genitalia in Entedon-

inae see Hansson (1996a).

nae the volsellar setae are thin, or missing

(Perditorulits only (Hansson 1996a)).

The species groups used in this paper
are the same as used in Hansson (1996b),

but due to the addition of tropical ele-

ments, two species groups are newly cre-

ated.

When autapomorphies of the species

groups (Tab. 2) were excluded, apomor-

phies accounted for in Tab. 3 were avail-

able for analysis of the phylogeny of spe-
cies groups of Omphale in North America

(including Mexico). Due to the lack of suf-

ficient number of characters unplaced spe-
cies were excluded, otherwise the analysis
could not be completed. The analysis was
carried out using PAUP 3.0, and based on

matrix in Tab. 4—character 1 weighted as

2, the others as 1. The analysis yielded two

equally parsimonius trees (15 steps,

CI=0.67, RI=0.76) (Figs 126, 127).
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KEY TO MEXICAN SPECIES OF OMPHALE

1. Scape triangular (Fig. 30); forewing with characteristic pattern (Fig. 40)

19. O. triarigiilata n.sp. (female)—
Scape not triangular; forewing hyaline, or with different pattern than in Fig. 40 2

2. Mouth opening very wide (Fig. 85), 1.7x the height of eye in female, 1.5X in male . . .

44. O. tempora n.sp. (female, male)— Mouth opening narrower 3

3. Frons pale nonmetallic between frontal cross-groove and antennal toruli (sometimes with

dark cross-stripes) 4
— Frons with at least upper half between cross-groove and toruli dark and metallic 12

4. Scutellum completely dark and metallic 5
— Scutellum completely or partly pale nonmetallic 8

5. Clypeus as long as wide, quadrate 20. O. vinacea Hansson (female, male)—
Clypeus transverse, or with different shape 6

6. Clypeus poorly delimited dorsally (as in Fig. 51) 28. O. pallida n.sp. (female)—
Clypeus distinctly delimited 7

7. Flagellomeres 1-A about as long as wide (Fig. 28) 18. O. tria n.sp. (female)—
Flagellomeres 1-A longer than wide (Fig. 23) 14. O. divina (Girault) (female)

8. Clypeus poorly delimited dorsally (as in Fig. 51) 9
—

Clypeus distinctly delimited 10

9. Male flagellum with a single proximal whorl of fine setae on each segment (Fig. 48);

female flagellomeres slender (Fig. 49), with proximal ventral setae from flagellomere 2

and following flagellomeres conspicuously long; 7th gastral tergite in female 3x as long
as wide at base 23. O. acuntinativentris (Girault) (female, male)— Male flagellum with some scattered setae (Fig. 47), setae stout and bent; female flagel-

lomeres stout (Fig. 46), ventral setae short; 7th gastral tergite in female at most 2.3 x as

long as wide at base 27. O. obscurinotata (Girault) (female, male)
10. Clypeus transverse (Fig. 54), with rounded sides 29. O. angusticomis n.sp. (female)—

Clypeus as long as wide 11

11. Mesoscutum and scutellum with strong reticulation, hence dull

16. O. petatlana n.sp. (female, male)— Mesoscutum and scutellum with weak rehculahon, hence shiny
20. O. vinacea Hansson (female, male)

12. Notauli complete and deep throughout (Fig. 41) 13
— Notauli at most delimited in posterior -/, 15

13. Scutellum with two deep pits (Fig. 41) 21. O. foveata n.sp. (female, male)— Scutellum without pits 14

14. Mesoscutum and scutellum with weak reticulation; digitus in male genitalia with 2 spines
22. O. notaula n.sp. (female, male)— Mesoscutum and scutellum with strong engraved reticulation; digitus in male genitalia

with 1 spine (Fig. 107) 43. O. sola n.sp. (female, male)
15. Midlobe of mesoscutum with 1 pair (posterior pair) of setae 16— Midlobe of mesoscutum with 2 pairs of setae 17

16. Mouth opening as wide as height of eye in female, 1.3x as wide as height of eye in male;

temples large (Fig. 15) 10. O. cherana n.sp. (female, male)— Mouth opening 0.7X as wide as height of eye in female, l.OX as wide as height of eye
in male; temples small (Fig. 18) 11. O. flaviscutellum n.sp. (female, male)

17. Head smooth and shiny, without reticulation; antennal scrobes join slightly below frontal

cross-groove (Fig. 87); male scape with a dent medioventrally (Fig. 79)

39. O. dentata n.sp. (female, male)— Head at least with some reticulation; antennal scrobes join on frontal cross-groove or

meet cross-groove separately; male scape without ventral dent, or with apicoventral dent

18
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18. With pale spots below antennal toruli, or with entire frons below level of toruli pale

(clypeus sometimes metallic) 19
— Without pale spots below toruli, frons below level of toruli more or less metallic 28

19. Clypeus poorly delimited, at least dorsally (Figs 51-52) 20
—

Clypeus distinctly delimited (Figs 54-56, 63) 23

20. Clypeus dark and metallic; male flagellomeres with setae confined to a basal whorl (Fig.

45) 24. O. fulgida n.sp. (female, male)—
Clypeus pale norunetallic; male flagellomeres with scattered setae (Fig. 83) 21

21. Clypeus with distinct lateral borderlines (as in Fig. 89) 41. O. indistincta n.sp. (male)—
Clypeus poorly delimited throughout 22

22. Forewing densely pubescent (Fig. 58) 26. O. masneri Hansson (female)— Pubescense on forewing less dense (Fig. 57) 28. O. pallida n.sp. (female, male)

23. Clypeus yellow to pale brown, nonmetallic 29. O. angusticomis n.sp. (female)—
Clypeus dark and metallic 24

24. Clypeus 8.5x as wide as long (Fig. 63) 31. O. oriampla n.sp. (female)—
Clypeus at most 2.5x as wide as long 25

25. Clypeus large (Fig. 56); forewing speculum small (Fig. 64)

34. O. zolnerowichi n.sp. (male)—
Clypeus smaller; forewing speculum larger 26

26. Frons close to mouth opening pale nonmetallic; male scape widest medially
30. O. cumbrensis n.sp. (male)— Frons close to mouth opening dark and metallic; male scape widest below middle .... 27

27. Female mouth opening 1.2-1.4X the height of an eye; male inseparable from following

species 32. O. scutellata (Girault)— Female mouth opening as wide as height of an eye 33. O. vulgaris Hansson
28. Frons with cross-ridge (Fig. 1) 29
— Frons without cross-ridge 37

29. 7th gastral tergite in female 4.2 X as long as wide at base; dorsellum hidden under scu-

tellum, not visible in dorsal view 3. O. lanceolata n.sp. (female)— 7th gastral tergite in female considerably shorter, usually shorter than width of base;

dorsellum visible in dorsal view 30

30. Clypeus dark and metallic 31

—
Clypeus paler than surrounding frons 33

31. Scutellum with strong and dense reticulation, meshes elongate and scutellum hence ap-

pearing striate 7. O. stigmalis n.sp. (female)— Scutellum with weak to strong reticulation, meshes not elongate and scutellum hence

not appearing striate 32

32. Frons laterad of clypeus brownish with weak metallic tinge; male genitalia (Fig. 93); inner

digital spine more curved, outer digital spine stout and straight

9. O. woolleyi n.sp. (female, male)— Frons as dark and metallic as clypeus; male genitalia (Fig. 101): inner digital spine less

curved, outer digital spine slender and slightly curved

5. O. ntelallica n.sp. (female, male)

33. Male: petiole 1.0-1.3X as long as wide, scape elongate with narrow base (Fig. 5), 4.3 x

as long as wide 6. O. petiolata n.sp. (male)— Male: petiole transverse, scape with about same width throughout, or if with narrow

base then 3x as long as wide 34

34. Female forewing with infuscate area below marginal vein, infuscation reaching to hind

margin of wing (Fig. 13); male scape widest at base (Fig. 4)

8. O. whartoni n.sp. (female, male)— Female forewing never with just the area below marginal vein infuscate, either complete-

ly hyaline, or with infuscate area below stigmal vein, or with infuscate area below stigmal
and marginal veins; male scape widest at apex 35



Volume 6, 1997 HI

35. Reticulation on thoracic dorsum fine and weak
4. O. marylandensis (Girault) (female, male)— Reticulation on thoracic dorsum strong 36

36. Clypeus comparatively wide, 2.3 x as wide as long; female flagellomeres 1^ compara-
tively short (Fig. 8) 2. O. elevata Hansson (female, male)—
Clypeus narrower, 1.6-1.7X as wide as long; female flagellomeres 1-4 long (Fig. 9) ...

1. O. acuminaticomis (Girault) (female, male)
37. Clypeus distinctly delimited 38
—

Clypeus poorly delimited, or without upper border 50

38. Midlobe of mesoscutum delimited from scutellum by a distinct and wide furrow (Fig.

66) 35. O. fossata n.sp. (female)— Midlobe of mesoscutum not delimited from scutellum by a furrow 39

39. Flagellum with distinct 3-segmented clava (Figs 28-29), i.e. with apical three flagellom-
eres firmly attached to one another, flagellomeres less than 2X as long as wide 40

—
Flagellum without distinct clava, i.e. all flagellomeres with distinct constrictions, flagel-
lomeres usually longer 41

40. Female frons predominantly pale nonmetallic; male genitalia (Fig. 95): digitus 9x as long
as wide, volsellar setae placed just below apex of parameres

18. O. tria n.sp. (female, male)— Female frons dark and metallic; male genitalia (Fig. 99): digitus 3.7x as long as wide,
volsellar setae placed at apex of parameres 13. O. carinata n.sp. (female, male)

41. Antennal toruli situated in level with lower level of eyes 42
— Antennal toruli situated distinctly above lower level of eyes 45

42. Foretibia with a sharp edge along frontal margin (as in Fig. 71); thoracic dorsum with

raised and rather strong reticulation 17. O. poeta (Girault) (female, male)— Foretibia without edge along frontal margin; thoracic dorsum with engraved fine rehc-

ulation 43

43. Females, i.e. gaster with an ovipositor visible in ventral view and reaching along major

part of gaster 12. O. australis Hansson
— Males 44

44. Male genitalia (Fig. 97): volsellar setae distinctly curved at apex ... 14. O. divina (Girault)— Male genitalia (Fig. 98): volsellar setae straight 12. O. australis Har\sson

45. Marginal vein as long as height of forewing 46
—

Marginal vein 1.3-1 .5 x as long as height of forewing 47

46. Flagellomeres with about same width (Figs 24-25); body dark and metallic

15. O. obscura n.sp. (female, male)— First flagellomere distinctly wider than following flagellomeres (Figs 31-32); body yellow
nonmetallic to infuscate 20. O. vinacea Hansson (female, male)

47. Vertex and thoracic dorsum with raised strong reticulation; foretibia with raised carina

along dorsal surface (Fig. 71) 38. O. valida n.sp. (female)— Vertex and thoracic dorsum with weak reticulation; foretibia without raised carina .... 48

48. Mesoscutum and scutellum smooth and shiny, with weak traces of reticulahon in some

places; antennal scrobes join below frontal cross-groove 42. O. nita n.sp. (female)— Mesoscutum and scutellum reticulate; antennal scrobes join on frontal cross-groove ... 49

49. Mouth opening narrower than height of an eye; clypeus more or less quadratic, about

as long as wide 36. O. semiglobosa Hansson (female, male)— Mouth opening 1.0-1.1 as wide as height of an eye; clypeus semicircular, 2x as wide as

long 37. O. umapana n.sp. (female, male)
50. Clypeus pale nonmetallic 25. O. gracilis n.sp. (female)—

Clypeus dark and metallic 51

51. Setae on vertex and thoracic dorsum long (Figs 75, 88)
—outermost seta on vertex as long
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as distance between hind ocelli, hind pair of setae on mesoscutum longer than distance

separating them 40. O. erginnus (Walker) (female, male)— Setae on vertex and thoracic dorsum shorter 41. O. indistincta n.sp. (female)

Omphale Haliday

Diagnosis.
—
Clypeus clearly delimited

(in some species vaguely delimited (e.g.

Fig. 51), or upper borderline missing (e.g.

Figs 52-53)); pronotum reduced and hard-

ly visible from above; reticulation on tho-

racic dorsum fine and engraved (raised or

smooth in a few species); midlobe of me-

soscutum with two pair of setae (one pair
in species group cherana); petiole short and

transverse. Volsellar setae in male genita-
lia enlarged (Figs 92-99, 103-110).

Omphale is differentiated from other

genera with a delimited clypeus in Hans-

son (1996b:7).

Literature.—Hansson (1996b) revised the

Nearctic species of Omphale.

Species group bicincta

Diagnosis.
—Head with frontal cross-ridge.

Male flagellomeres with verticillate setae,

i.e. with a single basal whorl of setae on

each flagellomere (Figs 4, 5, 7). Male geni-

talia (Figs 92-93): volsellar setae long and

strong and placed just below base of vol-

sellar ridges; digitus long and slender, inner

digital spine larger than outer, placed at dif-

ferent levels; paramere protruding with

apex pointed, with two setae, one short at

apex and one long below apex (not illus-

trated), or with only one seta at apex of par-

amere; aedeagus (Fig. 112) long and slender

with median part of penis valves expanded,

aedeagal apodemes 0.7-0.9X as long as pe-
nis valves. Flagellomeres with sensilla am-

pullacea short and asymmetric (type II sen-

su Hansson 1996b). Forewing usually with

two fuscous spots or bands, one below stig-

mal vein and one below middle of marginal
vein (infuscation lacking in some species, or

with only one spot/band below marginal
vein (Fig. 13)).

Apomorphies.
—Head with frontal cross-

ridge; male flagellomeres with verticillate

setae. Male genitalia: aedeagus with median

part of penis valves expanded; digital

spines placed at different levels; digitus

elongate.

1. Omphale acuminaticomis (Girault)

(Figs 9, 12)

Achnjsochardla acuminaticorms Girault, 1916b:50.

Omphale acuminaticomis (Girault), Yoshimoto

1978:716.

Diagnosis.
—Thoracic dorsum with very

strong and raised reticulation; clypeus

narrow, 1.7X as wide as long, slightly pal-

er than surrounding frons in female, pale
nonmetallic in male; flagellomeres long
and slender in female.

Distribution.—Campeche, Oaxaca, Vera-

cruz. 9 females. New record for Mexico.

2. Omphale elevata Hansson

(Figs 8, 92)

Omphale elevata Hansson, 1996b:27.

Diagnosis.
—Thoracic dorsum with

strong and raised reticulation; clypeus
wide, 2.3 X as wide as long, slightly paler
than surrounding frons in female, pale
nonmetallic in male; flagellomeres com-

paratively short in female.

Distribution.—Chiapas, Colima, Guerre-

ro, Jalisco, Michoacan, Oaxaca, Puebla, Ta-

maulipas, Veracruz. 77 females, 48 males.

New record for Mexico.

3. Omphale lanceolata n.sp.

Type material. Holotype female la-

belled "Tamaulipas, 2mi W Gomez Farias,

5.vii.l986, G. Zolnerowich" (USNM).

Etymology. Name referring to lanceo-

late gaster in females of this species.

Diagnosis. Thoracic dorsum with

strong and raised reticulation; clypeus
dark and metallic in female (male un-
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known); last tergite of female gaster elon-

gate, 4.2 X as long as wide at base; dorsel-

lum hidden under scutellum, not visible

in dorsal view.

Description (fetiiale). Length of body=
2.4 mm.

Colour: Scape pale with apical tip infus-

cate; pedicel and flagellum dark. Frons and

vertex metallic greenish-blue. Clypeus dark

and metallic. Mesoscutum and scutellum

with weak metallic bluish-purple tinges.

Propodeum metallic bluish-green. Coxae

dark and metallic; femora dark; tibiae and

tarsi pale. Wings infuscate. Petiole pale.

Gaster with 1st tergite metallic bluish-green,

remaining tergites golden-green.
Head: Antenna as in O. stigmalis (Fig.

10). Frons and vertex with weak superfi-
cial reticulation. Clypeus transverse, 1.7x

as wide as long. Antennal scrobes join on
frontal cross-groove. Frontal cross-groove
almost straight. Occipital margin rounded.

Mesosoma: Mesoscutum and scutellum

with strong reticulation. Forewing specu-
lum open below; without stigmal hairline

and with radial cell hairy.

Metasoma: Female gaster elongate, last

tergite long, 4.2 X as long as wide at base.

4. Omphale marylandensis (Girault)

Rhicnopeltoim/ia man/landensis Girault, 1916b;39.

Aclnysoclmris athnnasii Girault, 1917c:3, syn.
Hansson (1996b:28)

Omphale luaiylnndeusis (Girault), Sdiauff 1991:75.

Diagnosis.
—Thoracic dorsum with weak

and raised reticulation; clypeus distinctly

to only slighter paler than surrounding
frons in female, pale nonmetallic in male.

Distribution.—Guerrero, Michoacan. 2

females. New record for Mexico.

5. Omphale metallica n.sp.

(Figs 6, 7, 101)

Type material.—Holotype male labelled

"Chiapas, Ocozacoautla, 8.viii.l990, 1800-

2200', J.B. Woolley, 90/055B" (USNM).

Paratypes: 6 females 4 males with same
label data as holotype (3 females 2 males

LUZM, 3 females 2 males TAMU); 3 males

"Chiapas, Municipal Tenejapa Paraje Yas-

hanal, 5200-5800', 4.viii.l990, J.B. Wool-

ley, 90/052" (1 male LUZM, 2 males

TAMU); 1 female "Chiapas, 100km SE Pal-

enque, Bonanpak, 9.vii.l983, 230m, M.
Kaulbars" (CNC); 1 male "Chiapas, San
Cristobal las Casas, l-12.vii.1969, 7200"'

(CNC); 1 female "Campeche, 10km W
Xpujil, Chicanna, 12-14.vii.1983, 300m, M.
Kaulbars" (CNC); 1 female 1 male "Coli-

ma, 9mi N Comala, 12.vii.l984, J.B. Wool-

ley, 84/030" (TAMU); 1 male "Guerrero,
18.2mi S Iguala, 5.vii.l987, 3800', J.B.

Woolley, 87/013" (TAMU); 2 females

"Guerrero, 17mi E Tixtla, ll.vii.l985, J.B.

Woolley and G. Zolnerowich, 85/050"

(LUZM); 1 female 1 male "Guerrero, 7mi
W Chilapa, 16.vii.l984, J.B. Woolley,
84/036" (TAMU); 1 male "Guerrero, 15mi
SW Chichihualco, 15.vii.l984, J.B. Wool-

ley, 84/034" (LUZM); 2 females "Guerre-

ro, 6mi NE Tixtla de Guerrero, 16.vii.l984,

J.B. Woolley, 84/035" (LUZM); 1 female

"Guerrero, 2mi E Ocotito, ll.vii.l985, J.B.

Woolley, 85/048" (TAMU); 1 female 1

male "Guerrero, 32mi SE Petatlan,

10.vii.l985, J.B. Woolley, 85/047) (TAMU);
1 female 5 males "Guerrero, 5mi NW El

Ocotito, 7.vii.l987, 2500-3200', R. Whar-

ton", 1 male gaster on slide (no. 271) (3

males LUZM, 1 female 2 males TAMU); 1

male "Guerrero, 2mi NE Cacahuamilpa,
4.vii.l987, 5300', R. Wharton" (TAMU); 1

male "Guerrero, 6mi E Xochipala,
5.vii.l987, 3500', J.B. Woolley, 87/014"

(LUZM); 1 female 3 males "Jalisco, 16mi S

Autlan, 8.vii.l984, J.B. Woolley, 84/025" (1

female 1 male LUZM, 2 males TAMU); 1

female "Jalisco, 5.2mi N Autlan Mine

Road, 7.vii.l984, J.B. Woolley, 84/022"

(TAMU); 10 females 1 male "Oaxaca,

3.9mi NE San Gabriel Mixtepec,
16.vii.l985, J.B. Woolley, 85/067" (5 fe-

males LUZM, 5 females 1 male TAMU); 2

females "Oaxaca, IS.lmi N San Gabriel

Mixtepec, ll.vii.l987, 3850', J.B. Woolley
and G. Zolnerowich, 87/031" (LUZM,
TAMU); 9 females "Oaxaca, 4.4mi S San
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Table 1. Ratios of Mexican Omphnle. Abbreviations: HE =
height of eye; HW =

height of wing; LA =

length of aedeagal apodeme; LD =
length of digitus; LG =

length of gaster; LM =
length of marginal vein;

LP =
length of penis valves; LW =

length of wing; MM =
length of mesosoma; MS = malar space; OOL =

shortest distance between compound eye and lateral ocellus; PM =
length of postmarginal vein; POL =

distance between lateral ocelli; ST =
length of stigmal vein; WD = width of digitus; WH = width of head;

WM = width of mouth opening; WT = width of thorax, measured across hind part of mesoscutum. Unless

otherwise stated ratios are from both sexes.

Omphttle species
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Table 2. Autapomorphies for species groups of

Omphale.

1.7-

1.7-

2.1

1.8-

1.7

1.9

1.9

1.8

1.9

-1.8

SfH?cics group Derived character slates

\1M,'l.G MM/H,

bicincta group

clicrijiin group

0.8

0.7

0.9

0.8

0.8

1.0

0.9

0.5

0.8

0.7

0.9

0.9

0.6

5.8

4.9

3.8

5.8

1.2

1.2

5.5

3.7

7.0

2.8

2.8

2.0

9.0

0.9

0.8

0.4

0.5-0.8

0.6-0.8

0.5-0.6

0.6-0.7

0.5-0.6

0.6-0.7

0.5-0.6

0.6-0.8

0.6-0.7

0.5-0.7

0.4

0.6-0.7

0.5-0.7

0.6-O.7

0.5

0.9-1.0

0.8-0.9

0.7-1.0

0.7-0.9

0.7-0.9

0.7-1.0

0.8-0.9

0.6-0.8

0.6-0.7

0.7-0.9

0.8

0.7-0.8

0.7

1.0-1.2

0.7-0.9

0.7-0.8

divina group

notnuin group

obscurixctatii group

sciitelhitii group

seniiglcbosa group

Aedeagus with median part
of penis valves expanded

(Fig. 112)

Midlobe of mesoscutum
with 1 pair of setae; vol-

sellar setae short and rath-

er weak, placed close to

apex of phallobase (Fig.

94)

Volsellar setae placed apical-

ly on phallobase (Figs 96-

99)

Notauli complete and deep

throughout; digitus with

concavity in basal outer

half (Fig. 103)

Clypeus poorly delimited

(Figs 51-53)

Inner apical corner of para-
mere drawn out (Fig. 105);

clypeus with rounded

sides (Figs 54-56)

Forewing long and narrow

2.0-2.1
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Table 4. Character matrix for species groups of

Omphale.
=

plesiomorphic, 1 =
apomorphic. Char-

acter 8 is size of volsellar setae: is thin setae, 1 is

enlarged setae. Aseccdcf Forster is used as outgroup.

10 10 1

10 110 11
10 1

10 1 I

10 10 111

Asccotles

acanuis group
bicincta group
cheraua group
divina group
notaula group
obsciirinotata group 0, 1 1

Sfl/!Cis group 110 11
scutelhila group I 10 1 1

semigtobcscj group 110 10 1

I'ersicoUv group 1 1 I

Gabriel Mixtepec, 10-ll.vii.1987, 2500',

J.B. Woolley and G. Zolnerowich,

87/027A" (5 females LUZM, 4 females

TAMU); 5 females 3 males "Oaxaca, 4.7mi

S San Gabriel Mixtepec, 16.vii.l985, J.B.

Woolley and G. Zolnerowich, 85/066" (2

females 2 males LUZM, 3 females 1 male

TAMU); 2 females 8 males "Oaxaca, 2mi

N Candelaria Loxicha, 17.vii.l985, J.B.

Woolley and G. Zolnerowich, 85/068" (1

female 4 males LUZM, 1 female 4 males

TAMU); 3 males "Oaxaca, 4.4mi NE San

Pedro Mixtepec, 16.vii.l985, J.B. Woolley
and G. Zolnerowich, 85/065" (1 male

LUZM, 2 males TAMU); 1 female 4 males

"Oaxaca, 8mi NE El Punto, 18,vii,1985, J.B.

Woolley and G. Zolnerowich, 85/074" (1

female 2 males LUZM, 2 males TAMU); 1

female 2 males "Oaxaca, 29.1mi E Pochu-

tla, 13.vii.l987, 80', J.B. Woolley and G.

Zolnerowich, 87/038" (TAMU); 2 males

"Puebla, 4.7mi SW La Cumbre, 23.vii.1987,

5100', J.B. Woolley, 87/055" (LUZM,
TAMU); 1 female 2 males "Tamaulipas,
Reserva El Cielo Gomez Farias,

28.vii.1993, 450m, J.B. Woolley, 93/025"

(LUZM); 1 male "Tamaulipas, Reserva El

Cielo San Jose, 29.vii.1993, J.B. Woolley,
93/033" (TAMU); 1 male "Tamaulipas,
Reserva El Cielo Alta Cimas, 30.vii.l993,

3100', J.B. Woolley and K. Wikse, 93/035"

(TAMU); 1 female 2 males "Veracruz, 3mi

E Huatusco, 23.vii.1984, J.B. Woolley,
84/049a" (LUZM); 1 male "Veracruz,
llmi S Misantla, 24.vii.1984, J.B. Woolley,
84/051" (TAMU); 1 female "Veracruz,
3mi NE Huatusco, 22.vii.1985, J.B. Wool-

ley, 85/084" (TAMU); 1 male "Veracruz,

Catemaco, 31.vii.l983, M. Kaulbars"

(CNC).

Etymology.
—Name referring to metallic

clypeus.

Diagnosis.
—Thoracic dorsum with weak

and superficial to strong raised reticula-

tion; clypeus dark and metallic, as dark

and shiny as frons in both sexes.

Description.
—

Length of body female=

1.2-1.6 mm, male= 0.9-1.3 mm.
Colour: Scape pale with apical Kj infus-

cate; pedicel and flagellum dark. Female

frons below cross-groove golden-red,
above cross-groove golden-green; entire

male frons metallic bluish-green or bluish-

purple. Clypeus dark and metallic, as dark

and shiny as frons. Vertex golden-red or

golden-green. Mesoscutum and scutellum

golden-green, golden-red, golden-purple
or metallic bluish-green. Dorsellum gold-
en-red. Propodeum golden-green or me-
tallic bluish-green. Coxae dark and metal-

lic, pale in a few specimens; femora infus-

cate to pale; tibiae pale; tarsi infuscate to

pale. Wings hyaline, or with infuscate spot
below stigmal vein, or with infuscate spot
below stigmal vein and with infuscate stripe

below median marginal vein reaching to

hind margin of wing. Petiole pale to dark.

Gaster with 1st tergite metallic bluish-

green or golden-green, remaining tergites

golden-purple.
Head: Antemiae as in Figs 6, 7. Frons

and vertex smooth and shiny or with

weak superficial reticulation. Clypeus
transverse, 1.4x as wide as long. Antemial

scrobes join on frontal cross-groove. Fron-

tal cross-groove V-shaped. Occipital mar-

gin with weak edge.
Mesosoma: Mesoscutum and scutellum

with weak and superficial to strong retic-

ulation. Dorsellum small, flat and smooth.

Forewing speculum open below (closed in
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Table 5. Mexican (M) and Nearctic (N) species of

Omphalc. Species also occurring in the Palearctic re-

gion is marked with a P.

Table 5. Continued.

l,r...,p

S,u.u,..
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Figs. 1-13. 1-2. Head, frontal. 1, imxilleyi, female (fr= frontal cross-ridge). 2, U'luntivii, male. 3-10. Antennae.

3, whartoni, female. 4, Ditto, male. 5, petiolata, male. 6, metallica. female. 7, Ditto, male. 8, elei'nta, female. 9,

acuminnticornis, female. 10, stigmalis, female. 11-12. Stigmal vein. 11, stigmalis. 12, {Kiiminaticoniis. 13, Forewing,
U'luirtoiii.
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17.vii.l984, J.B. WooUey, 84/037a", 1 gas-
ter on slide (no. 277) (LUZM, TAMU); 1

male "Guerrero, 6.2mi SW Xochipala,

13.vii.l985, J.B. WooUey, 85/056" (TAMU);
1 male "Chiapas, San Cristobal Reserva

Huitepec, 7300-7500', 3.viii.l990, J.B.

Woolley, 90/ 051A" (LUZM); 4 males "Oa-

xaca, 10.7mi N Guelatao de Juarez,

17.vii.l987, 8500', R. Wharton" (2 males

LUZM, 2 males TAMU); 2 males "Oaxaca,
Llano des Floras, 17.vii.l987, 8900', R.

Wharton", 1 gaster on slide (no. 272)

(LUZM, TAMU); 1 male "Oaxaca, 6.1mi

NE Mitla, 20.vii.l985, J.B. Woolley,
85/077" (TAMU); 1 male "Oaxaca, L4mi
NE La Cumbre, 18.vii.l985, J.B. Woolley
and G. Zolnerowich, 85/075" (LUZM).

Eh/molo^i/.
—Name referring to elongate

petiole in males of this species.

Diagnosis.
—Thoracic dorsum with weak

to strong raised reticulation; clypeus dark

with weak metallic tinges to white, but al-

ways paler than surrounding frons; male

scape long, narrow at base (Fig. 5); male

petiole elongate, L0-L3X as long as wide.

Description (male).—Length of body=
1.2-2.0 mm.

Colour: Scape pale with apical 'A dark

and metallic; pedicel and flagellum dark.

Frons metallic bluish-green or golden-

green. Clypeus dark with weak metallic

tinges, to white. Vertex golden-purple.
Mesoscutum and scutellum golden-green
or metallic bluish-green. Dorsellum gold-

en-green. Propodeum golden-green. Fore

and mid coxae dark and metallic, hind

coxa pale with dark base, to all coxae pale;

femora dark with pale stripes on either

side, to completely pale; tibiae pale with

dark stripe laterally; tarsi infuscate. Fore-

wing with infuscate spot below stigmal
vein and with infuscate stripe below me-
dian marginal vein reaching to hind mar-

gin of wing, to completely hyaline. Petiole

pale to dark. Gaster with 1st tergite me-
tallic bluish-green, remaining tergites

golden-purple.
Head: Antenna as in Fig. 5. Frons and

vertex smooth and shiny, inside ocellar

triangle with weak superficial reticulation.

Clypeus transverse, 2.2 X as wide as long.
Antennal scrobes join on frontal cross-

groove. Frontal cross-groove almost

straight. Occipital margin with weak edge.
Mesosoma: Mesoscutum and scutellum

with strong to weak reticulation. Dorsel-

lum small, flat and smooth. Forewing
speculum open or closed below; without

stigmal hairline and with radial cell hairy.
Metasoma: Petiole elongate, 1.0-1.3 X as

long as wide. Male genitalia (Fig. 102)

with outer digital spine stout; paramere
with two setae.

7. Omphale stigmalis n.sp.

(Figs 10, 11)

Ti/pie material.—Holotype female la-

belled "Oaxaca, Llano de las Flores,

17.vii.l987, 8900', R. Wharton" (USNM).
Paratypes: 2 females with same label data

as holotype (LUZM, TAMU).
Etymology.

—Name referring to enlarged

stigmal vein in this species.

Diagnosis.
—Thoracic dorsum with

strong dense reticulation, on scutellum

with elongate meshes which therefore ap-

pears striate; clypeus dark and metallic;

stigmal vein enlarged.

Description (female).
—

Length of body=

2.0-2.9 mm.
Colour: Scape pale with apical tip infus-

cate; pedicel and flagellum dark. Frons

metallic bluish-purple. Clypeus dark and
metallic. Vertex metallic bluish-green. Me-
soscutum and scutellum metallic bluish-

green. Dorsellum metallic bluish-green.

Propodeum golden-green. Coxae dark
and metallic; femora pale, hind femur

with apical 'A infuscate; tibiae pale; tarsi

pale to infuscate. Forewing with infuscate

spot below stigmal vein and with infus-

cate stripe below median marginal vein

reaching to hind margin of wing (infus-

cation weak in one specimen). Petiole

pale. Gaster with 1st tergite metallic blu-

ish-green, remaining tergites golden-

green.
Head: Antenna as in Fig. 10. Frons and
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vertex with weak reticulation. Clypeus
transverse, 1.7X as wide as long. Antennal

scrobes join on frontal cross-groove. Fron-

tal cross-groove almost straight. Occipital

margin rounded.

Mesosoma: Mesoscutum and scutellum

with strong and dense reticulation, on scu-

tellum with elongate meshes. Dorsellum

small, flat and smooth. Forewing specu-
lum open below; without stigmal hairline

and with radial cell hairy; stigmal vein en-

larged.
Metasoma: Female gaster elongate.

8. Omphale whartoni n.sp.

(Figs 2-4, 13, 100)

Type material.—Holotype female la-

belled "Guerrero, 2.1mi NE Cacahuamil-

pa, 4.vii.l987, 5250', J.B. Woolley, 87/011"

(USNM). Paratypes: 1 female 2 males with

same label data as holotype, 1 male gaster

on slide (no. 274) (1 male LUZM, 1 female

1 male TAMU); 3 females "Guerrero, 2mi

E Ocotito, ll.vii.l985, J.B. Woolley,
85/048" (1 female LUZM, 2 females

TAMU); 1 female 1 male "Guerrero, 5mi

NW El Ocotito, 7.vii.l987, 2500-3200', R.

Wharton", male gaster on slide (no. 281)

(LUZM); 1 female 1 male "Guerrero, 2mi

NE Cacahuamilpa, 4.vii.l987, 5300', R.

Wharton" (TAMU); 1 male "Guerrero,

2mi NE Cacahuamilpa, 19.vii.l984, 5000',

J.B. Woolley, 84/043" (LUZM); 1 female

"Jalisco, 5.2mi N Autlan Mine Road,

7.vii.l984, J.B. Woolley, 84/022" (TAMU);
1 female 1 male "Jalisco, 8.3mi S Autlan

on highway 80, 8.vii.l984, J.B. Woolley,
84/024" (TAMU); 1 male "Jalisco, 16mi S

Autlan, 8.vii.l984, J.B. Woolley, 84/025",

gaster on slide (no. 266) (LUZM); 1 male

"Michoacan, lOmi S Uruapan, 6.vii.l985,

J.B. Woolley, 85/032", gaster on slide (no.

279) (TAMU).
Eh/molog}/.

—Name referring to collector

of some of the type material of this spe-
cies.

Dw^'Hosfs.
—Thoracic dorsum with

strong raised reticulation in female, weak
raised reticulation in male; clypeus trans-

verse (2x as wide as long), distinctly con-

vex, yellowish-brown in female, white in

male; female forewing with an infuscate

area below marginal vein, infuscation

reaching to hind margin of wing (Fig. 13);

male scape widest at base (Fig. 4), pedicel
and flagellum metallic bluish-purple.

Description.
—
Length of body female =

1.3-2.0 mm, male= 1.1-1.5 mm.
Colour: Scape pale with apical Y, infus-

cate in female, pale with apical tip metallic

in male; pedicel and flagellum dark. Frons

metallic bluish-green, golden-green or

golden-red in female, metallic bluish-

green in male. Clypeus yellowish-brown
in female, white in male. Vertex golden-
red or golden-green. Mesoscutum and

scutellum golden-purple in female, gold-

en-green or golden-red in male. Dorsel-

lum golden-purple in female, golden-red
in male. Propodeum golden-green. Coxae

dark and metallic in female, pale in male;

femora dark in female, pale in male (some

specimens with apical 'A of hind femur

dark); tibiae and tarsi pale. Forewing with

infuscate stripe below median marginal
vein reaching to hind margin of wing in

female, with weak median infuscate stripe

or completely hyaline in male. Petiole

pale. Gaster with 1st tergite metallic blu-

ish-green or golden-green, remaining ter-

gites golden-purple.
Head: Antennae as in Figs 3, 4. Frons

and vertex with weak reticulation in fe-

male, smooth and shiny in male. Clypeus
transverse, 2x as wide as long. Antennal

scrobes join on frontal cross-groove. Fron-

tal cross-groove almost straight. Occipital

margin with weak edge.

Mesosoma: Mesoscutum and scutellum

with strong reticulation in female, weak in

male. Dorsellum small, flat and smooth.

Forewing speculum open below; without

stigmal hairline and with radial cell hairy.

Metasoma: Female gaster ovate. Male

genitalia (Fig. 100) with outer digital spine

stout; paramere with two setae.
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9. Omphale woolleyi n.sp.

(Figs 1, 93, 112)

Type material.—Holotype female la-

belled "Michoacan, lOmi S Uruapan,
6.vii.l985, J.B. Woolley, 85/032" (USNM).

Paratypes: 9 females with same label data

as holotype (4 females LUZM, 5 females

TAMU); 8 females "Guerrero, 2mi E Oco-

tito, ll.vii.l985, J.B. Woolley, 85/048" (4

females LUZM, 4 females TAMU); 1 fe-

male "Guerrero, 2mi NE Cacahuamilpa,
4.vii.l987, 5300', R. Wharton" (TAMU); 1

male "Guerrero, 15mi SW Chichihualco,

15.vii.l984, J.B. Woolley, 84/034", gaster
on slide (no. 273) (TAMU); 3 male "Guer-

rero, 2.1mi NE Cacahuamilpa, 4.vii.l987,

5250', J.B. Woolley, 87/011" (2 males

LUZM, 1 male TAMU); 1 female "Jalisco,

8.3mi S Autlan on highway 80, 8.vii.l984,

J.B. Woolley, 84/024" (LUZM); 2 males

"Oaxaca, 4.4mi S San Gabriel Mixtepec,
10-1 l.vii. 1987, 2500', J.B. Woolley and G.

Zolnerowich, 87/027A" (LUZM, TAMU);
1 male "Oaxaca, 10.8mi S El Punto,

19.vii.l987, 6100', R. Wharton", gaster on

slide (no. 288) (LUZM).

Etymology.
—Name referring to collector

of some of the type material of this spe-
cies.

Diagnosis.
—Thoracic dorsum with

strong raised reticulation in female, weak
raised reticulation in male; clypeus dark

and metallic, frons laterad of clypeus
brownish with weak metallic tinge; fore-

wing hyaline, with speculum closed be-

low and with radial cell bare; inner digital

spine more curved than in other males of

this group (Fig. 93).

Description.
—
Length of body female=

1.3-1.7 mm, male= 1.0-1.5 mm.
Colour: Scape pale with apical tip infus-

cate, to completely infuscate; pedicel and

flagellum dark. Frons metallic greenish-
blue or bluish-purple, close to mouth

opening laterad of clypeus brownish with

weak metallic tinge in female, yellowish-
white to infuscate in male. Clypeus dark

and metallic. Vertex metallic greenish-

blue or golden-green, inside ocellar trian-

gle usually brownish in females, golden-
red to golden in males. Mesoscutum, scu-

tellum, dorsellum and propodeum metal-

lic greenish-blue, bluish-purple, golden-

green or golden-red. Coxae dark and me-

tallic; femora dark; tibiae and tarsi pale in

females, infuscate in males. Wings hya-
line. Petiole pale. Gaster with 1st tergite

metallic greenish-blue or golden-purple,

remaining tergites golden-purple.
Head: Antennae as in O. metallica (Figs

6, 7). Frons and vertex with weak reticu-

lation in females, weak and superficial re-

ticulation in males. Clypeus transverse,

2x as wide as long. Antennal scrobes join

on frontal cross-groove. Frontal cross-

groove V-shaped. Occipital margin round-

ed.

Mesosoma: Mesoscutum and scutellum

with strong reticulation in female, weak in

male. Dorsellum small, convex and
smooth. Forewing speculum closed below;
without stigmal hairline but with radial

cell bare.

Metasoma: Female gaster elongate.
Male genitalia (Fig. 93) with volsellar ridg-
es U-shaped; inner digital spine more
curved than in other species of this group,
outer spine stout; paramere with one seta

at apex of paramere.

Species group cherana

Diagnosis.
—

Clypeus with upper cor-

ners angulate and semicircularly protrud-

ing (Fig. 14). Head without frontal cross-

ridge. Male flagellomeres with scattered

setae (Figs 17, 20). Male genitalia (Fig. 94):

volsellar setae short and rather weak,

placed close to apex of phallobase; digitus
1.2x as long as wide, inner digital spine

larger than outer; paramere with one seta

at apex; aedeagus (Fig. 113) stout, aedea-

gal apodemes 0.9-1 .Ox as long as penis
valves. Flagellomeres with sensilla ampul-
lacea long and asymmetric (type 111 sensu

Hansson 1996b). Midlobe of mesoscutum
with one pair of setae (posterior pair).

Apomorphies.
—

Flagellomeres with sen-
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Figs. 14-23. 14-17. chcraua. 14, Head, frontal. 15, Head, lateral. 16, Antenna, female. 17, Ditto, male. 18-20.

flaviscutellum. 18, Head, lateral. 19, Antenna, female. 20, Ditto, male. 21-22. Iriivi^iitntn. 21, Head, frontal. 22,

Head, lateral. 23, Head, lateral, divina, female. te= temple.
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silla ampullacea elongate and asymmetric.
Midlobe of mesoscutum with 1 pair of se-

tae. Male genitalia: volsellar setae short

and rather weak, placed close to apex of

phallobase.

10. Omphale cherana n.sp.

(Figs 14-17, 94, 113)

Type material.—Holotype female la-

belled "Michoacan, 6mi N Cheran,

8.vii.l985, J.B. Woolley, 85/034" (USNM).

Paratypes: 14 females 10 males with same
label data as holotype, 1 male gaster on

slide (no. 261) (7 females 5 males LUZM,
7 females 5 males TAMU); 2 males "Mi-

choacan, 2mi S Carapan, 6.vii.l985, J.B.

Woolley, 85/031" (LUZM, TAMU); 1 fe-

male "Guerrero, 6.6mi SW Filo de Caballo,

12.vii.l985, J.B. Woolley, 85/051" (TAMU).

Etymology.
—"From Cheran".

Diagtwsis.
—Mouth opening as wide as

height of eye in female, 1.3x wider than

eye in male; temples large (Fig. 15); scu-

tellum in female always dark metallic.

Description.
—

Length of body female =

1.3-1.9 mm, male= 1.1-1.9 mm.
Colour: Scape pale with dorsal edge

dark; pedicel and flagellum dark, 5th fla-

gellomere partly to completely pale in fe-

male. Head golden-green or golden. Me-
sosoma golden-green, golden or metallic

bluish-green. Legs pale, or pale with fore

and hind coxae infuscate, femora dark

brown, tibiae and tarsi infuscate. Wings
hyaline. Petiole pale. Gaster metallic blu-

ish-green.
Head: Antennae as in Figs 16, 17. Frons

and vertex with weak engraved reticula-

tion, male vertex sometimes smooth and

shiny. Clypeus as wide as long. Antennal

scrobes join on frontal cross-groove. Fron-

tal cross-groove slightly V-shaped. Occip-
ital margin smoothly rounded.

Mesosoma: Mesoscutum and scutellum

with fine engraved reticulation; notauli

not delimited. Dorsellum small, flat and
smooth. Forewing speculum closed below;
without stigmal hairline but with radial

cell bare.

Metasoma: Petiole in male transverse,

0.6 X as long as wide. Female gaster ovate.

Remarks.—O. cherana and O. flaviscutel-

liim both look like species belonging to the

semiglobosa group (head semiglobose, fla-

gellomeres long and slender—in male
with scattered setae—with sensilla ampul-
lacea long and asymmetric, lacking frontal

cross-ridge, antenna attached high up—in

middle of frons, forewing long). However,
the male genitalia of O. cherana and O.

flaviscutellum is quite different from males
in the semiglobosa group. Other separating
characters are: notauli not delimited (de-
limited in posterior -/^ in semiglobosa

group), midlobe of mesoscutum with only
one pair of setae (two pairs in semiglobosa

group).

11. Omphale flaviscutellum n.sp.

(Figs 18-20)

Type material.—Holotype female la-

belled "Oaxaca, 15.1mi N San Gabriel

Mixtepec, 3850', ll.vii.l987, J.B. Woolley
and G. Zolnerowich, 87/031" (USNM).

Paratypes: 6 females with same label data

as holotype (3 females LUZM, 3 females

TAMU); 6 females "Oaxaca, 4.4mi S San

Gabriel Mixtepec, 10-ll.vii.1987, 2500',

J.B. Woolley and G. Zolnerowich,
87/027A" (3 females LUZM, 3 females

TAMU); 1 female "Oaxaca, 19mi S San Mi-

guel Suchixtepec, 17.vii.l985, J.B. Woolley
and G. Zolnerowich, 85/069" (TAMU); 1

female "Oaxaca, 10.8mi S El Punto,

19.vii.l987, 6100', R. Wharton" (LUZM); 2

females "Oaxaca, 4.7mi S San Gabriel Mix-

tepec, 16.vii.l985, J.B. Woolley and G. Zol-

nerowich, 85/066" (LUZM, TAMU); 2 fe-

males "Oaxaca, 4.4mi NE San Pedro Mix-

tepec, 16.vii.l985, J.B. Woolley and G. Zol-

nerowich, 85/065" (LUZM, TAMU); 1

male "Oaxaca, 29.1mi E Pochutla,

13.vii.l987, 80', J.B. Woolley and G. Zol-

nerowich, 87/038" (TAMU); 1 female

"Campeche, 10km W Xpujil, Chicanna,
12-14. vii. 1983, 300m, M. Kaulbars"

(CNC); 6 females 1 male from Chiapas,

Palenque (3 females 1 male CNC, 3 fe-
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males LUZM); 3 females "Chiapas, San

Cristobal las Casas, 26.5-3.6.1969" (2 fe-

males CNC, 1 female LUZM); 1 female

"Guerrero, 2mi N Cacahuamilpa, 19.vii.

1984, 5000', J.B. Woolley, 84/043"

(LUZM); 2 males "Guerrero, 18.2mi S

Iguala, 5.vii.l987, 3000', J.B. Woolley,
87/013", 1 male gaster on slide (no. 259)

(LUZM, TAMU); 1 female "Michoacan,
lOmi S Uruapan, 7.vii.l985, J.B. Woolley
and G. Zolnerowich, 85/037" (TAMU); 1

female "Puebla, 2km N Xicotepec de Juar-

ez, 17.vi.l983, 1070m, M. Kaulbars"

(CNC); 2 females "Quintana Roo, 68km
SW Chetumal, Kohunlich, 14-17.vii.1983,

160m, M. Kaulbars" (CNC, LUZM); 1 fe-

male "Tamaulipas, Reserva El Cielo,

Gomez Farias, 450m, 27-30.vii.1993, J.B.

Woolley, 93/020" (TAMU); 1 female "Ta-

maulipas, Reserva El Cielo, Alta Cimas,

3100', 30.vii.l993, J.B. Woolley and K.

Wikse, 93/035" (LUZM); 2 females "Ve-

racruz, 3mi E Huatusco, 23.vii.1984, J.B.

Woolley, 84 /049a" (LUZM, TAMU); 1 fe-

male "Veracruz, llmi S Misantla,

24.vii.1984, J.B. Woolley, 84/051" (TAMU);
1 male "Veracruz, 33km NE Catemaco,

160m, Tuxtlas Research Station, l.vii.l983,

M. Kaulbars" (CNC); 6 females "COSTA
RICA: Guanacaste, Santa Rosa N.P., SE8C,

26.x-16.xi.1985, D. Janzen, I.D. Gauld"

(BMNH, LUZM); 3 females from same lo-

cality as previous but collected 18.x-

8.xi.l986 (BMNH, LUZM).
Eti/mologi/.

—"Flaviscutellum" meaning
"v^'ith yellow scutellum".

Diagnosis.
—Mouth opening 0.7x as

wide as height of eye in female, l.Ox in

male; temples small (Fig. 18); scutellum in

female usually yellow nonmetallic.

Description.
—

Length of body female=

1.1-1.8 mm, male= 0.7-1.1 mm.
Colour: Scape pale with dorsal edge

dark; pedicel and flagellum dark, 4 and
5th flagellomeres partly to completely pale
in female. Frons below cross-groove gold-

en-green; frons above cross-groove and
vertex metallic bluish-green or golden-

green. Mesoscutum usually dark and me-

tallic (bluish-purple or golden-purple), in

a few female specimens partly to com-

pletely yellow nonmetallic. Scutellum usu-

ally yellow nonmetallic with median in-

fuscate spot, in a few specimens dark and
metallic (golden-green), always dark and
metallic in male. Coxae white, remaining

parts of legs weakly infuscate. Wings hy-
aline. Petiole pale. Gaster golden-purple to

yellow nonmetallic.

Head: Antennae as in Figs 19, 20. Frons

and vertex with weak engraved reticula-

tion, vertex sometimes smooth and shiny.

Clypeus as wide as long. Antennal scrobes

join on frontal cross-groove. Frontal cross-

groove slightly V-shaped. Occipital mar-

gin with weak edge.
Mesosoma: Mesoscutum and scutellum

with fine engraved reticulation; notauli

not delimited. Dorsellum small, flat and

smooth. Forewing speculum closed below;
without stigmal hairline but with radial

cell bare.

Metasoma: Petiole in male transverse,

0.6 X as long as wide. Female gaster ovate.

Species group divina

Diagnosis.
—
Clypeus quadrangular to

semicircular, pale yellow non-metallic or

dark and metallic. Head without frontal

cross-ridge. Male flagellomeres with ver-

ticillate setae, i.e. with a single basal whorl

of setae on each flagellomere (e.g. Figs 25,

27). Male genitalia (Figs 95-99): volsellar

setae long and strong and placed at, or

close to, apex of parameres, far above base

of volsellar ridges; digitus elongate, at

least 3x as long as wide, digital spines

equally large, or with inner spine larger
than outer spine; paramere with one or

two setae; aedeagus (Figs 114-116) long
and narrow, aedeagal apodemes 0.5-0.9 x

as long as penis valves. Flagellomeres
with sensilla ampullacea short and asym-
metric (type II sensu Hansson 1996b).

Apoiuorphics.
—Male flagellomeres with

verticillate setae. Male genitalia: volsellar

setae placed apically on phallobase; digi-

tus elongate.
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Figs. 24-41. 24-36. Antennae. 24, obscura, female. 25, Ditto, male. 26, petatlana. female. 27, Ditto, male. 28,

tria, female. 29, Ditto, male. 30, triangiilata, female. 31, vmncen, female. 32, Ditto, male. 33, iwlaida, female. 34,

Ditto, male. 35, fmvnta, female. 36, Ditto, male. 37, Foretibia, lateral, frin. 38-39. Head, frontal. 38, fmvala,

female. 39, luHauIn, female. 40, Forevving, truiu^iilnfa. 41, Mesosculum + scutellum (no= notauli), dorsal, /i'lViKn.
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12. Omphale australis Hansson

(Fig. 98)

Omphale australis Hansson, 1996b:34.

Diagnosis.
—Head and mesosoma dark

and metallic; thoracic dorsum with en-

graved fine reticulation; scutellum purple;
head dark and metallic with large tem-

ples; male genitalia with digitus 5.3 X as

long as wide, volsellar setae almost

straight.

Distribution.—Chiapas, Colima, Guerre-

ro, Jalisco, Michoacan, Oaxaca (Hansson

1996).

13. Omphale carinata n.sp.

(Figs 99, 116)

Ti/pe material.—Holotype female la-

belled "Colima, 7mi SSW Colima,

9.vii.l984, J.B. WooUey, 84/026a" (USNM).

Paratypes: 4 females 1 male with same la-

bel data as holotype, male gaster on slide

(no. 249) (2 females LUZM, 2 females 1

male TAMU); 1 female "Guerrero, 6mi E

Xochipala, 13.vii.l985, J.B. WooUey,
85/054" (TAMU); 1 female "Guerrero,

6mi E Xochipala, 6.vii.l987, J.B. Woolley,
87/016" (LUZM); 1 female "Guerrero,

11.2mi N Iguala, 5.vii.l987, 4300', J.B.

Woolley, 87/012" (TAMU).

Etymology.
—Name referring to carina

along frontal edge of fore tibia.

Diagnosis.
—Head and mesosoma dark

and metallic; flagellum with 3-segmented
clava (as in Figs 28, 29); flagellomeres 1

and 2 1.4X as long as wide; fore tibia with

carina along frontal edge (as in Fig. 71);

frons, including clypeus and mouth re-

gion, dark and metallic; thoracic dorsum
with fine and weak reticulation; volsellar

setae stout and sinuate, placed at apex of

parameres (Fig. 99); digitus 3.7x as long
as wide.

Description.
—

Length of body female=

0.9-1.1 mm, male= 0.8 mm.
Colour: Antenna infuscate, some speci-

mens with antenna dark, except median

part of scape, apical pedicel and flagel-

lomeres 2 and 3 which are pale. Frons be-

low cross-groove metallic greenish-blue;
above cross-groove golden-green. Vertex

golden-red. Mesoscutum golden-green;
scutellum golden-green to golden-red;
dorsellum and propodeum golden-red.
Coxae dark and metallic; femora dark; tib-

iae infuscate with apex paler; tarsi infus-

cate. Wings hyaline. Petiole dark. Gaster

with weak golden-red tinge.

Head: Without frontal cross-ridge. An-
tennae as in O. tria (Figs 28, 29), i.e. with

a distinct 3-segmented clava. Frons and
vertex with weak smallmeshed reticula-

tion. Frontal cross-groove V-shaped. Oc-

cipital margin rounded.

Mesosoma: Mesoscutum and scutellum

with weak and fine smallmeshed reticu-

lation. Dorsellum small, convex and
smooth. Forewing speculum closed below;

without stigmal hairline but with radial

cell bare.

Metasoma: Female gaster ovate. Male

genitalia (Fig. 99): volsellar setae long and

strong, placed at same level at apex of par-

ameres; inner digital spine larger than out-

er; paramere with one seta close to apex
of paramere.

14. Omphale divina (Girault)

(Figs 23, 97)

Achrysocharis diinna Girault, 1917b:22.

Omphale diinna (Girault), Yoshimoto 1980:1047.

Diagnosis.
—Female. Head pale yellow

nonmetallic, frons usually with brown

cross-stripes, mesosoma metallic (bluish-

purple or bluish-green)
—scutellum pre-

dominantly yellow nonmetallic in a few

specimens; scape expanded with a ventral

edge; temples small; thoracic dorsum with

raised and strong reticulation. Male. Phal-

lobase with digitus very elongate, 7x as

long as wide and with volsellar setae

curved.

Distribution.—Chiapas, Colima, Guana-

juato, Guerrero, Jalisco, Michoacan, Oa-

xaca, Puebla, Tamaulipas, Veracruz, Za-

catecas. 252 females 80 males. Nevr record

for Mexico.
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Remarks.—A few specimens have entire

frons dark and metallic (majority with

frons yellow nonmetallic and usually with

fuscous cross-stripes (Hansson 1996)).

15. Omphale obscura n.sp.

(Figs 24, 25)

Type material.—Holotype female la-

belled "Chiapas, Parque Nacional Lagun-
as de Montebello, ll.viii.l990, 5000', J.B.

Woolley, 90/061" (USNM). Paratypes: 1

male with same label data as holotype
(TAMU).

Etymology.
—"Obscura" meaning dark,

referring dark colouration of species (as

opposed to the similar species vinacea,

which usually is pale).

Diagnosis.
—Head and mesosoma dark

and metallic; flagellomeres equal in length
and narrow in both sexes (1st flagellomere
is always distinctly wider than following

segments in the similar O. vinacea ); apical

gastral tergite elongate in female, 2.4 x as

long as wide at base; clypeus as wide as

long; body dark and metallic (yellow non-
metallic or infuscate in most specimens of

O. vinacea); male genitalia as in O. petatlana

(Fig. 96).

Description.
—

Length of body female =

2.2 mm, male= 1.4 mm.
Colour: Scape infuscate, slightly darker

in male than in female, pedicel and fla-

gellum dark. Female frons golden-green,

pale nonmetallic close to mouth opening
and below toruli, vertex golden; male
frons and vertex golden-purple with pale
nonmetallic spots below toruli. Mesoscu-
tum and propodeum golden-green; scu-

tellum golden-purplish. Coxae dark and

metallic; remaining parts of legs pale, hind
femur infuscate. Wings hyaline. Petiole

pale. Caster with golden tinges.
Head: Without frontal cross-ridge. An-

tennae as in Figs 24, 25. Frons and vertex

with weak reticulation, smooth and shiny
in some places. Clypeus quadratic, as

wide as long. Frontal cross-groove
straight. Occipital margin with sharp
edge.

Mesosoma: Mesoscutum and scutellum
with weak reticulation. Dorsellum small,

convex and smooth. Forewing speculum
closed below; without stigmal hairline but
with radial cell bare.

Metasoma: Female gaster elongate, final

tergite elongate, 2.4X as long as wide at

base. Male genitalia with volsellar setae

long and strong, placed at apex of para-
meres; inner digital spine larger than out-

er; paramere with one seta below apex of

paramere.

16. Omphale petatlana n.sp.

(Figs 26, 27, 96, 115)

Type material.—Holotype female la-

belled "Guerrero, 32mi SE Petatlan,

10.vii.l985, J.B. Woolley, 85/047"
(USNM). Paratypes: 4 females 16 males
with same label data as holotype, 1 male

gaster on slide (no. 254) (2 females 8 males

LUZM, 2 females 8 males TAMU); 1 fe-

male "Chiapas, Ocozacoautla, 8.viii.l990,

1800-2200', J.B. Woolley, 90/055B"
(TAMU); 4 females "Michoacan, 3mi N
Nueva Italia, 8.vii.l985, J.B. Woolley and
G. Zolnerowich, 85/042" (2 females

LUZM, 2 females TAMU); 1 female "Oa-

xaca, 4.4mi NE San Pedro Mixtepec,
16.vii.l985, J.B. Woolley and G. Zolnerow-

ich, 85/065" (TAMU); 4 females "Oaxaca,
4.7mi S San Gabriel Mixtepec, 16.vii.l985,

J.B. Woolley and G. Zolnerowich, 85/066"

(2 females LUZM, 2 females TAMU); 1

male "Oaxaca, 4.4mi S San Gabriel Mix-

tepec, 10-1 l.vii. 1987, 2500', J.B. Woolley
and G. Zolnerowich, 87/027A" (TAMU);
1 female "Oaxaca, 29.1mi E Pochutla,

13.vii.l987, 80', J.B. Woolley and G. Zol-

nerowich, 87/038" (LUZM); 1 male "Mi-

choacan, 28.5mi S Nueva Italia, 9.vii.l985,

J.B. Woolley and G. Zolnerowich,
85/045", gaster on slide (no. 255) (TAMU).

Etymology.
—"From Petatlan".

Diagnosis.
—Head and mesosoma pale

nonmetallic; mesoscutum and scutellum

with strong reticulation, hence dull; clyp-
eus as wide as long.
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Description.
—

Length of body female=

1.1-1.3 mm, male= 0.8-0.9 mm.
Colour: Scape and pedicel pale yellow

with scape fuscous along dorsal edge and

pedicel fuscous at base, or completely pale

yellow; flagellum yellowish-brown, in fe-

male frequently with flagellomeres 4 and

5 dark. Head pale yellow with infuscate

spots close to eyes and with antennal

scrobes infuscate. Vertex pale yellow, se-

tae dark. Thorax pale yellow, setae dark.

Legs pale yellow. Wings hyaline, or fore-

wing with fuscous spot below stigmal
vein. Petiole pale yellow. Female gaster

pale yellow, hind edge of tergites 1-5

dark, apical part of ovipositor sheaths

dark; male gaster with pale subbasal spot
and with apical 'A dark.

Head: Without frontal cross-ridge. An-

tennae as in Figs 26, 27. Frons and vertex

with strong smallmeshed reticulation,

hence dull. Clypeus quadratic, as wide as

long. Frontal cross-groove V-shaped. Oc-

cipital margin rounded.

Mesosoma: Mesoscutum, scutellum,

dorsellum and propodeum with strong
smallmeshed reticulation; midlobe of me-

soscutum with 2 pair of setae, occasionally
with 5 setae (2 pair and an odd seta). Fore-

wing speculum closed below; without

stigmal hairline but with radial cell bare.

Metasoma: Female gaster elongate.
Male genitalia (Fig. 96) with volsellar setae

long and strong, placed at apex of para-

meres; inner digital spine larger than out-

er; paramere with one seta below apex of

paramere.

17. Omphale poeta (Girault)

Rhicnopeltomx/ia carh/lei var. poeta Girault, 1920:

197.

Omphale poeta (Girault), Hansson (1996b:37).

Diagnosis.
—Head and mesosoma dark

and metallic; fore tibia with an edge along
frontal niargin; head dark and metallic

with frons below antennal toruli pale, ex-

cept partly to completely metallic clypeus;

temples large; antennae with short setae;

mouth opening wide, 1.2-I.3X height of

an eye in female, 1.2-1.5X in male; tho-

racic dorsum with raised rather strong re-

ticulation; male genitalia with digitus 3x
as long as wide, volsellar setae almost

straight.

Distribution.—Guerrero, Jalisco. 28 fe-

males. New record for Mexico.

18. Omphale tria n.sp.

(Figs 28, 29, 37, 95, 114)

Ti/pe material.—Holotype female la-

belled "Guerrero, 6.2mi SW Xochipala,

13.vii.l985, J.B. WooUey, 85/056" (USNM).

Paratypes: 24 females 6 males with same
label data as holotype, 1 male gaster on

slide (no. 248) (12 females 3 males LUZM,
12 females 3 males TAMU); 2 females

"Guerrero, 2mi N Cacahuamilpa, 19.vii.

1984, 5000', J.B. WooUey, 84/043" (LUZM,
TAMU); 3 females "Oaxaca, 29.1mi E Po-

chutla, 13.vii.l987, 80', J.B. Woolley and G.

Zolnerowich, 87/038" (1 female LUZM, 2

females TAMU); 5 females "Michoacan,
3mi N Nueva Italia, 8.vii.l985, J.B. Wool-

ley and G. Zolnerowich, 85/042" (2 fe-

males LUZM, 3 females TAMU); 1 female

"Zacatecas, Tropic of Cancer marker on

highway 54, 1958m, 4.vii.l984, J.B. Wool-

ley, 84/016" (TAMU).

Eti/niology.
—No specific derivation.

Diagnosis.
—Head entirely pale nonme-

tallic (female) or with vertex metallic

(male), mesosoma dark and metallic; fla-

gellum pale with 3-segmented clava, fla-

gellomeres 1 and 2 about as long as wide

(Figs 28, 29); fore tibia with carina along
frontal edge (Fig. 37); frons predominantly

pale nonmetallic in female; digitus elon-

gate, 9x as long as wide (Fig. 95); volsellar

setae placed just below apex of parameres.

Description.
—

Length of body female=

0.9-1.3 mm, male= 0.9 mm.
Colour: Female antemia pale with base

of pedicel and flagellomeres 4 and 5 in-

fuscate, male antenna completely pale. Fe-

male frons pale nonmetallic with 3 trans-

verse stripes (as in Fig. 123), stripes some-

times present only close to eyes, or absent;
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male frons predominantly metallic

greenish-blue except pale area around

mouth opening. Female vertex pale non-

metallic; male vertex metallic greenish-
blue. Occiput golden-green in both sexes.

Female thoracic dorsum golden-red or

golden-green; male mesoscutum golden-

green, scutellum, dorsellum and propo-
deum golden-red to golden-purple. Coxae
dark and metallic; fore femur weakly in-

fuscate, mid femur pale, hind femur in-

fuscate; fore and mid tibiae pale, hind tib-

ia infuscate; tarsi pale to weakly infuscate.

Female forewing with small infuscate spot
below stigmal vein, sometimes also with

weak spot below median marginal vein;

male forewing completely hyaline. Petiole

dark. Gaster golden-purple.
Head: Without frontal cross-ridge. An-

tennae as in Figs 28, 29, i.e. with a distinct

3-segmented clava. Frons and vertex with

strong smallmeshed reticulation. Frontal

cross-groove V-shaped. Occipital margin
rounded.

Mesosoma: Mesoscutum and scutellum

in female with strong, in male with weak,
and smallmeshed reticulation. Dorsellum

small, convex with weak reticulation.

Forewing speculum closed below; without

stigmal hairline but with radial cell bare.

Metasoma: Female gaster ovate. Male

genitalia (Fig. 95) with volsellar setae long
and strong, placed at same level, just be-

low apex of parameres; inner digital spine

larger than outer; paramere with one seta

close to apex of paramere.

19. Omphale triangulata n.sp.

(Figs 21, 22, 30, 40)

T\/pc uinterial.—Holotype female la-

belled "Guerrero, 32mi SE Petatlan,

14.vii.l984, ].B. Woolley, 84/032" (USNM).

Etymology.
—Name referring to shape of

scape.

Diagnosis.
—Head pale nonmetallic, me-

sosoma dark and metallic; scape triangu-
lar (Fig. 30), strongly flattened with a

sharp ventral edge; 1st flagellomere flat-

tened and distinctly wider than remaining

flagellomeres (Fig. 30); antenna dark with

3rd flagellomere pale; head pale nonme-
tallic with 3 dark cross-stripes (Figs 21,

22); forewing with characteristic pattern

(Fig. 40).

Description (female).
—

Length of body=

1.6 mm.
Colour: Entire antenna dark, except pale

stripe on scape and pale 3rd flagellomere.
Frons pale nonmetallic with 3 dark cross-

stripes. Vertex pale nonmetallic. Midlobe

of mesoscutum and median scutellum me-
tallic bluish-green, sidelobes of mesoscu-

tum and sides of scutellum metallic pur-

ple. Dorsellum and propodeum metallic

bluish-purple. Coxae, femora and tibiae

dark and metallic; tarsi pale. Forewing
with infuscate pattern as in Fig. 40. Petiole

dark. Gaster with 1st tergite metallic blu-

ish-purple, remaining tergites golden-pur-

ple.

Head: Without frontal cross-ridge. An-
tenna as in Fig. 30, i.e. with a triangular
and strongly flattened scape and with 1st

flagellomere distinctly wider than remain-

ing flagellomeres. Frons and vertex with

strong smallmeshed reticulation. Occipital

margin rounded.

Mesosoma: Mesoscutum and scutellum

with strong and smallmeshed reticulation,

scutellum smooth and shiny laterally and

along posterior margin. Dorsellum small,

convex and smooth. Forewing speculum
closed below; without stigmal hairline but

with radial cell bare.

Metasoma: Female gaster elongate, acu-

minate at apex.

20. Omphale vinacea Hansson

(Figs 31, 32)

Omphale vinacea Hansson, 1996b:37.

Diagnosis.
—Yellow to pale brown, non-

metallic species
—

occasionally with head

and mesosoma dark and weakly metallic;

clypeus as high as wide; forewing usually
with an infuscate spot below marginal
vein; frontal cross-groove high up on
frons.
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Distribution.—Chiapas, Colima, Guerre-

ro, Jalisco, Michoacan, Oaxaca, Puebla, Ta-

maulipas, Veracruz. 17 females 24 males.

New record for Mexico.

Species group notaula

Diagnosis.
—
Clypeus semicircular and

semicircularly protruding (Figs 38, 39).

Head without frontal cross-ridge in foveata

(Fig. 38), with weak frontal cross-ridge in

notaula (Fig. 39). Male flagellomeres with

verticillate setae, i.e. with a single basal

whorl of setae on each flagellomere (Figs

34, 36). Male genitalia (Fig. 103): volsellar

setae long and strong and placed at dif-

ferent levels below base of volsellar ridg-

es; digitus 2-3 X as long as wide and with

concavity in basal outer half, inner digital

spine larger than outer; paramere with 1-

2 setae at apex; aedeagus (Fig. 117) long
and slender, aedeagal apodemes 0.8-0.9 X

as long as penis valves. Flagellomeres
with sensilla ampullacea long and asym-
metric (type III sensu Hansson 1996b). No-
tauli complete and deep throughout. Ra-

dial cell hairy.

Apomorphies.
—

Flagellomeres with elon-

gate and asymmetric sensilla ampullacea;
male flagellomeres with verticillate setae.

Notauli complete and deep throughout.
Male genitalia: volsellar setae placed at

different levels; digitus elongate and with

concavity in basal outer half.

21. Omphale foveata n.sp.

(Figs 35, 36, 38, 41, 103, 117)

Type material.—Holotype female la-

belled "Oaxaca, 2mi N Candelaria Loxi-

cha, 17.vii.l985, J.B. Woolley and G. Zol-

nerowich, 85/068", in USNM. Paratypes:
2 females 2 males with same label data as

holotype, 1 male gaster on slide (no. 237)

(1 female 1 male LUZM, 1 female 1 male

TAMU); 1 female 1 male "Oaxaca, IS.lmi

N San Gabriel Mixtepec, 3850', ll.vii.l987,

J.B. Woolley and G. Zolnerowich, 87/031"

(TAMU); 2 females 2 males "COSTA
RICA: Alajuela, N slope Volcan Cacao, 650

m, 17.iii.l986, C. Hansson" (LUZM); 1 fe-

male "COSTA RICA: Turrialba, CATIE,
Reventazon, 4.ix.l986, L. Masner" (CNC);
1 female "COSTA RICA: Puntarenas,

Monteverde, St Luis Valley, 17.viii.l986, L.

Masner" (CNC); 4 females 1 male "COS-
TA RICA: Limon, Hitoy-Cerere BR HQ,
14-18.1.1991, 100m, J.S. Noyes" (BMNH,
LUZM); 1 female "ECUADOR: Pichin,

Tinalandia, 2.xi.l983, 850 m, Masner and

Sharkey" (CNC).

Etymology.
—"Foveata" meaning "with

pits", referring to pits on scutellum.

Diagnosis. Scutellum with two deep pits

(Fig. 41); paramere with one seta at apex

(Fig. 103).

Description.
—

Length of body female=

1.0-1.3 mm, male= 0.9-1.2 mm.
Colour: Scape pale yellow, pedicel and

flagellum dark. Clypeus dark and metal-

lic. Frons golden-purple to golden-green
in female, metallic bluish-green in male.

Vertex golden-purple. Mesoscutum and

scutellum golden-purple. Dorsellum and

propodeum golden-green. Female with

fore coxa infuscate, remaining parts of

fore leg, mid and hind legs pale; male

with coxae dark and metallic, hind femur

infuscate and remaining parts of legs pale.

Wings hyaline. Petiole pale. Gaster with

1st tergite golden-green, remaining tergi-

tes golden-purple.
Head: Antennae as in Figs 35, 36. Frons

and vertex with very weak reticulation.

Antennal scrobes reach frontal cross-

groove separately. Occipital margin with

a sharp edge.
Mesosoma: Mesoscutum and scutellum

with fine and engraved reticulation; setae

on dorsum long and strong; scutellum

with two deep pits. Dorsellum small, con-

vex and smooth. Forewing speculum
closed below.

Metasoma: Gaster elongate in female.

Male genitalia (Fig. 103): paramere with

one seta at apex of paramere.
Remarks. Omphale foveata resembles O.

erginnus (lacking frontal cross-ridge and

having elongate and asymmetric sensilla

ampullacea on flagellomeres) but differs
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as follows. Male flagellomeres with verti-

cillate setae (i.e. with a single whorl of se-

tae at base of each flagellomere) (scattered

in erginnus), clypeus completely delimited

(lacking upper border in erginnus), vertex

with short setae (long setae in erginnus).

The deep and complete notauli is very un-

usual, and the scutellar pits present in O.

foveata is unique within genus Omphale.

22. Omphale notaula n.sp.

(Figs 33, 34, 39)

Ti/pe material.—Holotype female la-

belled "Oaxaca, 4.4mi S San Gabriel Mix-

tepec, 10-ll.vii.1987, 2500', J.B. Woolley
and G. Zolnerowich, 87/027A" (USNM).

Paratypes: 8 females 12 males with same
label data as holotype (4 females 6 males

LUZM, 4 females 6 males TAMU); 6 fe-

males 11 males "Oaxaca, 4.7mi S San Ga-

briel Mixtepec, 16.vii.l985, J.B. Woolley
and G. Zolnerowich, 85/066" (3 females 5

males LUZM, 3 females 6 males TAMU);
8 females 3 males "Oaxaca, 29.1mi E Po-

chutla, 13.vii.l987, 80', J.B. Woolley and G.

Zolnerowich, 87/038" (4 females 1 male

LUZM, 4 females 2 males TAMU); 1 male

"Oaxaca, 3.9mi NE San Gabriel Mixtepec,
16.vii.l985, J.B. Woolley, 85/067" (TAMU);
2 males "Oaxaca, 2mi N Candelaria Loxi-

cha, 17.vii.l985, J.B. Woolley and G. Zol-

nerowich, 85/068" (LUZM, TAMU); 1

male "Oaxaca, 3mi SE Matatlan, Micro-

ondas Road, 17.vii.l987, 6650', J.B. Wool-

ley and G. Zolnerowich, 87/049" (TAMU);
1 female "Chiapas, 12.1km S Palenque,
13.viii.l990, 1200', J.B. Woolley, 90/063"

(TAMU); 1 male "Chiapas, Parque Na-

cional Lagunas de Montebello,

ll.viii.l990, 5000', J.B. Woolley, 90/061"

(TAMU); 1 female 1 male "Chiapas, 6mi
N Berriozabal, 8-9.viii.1990, 4000', J.B.

Woolley, 90/056" (LUZM); 1 female 3

males "Chiapas, Municipal Tenejapa, Pa-

raje Yashanal, 5200-5800', 4.viii.l990, J.B.

Woolley, 90/052"; 1 female "Guerrero,
2mi N Cacahuamilpa, 19.vii.l984, 5000',

J.B. Woolley, 84/043" (TAMU); 2 females

7 males "Guerrero, 2mi NE Cacahuamil-

pa, 4.vii.l987, 5300', R. Wharton" (1 fe-

male 3 males LUZM, 1 female 4 males

TAMU); 1 male "Guerrero, 2.1mi NE Ca-

cahuamilpa, 4.vii.l987, 5250', J.B. Woolley,
87/011" (TAMU); 1 male 1 female "Guer-

rero, 32mi SE Petatlan, 10.vii.l985, J.B.

Woolley, 85/047" (LUZM); 1 female

"Guerrero, 7mi W Chilapa, 16.vii.l984, J.B.

Woolley, 84/036" (TAMU); 3 females 4

males "Jalisco, 16mi S Autlan, 8.vii.l984,

J.B. Woolley, 84/025" (1 female 2 males

LUZM, 2 females, 2 males TAMU); 2 fe-

males 1 male "Jalisco, 5.2mi N Autlan

Mine Road, 7.vii.l984, J.B. Woolley,
84/022" (TAMU); 1 female 1 male "Jalis-

co, 8.3mi S Autlan on highway 80,

8.vii.l984, J.B. Woolley, 84/024" (LUZM);
2 females 1 male "Michoacan, lOmi S

Uruapan, 6.vii.l985, J.B. Woolley, 85/032"

(TAMU); 1 female "Puebla, 4.7mi SW La

Cumbre, 23.vii.1987, 5100', R. Wharton"

(TAMU); 1 female 4 males "Puebla, 4.7mi

SW La Cumbre, 23.vii.1987, 5100', J.B.

Woolley, 87/055", 1 male gaster on slide

(no. 264) (1 female 2 males LUZM, 2 males

TAMU); 1 female "Tamaulipas, road from

Alta Cimas to Rancho de Cielo, 6.vii.l986,

R. Jones and P. Kovarik" (TAMU); 1 male

"Tamaulipas, 2mi W Gomez Farias,

5.vii.l986, G. Zolnerowich" (LUZM); 1 fe-

male 4 males "Veracruz, 3mi NE Huatus-

co, 22.vii.1985, J.B. Woolley, 85/084" (1 fe-

male 2 males LUZM, 2 males TAMU); 1

male "Veracruz, llmi S Misantla,

24.vii.1984, J.B. Woolley, 84/051" (TAMU).

Etymology.
—Name referring to com-

plete notauli in this species.

Diagnosis.
—Scutellum without pits; par-

amere with two setae at apex.

Description.
—

Length of body female=

0.9-1.5 mm, male= 0.8-1.3 mm.
Colour: Scape pale to infuscate in fe-

male, male scape infuscate to dark with

base pale; pedicel and flagellum dark. Fe-

male with frons below cross-groove gold-

en-red, golden-green or golden; above

cross-groove metallic bluish-purple, gold-

en-purple or golden-green; vertex metallic

bluish-purple, bluish-green or golden-
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green. Male with frons and vertex metallic

greenish-blue, vertex sometimes golden-

purple. Midlobe of mesoscutum golden-

purple or golden; sidelobes metallic blu-

ish-green or golden-purple. Scutellum me-

tallic bluish-green, bluish-purple or gold-

en-green. Propodeum golden-green. Fore

coxa dark and metallic, mid and hind cox-

ae pale, to all coxae dark and metallic; re-

maining parts of legs pale yellow, femora

sometimes dark. Wings hyaline to infus-

cate. Petiole pale to dark. Gaster with 1st

tergite metallic bluish-green, remaining

tergites golden-purple.
Head: Antennae as in Figs 33, 34. Frons

and vertex with weak superficial reticula-

tion, shiny, to smooth and shiny without

reticulation. Antennal scrobes reach fron-

tal cross-groove separately. Frontal cross-

groove V-shaped. Occipital margin round-

ed.

Mesosoma: Midlobe of mesoscutum
with weak reticulation, sidelobes and scu-

tellum with weak superficial reticulation,

shiny. Dorsellum small, flat and smooth.

Forewing speculum closed below; without

stigmal hairline and with radial cell hairy.

Metasoma: Female gaster ovate. Male

genitalia: paramere with two setae at apex
of paramere.

Species group obscurinotata

Diagnosis.
—

Clypeus (Figs 51-53) poorly

delimited, more or less semicircular and

semicircularly protruding below lower

edge of frons. Head without frontal cross-

ridge. Male flagellomeres with verticillate,

i.e. with a single basal whorl of setae on
each flagellomere (Figs 45, 47, 48), or scat-

tered (Fig. 42) arrangement of setae. Male

genitalia (Fig. 104): volsellar setae laterally

flattened and placed at different levels far

below apex of parameres and below base

of volsellar ridges; digitus as long as wide
to transverse; paramere with one seta

close to apex; aedeagus (Fig. 124) slender,

sometimes expanded apically. Flagello-

meres with sensilla ampullacea short and

asymmetric (type II sensu Hansson

1996b). Forewing with radial cell bare but

without hairline from stigmal vein; spec-
ulum closed below.

Apomorphies.
—

Clypeus poorly delimit-

ed. Male flagellomeres with verticillate se-

tae (reversed in some species).

23. Omphale acuminativentris (Girault)

(Figs 48, 49)

Achrysochardla acuminativentris Girault, 1917c:6.

Omphale acuminativentris (Girault), Yoshimoto

1978:716.

Diagnosis.
—Entire frons pale nonmetal-

lic in female, in male pale nonmetallic be-

low frontal cross-groove, dark and metal-

lic above cross-groove; flagellum with

slender segments and with long setae in

female, ventral setae especially long from

2nd segment and onwards; male scape
widest in middle, flagellomeres long and

slender with only a proximal whorl of thin

setae; 7th tergite of female gaster long, 3x
as long as width of base.

Distribution.—Chiapas, Colima, Guerre-

ro, Jalisco, Michoacan, Oaxaca, Tamauli-

pas, Veracruz. 104 females 5 males. New
record for Mexico.

Remarks.—Some specimens from Mexi-

co have head and mesosoma dark and me-

tallic.

24. Omphale fulgida n.sp.

(Figs 44, 45, 52, 119)

Type material.—Holotype male labelled

"Michoacan, lOmi S Uruapan, 6.vii.l985,

J.B. Woolley, 85/032" (USNM). Paratypes:
1 male 3 females with same label data as

holotype, male gaster on slide (no. 291) (1

female 1 male LUZM, 2 females TAMU);
1 female "Chiapas, Ocozacoautla, 8.viii.

1990, 1800-2200', J.B. Woolley, 90/0558"

(TAMU).

Etymology.
—

"Fulgida" latin for shiny,

referring to shiny clypeus.

Diagnosis.
—Frons, including clypeus,

metallic and shiny in both sexes; male fla-

gellomeres with fine and verticillate setae

(Fig. 45).
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Figs. 42-59. 42-50. Antennae. 42, pallida, male. 43, Ditto, female. 44, fulguia, female. 45, Ditto, male. 46,

obscurhwtata, female. 47, Ditto, male. 48, acunuualivcutns, male. 49, Ditto, female. 50, graalia, female. 51-56.

Head, frontal. 51, palluia, male. 52, fulf^ida, male. 53, gracilis, female. 54, angusticoniis, female. 55, cumbrcnsis,
male. 56, Zi^liicwwichi, male. 57-58. Base of forewing. 57, yallula. 58, ma>ncri. 59, Stigmal vein, pallida.
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Description.
—Length of body male =

1.0-1.1 mm, female= 1.1-1.2 mm.
Colour: Entire antenna dark in male,

scape in female pale with apical tip dark.

Frons golden-green with pale spots below

toruli, in one female entire frons below to-

ruli (except metallic clypeus) pale. Vertex

golden-purple in male, golden-green in fe-

male. Mesoscutum and scutellum with

golden-green tinges. Fore and mid coxae

infuscate, hind coxa dark and metallic;

femora and tarsi infuscate; tibiae pale.

Wings hyaline. Petiole dark. Gaster gold-

en-purple, with pale subbasal spot in

male.

Head: Antermae as in Figs 44, 45. Frons

and vertex smooth and shiny. Frontal

cross-groove V-shaped. Occipital margin
rounded.

Mesosoma: Mesoscuttim and scutellum

with fine and weak reticulation, smooth in

some places. Dorsellum small, flat and

smooth. Forewing without stigmal hair-

line but with radial cell bare.

Metasoma: Female gaster ovate. Male

genitalia (as in Fig. 104) with inner digital

spine about twice as large as outer spine,

spines placed wide apart.

25. Omphale gracilis n.sp.

(Figs 50, 53)

Ti/pe material.—Holotype female la-

belled "Jalisco, 8.3mi S Autlan on high-

way 80, 5000', 8.vii.l984, J.B. Woolley"
(USNM).

Etymology.
—"Gracilis" latin for slender,

referring to slender mesosoma.

Diagnosis.
—Frons golden-green and

clypeus pale in female (male unkiiown);

antennae, legs and gaster pale; mesosoma

elongate, 1.8x as long as wide.

Description (female).
—
Length of body =

1.2 mm.
Colour: Antenna pale. Clypeus pale.

Frons and vertex golden-green. Thorax

golden-green with reddish tinge. Legs

pale. Wings hyaline. Petiole pale. Gaster

pale, apical part of ovipositor sheaths

dark.

Head: Without frontal cross-ridge. An-
tenna as in Fig. 50. Frons with very weak

reticulation, almost smooth. Vertex with

weak reticulation. Clypeus poorly delim-

ited dorsally. Frontal cross-groove V-sha-

ped. Occipital margin rounded.

Mesosoma: Mesoscutum and scutellum

with fine engraved reticulation. Dorsellum

small, convex and smooth. Forewing with-

out stigmal hairline but with radial cell

bare.

Metasoma: Female gaster elongate.

26. Omphale masneri Hansson

(Fig. 58)

Omphale masneri Hansson, 1996b:32.

Diagnosis.
—

Predominantly dark with

weak metallic tinges; clypeus and frons

below toruli pale brown in female, white

in male; male flagellomeres with scattered

setae; forewing densely pubescent; setae

on thoracic dorsum long.
Distribution.—Oaxaca. 1 female. New

record for Mexico.

27. Omphale obscurinotata (Girault)

(Figs 46, 47)

Achrysocharella obscurinotata Girault, 1916a:306.

Ompjhale obscurinotata (Girault), Yoshimoto
1978:717.

Diagnosis.
—Entire frons pale nonmetal-

lic in female, in male pale nonmetallic be-

low frontal cross-groove, dark and metal-

lic above cross-groove; flagellum with

short and stout segments and with com-

paratively short setae in female; male

scape widest at base, flagellomeres short

and stout with thick and bent setae—apart
from a proximal whorl also with some se-

tae apical to whorl.

Distribution.—Guanajuato, Guerrero,

Jalisco, Michoacan, Oaxaca. 63 females 52

males. New record for Mexico.

28. Omphale pallida n.sp.

(Figs 42, 43, 51, 57, 59, 104, 124)

Type material.—Holotype male labelled

"Michoacan, 6mi N Cheran, 8.vii.l985, J.B.
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Woolley, 85/034" (USNM). Paratypes: 5

males 4 females with same label data as

holotype, one male gaster on slide (no.

258) (2 males 2 females LUZM, 3 males 2

females TAMU); 1 female "Michoacan,
2mi S Carapan, 6.vii.l985, J.B. Woolley,
85/031" (TAMU); 1 female "Chiapas, 4km
W San Cristobal, San Felipe, 7200', 10-

13.viii.l990, J.B. Woolley, 90/058" (LUZM);
1 female "Chiapas, San Cristobal Reserva

Huitepec, 7300-7500', 3.viii.l990, J.B.

Woolley, 90/051A" (LUZM); 1 male

"Chiapas, San Cristobal Reserva Huitepec,
7700-7850', 3.viii.l990, J.B. Woolley,
90/051B" (TAMU); 1 female "Guerrero,
2mi E Ocotito, n.vii.l985, J.B. Woolley,
85/048" (LUZM); 4 males 2 females

"Guerrero, 17mi E Tixtla, ll.vii.l985, J.B.

Woolley and G. Zolnerowich, 85/050" (2

males 1 female LUZM, 2 males 1 female

TAMU); 2 females "Guerrero, 6.2mi SW
Xochipala, 13.vii.l985, J.B. Woolley,
85/056" (LUZM, TAMU); 1 female "Guer-

rero, 6mi NE Tixtla de Guerrero, 16.vii.

1984, J.B. Woolley, 84/035" (TAMU); 1

male "Jalisco, 8.3mi S Autlan on highway
80, 8.vii.l984, J.B. Woolley, 84/024"
(TAMU); 1 male "Oaxaca, Llano de las

Flores, 17.vii.l987, 8900', R. Wharton"

(LUZM); 1 male 2 females "Oaxaca, 3.2mi

SW La Cumbre, 8.vii.l985, J.B. Woolley,
85/071" (TAMU); 1 male 9 females "Oaxa-

ca, 8mi NE El Punto, 18.vii.l985, J.B. Wool-

ley and G. Zolnerowich, 85/074" (1 male 5

females LUZM, 4 females TAMU); 1 female

"Oaxaca, 6mi NE Mitla, 20.vii.l985, J.B.

Woolley, 85/077" (TAMU); 2 females "Oa-

xaca, 19mi S San Miguel Suchixtepec,
17.vii. 1985, J.B. Woolley and G. Zolne-

rowich, 85/069" (LUZM); 1 female "Pueb-

la, 4mi E Azumbilla, 22.vii.1984, J.B. Wool-

ley, 84/047" (TAMU); 2 females "Puebla,
3.7mi S Zacapoaxtla, 23.vii.1985, J.B.

Woolley, 85/085" (LUZM, TAMU); 1 male
3 females "Veracruz, 3mi NE Huatusco,

22.vii.1985, J.B. Woolley, 85/084" (1 male
1 female LUZM, 2 females TAMU).

Eti/mology.
—"Pallida" is latin for pale.

referring to pale froiis below level of an-

tennal toruli in male.

Diagnosis.
—Male: frons below level of

toruli pale (including clypeus) (Fig. 51),

above this level dark and metallic; flagel-
lomeres long and narrow, with strong and
scattered setae (Fig. 42). Female: frons pale
nonmetallic or pale below toruli and dark

and metallic above. Both sexes: stigmal
vein enlarged (Fig. 59).

Description.
—Length of body male =

0.9-1.5 mm, female = 1.3-2.0 mm.
Colour: Male: Antenna dark, a few spec-

imens with scape pale and apical tip dark.

Frons below toruli and eyes pale, above

golden-green (a few specimens pale up to

frontal cross-groove). Vertex golden-
green. Mesoscutum and scutellum golden-

green or golden-purple, one male with

sides of scutellum pale nonmetallic. Coxae
and femora pale to dark; tibiae and tarsi

pale to infuscate. Wings hyaline, forewing

occasionally infuscate round stigmal vein.

Petiole dark. Gaster golden-purple with

pale subbasal spot, to completely dark and
metallic. Female: Scape pale with apex
and base dark to completely dark; pedicel

pale brown to dark brown; flagellum
dark. Head pale nonmetallic to pale with

frons above toruli and vertex golden-

green. Mesoscutum and scutellum yellow-
ish-brown with weak metallic tinge to

golden-green. Coxae yellowish-brown to

dark and metallic; femora, tibiae and tarsi

yellowish-brown to infuscate. Wings hya-
line. Petiole dark. Gaster pale with poste-
rior 'A of tergites dark, to completely dark
with weak metallic tinges.
Head: Antennae as in Figs 42, 43. Frons

and vertex smooth and shiny. Frontal

cross-groove V-shaped. Occipital margin
rounded.

Mesosoma: Mesoscutum and scutellum

with fine and weak reticulation. Dorsel-

lum small, convex and smooth. Forewing
speculum closed below; without stigmal
hairline and with radial cell hairy.
Metasoma: Female gaster elongate.

Male genitalia (Fig. 104) with inner digital
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spine about twice as large as outer spine,

spines placed wide apart.
Remarks. The female of pallida is very

similar to the female of acuminatwentris,

the only difference being the enlarged

stigmal vein and the metallic thoracic dor-

sum in pallida (thoracic dorsum nonmetal-

lic in aciiminativeiitris).

Species group scutellata

Diagnosis.
—
Clypeus with rounded sides

(Figs 54-56, 63), sides never straight and

clypeus hence never quadrangular, metal-

lic or partly metallic, never completely

pale. Head with frontal cross-ridge (see

Fig. 1) (weak or missing in newly de-

scribed species below). Male flagellomeres
with verticillate setae, i.e. with a single ba-

sal whorl of setae on each flagellomere

(Fig. 61). Male genitalia (Fig. 105): volsel-

lar setae long and strong and placed far

below apex of parameres and base of vol-

sellar ridges, and at different levels; digi-
tus as long as wide to transverse, digital

spines of same size or inner spine larger
than outer; paramere with one slender

seta on outer apical corner, inner apical
corner of paramere drawn out to a long
and narrow structure that looks just like a

seta (Hansson (1996b) regarded this struc-

ture as a seta but there is no joint between
structure and paramere, therefore it is no

seta); aedeagus (Fig. ) with penis valves

narrow at base and wide at apex. Flagel-
lomeres with sensilla ampuUacea short

and asymmetric (type II sensu Hansson

1996b). Females with surface between an-

tennal toruli and frontal cross-ridge pale,
males also with frons below cross-ridge

completely or predominantly pale.

Aponiorphies.
—Head with frontal cross-

ridge; clypeus with rounded sides; male

flagellomeres with verticillate setae. Male

genitalia: inner apical corner of paramere
drawn out; volsellar setae placed at differ-

ent levels.

29. Omphale angusticornis n.sp.

(Figs 54, 60, 65)

Type material.—Holotype female la-

belled "Chiapas, 12.1km S Palenque,

13.viii.l990, 1200', J.B. Woolley, 90/063"

(USNM). Paratypes: 5 females with same
label data as holotype (2 females LUZM,
3 females TAMU); 1 female "Chiapas, 8mi
N Berriozabal, 9.viii.l990, 3600', J.B. Wool-

ley, 90/057B" (TAMU); 4 females "Jalisco,

16mi S Autlan, 8.vii.l984, J.B. Woolley,
84/025" (2 females LUZM, 2 females

TAMU); 9 females "Michoacan, lOmi S

Uruapan, 6.vii.l985, J.B. Woolley, 85/032"

(5 females LUZM, 4 females TAMU); 1 fe-

male "Oaxaca, 29.1mi E Pochutla,

13.vii.l987, 80', J.B. Woolley and G. Zol-

nerowich, 87/038" (TAMU); 12 females

"Oaxaca, 4.7mi S San Gabriel Mixtepec,
16.vii.l985, J.B. Woolley and G. Zolnerow-

ich, 85/066" (6 females LUZM, 6 females

TAMU); 2 females "Oaxaca, 2mi N Can-

delaria Loxicha, 17.vii.l985, J.B. Woolley
and G. Zolnerowich, 85/068" (LUZM,
TAMU); 5 females "Oaxaca, 3.9mi NE San

Gabriel Mixtepec, 16.vii.l985, J.B. Wool-

ley, 85/067" (2 females LUZM, 3 females

TAMU); 1 female "Quintana Roo, 68km
SW Chetumal, Kohunlich, 14-17.1983,

160m, M. Kaulbars" (CNC); 1 female "Ta-

maulipas, Reserva El Cielo Alta Cimas,

30.vii.l993, 3100', J.B. Woolley and K.

Wikse, 93/035" (TAMU).
Eti/mologi/.

—
"Angusticornis" latin for

"narrow antenna".

Diagnosis.
—Body predominantly pale

yellow to predominantly dark with weak
metallic tinge; clypeus yellow to pale
brown with weak metallic tinge, never

dark and metallic; flagellum long and

slender (Fig. 60); setae on vertex and tho-

racic dorsum black and long (Fig. 65).

Description (female).
—

Length of body =

1.0-1.4 mm.
Colour: Scape and pedicel pale yellow

to infuscate; flagellum pale brown to dark.

Frons pale yellow with golden-green

stripe from eye to eye in level with anten-

nal toruli, to golden-green with pale spots
below toruli; clypeus pale brown with

weak metallic tinge. Vertex pale yellow to

dark with golden tinge, setae black. Tho-

rax pale yellow, or mesoscutum dark with
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Figs. 60-75. 60-62. Anlennao. 60, au^^ustkornif., female. 61, zolncrowichi, male. 62, oriampla. female. 6.3, Head,

frontal, oruimpla, female. 64, Base of forewing, zclne)\m>icl}i (.sp= speculum). 65-66. Mesoscutum + scutellum,

dorsal. 65, nn^usticornii. 66, foffala. 67-70. Antennae. 67, urunpnua, male. 68, vnlida. female. 69, uruapnna. female.

70, foaata, female. 71, Foretibia, lateral, viilidn. 72, Head, lateral, iiruafnvui, female. 73, Stigmal vein, tciupora.

74, Head, frontal, /assafn, female. 75, Head + mesosoma, lateral, crgmnus.
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golden tinge and scutellum yellowish-
brown with median metallic stripe. Legs

pale yellow, femora infuscate in dark

specimens. Wings hyaline. Petiole pale.

Gaster pale yellow with sides dark brown
to entire gaster dark brown, apical part of

ovipositor sheaths dark.

Head: Antenna as in Fig. 60. Frons with

weak smallmeshed reticulation. Vertex

with strong smallmeshed reticulation,

hence dull. Clypeus 3.3 X as wide as long.
Frontal cross-groove V-shaped. Occipital

margin rounded.

Mesosoma: Mesoscutum and scutellum

with fine and weak reticulation; setae

long, distance between a pair shorter than

length of one seta. Dorsellum small, flat

and smooth. Forewing speculum closed

below; without stigmal hairline and with

radial cell hairy.

Metasoma: Female gaster elongate.

30. Omphale cumbrensis n.sp.

(Fig. 55)

Type material.—Holotype male labelled

"Oaxaca, 3.2mi SW La Cumbre, 8.vii.l985,

J.B. Woolley, 85/071", gaster on slide (no.

283) (USNM). Paratype: 1 male with same
label data as holotype (TAMU).

Etymology.
—"From La Cumbre".

Diagnosis.
—Frons close to mouth open-

ing pale nonmetallic, but with clypeus
dark and metallic; forewing speculum
large (compared to zolnerowichi), open or

closed below; male scape as in zolnerowi-

chi, i.e. widest in median part (as opposed
to scutellata and vulgaris in which scape is

widest below middle).

Description (male).—Length of body=
L0-L2 mm.

Colour: Scape pale with apical K, dark;

pedicel and flagellum dark. Frons, includ-

ing clypeus, metallic bluish-green, below
level of antennal toruli pale nonmetallic.

Vertex golden. Mesoscutum golden-green
to golden-purple. Scutellum golden-pur-

ple. Dorsellum golden-purple. Propo-
deum metallic bluish-green. Coxae dark

and metallic, hind femur dark, remaining

parts of legs pale to infuscate. Wings hy-
aline. Petiole dark. Gaster golden-purple
with anteromedian pale spot.

Head: Antenna as in zolnerowichi (Fig.

61). Frons and vertex smooth and shiny.

Clypeus 2.3 X as wide as long. Frontal

cross-groove V-shaped. Occipital margin
rounded.

Mesosoma: Mesoscutum and scutellum

with fine engraved reticulation. Dorsellum

small, convex and smooth. Forewing spec-
ulum open or closed below; without stig-

mal hairline but with radial cell more or

less bare.

31. Omphale oriampla n.sp.

(Figs 62, 63)

Type material.—Holotype female la-

belled "Guerrero, 32mi SE Petatlan,

10.vii.l985, J.B. Woolley, 85/047" (USNM).

Paratypes: 1 female with same label data

as holotype (TAMU); 1 female "Colima,
7mi SSW Colima, 9.vii.l984, J.B. Woolley,
84 /026a" (LUZM); 1 female "Jalisco, 5.2mi

N Autlan Mine Road, 7.vii.l984, J.B. Wool-

ley, 84/022" (LUZM); 1 female "Michoa-

can, 49mi SE Aquila, 13.vii.l984, J.B.

Woolley, 84/031" (TAMU).

Etymology.
—
"Oriampla" latin for "large

mouth".

Diagnosis.
—Mouth opening and clypeus

very wide (Fig. 63), mouth opening 1.3X

as wide as height of eye and clypeus 8.5X
as wide as long; mesoscutum and scutel-

lum yellow nonmetallic with very weak

superficial reticulation.

Description (female).
—
Length of body=

0.9-1.0 mm.
Colour: Scape pale with apex infuscate;

pedicel and flagellum dark. Frons and ver-

tex with golden-green tinges, frons below
level of toruli pale nonmetallic. Mesoscu-

tum, scutellum and dorsellum yellow non-

metallic, one specimen with anterior '/, of

mesoscutum and a median stripe on scu-

tellum golden-green; propodeum with

golden-green tinges. Legs pale. Wings hy-
aline. Petiole pale. Gaster with golden-

purple tinges.
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Head: Antenna as in Fig. 62. Frons and

vertex smooth and shiny. Clypeus 8.5 X as

wide as long. Frontal cross-groove V-

shaped. Occipital margin rounded.

Mesosoma: Mesoscutum and scutellum

with very weak superficial reticulation, al-

most smooth. Dorsellum small, convex

and smooth. Forewing speculum closed

below; without stigmal hairline and with

radial cell hairy.

Metasoma: Gaster ovate.

32. Omphale scutellata (Girault)

Rhicnopeltomyia scutellata Girault, 1916b:40.

Rhknopeltomyia belisarii Girault, 1917a:4, syn.

Hansson (1996b:23).

Omphale scutellata (Girault), Schauff 1991:75.

Diagnosis.
—Female mouth opening

wide, 1.2-1 .4 X the height of an eye.

Distribution.—Colima, Guanajuato,
Guerrero, Jalisco, Michoacan, Morelos,

Oaxaca, Puebla. 118 females. New record

for Mexico.

33. Omphale vulgaris Fiansson

Omphale vulgaris Hansson, 1996b:24.

Diagnosis.
—Female mouth opening nar-

row, l.Ox the height of an eye.
Distribution.—Chiapas, Guerrero, Jalis-

co, Michoacan, Oaxaca, Puebla. 74 fe-

males. New record for Mexico.

Omphale scutellata/vulgaris

Distribution.—Colima, Guerrero, Jalisco,

Michoacan, Oaxaca, Puebla. 55 males.

34. Omphale zolnerowichi n.sp.

(Figs 56, 61, 64, 105, 122)

Type material.—Holotype male labelled

"Chiapas, 12.1km S Palenque, 13.viii.l990,

1200', J.B. Woolley, 90/063" (USNM).

Paratypes: 1 male with same label data as

holotype (TAMU); 2 males "Chiapas, 8mi
N Berriozabal, 9.viii.l990, 3600', J.B. Wool-

ley, 90/057B" (LUZM, TAMU); 2 males

"Chiapas, Ocozacoautla, 8.viii.l990, 1800-

2200', J.B. Woolley, 90/055B", 1 gaster on

slide (no. 292) (LUZM, TAMU); 4 males

"Michoacan, lOmi S Uruapan, 6.vii.l985,

J.B. Woolley, 85/032" (2 males LUZM, 2

males TAMU); 1 male "Oaxaca, 29.1mi E

Pochutla, 13.vii.l987, 80', J.B. Woolley and

G. Zolnerowich, 87/038" (LUZM); 3 males

"COSTA RICA: Heredia, La Selva, 50m,

22.i-2.ii.1991, J.S. Noyes" (BMNH).

Etyinolog]!.
—Name referring to collector

of some of the type material of this spe-
cies.

Diagnosis.
—Clypeus large (Fig. 56),

about 2X as wide as long; frons close to

mouth opening dark and metallic; fore-

wing speculum small and closed below

(Fig. 64).

Description (male).—Length of body=
0.9-1.3 mm.

Colour: Scape pale with dorsal edge
dark, to completely infuscate; pedicel and

flagellum dark dorsally and pale ventral-

ly, to completely dark. Frons, including

clypeus, metallic bluish-green, bluish-pur-

ple or golden-green, with pale spots below

toruli. Vertex golden-purple to golden-

green. Mesoscutum with anterior 'A gold-

en-green and posterior /, yellow nonme-

tallic, to predominantly golden-green with

only posterior border pale nonmetallic.

Scutellum yellow nonmetallic, median K,

with longitudinal golden-green stripe, to

predominantly golden-green with only
sides pale nonmetallic. Dorsellum yellow
nonmetallic. Propodeum metallic purple.

Hind coxa dark and metallic, remaining

parts of legs pale, tarsi infuscate. Forewing
with infuscate spot below stigmal vein.

Petiole dark. Gaster golden-purple with

anteromedian pale spot.

Head: Antenna as in Fig. 61. Frons and

vertex smooth and shiny. Clypeus large,

2x as wide as long. Frontal cross-groove

V-shaped. Occipital margin rounded.

Mesosoma: Mesoscutum and scutellum

with fine engraved reticulation. Dorsellum

small, convex and smooth. Forewing spec-

ulum small and closed below; without

stigmal hairline and with radial cell hairy.
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Species group semiglobosa

Diagnosis.
—Clypeus semicircular to

quadrangular with rounded corners (Fig.

74), dark and metallic. Head without fron-

tal cross-ridge. Male flagellomeres with

scattered setae (Fig. 67). Male genitalia

(Fig. 106): volsellar setae long and strong

and placed distinctly below parameres
and volsellar ridges, and at same level;

digitus elongate with inner digital spine

enlarged and placed above outer spine;

paramere with one long and slender seta

at apex of paramere; aedeagus (Fig. 118)

wide medially. Flagellomeres with sensilla

ampullacea long and asymmetric (type III

sensu Hansson 1996b). Forewing long and

narrow, HW<LM.
Aponiorpliies.

—
Flagellomeres with elon-

gate and asymmetric sensilla ampullacea.

Forewing long and narrow. Male genita-

lia: digital spines placed at different levels;

digitus elongate.

35. Omphale fossata n.sp.

(Figs 66, 70, 74)

Type material.—Holotype female la-

belled "Oaxaca, IS.lmi N San Gabriel

Mixtepec, 3850', ll.vii.l987, J.B. WooUey
and G. Zolnerowich, 87/031" (USNM).

Paratypes: 1 female with same label data

as holotype (TAMU); 3 females "Michoa-

can, lOmi S Uruapan, 6.vii.l985, J.B. Wool-

ley, 85/032" (2 females LUZM, 1 female

TAMU); 1 female "Michoacan, lOmi S

Uruapan, 7.vii.l985, J.B. Woolley and G.

Zolnerowich, 85/037" (TAMU).

Etymology.
—"Fossata" meaning "with

trench", referring to groove between me-

soscutum and scutellum.

Diagnosis.
—Midlobe of mesoscutum re-

ticulate with elongate meshes, hence ap-

pearing striate; midlobe of mesoscutum

delimited from scutellum by a distinct fur-

row (Fig. 66); clypeus quadratic, as wide

as long (Fig. 74).

Description (female).
—Length of body =

1.1-1.3 mm.
Colour: Antenna yellowish-brown, ped-

icel and flagellum slightly darker than

scape. Head yellowish-brown with weak

metallic tinges. Thorax yellowish-brown
with weak metallic tinges. Mid and hind

coxae pale, fore coxa and remaining parts

of legs yellowish-brown. Forewing with a

strong fuscous spot below median y, of

marginal vein, spot reaching hind margin.

Petiole pale. Gaster yellowish-brown, ter-

gites 1-5 with darker hind margins, 7th

tergite and apical ovipositor sheaths dark.

Head: Antenna as in Fig. 70. Frons be-

low cross-groove with weak reticulation;

frons above cross-groove and vertex

smooth. Clypeus quadratic, as long as

wide. Frontal cross-groove V-shaped. Oc-

cipital margin with sharp edge.

Mesosoma: Mesoscutum and scutellum

with weak reticulation, midlobe of mesos-

cutum with elongate meshes and hence

appearing striate; notauli deep and dis-

tinct in posterior %. Dorsellum small, con-

vex and smooth. Forewing speculum
closed below; without stigmal hairline but

with radial cell bare.

Metasoma: Gaster elongate.

36. Omphale semiglobosa Hansson

Omphale setniglobosa Hansson, 1996b:39.

Diagnosis.
—Mouth opening narrower

than height of eye in both sexes; clypeus

about as wide as long.

Distribution.—Campeche, Chiapas,

Guerrero, Jalisco, Michoacan, Oaxaca,

Puebla, Quintana Roo, Tamaulipas, Vera-

cruz. 170 females 40 males. New record

for Mexico.

37. Omphale uruapana n.sp.

(Figs 67, 69, 72, 106, 118)

Ti/pe material.—Holotype female la-

belled "Michoacan, lOmi S Uruapan,

6.vii.l985, J.B. Woolley, 85/032" (USNM).

Paratypes: 2 females 10 males with same

label data as holotype, 1 male gaster on

slide (no. 260) (1 female 5 males LUZM, 1

female 5 males TAMU); 1 male with same

label data as holotype but collected
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7.vii.l985 (LUZM); 1 female "Michoacan,
28.5mi S Nueva Italia, 9.vii.l985, J.B.

Woolley and G. Zolnerowich, 85/045"

(TAMU); 1 male "Guerrero, 2mi NE Ca-

cahuamilpa, 4.vii.l987, 5300', R. Wharton"

(TAMU); 2 females "Guerrero, 6.2mi SW
Xochipala, 6.vii.l987, 5670', J.B. Woolley,
87/017" (LUZM, TAMU); 3 females 1

male "Jalisco, 17mi N Guadalajara,
6.vii.l984, J.B. Woolley, 84/019" (1 female

1 male LUZM, 2 females TAMU); 1 female

"Jalisco, 6.7mi N Autlan Mine Road,

7.vii.l984, J.B. Woolley, 84/021" (LUZM);
1 male "Jalisco, 8.3mi S Autlan on high-

way 80, 8.vii.l984, J.B. Woolley, 84/024"

(TAMU); 1 female "Oaxaca, 8mi NE El

Punto, 18.vii.l985, J.B. Woolley and G.

Zolnerowich, 85/074" (TAMU); 1 female

"Oaxaca, 4.4mi S San Gabriel Mixtepec,
10-ll.vii.1987, 2500', J.B. Woolley and G.

Zolnerowich, 87/027A" (LUZM).

Etymologi/.
—"From Uruapan".

Diagnosis.
—Mouth opening as wide as

height of eye in female, slightly wider

(l.lx) than eye in male; clypeus 2x as

wide as long.

Description.
—

Length of body female=

1.6-2.0 mm, male= 0.8-1.4 mm.
Colour: Scape pale with dorsal edge

dark; pedicel and flagellum dark, 5th fla-

gellomere partly to completely pale in fe-

male. Frons golden-green. Vertex metallic

bluish-green or golden-green. Mesoscu-

tum metallic bluish-green, golden-green
or golden-purple. Scutellum golden-green
or golden-purple. Propodeum yellowish-
brown with metallic tinge, completely yel-

low in a few specimens. Legs pale, fore

coxa dark and metallic in one specimen,
femora infuscate in a few specimens.

Wings hyaline, weakly infuscate round

stigmal vein. Petiole pale. Gaster dark

brown with metallic bluish-green tinge,

tergites 4 and 5 sometimes pale medially
in female; apical part of ovipositor sheaths

black.

Head: Antennae as in Figs 67, 69. Frons

below frontal cross-groove with weak re-

ticulation; above cross-groove and on ver-

tex smooth and shiny. Clypeus 2x as wide
as long. Antenna! scrobes join on frontal

cross-groove. Frontal cross-groove almost

straight. Occipital margin with raised ca-

rina.

Mesosoma: Mesoscutum and scutellum

with fine engraved reticulation; notauli

distinct and clearly dehmited in posterior

y'v Dorsellum small, flat and smooth. Fore-

wing speculum closed below; without

stigmal hairline but with radial cell bare.

Metasoma: Petiole in male transverse,

0.7x as long as wide. Female gaster ovate.

38. Omphale valida n.sp.

(Figs 68, 71)

Ti/pe material.—Holotype female la-

belled "Guerrero, Imi NE La Laguna,
17.vii.l984, J.B. Woolley, 84/038" (USNM).

Etymology.
—"Valida" is latin for large,

referring to size of species.

Diagnosis.
—Vertex, mesoscutum and

scutellum with strong and raised reticu-

lation; fore tibia with a raised carina along
dorsal surface (Fig. 71).

Description (female).
—
Length of body=

2.1 mm.
Colour: Scape pale with dorsal edge

dark; pedicel and flagellum dark. Head
and mesosoma black and shiny with weak
metallic tinge. Fore coxa dark and metal-

lic, mid and hind coxae pale; femora in-

fuscate; tibiae pale; tarsi pale with apical

segment infuscate. Wings hyaline. Petiole

pale. Gaster dark brown with metallic

tinge.

Head: Antenna as in Fig. 68. Frons with

weak reticulation. Vertex with raised and

strong reticulation. Clypeus as wide as

long. Antennal scrobes join on frontal

cross-groove. Frontal cross-groove V-sha-

ped. Occipital margin with raised carina.

Mesosoma: Mesoscutum and scutellum

with raised and strong reticulation; notau-

li distinct and clearly delimited in poste-
rior 7,. Dorsellum small, flat and smooth.

Forewing speculum closed below; without

stigmal hairline but with radial cell bare.

Propodeum with weak reticulation.



142 Journal of Hymenoptera Research

Metasoma: Gaster ovate.

UNPLACED SPECIES

39. Omphale dentata n.sp.

(Figs 78, 79, 87, 109, 121)

Type material.—Holotype female la-

belled "Chiapas, 12.1 km S Palenque,

13.viii.l990, 1200', J.B. Woolley, 90/063"

(USNM). Paratypes: 1 male with same la-

bel data as holotype (TAMU); 1 female

"Chiapas, 8mi N Berriozabal, 9.viii.l990,

3600', J.B. Woolley, 90/057B" (TAMU); 1

male "Oaxaca, 2mi N Candelaria Loxicha,

17.vii.l985, J.B. Woolley and G. Zolnerow-

ich, 85/068" gaster on slide (no. 236)

(LUZM); 2 females "Oaxaca, 4.4mi S San

Gabriel Mixtepec, 10-ll.vii.1987, 2500',

J.B. Woolley and G. Zolnerowich,

87/027A" (LUZM, TAMU); 2 females "Ta-

maulipas, Reserva El Cielo, Alta Cimas,

3100', 30.vii.l993, J.B. Woolley and K.

Wikse, 93/035" (LUZM, TAMU).
Etymology.

—"Dentata" meaning "with

tooth", referring to medioventral dent on

male scape.

Diagnosis. Head smooth and shiny with-

out any reticulation; antennal scrobes join

slightly below frontal cross-groove (Fig.

87); flagellomeres with sensilla ampulla-
cea long and asymmetric (type III sensu

Hansson 1996b); male scape with a dent

medioventrally (Fig. 79); male petiole as

long as wide.

Description.
—

Length of body female=

1.0-1.3 mm, male= 0.9-1.0 mm.
Colour: Antenna pale yellowish-brown,

apical flagellomere sometimes pale in fe-

male. Clypeus dark and metallic. Frons

golden-green. Vertex metallic bluish-green
to golden-green. Mesoscutum and scutel-

lum metallic bluish-green. Dorsellum and

propodeum golden-purple, propodeum
pale yellowish-brown in one specimen.
Fore coxa infuscate to dark and metallic,

remaining parts fore leg, mid and hind

legs pale. Wings hyaline. Petiole pale.

Gaster golden-purple.
Head: Without frontal cross-ridge. An-

tennae as in Figs 78, 79, i.e. male flagel-

lomeres with verticillate setae (with a sin-

gle basal whorl of setae on each flagello-

mere); flagellomeres with sensilla

ampullacea long and asymmetric; male

scape with a dent medioventrally. Frons

and vertex smooth and shiny without re-

ticulation; antennal scrobes join slightly

below frontal cross-groove. Occipital mar-

gin with a sharp edge.
Mesosoma: Mesoscutum and scutellum

with weak reticulation; notauli clearly to

weakly delimited in posterior t',. Dorsel-

lum small, flat and smooth. Forewing

speculum closed below; radial cell hairy.

Propodeum smooth, with complete me-

dian carina.

Metasoma: Petiole transverse in female,

in male as long as wide, both sexes with

a raised and sharp carina along anterior

edge. Gaster elongate in female. Male gen-
italia (Fig. 109) with volsellar setae long
and strong, placed at different levels, be-

low parameres and base of volsellar ridg-

es; digitus as long as wide, inner digital

spine larger than outer; paramere with

one seta at apex of paramere; aedeagus

(Fig. 121) with aedeagal apodemes 1.2X as

long as penis valves.

Remarks.—Omphale dentata is very close

to Holcopelte, the only difference being the

enlarged volsellar setae in male genitalia

of O. dentata (as in all species of Omphale),
volsellar setae are normal in Holcopelte.

40. Omphale erginnus (Walker)

(Figs A, 75, 88)

Entedon erginnus Walker, 1839:124.

Omphale crgmmis (Walker), Graham 1959:202.

Diagnosis.
—Setae on vertex and thoracic

dorsum long and strong; scape with a

small dent apicoventrally in male (this is

the apical portion of the ventral sense

area); flagellomeres with sensilla ampul-
lacea long and asymmetric (type III sensu

Hansson 1996b); vertex smooth and shiny;

transepimeral sulcus straight.

Distribution.—Chiapas, Michoacan, Oa-
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Figs. 76-91. 76-83. Antennae. 76, tcniforii, male. 77, Ditto, female. 78, daitata, female. 79, Ditto, male. 80, sola,

female. 81, Ditto, male. 82, indtstincta, female. 83, Ditto, male. 84, Head, laleral, tcmpora, female. 85-90. Head,
frontal, female. 85, tcmpora. 86, sola. 87, dentata (fg= frontal cross-groove) 88, erginnus. 89, iudistiiicta. 90, nita.

91, Scale = 0.2 mm (Figs. 1-90), except Figs. 13, 40, scale= 0.4 mm.
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Figs. 92-102. 92-99. Phallob^ise, ventral. 92, clevnla. 93, woclhyi (Figs. 92, 93 with part of volsellar setae

omitted to show volsellar ridges). 94, c/hthiw. 95, Iria. 96, ivUithiim. 97, divhia. 98, niiflmlif. 99, carmnta. 100-

102. Digitus, ventral. 101), wlmrtoni. 101, mctnlliai. 102, pctiolnta. di= digitus, vr= volsellar ridge, vs= volsellar

seta.
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xaca, Puebla. 9 females 2 males. New rec-

ord for Mexico.

41. Omphale indistincta n.sp.

(Figs 82, 83, 89, 110, 123)

Type material.—Holotype female la-

belled "Jalisco, 4.2mi N Autlan Mine

Road, 7.vii.l984, J.B. Woolley, 84/023"

(USNM). Paratypes: 2 females with same
label data as holotype (LUZM, TAMU); 3

females "Jalisco, 16mi S Autlan, 8.vii.l984,

J.B. Woolley, 84/025" (1 female, LUZM, 2

females TAMU); 2 females "Jalisco, 5.2mi

N Autlan Mine Road, 7.vii.l984, J.B. Wool-

ley, 84/022" (LUZM, TAMU); 2 females

"Oaxaca, 29.1mi E Pochutla, 13.vii.l987,

80', J.B. Woolley and G. Zolnerowich,

87/038" (LUZM, TAMU); 2 females "Oa-

xaca, 4.4mi S San Gabriel Mixtepec, 10-

ll.vii.l987, 2500', J.B. Woolley and G. Zol-

nerowich, 87/027A" (LUZM, TAMU); 4

females 2 males "Oaxaca, 9mi W Tehuan-

tepec, 13.vii.l987, G. Zolnerowich, 87/039",

1 male gaster on slide (no. 250) (2 females

1 male LUZM, 2 females 1 male TAMU).
Etymology.

—Name referring to indis-

tinct upper border of clypeus.

Diagnosis.
—
Clypeus not delimited dor-

sally (Fig. 89); flagellomeres with sensilla

ampullacea long and asymmetric (type 111

sensu Hansson 1996b).

Description.
—
Length of body female=

1.0-1.4 mm, male= 1.0 mm.
Colour: Scape pale with dorsal edge

dark; pedicel and flagellum darker. Frons

golden-green to golden-purple in female,

metallic bluish-green in male. Vertex gold-

en-green. Mesoscutum and scutellum

golden-purple to golden-green. Dorsellum
and propodeum golden-green. Fore coxa

dark and metallic to pale, mid and hind

coxae pale; femora pale to infuscate; tibiae

pale; tarsi pale with apical segment infus-

cate to completely pale. Wings hyaline.
Petiole pale. Gaster golden-purple to gold-

en-green.
Head: Without frontal cross-ridge. An-

tennae as in Figs 82, 83, i.e. male flagellum
with scattered setae; flagellomeres with

sensilla ampullacea elongate and asym-
metric. Frons and vertex smooth and

shiny; male frons with weak reticulation.

Clypeus 2x as wide as long, delimited lat-

erally but not dorsally. Antennal scrobes

join on frontal cross-groove. Frontal cross-

groove V-shaped. Occipital margin with

blunt carina.

Mesosoma: Mesoscutum and scutellum

with fine engraved reticulation; notauli

distinct and clearly delimited in posterior

t't Dorsellum small, flat and smooth. Fore-

wing speculum closed below; without

stigmal hairline but with radial cell bare.

Metasoma: Female gaster ovate to elon-

gate. Male genitalia (Fig. 110) with volsel-

lar setae long and strong, placed at same
level, below parameres and just below
base of volsellar ridges; inner digital spine

larger than outer; paramere with one seta

close to apex of paramere; aedeagus (Fig.

123) with aedeagal apodemes 0.9x as long
as penis valves.

42. Omphale nita n.sp.

(Fig. 90)

Type material.—Holotype female la-

belled "Puebla, 5mi SE Izucar de Mata-

moros, 20.vii.l984, J.B. Woolley, 84/044"

(USNM).

Etymology.
—No specific derivation.

Diagnosis.
—

Occipital margin smoothly
rounded; mesoscutum and scutellum

smooth and shiny with weak traces of re-

ticulation in some places; antennal scrobes

join below frontal cross-groove (Fig. 90);

clypeus transverse, 2x as wide as long;

flagellomeres with sensilla ampullacea
long and asymmetric (type 111 sensu Hans-
son 1996b).

Description (female).
—

Length of body=

1.8 mm.
Colour: Antenna dark. Frons golden-

purple; vertex metallic bluish-purple. Me-
soscutum golden-green; scutellum golden-

purple. Fore coxa dark and metallic, mid
and hind coxae pale, hind coxa metallic at

base; femora pale with dorsal surface in-

fuscate; tibiae pale; tarsi pale with apical
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Figs. 103-111. 103-110. Phallobase, ventral. 103. fovealu (co= concavity). 104, pulluln. 103, zi^lm-nni'ichi (ex
=

extension from phallobase). 106, uruapaiia. 107, so/ii (ds= digital spine). 108, tciiiponi. UW, dcitttUti. 110, iikiia

tinctn. Ill, Scale = 0.1 mm (Figs. 92-125).
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Figs. 112-125. Aedeagus, ventral. 112, ZLVolkyi (aa= aedeagal apodemes, pv= penis valves). 113, clwrana.

114, tria. 115, petatlana. 116, carinata. 117, fovcata. 118, uniapann. 119, fiilgida. 120, tempera. 121, dcntatii. 122,

zolnerounchi. 123, indistincta. 124, pallida. 125, so/a.

segment infuscate. Wings hyaline. Petiole

pale. Gaster dark with metallic tinges, ter-

gites 2-6 with paler median spot.

Head: Without frontal cross-ridge. An-

tenna as in indistincta (Fig. 82); flagellom-
eres with sensilla ampullacea elongate and

asymmetric. Frons and vertex smooth and

shiny. Clypeus 2x as wide as long. Anten-

nal scrobes join below frontal cross-

groove. Frontal cross-groove almost

straight. Occipital margin smoothly
rounded.
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Mesosoma: Mesoscutum and scutellum

smooth and shiny with weak traces of re-

ticulation in some places; notauli distinct

and clearly delimited in posterior 23. Dor-

sellum small, flat and smooth. Forewing

speculum closed below; without stigmal
hairline but with radial cell bare.

Metasoma: Gaster elongate.
Remarks.—The placement of nita is dif-

ficult since the species groups are mainly
based on appearances of structures in

male genitalia, and nita is known only in

the female sex. The female resembles fe-

males of semiglobosa group, but also fe-

males of tenipora n.sp., another unplaced

species.

43. Omphale sola n.sp.

(Figs 80, 81, 86, 107, 125)

Type material.—Holotype male labelled

"Guerrero, 32mi SE Petatlan, 10.vii.l985,

J.B. WooUey, 85/047" (USNM). Paratypes:
17 females 4 males with same label data

as holotype (8 females 2 males LUZM, 9

females 2 males TAMU); 1 females 4 males

"Guerrero, 6.2mi SW Xochipala, IS.vii.

1985, J.B. WooUey, 85/056" (2 males

LUZM, 1 female 2 males TAMU); 1 female

1 male with same label data as previous
but collected S.vii (TAMU); 1 female 1

male "Guerrero, 18.2mi S Iguala,

5.vii.l987, 3000', J.B. Woolley, 87/013"

(LUZM); 1 female 1 male "Guerrero, 2.1mi

NE Cacahuamilpa, 4.vii.l987, 5250', J.B.

Woolley, 87/011" (TAMU); 2 males

"Guerrero, 2mi NE Cacahuamilpa,
4.vii.l987, 5300', R. Wharton", one gaster
on slide (no. 265) (LUZM); 1 male "Guer-

rero, 15mi SW Chichihualco, 15.vii.l984,

J.B. Woolley, 84/034" (TAMU); 1 male

"Chiapas, 8.5km N Ishuatan, 2.viii.l990,

1000', J.B. Woolley, 90/050" (TAMU); 2

males "Colima, 7mi SSW Colima,

9.vii.l984, J.B. Woolley, 84/026A" (LUZM,
TAMU); 2 females "Jalisco, 5.2mi N Au-
tlan Mine Road, 7.vii.l984, J.B. Woolley,
84/022" (LUZM, TAMU); 1 male "Jalisco,

4.2mi N Autlan Mine Road, 7.vii.l984, J.B.

Woolley, 84/023" (TAMU); 1 female "Mi-

choacan, 3mi N Nueva Italia, 8.vii.l985,

J.B. Woolley and G. Zolnerowich, 85/042"

(TAMU); 1 female "Michoacan, lOmi S

Uruapan, 7.vii.l985, J.B. Woolley and G.

Zolnerowich, 85/037" (LUZM); 1 male

"Michoacan, 49mi SE Aquila, 13.vii.l984,

J.B. Woolley, 84/031" (TAMU); 1 female

"Oaxaca, 15.1mi N San Gabriel Mixtepec,
3850', ll.vii.l987, J.B. Woolley and G. Zol-

nerowich, 87/031" (TAMU); 3 females 2

males "Oaxaca, 4.4mi S San Gabriel Mix-

tepec, 10-ll.vii.1987, 2500', J.B. Woolley
and G. Zolnerowich, 87/027A" (2 females

1 male LUZM, 1 female 1 male TAMU); 3

females 1 male "Oaxaca, 4.7mi S San Ga-

briel Mixtepec, 16.vii.l985, J.B. Woolley
and G. Zolnerowich, 85/066" (1 female 1

male LUZM, 2 females TAMU); 3 females

1 male "Oaxaca, 29.1mi E Pochutla,

13.vii.l987, 80', J.B. Woolley and G. Zol-

nerowich, 87/038" (2 females LUZM, 1 fe-

male 1 male TAMU); 1 female 2 males

"Oaxaca, 2mi N Candelaria Loxicha,

17.vii.l985, J.B. Woolley and G. Zolnerow-

ich, 85/068" (1 male LUZM, 1 female 1

male TAMU).
Etymology.

—"Sola" meaning "single",

referring to single digital spine in male

genitalia.

Diagnosis.
—Notauli complete and deep

throughout; radial cell hairy; frontal cross-

groove placed low down on frons; mesos-

cutum and scutellum with strong en-

graved reticulation; digitus with one spine

only (Fig. 107); flagellomeres with sensilla

ampuUacea short and asymmetric (type 11

sensu Hansson 1996b).

Description.
—
Length of body female

and male= 1.0-1.6 mm.
Colour: Scape pale with dorsal edge in-

fuscate, to completely infuscate; pedicel
and flagellum dark. Frons below cross-

groove golden-green, golden-red, golden-

purple or golden in female, in male me-

tallic greenish-blue or bluish-purple;
above cross-groove and vertex golden-

green or golden-purple in female, in male

metallic greenish-blue or bluish purple.
Mesoscutum weak metallic greenish-blue,
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7(0. 1)

Figs. 126-127. Hypothesized relationships between North American species groups of Oin[ihnlc (15 steps,

CI = 0.67, RI = 0.76). Zero (0) indicates a reversal.

golden-red or golden-purple. Scutellum pale to all coxae dark and metallic; femora

weak metallic greenish-blue or golden- dark; tibiae and tarsi pale to infuscate, tib-

green. Propodeum golden-green. Forecoxa iae dark in a few specimens. Wings hya-
dark and metallic, mid and hind coxae line. Petiole dark. Gaster with 1st tergite



150 Journal of Hymenoptera Research

metallic greenish-blue (female) or golden-

green (male), remaining tergites golden-

green (female) or golden-purple (male).

Head: With frontal cross-ridge. Anten-

nae as in Figs 80, 81, i.e. male flagello-

meres with verticillate setae (with a single
basal whorl of setae on each flagellomere);
sensilla ampullacea short and asymmetric.
Frons and vertex smooth and shiny; inside

ocellar triangle with weak superficial re-

ticulation. Clypeus semicircular and semi-

circularly protruding. Antennal scrobes

join on frontal cross-groove. Frontal cross-

groove V-shaped. Occipital margin with

an edge.
Mesosoma: Mesoscutum and scutellum

with strong engraved reticulation; notauli

distinct and clearly delimited in posterior

%. Dorsellum small, flat and smooth. Fore-

wing speculum closed below; without

stigmal hairline and with radial cell hairy.

Propodeum with weak reticulation.

Metasoma: Female gaster ovate. Male

genitalia (Fig. 107) with volsellar setae

long and strong, placed at same level, be-

low parameres and just below base of vol-

sellar ridges; with only one strong digital

spine; paramere with one seta at apex of

paramere; aedeagus (Fig. 125) with aedea-

gal apodemes 0.7x as long as penis
valves.

44. Omphale tempera n.sp.

(Figs 73, 76, 77, 84, 85, 108, 120)

Type material.—Holotype female la-

belled "Michoacan, 13.1mi S Nueva Italia,

9.vii.l985, J.B. Woolley and G. Zolnerow-

ich, 85/044" (USNM). Paratypes: 16 males
with same label data as holotype, one
male gaster on slide (no. 262) (8 males

LUZM, 8 males TAMU); 1 male "Jalisco,

17mi N Guadalajara, 6.vii.l984, J.B. Wool-

ley, 84/019" (TAMU).

Etymology.
—
"Tempora" meaning "tem-

ples", referring to large temples in this

species.

Diagnosis.
—Mouth opening very wide,

1.7X the height of eye in female, 1.5X in

male; temples large (Fig. 84); stigmal vein

enlarged (Fig. 73); occipital margin
smoothly rounded; clypeus transverse, 2x
as wide as long; flagellomeres with sensil-

la ampullacea short and asymmetric (type
II sensu Hansson 1996b).

Description.
—

Length of body female=

1.5 mm, male=1.0-1.6 mm.
Colour: Scape and pedicel yellowish-

brown; flagellum dark. Frons dark with

weak golden tinges; vertex dark with

golden-green tinges. Mesoscutum and
scutellum dark with weak golden tinge.

Propodeum paler than scutellum, more or

less brownish. Fore coxa infuscate, mid
and hind coxae pale, hind coxa metallic at

base; femora and tibiae pale, fore tibia

pale to infuscate in male; tarsi pale with

apical segment infuscate, all tarsal seg-
ments infuscate in some males. Wings hy-
aline. Petiole pale. Gaster dark with gold-

en-green tinges.

Head: Without frontal cross-ridge. An-
tennae as in Figs 76, 77, i.e. male flagel-

lomeres with scattered setae; sensilla am-

pullacea short and asymmetric. Frons and
vertex smooth and shiny. Clypeus 2x as

wide as long. Antennal scrobes join below
frontal cross-groove. Frontal cross-groove
almost straight. Occipital margin smooth-

ly rounded.

Mesosoma: Mesoscutum and scutellum

with fine engraved reticulation in some

places; notauli distinct and clearly delim-

ited in posterior r',. Dorsellum small, flat

and smooth. Forewing speculum closed

below; without stigmal hairline but with

radial cell bare.

Metasoma: Female gaster ovate. Male

genitalia (Fig. 108) with volsellar setae

long and strong, placed at same level, be-

low parameres and base of volsellar ridg-

es; inner digital spine about twice as large
as outer spine; paramere with one seta at

apex of paramere; aedeagus (Fig. 120)

with aedeagal apodemes 0.7X as long as

penis valves.
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Abstract.—Autotomy of the sting apparatus was Investigated in twenty eight species of neo-

tropical social wasps belonging to the Polistinae. Sting autotomy was found to be positively cor-

related with the number of acuminate barbs and with the degree of sociality.

INTRODUCTION

The high degree of kinship among the

cohabitants of social Hymenoptera colo-

nies, their subsequent altruistic behavior

and differential reproductive investment

suggest that defense may have become

progressively more important with in in-

creasing sociability (Hermann & Blum

1981). According to Starr (1985, 1988),

sting development occurred due to the

pressure exerted by predators that were
attracted by the increase in colony size,

especially in tropical regions.
Some species of social Hymenoptera

display autotomy of the sting apparatus.

Although this process has been known
since 1933, according to Rau (apud Her-

mann 1971), no comparative studies are

available to support a discussion about

its contribution to the evolution of socia-

Fig. 1. Lancets of the stinging appariitiis ot the social wasps from genus /VIim/zoi i///i?;/(s. A. M. iIicu'm'iu. B.

M. cassununga. C. M. lattor. D. M. ccrhcni^.
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Fig. 2. Lancets of the stinging apparatus of the social wasps from genus Foliates. A. P. versicolor. B. P. finiil-

liiniii. C. P. si/tecnct'ifs. D. P. hiuio lanio.

bility among wasps. Hermann (1971),

Poore (1974a, 1974b) and Hermann &
Blum (1981) demonstrated the existence

of barbs in the lancets of the stings of

both solitary and social Hymenoptera
and speculated that the shape and size of

these barbs, in addition to other vari-

ables, must contribute in some way to the

autotomy process.
In the present study we have investi-

gated the sting autotomy in various spe-
cies of social wasps of the subfamily Pol-

istinae and report here correlation both

with the degree of sociality as defined by
Evans (1958), and with the morphology of

sting in agreement with the predictions of

Hermann (1971).

MATERIALS AND METHODS

The social wasps species studied were
from the towns of Rio Claro, Ribeirao Pre-

to and Pirassununga (State of Sao Paulo,

southeastern Brazil) and from Belem

(State of Para, northern Brazil), as follow:

Agc'lnia pallipes pnillipcs (Olivier, 1791)

Agclnia vidua (de Saussure, 1854)

Agclnin niultipicta (Halliday, 1836)

Poll/bill (Myrapctra) pnulista H.von Ihering,
1896

Poll/bill (Apopo'n/bin) jiirinci de Saussure,

1854

Poll/bin (Myrapctra) occidentalis (Olivier,

1791)

Pohjbia (Trichothorax) sericea (Olivier, 1791)
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Fig. 3. Lancets of the stinging apparatus of the social wasps from genus Ap'oica. A. A.
/w/Zi'iis.

B. A. fltivissinui.
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Fig. 4. Lancets of the stinging apparatus of the social wasps from genera Metapolybia and Pseudopolybia. A.

M cingulata. B. P. ivspicqjs.

Poll/bin (Myrapetra) platicephaln slyvestris

Richards," 1951

Poh/bia (Formicicola) rejccta (Fabricius,

1798)

Poh/bia (Myrapetra) sciitellaris (White, 1841)

Poh/bia (Myrapctra) fastidiosuscula de Saus-

sure, 1854

Protonectarina sylveirae (de Saussure), 1854

Brnchygastra lecheguana (Latreille, 1824)

Mctapolybin cingulata (Fabricius, 1804)

Pseiiiiopolybia vc:^pict'ps (de Saussure, 1864)

Pwtopolybia sediila (de Saussure,1854)

Protopoh/bia exigita exigua (de Saussure,

1854)"

Synoeca cyanea (Fabricius, 1775)

Apoicn (Apoica) pallcns (Fabricius, 1804)

Apoica (Apoica) flavissima Van der Vecht,

1973

Mischocyttanis (Haplometrobiiis) cerberiis

Ducke,1918

Mischocyttarus (Mischocyttanis) dreioscni de

Saussure, 1857

Mischocyttarus (Monocytiarus) cassuuunga

(R. von. Ihering, 1903)



156 Journal of Hymenoptera Research

Fig. 5. Lancets of the stinging apparatus of the social wasps from genera Bracln/gastra, Prctcncctarina and

Protopolybin. A. B. ledicguana. B. P. syhieirae. C. P. scdula. D. P. exigua cxigua.

Mischocyttarus (Kappa) latior (Fox, 1898)

Polistes (Epicneniius) subsericeus de Saus-

sure, 1854

Polistes (Aphanilopterus) versicolor (Olivier,

1791)

Polistes (Aphanilopterus) simillimus Zikan,

1951

Polistes (Aphanilopterus) lanio lanio (Fabri-

cius, 1775).

Sting autotomy was investigated in

twenty-eight species of Polistinae using
the methodology of Stort (1974) and Ov-
eral et at (1981). Targets consisting of black

suede balls 5 cm in diameter attached with

a string to a 2.00 m long pole were dan-

gled and shaken 15 cm from the entrance

to the nest and allowed to be attacked.

Thus, the species endowed with the au-

totomy process lose their stings which re-

main fixed to the target. The sting apparati
of these species were dissected and the

right and left lancets separated, dehydrat-
ed in 90 and 100% ethyl alcohol (I, II and

III) and cleared in xylene (I, II and III). The

lancets were cut in the middle for mount-

ing and for better barb visualization, since

the barbs are positioned laterally in the

lancets. The lancet pieces containing the

barbs were mounted on slides with Can-

ada Balsam (Cruz-Landim & Beig 1966).

RESULTS AND DISCUSSION

In those social wasps that exhibit "sting

autotomy", the venom reservoir and as-

sociated gland, various muscles and as-

sociated cuticular plates, as well as the

sting proper are left attached to the vic-

tims sting. As a consequence of this con-

siderable damage, the individual wasp in-

variably dies soon, and afterwards so that

the behavior might be thought in terms of

"defensive altruism".

In all the wasps studied the left and

right lancets we found to have several

barbs (Figs. 1 to 9). There was some intra-

specific variation and also some variation

between left and right lancets. Anatomi-

cally, the left and right lancets differ both
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Fig. 6. Lancets of the stinging opp^iiatus of the social

wasps Synoeca cyatwa.

in thickness and in shape; the right lancet

is wider from the median portion to the

apex, which is shaped like an arrow po-
sitioned perpendicularly in relation to the

barbs. The barbs are located on the exter-

nal sides of the lancets and are distributed

on the upper portion of the latter and may
be either longer and of the acuminate type
or shorter and of the serrated type.
The tables 1 and 2 are showing the re-

corded variation in the number of barbs/

lancet for autotomisers and no autotom-

isers social wasps, respectively.
Even considering that are some species

both with a reduced number of barbs

among the autotomisers (Table 1
) and spe-

cies with large number of barbs among
the non-autotomisers (Table 2), the direct

comparison betweem these groups based

on t-tests of means revealed that, overall,

the number of bars /lancet were significa-

tively higher (P< 0,01) in autotomisers.

These results suggest that the morphology
of sting is important character to the oc-

currence of the process of autotomy.

During the aggressivity tests no queen
was identified among the aggressors.
Some queens collected both in a specie
which they are not morphologically dis-

tinct from workers, like Polybia paulista,

and in species whose they are morpholog-

ically distinct from workers, like Agelaia

pallip>cs and Protoiiectarina sylveirae; the

morphology of theirs stings and the num-
bers of barbs were identical to those de-

scribed for the workers. In spite to this

similarity the queens do not attend the de-

fense of their colonies. Overal et al (1981)

also related the absence of queens during
actions of colony defense in Polybia rejecta.

Among the autotomisers species the

number of aggressors and stings left over

the targets in each trial of the aggressivity

tests, was very different from specie to

specie. This aspect of the defensive answer

must consider the level of sociability of

each specie, which in turn seems to be in-

fluencing differentially the aggressive be-

havior of these species. As exemple of this

influence, Manzoli—Palma (1993), ob-

served that in spite of Metapwlybia ciii^^ulnta

and Polybia occidentalis, present sting au-

totomy, during the tests of aggressivity
the most individual of these colonies sca-

ped away to a far place or hidden themself
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Fig. 8. Lancets of the stinging of the social wasps from genus Pah/hia. A. P. fnstidiosuscidn. B. P. rcjccln. C. P.

sericea. D. P. juriiwi.

phology contributes to a better under-

standing of the probable extent of spe-
cialization of each genus.
When analyzing the relation between

the level of sociability, autotomy process,
nest architecture and number of barbs, the

genus Misclwci/ttnrus presents the smaller

number of barbs that are less acuminate

(Fig. 1) (barbs =
4), whereas the barbs of

Agelaia are more pronounced and present
in larger numbers (Fig. 9) (barbs

= 9 to

14). These genera are located on the 11th

and 13th steps of the evolutionary scale of

Evans (1958), respectively, with well dif-

ferentiated aggressive behaviors. Individ-

uals of the Mischoci/ttarus, species ob-

served by us adopted a posture of indif-

ference in situations of danger, never

stung the experimenter and at times aban-

doned the nest. This species present, social

regulation via individual dominance, are

monogynous, build opened nests, with

small populations where a situation in

which the loss of some individuals might
be highly harmful to colony maintenance

and /or continuity.

However, wasps of the genus Agelaia at-

tack in groups, are extremely aggressive

pursue the experimenter and easily lose

their stings in the target. This species
build nest inside a preexisting structure to

shelter it, are polygynous, present large

populations, swarm-founding and some-

times worker caste morphologically dis-

tinct from queen. For these neotropical

wasp species, sting autotomy is a process
that favors colony defense when the loss

of some individuals is not significant for

the colony as a whole. Thus, in danger sit-

uations such as attack by a predator, the

sacrifice of some altruistic individuals for

colony defense is preferable to the flight
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Fig. 9. Ljncets ut the stinging of the social wasps from genus Agtiiii

A. multipkta.

A. A. viciim. B. A. paliiph'f palUp'es. C.

I
of the entire population in order to found

a new nest.

Species that alternate between monog-
yny and polygyny still may produce more

complex interactions between those fac-

tors that are influencing the occurrence of

sting autotomy creating some exceptions
in relation to the established patterns of

autotomy. Thus, for exemple individuals

of the genus Apwica that alternate between

monogyny and polygyny (Gobbi, 1987;

Shima, 1991), have some characteristics of

autotomisers such as: large number of

well developed barbs, large population
and nests founding by swarm but have

also a characteristics of non-autotomisers

such as: nest with a single comb without

envelop (Richards & Richards, 1951), but

Apoica palleiis did not show the autotomy

process. After stinging a target, this spe-
cies remains attached to it and fights in-

tensely to try to escape, twisting its ab-

domen in circles and applying pressure to

it with its legs. This causes some barbs tti
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Table 1. Variation in the number of barbs /lancet

observed in social wasps that present sting autotomy.

Autotomlsers
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Notes on Bembecinus of southern Africa, Madagascar, and
Australia with descriptions of new species

(Hymenoptera, Sphecidae, Nyssoninae, Stizini)

Richard M. Bohart

Department of Entomology, Universit)' of California at Davis, 95416

Abstract.—Twelve new species of Bembecinus are described and figured: B. chilwae, Mozambique;
B. gilviis, Namibia; B. pakhuisae, South Africa; B. ruficaudus, South Africa; B. zebratiis, South Africa;

B. admedius, Ivory Coast; B. brooksi, Madagascar; B. irwini, Namibia; B. namibicus, Namibia; B.

rozenorum, Namibia; B. tinkeri, Western Australia; B. wenzeli, Madagascar. A rearrangement of

species groups and subgroups of Bembcciinis is presented. New synonymy of Bembecinus caffer

(Saussure) and B. argentifrons (F. Smith) is given: bredoi (Arnold) 1940 =
caffer (Saussure) 1854;

braunsii (Handlirsch) 1894 and barkeri (Arnold) 1940 =
argentifrons (F. Smith) 1856.

Wasps of the genus Bembecinus A. Costa

occur worldwide. Bohart and Menke
(1976) listed 150 species. Bohart (1996),

working with North and Central Ameri-

can fauna, raised two subspecies to spe-
cies status, and described two additional

forms as new. With about 175 species, bar-

ring unknown synonymy, Bembecinus has

the second most species of any genus in

the Nyssoninae (after Bembix). Bohart and

Menke (1976) discussed the relationships
of the Stizini, separating from Bembicini

by the exserted but short labrum of the

former. In its tribe Bembecinus is most eas-

ily identified by having only a single distal

vein issuing from the hindwing median
cell.

Principal authors who dealt with Bem-

becinus from southern Africa were Fred-

erick Smith, Anton Handlirsch, and

George Arnold. The detailed descriptions
and accompanying figures, as well as the

key to species of southern African Bembe-

cinus by Arnold (1929) have been partic-

ularly useful. The principal worker on the

Australian fauna was Handlirsch. A sum-

mary of the species known from that con-

tinent was given by Cardale (1985).

The following possibly unfamiliar sym-

bols are used in descriptions: F-I etc., fla-

gellomere; ID, interocular distance; PD,

puncture diameter; S-I etc., sternum; T-I

etc., tergum; UA, upper profile of propo-
deal flange; tarsomere V, fifth segment of

tarsus.

Types and other material have been lent

by the following institutions, identified by
the city name in capital letters:

Zoologische Museum, Humboldt Univer-

sitat, A. K. Mollhoff BERLIN
Museum National d'Histoire Naturelle,

Paris, J. Casewitz-Weulersse PARIS

University of California Bohart Museum,
L. Kimsey, S. Heydon DAVIS

Florida State Collection of Arthropods, L.

A. Stange GAINESVILLE
Museum of Natural History, Switzerland,

I. Lobl GENEVA
Snow Museum of Entomology, University

of Kansas, R. W. Brooks LAWRENCE
British Museum of Natural History, De-

partment of Entomology, T. Huddles-

ton LONDON
American Museum of Natural History, E.

L. Quinter NEW YORK
Western Australia Museum, Department

of Entomology, T. Houston PERTH
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Transvaal Museum; South Africa, S.

Prinsloo PRETORIA
Natural History Museum of Austria, S.

Schodl VIENNA
U. S. National Museum of Natural Histo-

ry, A. S. Menke WASHINGTON

The group and subgroup concept in

Bembecinus

Handlirsch (1892) in his landmark treat-

ment of Nyssoninae was the first to intro-

duce the group concept in Bembecinus. He
mentioned and partly diagnosed the fol-

lowing groups, placing them in the genus
Stiziis: tridens, meridionalis, loriculatus, per-

egriinis, caffer, discolor, inermis. Arnold in

his most comprehensive paper on Bembe-

cinus (1929) discussed and keyed the

South African species, using the group
names of Handlirsch and adding the oxy-

dorcus, ciuguliger, and rhopalocerus groups.
All of these were still placed in the genus
Stizus.

Bohart and Menke (1976) revised and

condensed the group system, listing iner-

mis (including caffer) and cingiiliger (in-

cluding oxydorcus and rhopalocerus) groups
as one major group. The other major

grouping included the discolor, tridens, and

peregrinus (including meridionalis, crassipes,

and gynandromorphus) groups. All were

placed in Bembecinus.

The twelve new species described here

belong to various groups that have been

used for separation by former authors.

The following summary of groups elabo-

rates that of Bohart and Menke. It is orig-

inal mainly in the outlining of subgroups.
In one of the more revisional publica-

tions on Bembecinus Jacques de Beaumont

(1954) stressed the importance of the pres-
ence of spines on the inner surface of the

hindfemur of males of some species. In

dealing with the palearctic fauna Beau-

mont listed 19 species with such spines.
He placed all of these in his "peregrinus

group". I have added some Ethiopian Re-

gion species, and have divided this assem-

blage into 3 subgroups: first, those with a

median projection on male S-II (peregrinus

subgroup); second, those with a median

projection on male S-Ill (meridionalis sub-

group); and third, those without a projec-
tion on male S-11 or 111 (spinicornis sub-

group). Females in the 3 subgroups above

have little to distinguish them from those

in the tridens subgroup except the sternal

punctation, which is more spaced in the

latter. The presence of a spine or spines on
the inside of the male hindfemur occurs in

all of the Madagascan species in the tridens

group. However, this character has not

been found in any of the New World spe-

cies, or in those of Australia. An addition-

al subgroup of the tridens group 1 have la-

beled the irzvini subgroup. It is character-

ized by the short and subequal F-I-ll-lII in

both sexes (of irwini). Also, the sternal

punctation is fine and close. The female of

the other included species, distinctus, is

unknown.

Groups and subgroups of Bembecinus

1. Bembecinus caffer group
—Male anten-

na simple, slender (Fig. 8a), female

foretarsal V and arolium not unusu-

ally large, no spines on inner side of

male hindfemur.

A. B. caffer subgroup
—Medium large

(11-20 mm long) stout species
with lateral tergal markings, ID at

midocellus less than 2x that of

clypeal base. Representative spe-
cies: caffer (Handlirsch), laterima-

cula (Handlirsch), haplocerus (Han-

dlirsch), chilwae R. Bohart, new

species.
B. B. inermis subgroup

—Small spe-
cies (5-10 mm long), more slen-

der, tergal markings various but

not predominantly lateral, LID at

midocellus more than 2x that at

clypeal base. Representative spe-
cies: inermis (Handlirsch), mirus

(Arnold), assentator (Arnold).

II. Bembecinus rhopalocerus group
—Male

and female antennae simple but

clubbed (Fig. 6), ID at midocellus
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more than 2x that at clypeal base, fe-

male foretarsal V and arolium larger
than those of the midtarsus or hind-

tarsus. No spines on inner side of

male hindfemur.

A. B. rhopalocenis subgroup
—

Propo-
deal flange with UA evenly
curved in profile (Fig. 7f) no ster-

nal projections in male. Represen-
tative species: gihms R. Bohart,

new species, In/pewcnis (Arnold),
loniii (Guiglia), iiiiitabilis (Arnold),

pakhuisae R. Bohart, new species,

rlwpaloceroides (Arnold), rhopaloce-
rus (Handlirsch), ruficaudus Bo-

hart, new species, somalicus (Ar-

nold), zebratus Bohart, new spe-
cies.

B. B. oxydorcus subgroup—Propo-
deal flange with UA incurved or

notched below, S-II of male with

median projection (cinguliger) or

without (oxi/dorcus). Representa-
tive species: oxydorcus (Han-
dlirsch), cinguliger (F. Smith).

III. Bcmbecinus tridens group
—Male F-IX

with a lateral, spinelike projection

(Fig. Id).

A. B. tridens subgroup—Medium
small (6-10 mm long), ID at mi-

docellus more than 2X that at

clypeal base (Fig. la), F-I much

longer than broad, propodeal
flange with UA usually notched

or sharply incurved below (Fig.

2f) male hindfemur without

spines on inner side, male S-II or

S-III without projections, female

sterna (especially S-III) with

spaced punctation. Representative

species: abniedius R. Bohart, new

species, argoitifroiis (F. Smith),
barbarus Beaumont, bytinskii Beau-

mont, cynncscens (Radozkowsky),
egens (Handlirsch), hacniorroidalis

(Handlirsch), hirtulus (F. Smith),

liimgaricus (Frivaldsky), tcnclliis

(Klug), tiukeri R. Bohart, new spe-
cies, tridens (Fabricius).

B. B. irwini subgroup
—Small to me-

dium (5-10 mm long), ID at mi-

docellus about 2x that at clypeal
base (Fig. 4a), F-I-II-III subequal,
broader than long (Fig. 4c), pro-

podeal flange with UA evenly
curved in profile (Fig. 4f), male
hindfemur without spines on in-

ner side, male sterna without pro-

jections, sternal punctation fine

and close. Representative species:
distinctiis (Arnold), irwini R. Bo-

hart, new species.
C. B. spinicornis subgroup

—Medium
small to medium (7-11 mm long),
ID at midocellus at least 2x that

at clypeal base, propodeal flange
incurved below but not usually

sharply notched, male hindfemur
with spine or spines on inner side,

or deformed, male sterna without

projections, female sterna (es-

pecially S-III) with punctation fine

and close. Representative species:
acanthomerus (Morice), bernardi

Beaumont, brooksi R. Bohart, new

species, buyssoni (Arnold), carpe-
tnnus (Mercet), crassipes (Han-
dlirsch), cyprius Beaumont, fertoni

(Handlirsch), fraterculus (Arnold),
hirtiusciihis (Arnold), kobrowi (Ar-

nold), matthcyi (Beaumont), naefi

(Beaumont), umnibicus R. Bohart,

new species, podager (Beaumont),

polychromus (Handlirsch), rozeno-

rum R. Bohart, new species, spini-

cornis (Saussure), spinifemitr

(Beaumont).
D. B. )neridionalis subgroup

—ID at

midocellus about 2x that at clyp-
eal base, F-I much longer than

broad, propodeal flange various,

male hindfemur usually with one
or more spines on inner side, male
S-III with a median projection,
sternal punctation usually fine

and close. Representative species:

gynandromorphus (Handlirsch), la-
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y
1. tinkerl 3. gilvus ^

2. abmedius 4. irwini

Figs. 1-4. Morphological characters of Bembecinus spp.: 1, tinkeri; 2, abmedius; 3, gilvus female; 4, inviiii. Arabic

letters a-n indicate male characters (except f^ilvus), o-r indicate female characters (a, face; b, lower face en-

larged; c, antenna, front view; d, flagellomcres IX-XI, lateral; e, thoracic pattern; f, outline of left propodeal

flange in lateral view; g, second submarginal cell of forewing; h, hindfemur, outer view; i, abdomen with

tergal banding, dorsal; k, outline of T-VII; m, terminal terga Vl-VIl, shape and pattern; n, genitalia, dorsal:

n', enlargement of genitalia toward apex; o, lower face except eyes; p, forebasitarsus, lateral outline; q, shape
and markings of 1 -VI; r, markings of female T-IIl-VI).
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ticinctus (Arnold), meridionalis A.

Costa, zibanensis (Morice).

E. B. peregrin us subgroup
—About as

in subgroup D , but male S-II with

a median projection. Representa-
tive species: dcntiventris (Han-

dlirsch), gazagnairei (Handlirsch),

hoplites (Handlirsch), mni/ri (Han-

dlirsch), monodon (Handlirsch),

peregrinus (F. Smith), proteiis (Ar-

nold), revindicatits (Schulz).

F. B. loricatulus subgroup
—ID at mi-

docellus less than 2x that at clyp-
eal base, propodeal flange UA
with 2 indentations and 3 teeth,

male hindfemur without spines
on inner side, male sterna without

projections, sternal punctation of

female fine and close, female for-

etarsal V and arolium not en-

larged. Representative species: lor-

icatulus (F. Smith).
G. B. discolor subgroup

—ID at mido-
cellus less than 2x that at clypeal

base, propodeal flange UA at

most broadly incurved below,
male S-II and S-III without projec-
tions but S-VI with a mediobasal

groove or tooth, female foretarsal

V and arolium enlarged. Repre-
sentative species: discolor (Han-

dlirsch), nyasae (Turner), iveiizeli

R. Bohart, new species.

Beuibccinus caffer group, caffer subgroup
Bembecinus chilwae R. Bohart,

new species

(Fig. 8)

Male holotype. Length 13.0 mm. Body
black, yellow, and red. Yellow are: facial

marks including scape (Fig. 8a), narrow

posterior band across pronotum, summit
of propodeal flange (Fig. 8f); foreleg part-

ly, including basal three tarsomeres, lat-

eral tergal markings (Fig. 8i); brownish
red are: antennal flagellum, occipital band,

pronotum behind yellow margin, scutum

laterally, scutellum, metanotum posteri-

orly, large upper mesopleural spot, legs

mostly, T-VII, S-VI and following; wings
basally and veins reddish, membrane
clear. Pubescence pale and short on ver-

tex, quite short and reddish on notum,
abundant and erect as well as red on S-VII

to VIII, lateral fringe on genitalia (Fig. 8n).

Punctation close, mostly fine, a little more
coarse on mesopleuron. Facial proportions

including antenna as in Figs. 8a, 8b, lateral

view of propodeal flange as in Fig. 8f;

hindfemur concave toward base, excavat-

ed within (Fig. 8h); second submarginal
cell not petiolate (Fig. 8g), genitalia slen-

der (Fig. 8n).

Female. Length 14 mm. About as in

male, but facial proportions as in Fig. 8o,

labrum red, markings of propodeal flange
reddish, clypeus with scattered punctures

(Fig. 8o), forebasitarsus with 3 preapical
rake setae, more apical ones stouter (Fig.

8p); T-VI long, red, smooth (Fig. 8q), pro-

podeal flange UA with a very small notch.

Holotype male (LONDON), southwest

of Lake Chilwa, Mozambique, 1-9-14 (S.

A. Neave). Paratype female (LONDON),
Mlange, Mozambique, 1-20-14 (S. A.

Neave).
This species belongs in the caffer group

with male antenna slender and apically

simple. The lateral tergal spots (Fig. 8i)

place it in the caffer subgroup. The weakly
defined notch of the propodeal flange UA
(Fig. 8f) is small and irregular which dis-

tinguishes both sexes of chilwae from caffer

Handlirsch, laterimacula Handlirsch, and

haplocerus Handlirsch. Also, the male of

chilwae differs from caffer by its simple
S-V, from laterimacula by its more slender

genitalia (Fig. 8n) and from hapilocerus by
its deformed male hindfemur (Fig. 8h).

The specific name refers to the locality of

the holotype. Lake Chilwa.

Bembecinus caffer (Saussure)

Stizus caffer Saussure 1855:28, Fig. 9. Holotype
female. Natal Province, South Africa (GE-

NEVA).
Stizus bredoi Arnold 1946:88. Syntype males, fe-



168

males, "Albercorn," Gambia ("N. Rhode-

sia"), (PRETORIA ?). New synonymy.

This has been essentially an unknown

species since the original description be-

cause the holotype has the second sub-

marginal cell of the forewing briefly peti-

olate above, unusual in the group. How-
ever, I collected a series of specimens on

sand dunes at St. Lucia, Natal Province,

South Africa in 1972. One of the males has

the second submarginal cell petiolate just

as in the holotype female of caffer. Other-

wise, the females all agree closely with

that holotype, which I have studied. I

have not seen the syntypes of bredoi, but

Arnold's detailed description and figures

leave little doubt that it is synonymous
with caffer. Males have a patch of fine,

close setae basomedially on S-V, a unique
feature.

Benibecinus rhopalocerus group,

rhopalocerus subgroup
Bembecinus gilvus R. Bohart,

new species

(Fig. 3)

Female holotype. Length 9.0 mm. Body
black with extensive light orange and yel-

low to yellowish white. Light orange are:

flagellum beyond F-II, broad basal tergal

bands (stippled on Fig. 3i); yellowish
white are: facial marks including antermal

base (Fig. 3o), posterior bands on terga

and sterna (unstippled areas on Fig. 3i);

yellow are: thoracic notal (Fig. 3e) and

pleural areas, legs (a little lighter beyond
femora); wings transparent. Pubescence

pale, inconspicuous. Punctation fine,

close. Facial proportions including anten-

na as in Fig, 3o, thoracic pattern as in Fig.

3e, propodeal flange UA evenly curved

(Fig. 3f), second submarginal cell as in Fig.

3g, forebasitarsus as in Fig. 3p, T-VI nearly

triangular (Fig. 3q).

Male. Unknown.

Holotype female (WASHINGTON),
Gobabeb, Namibia, 1-6-80 (Wharton, Coll.)

Paratype female (DAVIS), same data as
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holotype. Paratype female (GAINES-
VILLE), 20 km w. Usakos, Namibia,
II-4-83 (L. Stange, R. B. Miller).

This species is remarkable for its exten-

sive yellow and yellowish orange colora-

tion. In the only comprehensive key to

South African Bembecinus (Arnold, 1929) it

runs between numbers 40 and 41. On the

basis of the clavate antemiae and rounded

UA it falls in the rhopalocerus subgroup.
The strong submedian yellow marks of

the scutum (Fig. 3a) relate it to quadristri-

gatus Arnold. B. gilznis differs from quad-

ristrigatus and from other Bembecinus by
the greatly reduced black areas, particu-

larly on the abdomen. It is a small species,

9-10 mm long, in contrast to quadristriga-

tus, whose length is 11-14 mm, according
to the original description. The specific

name refers to the extensively yellow and

light orange coloration.

Bembecinus pakhuisae R. Bohart,

new species

(Fig. 5)

Male holotype. Length 13.0 mm. Body
black marked with sulfur yellow on anten-

na toward base, face below middle (Fig.

5a), posterior margin of pronotum includ-

ing lobes, scutal spot over wing base, teg-

ula, post-tegula, lateral streaks on scutel-

lum and metanotum, legs mostly but

black toward base, apical bands on all ter-

ga (Fig. 5i), narrow apical bands on S-II to

IV; flagellum mostly pale tan in front;

wings clear, veins reddish brown. Pubes-

cence whitish, moderate, erect on vertex

and T-1 toward base. Punctation moder-

ate, extensive, punctures mostly 1.0 PD

apart, clypeus with punctures 1-3 PD

apart. Flagellum clubbed, F-I 5.3 X as long
as broad (Fig. 5c), F-XI slightly incurved

within (Fig. 5d), facial proportions as in

Fig. 5a, propodeal flange UA evenly
rounded (Fig. 5f), second submarginal cell

as in Fig. 5g, terga moderately slender

(Fig. 5i), T-VIl broadly truncate at apex

(Fig. 5m), genitalia slender (Fig. 5n).

Females. Length 10-12 mm. About as in
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6. ruficaudus 8. chilwae

Figs. 5-8. Morphological characters of Bembecinus spp.: 5, parkluiisae; 6, ruficaudus: 7, zebratus; 8, chilwae.

Arabic letters a-n indicate male characters, o-r indicate female characters (a, face; b, lower face enlarged; c,

antenna, front view; d, flagellomeres IX-XI, lateral; e, thoracic pattern; f, outline of left propodeal flange in

lateral view; g, second submarginal cell of forewing; h, hindfomur, outer view; i, abdomen with tergal banding,

dorsal; k, outline of T-VII; ni, terminal terga Vl-VII, shape and pattern; n, genitalia, dorsal; n', enlargement
of genitalia toward apex; o, lower face except eyes; p, forcbasitarsus, lateral outline; q, shape and markings
of T-Vl; r, markings of female T-Ill-Vl).
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male except: clypeus broader and with a

broad median or basal transverse black

mark (Fig. 5o); legs extensively orange;

tergal bands on I to IV narrower, whitish,

edged with red; T-V and VI often with

whitish apical spot (Fig. 5q); T-VI laterally

spiculate, weakly setose (Fig. 5q); forebas-

itarsus with 4 pale, preapical rake setae, 2

stout apical setae (Fig. 5p), foretarsal V
and arolium much larger than others.

Holotype male (DAVIS), Pakhuis Pass,

Cape Province, South Africa, X-7-75 (R. M.

Bohart). Paratypes (DAVIS and other co-

operating museums), 47 males, 32 females,

same data as holotype.
In Arnold's (1929) key both sexes of pak-

huisae run to the rhopalocerus subgroup
and close to mutabilis Arnold. The latter

has deep yellow to orange tergal bands, a

broad and incised male T-VII, an incurved

male F-XI, extensively yellowish female

mesopleuron, and abundant orange mark-

ings in the female. In pakhuisae the mark-

ings of both sexes are mostly lemon yel-

low to whitish yellow. Reddish is confined

to narrow edging of markings in the fe-

male, and some females have the legs

partly orange. However, the female meso-

pleuron is all black. Male T-VII has a

broad but truncate or slightly convex pos-
terior edge (Fig. 5m). Also, F-XI is only

weakly incurved. The type series was col-

lected as the wasps flew rapidly between

bushes at Pakhuis Pass, east of Clanwil-

liam. The name is dedicated to the Pass.

Bembecinus ruficaudus R. Bohart,

new species

(Fig. 6)

Male holotype. Length 12.0 mm. Black,

yellow, orange yellow, and reddish or-

ange. Yellow are: lower face, antenna in

front to F-II (Fig. 6a, c) posteriorly, pron-
otal lobe; orange yellow are: lateral scutal

spot, wing base, scutellum laterally, lateral

streak on metanotum, legs mostly, distal

one-third of hindfemur (Fig. 6h); reddish

orange are: abdominal terga mostly (Fig.

6i, stippled areas), S-I posteromedial spot,

S-II to S-IV posterolateral spots (slightly

joined on S-Il-III); wings clear, veins dark.

Pubescence silvery, erect on vertex and T-I

toward base, scattered elsewhere, ap-

pressed and abundant on face. Punctation

moderate, extensive, mostly close but

punctures about 1 PD apart on scutum.

Flagellum clubbed, F-1 5.3 x as long as

broad (Fig. 6c), facial proportions (Figs. 6a,

6b), propodeal flange UA broadly round-

ed (Fig. 6f), second submarginal cell as in

Fig. 6g, terga moderately slender (Fig. 6i),

T-VII broad apically where it is slightly

concave (Fig. 6m), genitalia slender (Fig.

6n).

Female paratypes. Length 10.5-11.0

mm. About as in male except: larger tri-

angular yellow spot on mesopleuron,

spots larger on scutellum, metanotum,

spot along crest of propodeal flange, T-Vl

to VII mostly black or mostly reddish or-

ange. T-VI laterally spiculate. Proportions
of face (Fig. 6o), forebasitarsis (Fig. 6p),

T-VI (Fig. 6q). Foretarsal V and arolium

enlarged.

Holotype male (DAVIS), Doom R.,

Moedverloor, Cape Prov., South Africa,

X-8-75 (R. M. Bohart). Paratypes, 2 females

(DAVIS), Pakhuis Pass, Cape Prov., South

Africa, X-7-75 (R. M. Bohart); female

(GAINESVILLE), 10 km w. Steinkopf, Cape
Prov., South Africa, XI-10-90 (L. Stange, R.

Miller).

In Arnold's (1929) key the female runs

to hyperocrus Arnold mainly because of the

extensively red T-I-V. At that time the

male was not known to Arnold. Subse-

quently it was found to be similar to the

female but with orange-red on T-I-IV only.

The male of hyperocrus has the clypeus
and pronotum all black, incised apex of

T-VII one-half as broad as F-I length. The

male of ruficaudus has the clypeus light

yellow, pronotum with a yellow posterior

band, weakly emarginate apex of T-VII

that is as broad as F-I length (Fig. 6m).

Females of hyperocrus have a large basal

black clypeal spot contiguous with a black

supraclypeal area. In ruficaudus these areas
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are all whitish yellow (Fig. 6o). Also, liy-

pewcrus females have T-VI slightly ex-

panded apically, whereas T-VI of ruficau-

dus females tapers evenly to a narrow

apex (Fig. 6q). The specific name refers to

the red abdomen.

Bembecinus zebratus, R. Bohart,

new species

(Fig. 7)

Male holotype. Length 11.0 mm. Body
black marked with sulfur yellow as fol-

lows: antenna toward base, face below

middle (Fig. 7a); posterior margin of pro-
notum including lobes, scutal spot over

wing base, tegula, post-tegula, lateral trac-

es on scutellum and metanotum, spot on

mesopleuron, legs mostly but black to-

ward base, apical tergal bands (Fig. 7i),

apicolateral traces on S-II-IV; flagellum

mostly pale tan in front; wings clear, veins

dark brown. Pubescence whitish, moder-

ate, erect on vertex and T-I basally. Punc-

tation moderate, extensive, 1-3 PD apart
on clypeus. Flagellum clubbed, F-I 5.3 x as

long as broad, F-XI distinctly incurved

within (Fig. 7d), facial proportions as in

Fig. 7a, propodeal flange UA evenly
rounded (Fig. 7f), second submarginal cell

as in Fig. 7g, terga moderately slender and
T-VII slightly but distinctly emarginate

apically (Fig. 7m), genitalia slender (Fig.

7n).

Females. Length 9-12 mm. About as in

male except: clypeus broader (Fig. 7o); ter-

gal bands whitish, narrower on T-I-III,

with only a trace on IV, absent on V-VI

(Fig. 7r), legs sometimes partly deep yel-

low to light orange, sterna nearly always

entirely black; T-VI laterally spiculate,

weakly setose (Fig. 7q); forebasitarsus

with 4 pale, preapical rake setae, 2 stout

apical setae (Fig. 7p); foretarsal V and ar-

olium are enlarged.

Holotype male (DAVIS), Worcester,

Cape Prov., South Africa, X-7-75 (R. M.

Bohart). Paratypes (DAVIS) and other co-

operating museums), 10 males, 9 females,

same data as holotype.

This species is very close to pakhuisae R.

Bohart. However, zebratus males differ by
the more strongly curved F-XI (compare

Figs. 7d, 5d), the distinctly concave apex
of T-VII (Fig. 7m), and the usual occur-

rence of a mesopleural yellow spot. In the

female of zebratus the unmarked clypeus

(Fig. 7o), large mesopleural yellow spot,
absence of markings on T-V and reduction

of those on T-IV (Fig. 7r) are differentiat-

ing. The name refers to the striping of the

abdomen.

Bembecinus trideus group,
tridens subgroup

Bembecinus abmedius R. Bohart,

new species

(Fig. 2)

Male holotype. Length 8.0 mm. Body
black, marked with whitish as follows:

lower face except black mandible (Fig. 2a),

pronotal margin including lobe, fore- and

midcoxae partly, fore- and midfemora dis-

tally, tibiae and tarsi mostly, restricted ter-

gal marks (Fig. 2i), lateral traces on S-II-

IV; yellowish white are: antenna in front,

lateral spot on scutum posteriorly, lateral

spot on scutellum, trace on metanoti-im;

wings clear. Pubescence silvery, clypeus
with a small and sublateral apical tuft

(Fig. 2a). Punctation fine. Antenna slender;

facial proportions as in Fig. 2a, propodeal

flange roundly notched below (Fig. 2f),

second submarginal cell with a short pet-
iole above (Fig. 2g), T-VII narrowly round-

ed at apex (Fig. 2k), genitalia expanded to-

ward apex (Fig. 2n).

Female paratypes. Length 9.0 mm.
About as in male. Facial proportions as in

Fig. 2o; T-VI slender, all black, with long

pale hair (Fig. 2q).

Holotype male (DAVIS), Foro-Foro,

Bouake, Ivory Coast, Africa, 1-31-72, sa-

vannah (D. Duviard). Paratypes (DAVIS,

PARIS), PRETORIA), 1 male, 4 females,

Foro-Foro, Bouake, Ivory Coast, 11-28-72 to

IV-10-72 (D. Duviard).
This species is in the tridens subgroup.

It is similar in size to the widespread ar-
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gentifrons F. Smith. The second submar-

ginal cell (Fig. 2g), is also similar. How-
ever, argentifrons has T-III banded, man-
dible and hindfemur partly yellow, and
UA incision sharply pointed in contrast to

abmedius (Fig. 2f). B. corpulentus (Arnold)
has the same tergal pattern as abmedius but

it belongs in the spiniconiis subgroup. The
common North African bitinskii has a sim-

ilar tergal pattern but its mandible is yel-

low and the propodeal flange has at most
a tiny notch. The specific name abmedius

refers to the all-black T-III of the tergal

pattern.

Bembeciuus trideus group,

spiniconiis subgroup
Bembecinus brooksi R. Bohart,

new species

(Fig. 12)

Male holotype. Length 9.0 mm. Body
black with extensive yellow and orange-

yellow markings. Yellow to light orange-

yellow are: antei\na in front; lower frons,

clypeus, labrum (Fig. 12a); scutum except
median and lateral black stripes, remain-

ing thorax except small black at middle of

propodeum, legs almost entirely, terga ex-

cept weak brownish transverse subapical

stripes on T-IV-V, median darkened area

on T-VII (Fig. 12k). Wings transparent. Pu-

bescence pale, inconspicuous. Punctation

fine, close, appearing granular on T-VII.

Facial proportions including antenna

(Figs. 12a, d), propodeal flange UA ob-

tusely emerginate below (Fig. 12f), second

submarginal cell not petiolate (Fig. 12g),

terga moderately stout as in paratype (Fig,

12i), T-VII laterally incurved toward
rounded apex (Fig. 12k), genitalia round-

ed laterally and apically (Fig. 12n).

Females. Length 8.0-9.0 mm. Body
black and yellow to orange-yellow. Yel-

low are: lower frons, clypeus, labrum (Fig.

12o), antenna in front; pronotum all

across, lateral spots on scutum, scutellum,

propodeum; strip across metanotum, legs

mostly but femora black above, apical
bands on T-l-V, slightly enlarged medially

and laterally, S-II large lateral spot, apical
bands on S-II-V. Orange-yellow are: T-VI

but darkened basally and a little apically

(Fig. 12q), S-VI elongate medial spot.

Wings slightly stained. Sternal punctation
fine and close.

Holotype male (LAWRENCE), Beza

Mahafaly Res., Tulear Prov. Madagascar
XI-21-84 (R. W. Brooks). Paratypes (LAW-
RENCE, DAVIS, etc.), 182 males, 72 fe-

males, same data as holotype, both sexes

from nesting aggregations.
The other Bembecinus known from Mad-

agascar (Arnold, 1945) are: mirus (Arnold),
assentator (Arnold), spiniconiis (Saussure),

liirtiusculus (Arnold), wenzeli R Bohart,

new species, and rectilateralis Arnold. I

have identified specimens of all of these,

and brooksi is quite different. The lectotype
female (seen) of rectilateralis in the PARIS
Museum agrees closely with Arnold's

original description. Among other points
there is a black spot on the supraclypeal
area of the type (and of an associated

male), the forebasitarsus is black-edged

posteriorly, T-VI is all black, and the tho-

racic sides are practically straight as seen

from above. The lectotype female of recti-

lateralis here designated was from Bekily.
Other syntypes were from Antanimora,
and Ranomafana.

In any case, brooksi is quite different,

distinguished from all previously de-

scribed Madagascan species by the un-

toothed male S-VIII, extensively yellow
T-VI in both sexes and a broad notch on
the propodeal flange.

Of the total 277 males of brooksi 271 are

the yellow phase and the scutum always
has at least a pair of submedian yellow

stripes. However, the extent of yellow var-

ies considerably, particularly on the ab-

domen. Females are of the dark phase,
with medially black scutum and more reg-

ularly banded terga, on a black back-

ground. Six males (less than 2.2%) resem-

ble the females in markings. The name is

dedicated to the collector, my friend, Rob-

ert Brooks.
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9. namibicus 10. wenzeli

rozenorum 12. brooks'!

Figs. 9-12. Morphological characters of Bcmbccinus spp.: 9, nambunis; 10, wenzeli; 11, wze)wruiii; 12, brooksi.

Arabic letters a-n indicate male characters, o-r indicate female characters (a, face; b, lower face enlarged; c,

antenna, front view; d, flagellomeres IX-Xl, lateral; e, thoracic pattern; f, outline of left propodeal flange in

lateral view; g, second submarginal cell of forewing; h, hindfemur, outer view; i, abdomen with tergal banding,
dorsal; k, outline of T-VIl; m, terminal terga VI-VII, shape and pattern; n, genitalia, dorsal; n', enlargement
of genitalia toward apex; o, lower face except eyes; p, forebasitarsus, lateral outline; q, shape and markings
of T-Vl; r, markings of female T-III-Vl).
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Bembecinus tridens group, inviiii subgroup

Bembecinus irwini R. Bohart,

new species

(Fig. 4)

Male holotype. Length 5.0 mm. Black

and light yellow to whitish. Light yellow

are: facial marks (Fig. 4a), antenna in

front, scutal spot over wing base, lateral

scutellar spot, femoral apex and beyond;

whitish are: posterior band on pronotum

including lobes, posterior bands on T-I-V

(Fig. 4i), lateral traces on S-II to III; wings

transparent. Antenna (Fig. 4c) with basal

segments unusually short, "spine" of

F-VIII short, second submarginal cell (Fig.

4g), propodeal flange UA evenly curved

(Fig. 4f), abdomen slender (Fig. 4i), apex

broadly rounded (Fig. 4k), genitalia mod-

erately slender (Fig. 4n).

Females. Length 5.0 mm. About as in

male. Scutellum with or without lateral

spot, sternum all dark, lower facial pro-

portions as in Fig. 4o, T-I-V apically band-

ed, forebasitarsus (Fig. 4p) with one de-

veloped rake seta on apex, T-Vl black (Fig.

4q); pedicel, F-I-II about as in male, each

about as broad as long; clypeus with small

but distinct apicolateral setal tuft (Fig. 4o).

Holotype male (DAVIS), Maltahohe,

Namibia, 11-17-74 (M. E. Irwin). Paratypes,

9 males, 1 female (DAVIS, WASHING-

TON, PRETORIA), same data as holotype;

female (GAINESVILLE) 10 km w. Stein-

kopf. Cape Prov., South Africa, XI-10-90

(L. Stange, R. Miller).

The size of irn'iiii (about 5 mm long), the

smallest of any Bembecinus which I have

studied, is a remarkable feature. However,

there are a number of characters which

contrast inviiii and B. tridens (Fabricius),

which taken together distinguish irwini

from all other known members of the ge-

nus. These are: the short F-I-II-III (about

as long as broad) (Fig. 4c), evenly curved

UA (Fig. 4f), all black supraclypeal area,

oval spot in clypeal middle in both sexes

(Figs. 4a, 4o), and very broadly rounded

apical margin of male T-VII (Fig. 4k). I
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have placed it a separate subgroup along

with the much larger distinctus. The spe-

cies is dedicated to the collector of most

of the type series, my friend Mike Irwin.

Bembecinus tridens group,

spinicornis subgroup
Bembecinus namibicus R. Bohart,

new species

(Fig. 9)

Male holotype. Length 7.0 mm. Body

black, yellow, whitish yellow, and orange-

red. Yellow are: facial markings and an-

tenna in front (Fig. 9a), pronotum all

across, scutum laterally, mark on scutel-

lum posteriorly but narrowed medially,

metanotum, large spot on propodeal

flange (Fig. 9f), large mesopleural spot,

legs mostly, posterior bands on T-I-IV, all

of T-V to VI (Fig. 9i); (bands become whit-

ish posteriorly) orange to orange red are:

femora partly (especially hindfemur), T-I-

III (stippled area. Fig. 9i). Pubescence pale.

Punctation moderate on upper face, T-VH,

fine elsewhere. Antenna slender, "spine"

on F-VIII one-half as long as F-IX (Fig. 9d),

facial proportions (Fig. 9a), second sub-

marginal cell not petiolate (Fig. 9g), UA

broadly incurved below (Fig. 9f), hindfe-

mur on lower part of inner surface with

small spine at middle, abdomen rather

stout (Fig. 9i), T-VII rounded at apex (Fig.

9k), genitalia expanded toward apex, gon-

ostyles broadly rounded there (Fig. 9n).

Females. Length 7 mm. About as in

male. Posterior yellow bands on T-I-IH, ir-

regular bands on IV-V, and most of T-VI

(bands partly or mostly whitish). Orange-

red are: legs partly, edging on T-I-V me-

dial bands, T-VI medially (Fig. 9q stippled

area). Facial proportions (Fig. 9o).

Holotype male (DAVIS), 45 km w. Seeh-

eim, Bethanien Dist., Namibia, sandy river

bank, 11-19-74 (M. E. Irwin). Paratypes

(DAVIS), female, same data as holotype, 2

males (DAVIS), Namib Desert, 11-15-74

(M. E. Irwin), female (GAINESVILLE), 26

km n. Gochas, Namibia, II-6-83 (L. Stange,

R. Miller).
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B. namibicus is one of the many Bembe-

ciinis in the spinicornis subgroup with

body length falling between 7 and 10 mm.

Many of these, like namibicus, have UA ob-

tusely angled in below (Fig. 9f). A distin-

guishing feature of namibicus is the leg col-

oration in which orange-red and yellow
are almost evenly divided. Also, submar-

ginal cell II is not petiolate (Fig. 9g), and

F-XI of the male is unusually short (Fig.

9d). B. namibicus vaguely resembles buys-
soni (Arnold) and mitulus (Arnold) (holo-

types seen) which have more extensively
red legs and red on terminal terga. Anoth-

er red-legged form is ivitzeubergensis (Ar-

nold) (holotype seen), which has inner eye

margins much less divergent above. Dif-

ferences from wzenorum are discussed un-

der that species. The name is an adjective

indicating "from Namibia."

Bembecinus rozenorum R. Bohart,

new species

Male holotype. Length 10 mm. Body
black, deep yellow, and orange-red. Yel-

low are: facial markings and antenna in

front as far as F-I (Fig. 11a), pronotum all

across, scutum and scutellum laterally,

metanotum, large spot on propodeal
flange (Fig. llf), large mesopleural spot,

legs mostly, posterior bands on T-I-VI, en-

larged laterally, that on T-I composed of

large lateral spots narrowly connected me-

dially (Fig. Hi), S-I band, lateral spots on

S-II-V. Orange-red are: antenna in front

(lightly) beyond F-I, slight mark on fore-

femur, midfemur and hindfemur above

basally, trochanters partly, T-VII lightly

except for basolateral dark areas (Fig.

Ilk). Pubescence pale. Punctation fine,

close, a little more coarse on T-VII. Anten-

na slender, "spine" on F-VIII reaching
middle of F-IX (Fig. lid) facial propor-
tions (Fig. 11a), second submarginal cell

not petiolate (Fig. llg), UA broadly in-

curved below (Fig. llf), hindfemur on
lower part of inner surface with small

spine at basal one-third, abdomen rather

stout (Fig. Hi), T-VII narrowed to slightly

indented apex (Fig. Ilk), genitalia expand-
ed toward apex, gonostyles rather narrow-

ly rounded there (Fig. lln).

Females. Length 10 mm. About as in

male. Hindfemur more extensively or-

ange-red. Facial proportions (Fig. llo),

T-VI shape and markings (Fig. llq).

Holotype male (NEW YORK), 38 km n.

Usakos, Namibia, III-26-76 (J. G. and B. L.

Rozen). Paratypes (NEW YORK, DAVIS),
3 females, 38 km n. and 19 km e. Usakos,

Namibia, III-18-26-76 (J. G. and B. L. Roz-

en).

This species is close to namibicus and

may occur with it. However, rozenorum is

considerably larger (7 vs 10 mm long), the

female tergal bands more deeply yellow,
and male gonostyle less blunt (compare

Fig 9n, lln). The name is dedicated to the

collectors.

Bembecinus tridens group,
tridcns subgroup

Bembecinus tinkeri R. Bohart,

new species

(Fig. 1)

Male holotype. Length 9.0 mm. Black

with extensive yellow markings. Yellow

are: lower face (Fig. la), antenna in front

(F-II-XI orange-tinted), pronotum all

across, notum marked as in Fig. le, legs

almost entirely, bands on abdominal terga

(Fig. li), S-I-V, VI partly, wings slightly

stained, veins dark brown. Pubescence

pale, abundant and erect on vertex, later-

ally on terga. Punctures fine, moderately
close, about 1.0 PD apart on notum, meso-

pleuron, terga. Antenna slender, F-I about

2.0 X as long as broad, slightly longer than

F-II (Fig. la), "spine" of F-IX reaching
middle of F-X (Fig. Id); facial proportions

(Fig. la); propodeal flange UA evenly
rounded in profile (Fig. If); second sub-

marginal cell not petiolate (Fig. Ig); T-VII

drawn out apically (Fig. Ik); genitalia with

gonostyles expanded toward apex (Fig.

In).

Female paratypes: Length 8.0-10.0 mm.
About as in male; facial proportions as in
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Fig. lo, T-VI as in Fig. Iq (lateral spots
sometimes larger).

Holotype male (PERTH), 22 km n.

Eneabba, Western Australia, dry bed of

Arrowsmith River, 1-2-13-95 (A. Tinker).

Paratypes (DAVIS and other cooperating
museums listed in Acknowledgments), 15

males, 54 females, same data as holotype.
The only other Australian Bembeciims

with markings similar to those of tinkeri is

signatus Handlirsch (1892:53). The holo-

type male of signatus was from Sydney,
South Australia. It was deposited in the

Hamburg Museum, and was subsequently

destroyed. According to the description

by Handlirsch the male of signatus differs

from tinkeri in several characters: body
length 11 mm, clypeus with a median
black mark, UA with an excision, legs

partly black, wings strongly "citrinae" in

part, T-VII with a median yellow strip.

The type series of tinkeri was taken in a

Malaise trap by Alan Tinker, and the

name is dedicated to him.

Bembecinus trideus group,
discolor subgroup

Bembecinus wenzeli R. Bohart,

new species

(Fig. 10)

Male holotype. Length 11.5 mm. Body
dark reddish brown to black (background
color), markings light brownish and yel-
low. Yellow are: posterior rim of prono-
tum, lateral spot on scutellum, submedian
dash across metanotum, legs in front be-

yond femur, forefemur in front, short sub-

apical mark on T-I, narrow subapical
bands on T-II-III (that on III somewhat

translucent) (Fig. lOi), lateral spots on S-II-

III, traces on S-IV-V; light brownish are:

facial markings (Fig. 10a), F-XI, most wing
veins; wing membrane faintly reddish.

Pubescence pale, partly erect, partly ap-

pressed; erect but not thick on upper face

and mesopleuron; long and thick on S-VII-

VIII. Punctures mostly moderate, sparse
on clypeus, larger in front of ocellar tri-

angle and on mesopleuron, 2-3 PD apart

on scutellum, 1 PD apart or closer on pro-

podeal enclosure and more terminal terga.

Proportions of face including antenna

(Figs. 10a, lOd); second submarginal cell

not petiolate (Fig. lOg); propodeal flange
UA obtusely rounded before posterior
notch (Fig. lOf); abdomen stout (Fig. lOi),

T-VII broad; obtusely truncate (Fig. lOi);

S-VI with small basomedial tooth; S-VII

lateral lobes fully exposed; genitalia slen-

der (Fig. lOn) aedeagus strongly notched
at apex (Fig. lOn').

Female paratype. Length 11.0 mm.
About as in male, but facial proportions
as in Fig. lOo, scutellum all brown, legs all

brown, yellow band only on T-II, lateral

spots only on S-II, foretarsal V and aro-

lium much larger than others, forebasitar-

sus about 1.7X as long as broad (Fig. lOp),
T-VI with a definitive pygidial plate and

large punctures (Fig. lOq).

Holotype male (LAWRENCE), 38 km n.

Toliara, Madagascar, XII-2-86 (J. W. Wen-
zel). Paratypes (LAWRENCE, DAVIS), 9

males, same data as holotype; female

(LAWRENCE), 10 km e. Sakaraha, Mada-

gascar, XII-4-86 (J. W. Wenzel).
This species belongs to the tridens group

according to the projection on male F-IX,

and to the discolor subgroup by the baso-

median tooth on S-VI of the male, and
short forebasitarsus of the female (Fig.

lOp). The extensive dark reddish brown
coloration (Fig. lOi, stippled area), broadly
subtruncate T-VII of the male (Fig. lOi),

and coarse punctation of the partial pygid-
ial plate of the female (Fig. lOq), distin-

guish the species. No other species of Bem-
becinus known to me is like it on Mada-

gascar or on continental Africa. The spe-
cific name is dedicated to the collector,

John W. Wenzel.

NOTES ON PREVIOUSLY DESCRIBED
SPECIES

Bembecifuis tridens group,
tridens subgroup

Bembecinus argentifrons (F. Smith)

Larni (n^cntifivii^ F. Smith 1856:339. Syntype
male.s "Port Natal", Natal Prov., South Af-

rica, (LONDON).
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Stizu/ braunsii Handlirsch 1894:287. Lectotype
female (here designated), "Transvaal",
Transvaal Prov., South Africa, (GENEVA).
New synonym.

Stizus barkeri Arnold 1940:114. Holot)'pe female,

Durban, Natal Prov., South Africa (PRETO-
RIA ?). New synonym.

I have studied the lectotype of braunsii

and a paratype male of barkeri from PRE-
TORIA. They agree nicely with specimens
in a long series (32 males, 5 females) that

I collected on a sandy bank at the mouth
of Umgazi River, Natal Prov., South Af-

rica, October 28, 1972. Characteristics of

this species are: Both sexes with length

usually 7-9 mm; a quite sharp notch be-

low on UA; second submarginal cell brief-

ly petiolate; black and yellow markings,

including those of legs, but tending to-

ward whitish on female terga; males with

yellow bands or spots on T-I-VII, females

with bands or spots on T-I-IV or some-
times a lateral spot on V, females with a

median black clypeal spot, and with for-

etarsal V and arolium not enlarged.
A presumed male syntype of argentif-

rons was sent to me from the British Mu-
seum. It bears the label "Port Natal" but

the clypeus is mostly black contrary to

Smith's original description. Therefore, 1

have not designated it as lectotype. Nev-

ertheless, I feel quite certain that argentif-
rons is the senior synonym for braunsii and
barkeri.

Bembecinus tridens group,

spinicornis subgroup
Bembecinus spinicornis (Saussure)

Sfizolarra spinicornis Saussure 1887:9. Holotype
male, Madagascar, (type seen, PARIS).

Stizus varians Arnold 1945:73. Holotype male,

Bekily, Madagascar (type seen, PARIS). Syn-

onymy by Leclercq 1940.

Arnold (1945) suggested the possibility
of the above synonymy although he had
not seen the holotype of spinicornis. A
comparison of this type, a flavid male, and

the type of varians, both furnished by Dr.

J. Casevitz-Weulersse, verifies the relation-

ship of the two names. Arnold's descrip-
tion and figures of varians based on 7

males, particularly the bladelike tooth of

S-VIII, are unmistakable. The flavid holo-

type of spinicornis has 3 small spines scat-

tered along the lower edge of the inner

surface of the hindfemur. Also, the fore-

basitarsus is all yellow.
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Abstract.—Meteorus papiliovorus Zitani, a new species from Costa Rica, is described and illus-

trated. This species is a gregarious koinobiont endoparasitoid of papilionid larvae including Pflp//(o

anchisiades idaeiis Fabricius on Citrus and Parides sesostris zestos (Gray) on Aristolochia touduzii. Notes
on its biology, distribution, and cocoon-forming behavior are given. This is the first record of any
New World Meteorus attacking Papilionidae, and the first record of Meteorus utilizing "nasty"
hosts that are believed to contain toxic secondary chemicals.

INTRODUCTION

During March of 1993 one of us (SRS)
visited the La Selva Research Station in

Costa Rica, where Ronald Vargas (a par-
ataxonomist working on the ALAS pro-

ject
—

Arthropods of La Selva) called to my
attention a parasitoid wasp that he had re-

cently reared from Papilio aiicliisindes idaeus

Fabricius on Citrus (Rutaceae). This was

immediately recognized to be a new spe-
cies of Meteorus Haliday, of particular in-

terest for several reasons: it provides the

first New World record of Meteorus attack-

ing Papilionidae, it is a gregarious species
with remarkably short cocoon-suspending
threads (Figs. 1-2, 4), and it is potentially
of interest as a biocontrol agent for Citrus-

feeding papilionids. We returned to the

collecting site and made an even more re-

markable observation—the Citrus tree had
been virtually defoliated by leaf cutter

ants, except for one leaf with another clus-

ter of Meteorus cocoons (Figs. 1-2). This

observation, combined with the short co-

coon threads, raises the exciting possibility
that either this new species, or its host, has

evolved some defense mechanism to deter

leaf cutter or other ants—a discovery that

might be of considerable economic benefit

to INBio or other bioprospecting ventures.

Subsequent studies of the INBio collection

indicated that this species is widely dis-

tributed in Costa Rica. In 1995 one of us

(DHJ) discovered that Parides on Aristolo-

chia (Aristolochiaceae) is another host of

this parasitoid. DHJ had also reared this

wasp from P. anchisiades in the dry forest

of the Area de Conservacion Guanacaste

(ACG) in northwestern Costa Rica. During
June of 1996 NMZ reared this species from

Parides sesostris zestos (Gray) on Aristolo-

chia touduzii (Fig. 6) at the Pitilla Biological

Station, ACG. The purpose of this paper
is to provide a scientific name for this new
Meteorus species, to facilitate ongoing
studies of its biology, and as a contribu-

tion to the ALAS project and the biodiver-

sity inventory of the ACG.
Meteorus Haliday is the most prominent

genus of the braconid subfamily Meteori-

nae (sensu S. Shaw 1985, 1994; Maeto

1990; M. Shaw and Huddleston 1991), sis-

ter-group of the Euphorinae {sensu stricto),

which is a moderately large subfamily

comprising at least 174 species worldwide

(S. Shaw 1988). Meteorines are sometimes
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Figs. 1-5. 1. Cocoons of MctoTiis inipiliovonis on leaf of Citrus tree at La Selva. Note extensive defoliation of

adjacent foliage. 2. Close-up of gregarious cocoons of Mctccrus pafiliorcrus on leaf of Citrus tree at La Selva.

3. Ultimate instar of Paniies sesostris zcstos, larval form A, on Aristolochia tonduzii at Pitilla. 4. Close-up of single
cocoon of Mctecrui papiiiovorus. 5. Cocoons of Mcteorus papiliovorus at Pitilla. Note one exceptionally long
cocoon thread.
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Figs. 6-7. 6. Peiuiltmiiitf instar of Parides Sfsosl/o ;i>/ik, Lirwil form A, with Mctfoiim fuipiliovoiit^ cocoon. 7.

Penultimate instar of Parides scsostris zcstos (?), larval form B.

classified as a tribe within the Euphorinae

(e.g. Marsh 1979; Gauld and Bolton 1988;

Quicke and van Achterberg 1990). Mefeor-

us has been seldom studied in the New
World tropics, and only a few works are

directly applicable to the Costa Rican fau-

na (Muesebeck 1923, 1956; S. Shaw 1995).

One of us (NMZ) is currently working on
a revision of Costa Rican Meteoriis.

Meteorines are solitary or gregarious
koinobiont endoparasitoids of larval Co-

leoptera or Lepidoptera, and many
Meteorus species have broad host ranges

(Achterberg 1979; West and Miller 1989;

Maeto 1990). The vast majority of meteo-

rines are solitary parasitoids attacking ex-

ophytic (exposed-feeding) lepidopteran
larvae, and many are nocturnally active.

Others utilize hosts that are only weakly
concealed (e.g. in leaf rolls or under web-

bing). The most frequently utilized hosts

are Noctuidae, Geometridae, and Tortri-

cidae, but many other lepidopterans in-

cluding Hepialidae, Zygaenidae, Tineidae,

Gelechiidae, Pyralidae, Papilionidae, Ly-
caenidae, Nymphalidae, Lasiocampidae,

Thaumetopoeidae, and Arctiidae have
been recorded as hosts (Muesebeck 1923;

Huddleston 1980; Maeto 1989, 1990). The

solitary parasitoids of arboreal Lepidop-
tera typically emerge from the host larva

and pupate away from the host remains

in a pendant cocoon that is often suspend-
ed by a long slender thread (Gauld and
Bolton 1988), and it is from this character-

istic cocoon that the genus Meteorus

gained its name. Cocoon threads are usu-

ally about 1-8 cm long, with some as long
as 20 cm (M. Shaw and Huddleston 1991).

It has been postulated that this suspended
cocoon is an anti-predator defensive ada-

patation. The cocoons are also commonly
subject to hyperparasitism. The gregarious
Meteorus species usually form their co-

coons together in a loose, irregular heap
(Huddleston 1980), although the terminal

threads may still be present, but inter-

twined (S. Shaw 1985). A few highly spe-
cialized gregarious species from Africa

and Sri Lanka form a very organized

spherical cocoon mass, with all the exit

holes facing outwards (Nixon 1943; Hud-
dleston 1983). Those species attacking Co-

leoptera larvae typically utilize hosts con-

cealed in wood, bark or fungus, especially

Cerambycidae, Tenebrionidae, Scolytidae,

Biphyllidae, Melandryidae, and Cisidae

(Huddleston 1980). As far as known, the

Meteorus species attacking coleopterous
larvae form stalkless cocoons within the

beetle gallery (DeLeon 1933; Mason 1973),

and these are regarded as relatively prim-
itive (Mason 1973; Maeto 1990).

The only previous record of Meteorus at-

tacking Papilionidae is a record of the Old

World species Meteorus pukiiriconiis (Wes-

mael) using a papilionid (Maeto 1990),

and this may be only an opportunistic as-

sociation, since records indicate that pul-

chricornis is a generalist species that oth-
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erwise attacks a variety of hosts including
noctuids, arctiids, geometrids, lyman-
triids, lasiocampids, nymphalids, and ly-

caenids. This paper provides the first rec-

ord of any New World Metcorus attacking

Papilionidae, and the first record of

Metcorus utilizing "nasty" hosts that are

assumed to contain toxic secondary chem-
icals.

METHODS

Species covered in this paper can be

identified as members of the subfamily
Meteorinae using the keys of S. Shaw
(1995) or M. Shaw and Huddleston (1991).

Our definition of Metcorus follows that of

Huddleston (1980, 1983), S. Shaw (1985),

and Maeto (1989, 1990). Specimens can be

determined as Meteorus using the key of

Marsh et al. (1987).

Terminology mostly follows that used
for Meteorus by Huddleston (1980, 1983)
and Maeto (1989, 1990). Microsculpture

terminology follows that of Harris (1979).

Wing venation terminology agrees with
the system being adopted for the Identifi-

cation Manual for Neio World Genera of the

Family Braconidae (in preparation), and

agrees closely with that of Goulet and Hu-
ber (1993). To avoid confusion, a labelled

diagram is provided here (Fig. 10). Be-

cause of varied body metasomal positions
in many specimens, body length was
taken as the combined measure of the

length from head to end of propodeum,
added to the length from base of the first

tergite to end of metasoma (not including

ovipositor). Abbreviations for museums
can be found in the Acknowledgments
section. Authorship of this new species is

attributed to the senior author (NMZ).

Meteorus papiliovorus Zitani,

new species

(Figs. 8-10)

Holotype female.
—Body color; (Fig. 8)

body yellow except head orange dorsally,
antenna black; mesonotum brown anteri-

orly and laterally, orange dorso-medially;

prothoracic leg with femur brown apical-

ly, tibia brown basally and apically, apical
tarsomere and pretarsus dark brown; me-
sothoracic leg with femur brown apically,
tibia brown apically, apical tarsomere and

pretarsus dark brown; metathoracic leg
with coxa brown apically, trochantellus

brown, femur dark brown apically, tibia

dark brown basally and apically, tarsus

dark brown; metasoma dark brownish
black dorsally except first tergite yellow

basally, third tergite with lateral orange
spots; laterotergites orange; wings deeply
infused with dark blackish pigment. Body
length: 4.6 mm. Head: (Fig. 9) 1.2x wider
than high in anterior view, head height
1.7x eye height in anterior view; antenna
filiform with 26 flagellomeres; flagellar

length/ width ratios as follows: Fl =
3.2,

F2 =
3.0, F3 =

3.0, F22 =
2.5, F23 =

2.8,

F24 =
2.6, F25 =

2.2, F26 2.8 x longer than

wide basally, pointed apically; eye not

large but protuberant; eyes not strongly

convergent, nearly parallel in anterior

view; maximum face width 1.2x mini-

mum face width; minimum face width
1.2X clypeus width; ocelli not conspicu-

ously large, ocellar-ocular distance 1.9X

diameter of lateral ocellus; malar space

length 2.4 X mandible width basally; face

protuberant medially, laterally depressed
above anterior tentorial pits, polished,

punctate; clypeus polished, punctate;
mandible strongly twisted. Mesosoma:
notauli areolate; mesonotum polished,

punctate dorsally; scutellar furrow 2-fo-

veate; mesopleuron polished, punctate;
sternaulus rugose; propodeum areolate-

rugose, median depression present. Legs:
hind coxa polished, punctate; tarsal claws

simple. Wings: (Fig. 10) forewing length
3.9 mm; vein m-cu antefurcal; vein r 2X

length of 3RSa; second submarginal cell

strongly narrowed anteriorly. Metasoma:

polished, smooth and shining; first tergite

dorsally longitudinally costate, dorsopes
absent, ventral borders joined along basal

'A of segment; ovipositor 1.6X longer than

first tergite.
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Fig. 8. Lciter.ll h.ibitus of Mdtvnis papilioi'orus.
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Fig. 9. Anterior view of head of Mcteonis paptlwvo-
rus showing eye shape.

Variation, parah/pe females.
—26 to 28 fla-

gellomeres; fore wing length 3.4 to 3.9

mm; vein m-cu interstitial; fore wing veins

r and 3RSa about equal in length; ovipos-
itor 1.6 to 1.9X longer than tergite 1;

brown areas vary from light brown to

dark brownish-black except metasoma;
mesonotum yellow; propodeum with
brown spots dorsally; hind coxa almost

completely dark brown; tergite 1 com-

pletely yellow; tergite 3 without lateral or-

ange spots; body length 4.1 to 4.6 mm.
Variation, paratype males.—As in females

except 26-32 flagellomeres; body length
3.6 to 4.3 mm; mesonotum orange; fore

and mid legs orange except apical tarso-

mere and pretarsus brown; hind coxa, tro-

chantellus, and femur yellow.

Description of cocoon.—(Figs. 1-2, 4-5)

length 4.6 to 5.7mm, 1.9 to 2.2mm wide

medially; suspended dorsally from a short

thread usually 1.0 to 1.7mm long, excep-

tionally 4.5-lOcm long (Fig. 5); terminat-

ing ventrally with a rounded nipple-like

projection (Figs. 4-5); silk color mostly
glossy brown, lighter at ventral apex;

emergence hole neatly cut as a V^ih semi-

circle, apex remaining attached as a cap.
Material Examined.—Holotype female

with cocoon: COSTA RICA: Heredia
Province: Est. Biol. La Selva, 50-1 50m, 10°

26'N, 84° 01 'W, March 1993, R. Vargas,
INBio-OET, INBIOCR1001219752, reared

from Papilio anchisiades idaeus larva on Cit-

rus. Deposited in INBio. Paratypes: COS-
TA RICA: Alajuela Province: 4 females, 5

males, M-12, Naranjo, October 17, 1990,

col. Marvia R., INBIOCR1001008313-321.
Guanacaste Province: 1 female, 1 male,

ACG, Santa Rosa, Bosque Humedo, each

reared from Papilio anchisiades on Xanthox-

ylum setulosum, D.H. Janzen voucher spec-
imen #90-SRNP-2177; 2 females, ACG, Est.

Pitilla, reared from Parides sesostris zestos

larva, wasps eclosed 28 June 1995, D.H.

Janzen voucher specimen #95-SRNP-4760;
2 females with cocoons, ACG, Est. Pitilla,

600m, reared from Parides sesotris zestos

larva on Aristolocbia tonduzii, larvae coll.

14 June 1996, wasps em. 8-9 July 1996,

#96-NZ-25, N. Zitani; 4 females with co-

coons, ACG, Est. Pitilla, 600m, reared

from Parides sp. larva on Aristolochia ton-

fig. 10. Forewing venation of Metconis piipilwivnis.
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diizii, larva coll. 23 June 1996, wasps em.

4-6 July 1996, #96-NZ-42, N. Zitani; 4 fe-

males with cocoons, ACG, Est. Pitilla,

600m, reared from Parides sp. larva on un-

identified host plant, larva coll. 26 June

1996, wasps em. 5-7 July 1996, #96-NZ-44,

N. Zitani. Heredia Province: 4 females

with cocoons, same data as holotype ex-

cept INB1OCR1001219750-751, 753-754.

Limon Province: 1 male. Sector Cerro Co-

cori, Fca. de E. Rojas, 150m, March 1993,

E. Rojas, L-N-286000, 567500, INBIOCR-

1001406312; 1 female, P.N. Tortuguero,

Est. Cuatro Esquinas, Om, September 1992,

R. Delgado L-N 280000, 590500, IN-

B1OCR1000840248. Puntarenas Province:

20 females, 8 males with cocoons. Penin-

sula de Osa, Rancho Quemado, 200m, Au-

gust 1991, F. Quesada, L-S-292500, 511000,

INBIOCR10013291 13-140. Paratypes de-

posited in INBio, UCR, RMSEL.
Distribution.—Known only from the

type localities in Costa Rica.

Biology.
—Meteorus papiliovorus is a gre-

garious koinobiont endoparasitoid of pa-

pilionid larvae including Papilio anchisiades

idaeus Fabricius on Citrus and Parides se-

sostris zestos (Gray) on Aristolochia tonduzii.

A second Parides species may also be uti-

lized. At the Pitilla research site NMZ
found two distinct larval forms, A and B,

of the host caterpillars (Figs. 3, 6-7) feed-

ing on Aristolochia tonduzii (one individual

of larval form B was found on an uniden-

tified host plant). These two larval forms

are distinguished by the presence of lat-

eral white tubercles immediately posterior

to the head (Fig. 6), or their absence (Fig.

7), on the penultimate instar. The presence
of these white tubercles on the ultimate in-

star of larval form A, along with distinct

maroon-colored circular markings on the

dorsal surface (Fig. 3) further serves to

separate the two larval forms. Form A was

reared to the adult, and identified as Par-

ides sesostris zestos using DeVries (1987).

Form B was not reared to adult because

all the larvae collected were parasitized.

When utilizing Parides sesostris zestos, M.

papiliovorus emerged from both the pen-

ultimate and ultimate instars. The adult

wasps emerged from their cocoons 10-12

days later.

DeVries (1987) indicated that larvae of

Papilio anchisiades idaeus are parasitized by
braconid wasps, but gave no more detail.

Also, there are unconfirmed reports of this

parasitoid emerging commonly from Pap-

ilio larvae collected in Citrus groves near

San Jose.

Comments.—The distinctive color pat-

tern of this species (Fig. 8), with bright yel-

low body, black dorsally, and black tinted

wings, and the strongly narrowed second

submarginal cell (Fig. 10) are fully diag-

nostic. In specimens where forewing veins

r and 3RSa are about equal in length, the

second submarginal cell remains strongly

narrowed. Another species that has been

examined, but is still undescribed, shares

with M. papiliovorus dark tinted wings and

a strongly narrowed second submarginal
cell. However, it has a shorter, curved ovi-

positor (ovipositor about equal to length

of first tergite), moderately twisted man-

dibles, and was reared from Mamiuca sexta

(D.H. Janzen voucher specimen #95-

SRNP-7538, and #95-SRNP-7539). M. pap-

Hiovorus keys to couplet 20 in Muesebeck's

(1923) key.

Etymology.
—Derived from the Latin pap-

ilio for butterfly, and voratus for devourer,

in reference to the feeding habits of this

species.
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In Memoriam

Byron Allen Alexander
1952-1996

Research on the systematics, behavior

and morphology of bees and sphecid

wasps suffered a tragic loss with the sud-

den and unanticipated death of a prom-
ising young investigator, Byron Alexan-

der, on November 30, 1996. His brief pro-
fessional career of only seven years was
one of impressive scholarly productivity

in addition to his teaching and curatorial

duties. Byron was an associate professor
in the Department of Entomology and the

Department of Systematics and Ecology at

the University of Kansas, as well as a half-

time curator in the Snow Entomological
Collection of the Natural History Muse-

um. He had contributed two important
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papers to the Journal of Hymenoptera Re-

search.

Byron was most importantly an enthu-

siastic and capable teacher. On a regular

cycle, he taught insect classification, exter-

nal morphology of insects, social insects

and introductory systematics. In addition,

he had taught two undergraduate biology
courses and a summer field course in en-

tomology. In the summer of 1990, he co-

taught a field course on bee behavior and

ecology at the Centro de Ecologia, Her-

mosillo, Mexico; and in 1994 he taught in

a course on identification of Hymenop-
tera, sponsored by the University of Ha-

waii and the Bernice P. Bishop Museum,
in Honolulu, Hawaii. Students regarded
his courses highly, and he had received an

award for outstanding teaching while at

Cornell University.
He was both a student of the natural

history of insects and a practitioner of the

most up-to-date computer methods in the

cladistic analysis of various groups of Hy-

menoptera. Another of his interests was

morphology of bees and wasps, particu-

larly of the female reproductive system.
His research was supported, at one time

or another, by the National Science Foun-

dation, a Smithsonian Postdoctoral Re-

search Fellowship, and the General Re-

search Fund of the University of Kansas.

Byron was an artist of unusual talent.

Examples of his artistic work may be seen

in his last publication, "Comparative Mor-

phology of the Female Reproductive Sys-
tem of Nomadine Bees" (Mem. Entomol.

Soc. Washington, no. 17, pp. 14-35, 1996).

Earlier, he had exhibited drawings at a na-

tional meeting of the Guild of Natural Sci-

ence Illustrators (in 1984) and at the East-

ern Branch meeting of the Entomological

Society of America, in Syracuse, New
York (1988). He made the illustrations for

"The Natural History and Behavior of the

North American Beewolves," a book by
Howard Evans and Kevin O'Neill (1988).

While working for the National Park Ser-

vice, he illustrated brochures on wildlife

of the parks.

Byron Allen Alexander was born in El

Paso, Texas, on April 14, 1952, the son of

Harold and Betty Alexander. He attended

the University of Texas at El Paso and

graduated with highest honors in 1974.

Fascinated by the work of Jane Goodall in

Tanzania, he enrolled in a graduate pro-

gram in primatology at Stanford Univer-

sity. The program was discontinued after

a year; however, Byron had an opportu-

nity to study chimpanzees in Senegal with

a group of Scottish primatologists. After

only six months in Africa, he contracted

hepatitis and had to return to the United

States. In 1976 and in 1978-1981, he was

employed as a seasonal park naturalist, at

Capitol Reef National Park, Utah, Great

Sand Dunes National Monument, Colora-

do, and Tuzigoot National Monument,
Arizona. During this period, Byron's in-

terest in entomology and particularly in

wasp behavior, was stimulated by his con-

tacts with students of Prof. Howard Evans

of Colorado State University. Thus influ-

enced indirectly by hymenopterist-behav-
iorist Evans, he went to Colorado State

University and there earned the M.S. de-

gree in 1983. He continued graduate stud-

ies with George Eickwort at Cornell Uni-

versity. At Cornell, Byron was awarded

the John Henry Comstock Scholarship, a

National Science Foundation Graduate

Fellowship and three other fellowships.

He received the Ph.D. degree from Cornell

in 1989, and in the summer of that year

joined the Entomology faculty at the Uni-

versity of Kansas, as an assistant profes-
sor. He was promoted to associate profes-

sor, with tenure, in 1995.

In addition to his membership in the In-

ternational Society of Hymenopterists, By-
ron was active in the Entomological Soci-

ety of America (associate editor of the

Thomas Say Publications in Entomology,
since 1994), the Central States Entomolog-
ical Society (president in 1995, member of

the editorial board since 1994), the Animal
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Behavior Society, the International Union
for the Study of Social Insects, the Society
of Systematic Biology, the American As-

sociation for the Advancement of Science,

and the Sigma Xi Scientific Research So-

ciety.

Byron is survived by his parents. Prof,

and Mrs. Harold Alexander of El Paso,

Texas and two brothers, Harold, of Las

Cruces, New Mexico and David, of Port-

land, Oregon. A memorial service was
held in the Natural History Museum, Uni-

versity of Kansas, on December 5, 1996. At

this service, it was evident that Byron had

many friends, some of whom (former stu-

dents and others) had come from distant

parts of the country to pay their final re-

spects to this unusual man.
A memorial fund in Byron's name has

been established with the Kansas Univer-

sity Endowment Association, to keep his

memory alive and to benefit entomology
students, to whom he had devoted most
of his professional career.
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MEMORIAL PUBLICATION HONORING BYRON ALEXANDER
CALL FOR PAPERS

The Natural History Museum, Univer-

sity of Kansas, including the Snow Ento-

mological Division, plans to publish a me-

morial volume honoring Dr. Byron A. Al-

exander in the series "Scientific Papers,
Natural History Museum, The University
of Kansas (a continuation of the Univer-

sity of Kansas Science Bulletin). This book
will be part of a numbered series that is

distributed to libraries and sent to ab-

stracting services. The general theme of

the volume, "The Friends of Byron Alex-

ander," is broad enough that contribu-

tions can be in systematics, evolutionary

biology, ecology, behavior, phylogeny or

other fields of biology that were of interest

to our friend, Byron.
Contributed papers will follow the for-

mat of what was formerly the University
of Kansas Science Bulletin and should be

no more than 30 double-spaced manu-

script pages. The format will be double

column; a printed page without illustra-

tions will contain about 1400 words. Pa-

pers initially must be submitted as three

"hard" copies. After the paper has been

accepted and the editor's and reviewers'

comments have been considered, the final

version must be submitted on a 3.5 inch

floppy disk in Microsoft Word, preferably
for the Macintosh; however, Microsoft

Word for Windows (3.1 or later), DOS ver-

sion will also be accepted. All figures must
be no larger than 8 1/2" X 11" (218 mm X

280 mm). Figure widths are column size—
88 mm (21 picas) or page size—180 mm
(43 picas) and their length no more than

210 mm (48 picas
—note: this measure-

ment already allows for a figure caption).
The three hard copies of the manuscript
must be accompanied by the addresses of

four potential reviewers. Please submit e-

mail addresses (if available) and phone
numbers for reviewers if possible.

Page charges will be assessed at $32/

printed page (containing 1400 words).
This is 113 the cost of an equivalent page in a

journal such as the Journal of the Kansas En-

tomological Society. Note: Illustration space
will be charged at the same rate as printed

space and only papers which have paid
their page charge bills prior to printing
will be accepted for the final volume. Re-

prints will not be provided, but authors

are authorized to make xerox or offset

copies as desired. Each author will receive

two copies of the entire volume so one can

be separated for making reprints.

Deadline for submission of manuscripts
is Oct. 1, 1997.

Send manuscripts, figures and final

disks to the editors:

Robert W. Brooks or George W. Byers,
Snow Entomological Division, Natural

History Museum, University of Kansas,

Lawrence, Kansas 66045, USA.







INSTRUCTIONS FOR AUTHORS

General Policy. The Journal of Hymenoptera Research invites papers of high scientific quality reporting

comprehensive research on all aspects of Hymenoptera, including biology, behavior, ecology, systematics,

taxonomy, genetics, and morphology- Taxonomic papers describing single species are unlikely to be accepted
unless a strong case is evident, such as importance in economic entomology or with concurrent biology or

ecology. Manuscript length generally should not exceed 50 typed pages; however, no upper limit on length

has been set for papers of exceptional quality and importance, including taxonomic monographs at generic

or higher level.

All papers will be reviewed by at least two referees. The referees will be chosen by the appropriate subject

editor. However, it would be helpful if authors would submit the names of two persons who are competent
to review the manuscript.

The language of publication is English. Summaries in other languages are acceptable.

The deadline for receipt of manuscripts is 1 October (for the April issue) and 1 April (for the October issue).

Format and Preparation. Three copies of each manuscript, including copies of illustrations, should be

submitted on letter size or A4 paper, double spaced, with at least 25 mm margins on all sides. On the upper
left of the title page give name, address and telephone and fax numbers of the author to whom all corre-

spondence is to be sent.

The paper should have a concise ar\d informative title, followed by the names and addresses of all authors. The

sequence of material should be; title, author(s), abstract, text, acknowledgments, literature cited, appendix, figure

legends, figure copies (each numbered and identified), tables (each numbered and with heading). Each of the following

should start a new page: (1) title page, (2) abstract, (3) text, (4) literature cited, (5) figure legends, (6) footnotes.

Following acceptance of the manuscript, the author should provide the editor with one copy of the manu-

script accompanied by a copy on diskette using DD, double sided computer diskettes—IBM compatible MS
DOS 5.25 inch or IBM and Macintosh 3.5 inch diskettes. (Authors who do not have access to a computer
should submit three copies

of the manuscript.) The paper may be submitted in most PC and Mac word

processor programs sucn as Microsoft Word, FullWrite Professional, WordPerfect, WriteNow, Nisus, Mac-

Write, or MacWrite II. If possible, all words that must be italicized should be done so, not underscored. Use

of the words male and female is preferred to sex symbols. Tables may be formatted in a spread sheet program
such as MS Works or MS Excel. Text should be double spaced typing, with 25 mm left and right margins.

Tables should be put in a separate file. Diskettes should be accompanied by the name of the software program
used (e.g., WordPerfect, Microsoft Word). Authors should keep backup copies of all material sent to the Editor.

The Society cannot be responsible for diskettes or text mislaid or destroyed in transit or during editing.

Illustrations should be planned for reduction to the dimension of the printed page (14.8 x 21.8 cm, column

width 7.0 cm) and allow room for legends at the top and bottom. Do not make plates larger than 14 x 18 in.

(35.5 X 46 cm). Individual figures should be mounted on a suitable drawing board or similar heavy stock.

Photographs should be trimmed, grouped together and abutted when mounted. Figure numbers should be

on the plate, and it is strongly recommended that names be included after the numbers (e.g.. Fig. 2, texanui).

Include title, author(s) and acidress(es), and illustration numbers on back of each plate. Original figures need

not be sent until requested by the editor, usually after the manuscript has been accepted. Reference to figures/

tables in the text should be in the style "(Fig. I)" "(Table 1)". Measurements should be in the metric system.

All papers must conform to the International Code of Zoological Nomenclature. The first mention of a plant

or animal should include the full scientific name including the authority. Genus names should not be abbre-

viated at the beginning of a sentence. In taxonomic papers type specimens must be clearly designated, type

depositories must be clearly indicated, and new taxa must be clearly differentiated from existing taxa by
means of keys or differential diagnoses. Authors are required to deposit all type material in internationally

recognized institutions (not private collections). Voucher specimens should be designated for specimens used

in behavioral or autecological studies, and they should be deposited similarly.

Acceptance of taxonomic papers will not require use of cladistic methods; however, authors using them

will be expected to specify the phylogenetic program used (if any), including discussion of program options

used. A data matrix should be provided if the subject is complex. Cladograms must be hung with characters

and these should include descriptors (not numbers alone) when feasible. The number of parsimonious clado-

grams generated should be stated and reasons given for the one adopted. Lengths and consistency indices

should be provided. Adequate discussions should be given for characters, plesiomorphic conditions, and

distributions of characters among outgroups when problematical.
References in the text should be (Smith 1999), without a comma, or Smith (1999). Two articles by a single

author should be (Smith 1999a, 1999b) or Smith (1999a, 1999b). For multiple authors, use the word "and,"

not the symbol "&" (Smith and Jones 1999). For papers in press, use "in
press,"

not the expected publication

date. The Literature Cited section should include all papers referred to in the paper. Journal names should

be spelled out completely and in italics.

Charges. Publication' charges are $10.00 per printed page. At least one author of the paper must be a

member of the International Society of Hymenoptensts. Reprints are charged to the author and must be

ordered when returning the proofs;'there are no free reprints. Author's corrections and changes in proof are

also charged to the author. Color plates will be billed at full cost to the author.

All manuscripts and correspondence should be sent to:

Dr. E. Eric Grissell

Systematic Entomology Laboratory, USDA
% National Museum of Natural Histon', NHB-168

Washington, DC 20560

Phone: (202) 382-1782 Fax: (202) 786-9422 E-mail: egrissel@sel.barc.usda.gov



CONTENTS

(Continued from front cover)

2UPARKO, R. L. A review of the host ranges of aphidophagous Aphelinidae (Hymenop-
tera: Chalcidoidea) 99

OBITUARY: Byron Allen Alexander 186

NOTICE: Alexander Memorial Publication, call for papers 190



c,oCIETy
^^muTumm

Journal of

Hymenoptera
Research

Volume 6, Number 2 October 1997

ISSN #1070-9428

CONTENTS

ALMEIDA, D. A. O., R. P. MARTINS, and M. L. T. BUSCHINI. Behavior and nesHng dy-

namics of the Neotropical cavity-nesting specialist bee Megachile assumpHioiiis

Schrottky, with comparisons to the Nearctic Megachile brevis Say (Hymenoptera;

Megachilidae)
344

CAMERA T., R. A. and D. QUINTERO A. A revision of Protophotopsis Schuster (Hymenop-
tera: Mutillidae) 263

EARDLEY, C. D. and D. J. BROTHERS. Phylogeny of the Ammobatini and revision of the

Afrotropical genera (Hymenoptera: Apidae: Nomadinae) 353

KURCZEWSKI, F. E. Activity patterns in a nesting aggregation of Sphex pensylvanicus L.

(Hymenoptera: Sphecidae)
231

MENKE, A. S. Family-group names in Sphecidae (Hymenoptera: Apoidea) 243

O'NEILL, K. M. Multi-species mating swarms of Formica in southwestern Montana, U.S.A.

(Hymenoptera: Formicidae) 336

PULAWSKI, W. J. A review of New Guinean Ochleroptera Holmberg 1903 (Hymenoptera:

Sphecidae)
256

QUICKE, D. L. ]., R. A. WHARTON, and H. SITTERTZ-BHATKAR. Antero-lateral abdom-

inal scent glands of braconine wasps (Hymenoptera: Braconidae) 219

SHARKOV, A. and J. B. WOOLLEY. A revision of the genus Hambletonia Compere (Hy-

menoptera: Encyrtidae)
191

SHAW, M. R. and K. HORSTMANN. An analysis of host range in the Diadegma nanus group

of parasitoids in Western Europe, with a key to species (Hymenoptera: Ichneu-

monidae: Campopleginae) 273

(Continued on back cover)



INTERNATIONAL SOCIETY OF HYMENOPTERISTS
Organized 1982; Incorporated 1991

OFFICERS FOR 1997

James M. Carpenter, President

Andrew D. Austin, President-Elect

James B. Woolley, Secretaiy

John T. Huber, Treasurer

E. Eric GrisseU, Editor

Subject Editors

Symphyta and Parasitica Aculeata

Biology: Mark Shaw Biology: Sydney Cameron

Systematics: Donald Quicke Systematics: Wojciech Pulawski

All correspondence concerning Society business should be mailed to the appropriate officer at the

following addresses: President, Department of Entomology, American Museum of Natural His-

tory, Central Park West at 79th Street, New York, New York 10024; President-Elect, University of

Adelaide, Glen Osmond, Australia; Secretary, Department of Entomology, Texas A&M University,

College Station, Texas 77843; Treasurer, Eastern Cereal & Oilseed Research Centre, Agriculture

Canada, K. W. Neatby Building, Ottawa, Ontario, Canada KIA 0C6; Editor, Systemafic Entomology

Laboratory, USDA, % NaHonal Museum of Natural History, NHB 168, Washington, D.C. 20560.

Membership. Members shall be persons who have demonstrated interest in the science of ento-

mology. Annual dues for members are US$35.00 per year (US$40.00 if paid after 1 May), payable
to The International Society of Hymenopterists. Requests for membership should be sent to the

Treasurer (address above).

Journal. The Journal of Hymenoptera Research is published twice a year by the International Society

of Hymenopterists, % Department of Entomology NHB 168, Smithsonian Institution, Washington,
D.C. 20560, U.S.A. Members in good standing receive the Journal, Nonmember subscriptions are

$60.00 (U.S. currency) per year.

The Society does not exchange its publications for those of other societies.

Please see inside back cover of this issue for information regarding

preparation of manuscripts.

Statement of Ownership

Title of Publication: Journal of Hymenoptera Research.

Frequency of Issue: Twice a year.

Location of Office of Publication, Business Office of Publisher and Owner: International Society

of Hymenopterists, % Department of Entomology, NHB 168, Smithsonian Institution, Wash-

ington, D.C. 20560, U.S.A.

Editor: E. Eric Grissell, Systematic Entomology Laboratory, USDA, % National Museum of Nat-

ural History, NHB-168, Washington, DC 20560.

Managing Editor and Known Bondholders or other Security Holders: none.

This issue was mailed 20 October 1997



J. HYM. RES.

Vol. 6(2), 1997, pp. 191-218

A Revision of the Genus Hambletonia Compere
(Hymenoptera: Encyrtidae)

Andrey Sharkov and James B. Woolley

(AS) Museum of Biological Diversity, Ohio State University, 1315 Kinnear Road, Columbus,
OH 43212, U.S.A.; (JBW) Department of Entomology, Texas A&M University,

College Station, TX 77843, U.S.A.

Ahstrnct.—The encyrtid genus Hnmhletonia is redescribed. Eight new species, H. calvifrons, n. sp.

(Costa Rica), H. marticqihala, n. sp. (USA: Florida, Georgia), H. pilosifrons, n. sp., H. puuclifrons, n.

sp. (Costa Rica), H. roseni, n. sp. (Panama, Costa Rica), H. setosifrons, n. sp., H. squalicephala, n. sp.,

and H. undulitibine, n. sp. (Costa Rica) are described. A key to species is provided.

The genus Hambletonia was originally
described by Compere (1936) for a single

species, H. pseudococcina Compere. It re-

mained monotypic until the present study,

inspired by the discovery in Florida and

Georgia (USA) of a very peculiar encyrtid

bearing a large protrusion on the frontov-

ertex between the compound eyes, a fea-

ture not found in any other representative
of the family. After analyzing its charac-

ters and consulting with Dr. J.S. Noyes
(The Natural History Museum, London),
we came to the conclusion that this encyr-
tid constitutes an aberrant new species of

Hambletonia. Study of specimens received

on loan from various institutions revealed

seven more undescribed species, bringing
a total number of species currently includ-

ed in the genus to nine. The present article

reviews the concept of Hambletonia based

on the new material, and includes descrip-
tions of eight new species and a key to

species.

MATERIALS AND METHODS

Specimens originally collected in alco-

hol were critical-point-dried (CPD), or

prepared using hexamethyldisilazane
(HMDS), a technique used as a chemical

alternative to CPD (Brown, 1993; Heraty,

personal communication and Internet

posting). Balsam mounted microscope
slides were prepared following the meth-

od described by Noyes (1982), with slight

modifications. Measurements were made
from dry mounted specimens and from

microslides using a stereomicroscope

equipped with a filar ocular micrometer.

All measurements (except body length)
are given in units of the micrometer (1

unit = 0.01 mm). They are all comparable
to each other, and can be translated into

millimeters by multiplying the number of

units by 0.01. Terminology follows Shar-

kov (1996), except "pygostyli" are called

"cerci." All illustrations are original line

drawings prepared by Sharkov from card

mounted and pointed specimens, and mi-

croslides using a camera lucida on a com-

pound microscope. Abbreviations for de-

positories of type materials and institu-

tions that provided loans of specimens are

as follows: AMNH (American Museum of

Natural History, New York, NY, USA),
BMNH (The Natural History Museum,
London, UK), INBio (Instituto Nacional de

Biodiversidad, San Jose, Costa Rica),

OSUC (Ohio Slate University, Columbus,

OH, USA), TAMU (Texas A&M Univer-

sity, College Station, TX, USA), UCDC
(University of California, Davis, CA,
USA), UCRC (University of California,
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Riverside, CA, USA), USNM (National

Museum of Natural History, Smithsonian

Institution, Washington, D.C., USA).

HAMBLETONIA Compere

Hambletonia Compere, 1936:172-173. Type spe-

cies: H. pseudococcina Compere, by original

designation.

The original description of Hambletonia

(Compere 1936) was based on a single

species, H. pseudococcina Compere. There-

fore, many of the characters Compere had

thought to be of generic value (such as the

shape of the head and the relative size of

the head structures, the ability to retract

the antennae in the facial depression, the

shape of the scape, the number of funic-

ular segments, the presence of "coarse,

flattened setae on the dorsal margin at

apex" of the pedicel, and the "very nar-

rowly separated at inner tips" axillae), fol-

lowing discovery and study of new spe-

cies, turned out to be of only specific val-

ue. We redescribe the genus based on all

material available to us. Unique features

of H. marticephala n. sp. are stated sepa-

rately in the Comments section.

Fernale.—General body color from yel-

low to orange yellow or orange brown,

sometimes brown or dark brown. Fron-

tovertex sometimes with very slight pur-

ple, greenish or bluish metallic luster that

can be seen only at certain illumination.

Forewing slightly to moderately infuscate,

especially in basal part. Body length 1.0-

2.5 mm. Head (Figs. 1-18) hypognathous,

length 0.5-0.63 X width, 0.65-0.8 x height,

in lateral view more or less triangular, line

outlining frontovertex straight to moder-

ately convex, at angle of about 30° to 60°

to longitudinal axis of body (when poste-

rior margin of gena is vertical) (Figs. 3, 12,

15, 18). Frontovertex convex to almost flat,

smooth, often with scattered (sometimes,

numerous) non-piliferous punctures, na-

ked or with scattered hairs, and one row

of hairs along each inner eye orbit, length

Journal of Hymenoptera Research

1.1-1.6X width, width 0.4-0.6X width of

head, anterior margin (dorsal view) con-

vex to straight or concave (Figs. 2, 8, 11,

14, 17). Ocelli in obtuse triangle, with an-

terior angle of 96°-154°. Eyes oval, naked

to setose, maximum diameter from less

than Vi to more than % head length (dorsal

view), posterior orbit reaching, or almost

reaching occipital margin, anterior orbit

separated from margin of facial depres-

sion by 0.2-0.3 X maximum diameter of

eye (Figs. 1-18). Facial depression deep,

sharply separated from frontovertex and

genae (in H. undulitihiae n. sp. border of

facial depression and genae slightly

rounded laterally, as in Fig. 10), with two

concavities (one on each side) to accomo-

date apex of scape when antennae are en-

closed in facial depression. Antennal to-

ruli 1.7-2.6 X closer to mouth margin than

to each other. Interantennal prominence

extending upwards as thin low carina, al-

most reaching margin of frontovertex. An-

tennae (Figs. 21-32) compact, can be re-

tracted into facial depression. Scape mod-

erately to strongly broadened and flat-

tened, length 1.6-2.9 X maximum width;

pedicel with more or less expressed tuft of

elongated thickened setae at apex dorsal-

ly; funicle 4- to 6-segmented, segments
transverse to strongly transverse; clava

solid, heart-shaped, broader than funicle.

Mandibles bidentate, with sharp teeth, up-

per tooth conspicuously larger than lower

tooth. Maxillary palpi 4-segmented; labial

palpi 3-segmented. Mesosoma compact,

at most 1.23 X longer than wide. Pronotum

transverse, sometimes concealed by occi-

put. Mesoscutum transverse, width about

twice length, anterior part sometimes con-

cealed by occiput. Sculpture of mesoscu-

tum smooth to shallowly reticulate or re-

ticulate-punctate. Axillae with irmer cor-

ners meeting to relatively widely separat-

ed. Scutellum slightly wider than long,

smooth to shallowly reticulate, with dis-

tinct longitudinal median groove in ante-

rior one- or two-thirds. Dorsum of meta-

soma with appressed to suberect hairs.
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Figs. 1-9. Heads of Hamhktonia species. 1-3. H. punctifrons. 1, frontal view; 2, dorsal view; 3, lateral view,
with antenna. 4-6. H. marticephala. 4, frontal view; 5, dorsal view; 6, lateral view, with antenna. 7. H. pilcsifrons,

semiprofile view. 8. H. calvifrons, dorsal view. 9. H. setosifrons, semiprofile view.

and often with scattered non-piliferous

punctures. Metanotum and propodeum
short, dorsally more or less carinate. Fore-

wing (Figs. 34, 36, 38-41) 2.0-2.4 x longer
than broad. Costal cell usually bent ven-

trally (wing plane positionned horizontal-

ly). Basal part of forewing (proximad of

linea calva) from almost hairless, with

only few long hairs (Figs. 39, 40), to more
or less densely ciliated, with hairs longer
than on wing disk (Figs. 36, 38, 41). Linea

calva entire and open (Figs. 39, 40), or al-

most closed by one or two lines of hairs

along posterior wing margin (Figs. 34, 36,

41). Marginal vein punctiform to about

twice as long as broad. Stigmal vein 1.1-

1.5x postmarginal vein, almost straight to

slightly curved toward anterior wing mar-

gin; stigma sometimes weakly expressed.

Legs relatively short, slightly to moderate-

ly thickened. Metasoma very slightly lon-

ger than wide. Cerci situated slightly clos-
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Figs. 10-18. Heads of Hamhletonia species. 10-12. H. undulitibiae. 10, frontal view; 11, dorsal view; 12, lateral

view, with antenna. 13-15. H. pseudococcina. 13, frontal view; 14, dorsal view; 15, lateral view, with antenna.

16-18. H. squalicephala. 16, frontal view; 17, dorsal view; 18, lateral view, with antenna.

er to base, or closer to apex of metasoma'.

Ovipositor short, not protruding, directed

slightly upwards.
Male.—General body color black or very

dark brown, lateral and ventral surface of

mesosoma and metasoma usually slightly

lighter than dorsal surface, brown. Anten-

nae light to dark brown. Forewings hya-
line, or very slightly infuscate in basal

part. Body length 1.0-1.7 mm. Head hy-

pognathous, length approximately 0.5 X

' The position of cerci in preserved specimens is

affected by the method of preparation: they appear
to be closer to base of the metasoma in air-dried spec-
imens, and closer to the apex of the metasoma in crit-

ical-point-dried and HMDS-treatcd specimens.

width, and approximately 0.5 X height.

Frontovertex convex to almost flat, coarse-

ly reticulate-punctate to superficially

transversely reticulate or coriaceous,

slightly longer to slightly shorter than

broad. Ocelli in slightly to strongly obtuse

triangle. Eyes with posterior margin
reaching, or almost reaching occipital

margin, and with anterior orbit reaching,
or almost reaching margin of facial de-

pression. Frontovertex and eyes with

sparse to rather dense hairs. Facial de-

pression separated from frontovertex by

sharp carina, and with rounded margin

separating it from gena, smooth to super-

ficially reticulate. Interantennal promi-
nence rounded dorsally, or extending into
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thin, low, rounded carina, sometimes

reaching margin of frontovertex. Antenna

subcompact to compact; scape slightly

broadened and flattened; funicle 5-seg-

mented, segments strongly to moderately
transverse, sometimes some of them su-

bquadrate, round in transection, slightly

increasing in width toward clava; clava

solid, same width as last funicular seg-
ment. Mandibles and palpi as in female.

Mesosoma compact. Relative dimensions

approximately same as in female. Mesos-

cutum from coarsely deeply reticulate to

smooth (in H. squalkephala n. sp.); scutel-

lum and axillae from reticulate to smooth.

Axillae meeting at inner corners, usually

slightly rising above scutellum (in H.

squalkephala n. sp., axillae fused with scu-

tellum). Metanotum laterally of dorsel-

lum, and propodeum dorsally irregularly

carinate. Forewing (Fig. 37) hyaline to ex-

tremely slightly infuscate in basal part.

Marginal vein punctiform to about 1.5x

longer than broad; postmarginal vein up
to 1.5x longer than stigmal vein; stigmal
vein straight to slightly curved toward an-

terior wing margin. Legs normal. Meta-

soma about as long as broad. Cerci situ-

ated slightly closer to base, or closer to

apex of metasoma. Terga II to IV with

shallow, transverse, reticulate or coria-

ceous sculpture.
Comments.—H. marticephala n. sp. differs

from all other Hambletonia species in sev-

eral aspects. Its head has a more complex

shape because the frontovertex is pro-
duced dorsally between the eyes into a

large prominence, slightly subdivided me-

dially in two parts by frontal and occipital

depressions and by a weak dorsal depres-
sion (Figs. 4-6, 19); head length is only
0.41-0.47X its height, and 0.36-0.38X its

width. The anterior ocellus is located on
the frontal surface of the frontovertexal

prominence, inside the frontal depression,
and is positioned vertically; the posterior
ocelli are positioned horizontally on the

dorsal surface of the prominence (Figs. 4,

5). The anterior margin of the frontovertex

is slightly concave (Figs. 5). The facial de-

pression is shallow, the carina separating
it from the frontovertex is sharp only me-

dially and has rounded margins laterally

(Fig. 4). Antennae (Figs. 25, 26) lack the

elongated, thickened setae on the pedicel,

and cannot be retracted into the facial de-

pression. The forewings are very narrow,

3.6-4.9X as loang as broad (Fig. 35).

Biology.
—The host is known only for H.

pseudococcina, which is a parasitoid of the

pineapple mealybug, Dysmicoccus brevipes

(Cockerell) (Homoptera: Pseudococcidae).
Distribution.—Brazil, Argentina, Peru,

Ecuador, Colombia, Venezuela, Trinidad,

Panama, Costa Rica, Guatemala, Mexico,

USA (Florida, native and introduced,

Georgia), Hawaii (introduced), Puerto

Rico (introduced), Jamaica (introduced),

and Taiwan (probably, introduced). All

the introductions refer to H. pseudococcina

(see below).

Systematic position.
—Since phylogenetic

relationships within the family Encyrhdae
are poorly understood (Noyes & Hayat,

1994) and are beyond the scope of the

present work, we provide here only a brief

synopsis of recent placement of the genus
Hambletonia within the subfamily Tetrac-

neminae by different authors. Trjapitzin
and Gordh (1978) and Gordh and Trjapit-

zin (1979) included Hambletonia in the

tribe Chrysoplatycerini, subtribe Chryso-

platycerina, according to Trjapitzin's

(1973) classification of the Encyrtidae. Lat-

er, Noyes and Hayat (1984) suggested that

the genus might be more closely related to

Taftia Ashmead, and transferred Hamble-

tonia to the subtribe Taftiina (tribe Chry-

soplatycerini), indicating that "in all prob-

ability Taftiina should be considered syn-

onymous with Chrysoplatycerina." Trja-

pitzin (1989) accepted the placement of

Hambletonia in Taftiina, but retained the

subtribe name as valid. Most recently,

Noyes and Hayat (1994) modified Trjapit-

zin's classification, and included all the

genera previously placed in Chrysoplaty-
cerini into the tribe Aenasiini, although
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they did not formally synonymize the two

tribes. Therefore, the placement of the ge-

nus Hambletonia within the subfamily Te-

tracneminae remains subjective and unsta-

ble. Further study is required to determine

phylogenetic relationships between the

genera and tribes of Tetracneminae.

In the original description Compere
(1936) wrote: "[Hambletonia] is most close-

ly related to Tropidophryne Compere. It is

distinguished from the latter by having
the funicle six-jointed instead of four to

five jointed; the scape without a dorsal

fold; the pedicel is circular in cross section

instead of triangular; the marginal vein is

almost as long as the postmarginal vein

instead of absent; the anterior margin of

the head, in dorsal view, is slightly convex

instead of concave, etc." In fact, this di-

agnosis was based on differences between

two species, H. pseudococcina and T. afri-

cana Compere, at that time the only
known representatives of the respective

genera. Analysis of these structures in oth-

er species of Hambletonia and Tropidophry-

ne has shown that some of them are sub-

ject of intraspecific and individual varia-

tion. Thus, the number of funicular seg-

ments can be different in different species
of both genera, and also can vary within

a single species of either genus (from 4 to

6 in Hambletonia, and from 3 to 5 in Tro-

pidophryne) (e. g.,
H. marticephala n. sp..

Figs. 25, 26). This phenomenon was orig-

inally observed by Kerrich (1978) in T. na-

talensis Compere. In H. marticephala n. sp.,

even left and right antennae of the same

specimen can have different number of fu-

nicular segments. The anterior margin of

the head (frontovertex) can be convex,

straight, or concave in different species of

Hambletonia (Figs. 2, 5, 8, 11, 14, 17). The

marginal vein, although always present in

Hambletonia, can be very short and incon-

spicuous. The only character from among
those listed by Compere (1936) that ap-

pears to be reliable for separating Hamble-

tonia from Tropidophryne is the shape of

the antennal scape and pedicel. We stud-

ied the holotype and two paratypes of T.

africana, the type species of Tropidophryne,

and found additional characters that can

be used to differentiate the two genera.
The costal cell in Hambletonia is gradually
narrowed toward its distal end, which is

pointed, while in Tropidophryne the costal

cell is about equally broad along its entire

length, and its distal end is truncate, form-

ing an incision on the anterior margin of

the wing, as shown in Compere's (1931)

drawing. The stigmal vein in Tropidophry-

ne is without stigma, narrowed at the

apex, strongly curved toward the anterior

wing margin, and at least as long as V4 the

submarginal vein. In Hambletonia the stig-

ma is present (although sometimes can be

weakly expressed), stigmal vein is straight

or only slightly curved toward the wing

margin, and less than V^ as long as the sub-

marginal vein. The reticulate sculpture of

the head, mesosoma and metasoma is

much deeper in Tropidophryne than in

Hambletonia, and is also present on the

mesopleuron (at least anteriorly) and all

metasomal terga. The pubescence of the

mesoscutum, axillae and scutellum in Tro-

pidophryne is very inconspicuous, and con-

sists of very short appressed translucent

hairs, compared to longer, semiappressed
to semierect, often brown hairs in Hamble-

tonia.

At present it appears that Hambletonia is

most closely related to an undescribed ge-

nus from Brazil, a single specimen of

which we found among Hambletonia ma-

terial from the UCRC. The specimen bears

a label "ex Pseudococcus sp. #15, Sao Pa-

olo, Brasil, Aug. 1935, Hambleton," and

an identification label "Hambletonia n. sp."

in Compere's handwriting. Analysis of its

features has shown that it does not belong
to Hambletonia, and apparently represents
a new genus. It displays mixed characters

of Hambletonia (sculpture and pubescence)
and Tropidophryne (shape of the antennal

scape and pedicel, wing venation, and

shape of the costal cell of the forewing),

differing from both genera by the lateral
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position of the propodeal spiracles, which and the poor condition of the specimen do

are situated dorsally in both Hamhletonia not allow for a description of a new genus
and Twpidophn/ne. Insufficient material at this time.

KEY TO SPECIES OF HAMBLETONIA BASED ON FEMALES

1. Frontovertex between eyes forming characteristic bilobed vertical prominence, slightly

overhanging interior eye orbits (Figs. 4-6, 19); anterior ocellus situated vertically on

frontal side of prominence in its median depression, posterior ocelli situated horizontally

on dorsal side of prominence (Figs. 4, 5); pedicel without tuft of elongated hairs on

dorsal side (Figs. 25, 26); forewing very narrow, length 3.6-4.9 X maximum width (Fig.

35) H. ntarticephala n. sp.

Frontovertex without prominence; anterior and posterior ocelli situated in same plane

(Figs. 2, 8, 11, 14, 17); pedicel with tuft of elongated hairs on dorsal side (Figs. 21, 24,

27-32); forewing length 2-2.5X maximum width 2

2(1). Frontovertex with distinct, conspicuous, rather dense punctures, which can be relatively

large (Figs. 1, 2) or small (Figs. 10, 11) 3

Frontovertex without punctures, or at most with scattered small inconspicuous punc-
tures (Figs. 7-9, 13, 14, 16, 17) 4

3 (2). Mid tibia flattened laterally, undulate dorsally; hind tibia carinate dorsally (Fig. 43);

punctures on frontovertex relatively small and deep (Fig. 10, 11); anterior edge of fron-

tovertex (occipital plane oriented vertically) slightly concave (Fig. 11); basal cell of fore-

wing almost hairless, with only few long setae (Fig. 39); funicle 6-segmented (Fig. 31)

H. undulitibiae n. sp.

Mid and hind tibiae rounded dorsally, without undulation or carina (Fig.33); punctures

on frontovertex large and shallow (although small punctiires also present) (Fig. 1, 2);

anterior edge of frontovertex (occipital plane oriented vertically) convex (Fig. 2); basal

cell of forewing with numerous setae (as in Fig. 34, 36); funicle 4-segmented (Fig. 27)

H. punctifrons n. sp.

4 (2). Frontovertex and eyes completely hairless, or with extremely minute hairs visible only

at higher magnification when viewed and illuminated at certain angle (Figs. 8, 13, 14)

5

Frontovertex and eyes with distinct, conspicuous setae (Figs. 7, 9, 16-18) 7

5 (4). Basal part of forewing naked or with single seta (Fig. 40) H. roseni n. sp.

Basal part of forewing with numerous setae (Fig. 38) 6

6 (5). Anterior edge of frontovertex in dorsal view (occipital plane oriented vertically) dis-

tinctly convex (Fig. 14); frontovertex and eyes completely naked (at most few very short

hairs are present behind posterior ocelli); costal cell of forewing with several rows of

setae dorsally (Fig. 38) H. pseudococcina Compere
- Anterior edge of frontovertex in dorsal view (occipital plane oriented vertically) straight

(Figs. 8); frontovertex and eyes with extremely minute translucent hairs that can be

observed only at higher magnification, when viewed and illuminated at certain angle;

costal cell of forewing with only one row of setae dorsally (Fig. 34) . . H. calvifrons n. sp.

7(4). Eyes relatively small, maximum diameter less than Vi head length (dorsal view) (Fig.

17); funicle 5-segmented (Fig. 24) H. squalicephala n. sp.

Eyes relatively large, maximum diameter more than % head length (dorsal view) (as in

Fig. 14); funicle 6-segmented (Figs. 21, 30) 8

8 (7). Antennal club basally brownish yellow, same color as funicle, remainder of club dark

brown to black; length 1.0-1.2x maximum width; scape yellow to brownish yellow,

with dark brown flange (Fig. 21); anterior edge of frontovertex (frontovertex oriented

horizontally) slightly convex, maximally protruding forward in middle, between sub-



198 Journal of Hymenoptera Research

ocular sulci; posterior ocelli situated closer to occipital margin that to eyes
H. pilosifrons n. sp.

Antennal club completely black; length 1.4-1.5X maximum width; scape dark brown
to black (Fig. 30); anterior edge of frontovertex (frontovertex oriented horizontally)
almost straight, slightly protruding forward laterally of subocular sulci; posterior ocelli

situated closer to eyes than to occipital margin H. setosifrons n. sp.

Hambletonia calvifrons Sharkov &
Woolley, new species

(Figs. 8, 28, 34)

Female (holotype).
—
Body length 1.75

mm.
Relative measurements.—Head width

1.9X length and 1.23X height (66.5:35.5:

54); frontovertex width at level of anterior

ocellus 0.71 X its length, 0.44 X width of

head (29.5:41.5:66.5); ocelli in obtuse tri-

angle, with angle at anterior ocellus of

113°; POL:OOL:LOL:OCL = 19:3:10.5:2.5;

OOL 0.67X diameter of posterior ocellus

(3:4.5); distance between antennal toruli

twice distance between torulus and mouth

margin, 0.66X mouth width (15:7.5:23);

eye maximum diameter 1.36X minimum
diameter (36:26.5); posterior orbit of eye

reaching occipital margin (dorsal view);
antenna as in Fig. 28; scape strongly
broadened and flattened, length 1.96X

maximum width (23.5:12); funicle 6-seg-
mented. Mesosoma length 1.35X width

(77:57); mesoscuhjm length 0.52 X width

(29.5:57); scutellum length 1.03X width

(32.5:31.5); mid tibial spur 0.88X as long
as mid basitarsus, 0.3 X as long as mid tib-

ia (15:17:50); forewing length 2.31 X maxi-
mum width (120:52); venation and seta-

tion as in Fig. 34. Metasoma length 1.06 X
width (72:68); distance from cerci to base
of metasoma 0.8 X corresponding distance
to apex of metasoma (32:40).

Color.—Head orange yellow; frontover-

tex at certain illumination with very slight

pink, purple, and green metallic luster; an-

tenna (Fig. 28) with radicle, scape, pedicel
and funicle orange yellow, clava orange to

brownish yellow in basal % or so, brown
in apical % or so, with whitish-yellow

truncation. Mesosoma orange yellow; te-

gulae translucent, slightly brownish yel-

low; forewing with very weak infuscation

in basal Vi or so, very slightly stronger in-

fuscation in area outlining distal margin of

basal cell, and almost inconspicuous in-

fuscation anteriorly in apical part of wing
beyond postmarginal vein (Fig. 34); all

legs yellow. Metasoma yellow to orange

yellow.

Sculpture and pubescence.
—Head: fron-

tovertex (Fig. 8) very slightly convex, al-

most flat, smooth, matt, with extremely
small translucent hairs, visible only at cer-

tain angle and illumination, and with a

row of sparse, very short brownish hairs

along edge of facial depression laterally,

below lower orbit of eye; vertex between
and behind posterior ocelli shallowly, mi-

nutely transversely coriaceous; anterior

edge of frontovertex (dorsal view) almost

straight (Fig. 8); face smooth, hairless, ex-

cept for short translucent yellowish hairs

on interantennal prominence and clypeus;

eyes with extremely short translucent

hairs; gena smooth, with very few scat-

tered brownish hairs; posterior margin of

gena carinate. Mesosoma: mesoscutum
with extremely shallow, almost inconspic-
uous, minute isodiametric reticulation and
scattered small punctures; axillae and scu-

tellum smooth, with very few scattered

small punctures; pronotum, mesoscutum,
axillae and scutellum with semiappressed
to semierect brown hairs; mesopleuron
glabrous; metanotum laterally of dorsel-

lum irregularly carinate; propodeum dor-

sally with short longitudinal carinae, lat-

erally smooth, with irregular impressions
in upper half, and few short, slightly
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curved hairs dorsolaterally. Metasoma al-

most smooth, with extremely shallow, al-

most inconspicuous, transverse coriaceous

sculpture on dorsal surface of tergum II;

pubescence consisting of few brown hairs

on lateral part of terga IV-VI and along

posterior edge of terga V-VII, and more

numerous, and slightly longer hairs on

syntergum VIII.

Male.—Unknown.
Hosts and Biology.— Unknown.
Material examined.—Holotx/pu- 9: COSTA

RICA: Heredia, OTS—La Selva, 75 m, 10°26'N

84 Ol'W, xii.1993, (ALAS) (left antenna and left wings
in microslide # OSU-0020) (BMNH).

Distribution.—Costa Rica.

Eti/nwlogi/.
—The name reflects the bold

appearance of the frontovertex (from the

Latin words calvus, bold, and frons).

Diagnosis.
—From H. pseudococcina dif-

fers by the presence of minute hairs on the

frontovertex and eyes, almost straight an-

terior edge of the frontovertex (Fig. 8), and
the slightly more elongated and light col-

ored scape, which is maximally broadened
in distal half (Fig. 28) (in H. pseudococcina
the scape is dark colored and maximally
broadened in the middle part (Fig. 32)).

Hambletonia marticephala Sharkov &
Woolley, new species

(Figs. 4-6, 19, 25, 26, 35)

Female (holotype measurements in pa-

rentheses).—Body length 1.49-1.72 (1.67)

mm.
Relative measurements.—Head width

2.6-2.77X length, 1.14-1.22X height (66.5:

24:54.5); frontovertex width at level of an-

terior ocellus 1.18-1.25X its minimum
width, 0.53-0.61 X width of head (39:33:

66.5); ocelli in obtuse triangle, with angle
at anterior ocellus of 95°-116° (102°); POL:
LOL:OCL = 19:12:10 (in holotype); OOL
cannot be measured, because of shape of

frontovertexal prominence (Figs. 4, 5); di-

ameter of posterior ocellus 3-3.5 (3.5); dis-

tance between antennal toruli 0.71-0.79 x

distance between torulus and eye orbit,

1.65-1.92 x distance between torulus and

mouth margin (13.5:19:8); malar space
1.12-1.25X mouth width, 1.76-2.12X

height of eye (frontal view) (30:24:17); eye
maximum diameter 1.38-1.41 x minimum
diameter (23.5:17); posterior orbit of eye

reaching occipital margin (dorsal view)

(Fig. 5); length of eye (dorsal view) 16-19

(19); antenna as in Figs. 25, 26; scape mod-

erately broadened and flattened, length
2.4-2.88 X maximum width (25.5:10); num-
ber of funiclar segments varies from 4 to

6, and can be different in left and right

antennae; sometimes funicular segments
are only partly fused together on one side,

and remain separated on other side (Fig.

26). Mesosoma length 1.13-1.23 x width

(64:52); mesoscutum length 0.48-0.52 X

width (25:52); scutellum length 0.79-0.87 X

width (29:33); mid tibial spur 0.63-0.86X

as long as mid basitarsus, 0.15-0.19X as

long as mid tibia (8.5:11.5:50); forewing

length 3.58^.86x maximum width (122:

33); venation, setation and shape as in Fig.

35. Metasoma length 1.28-1.44X width

(77:53.5); distance from cerci to base of

metasoma 1.41-1.48 X corresponding dis-

tance to apex of metasoma (45:32).

Color.—Head: frontovertex brownish

yellow to yellowish light brown, slightly

lighter on dorsal part of frontovertexal

prominence; face brownish yellow, slight-

ly darker in lower part; gena yellow in up-

per part (near eye orbit), yellowish light

brown in lower part; occiput yellow above

occipital foramen, yellowish brown below

it; antenna (Figs. 25, 26) yellow, with dark

brown clava, except for its basal % or so,

which is same color as funicle. Mesosoma:

pronotum with brownish yellow collar,

and light brown collum; mesoscutum with

yellow area anteriorly in middle, outlined

by diffuse brown band, light brown pos-

teriorly; scutellum and axillae yellowish

light brown, with inner corner of axilla

yellow; mesopleuron brown, lighter ante-

riorly and posteriorly; forewing with light

diffuse brownish infuscation, slightly
more expressed in basal part (Fig. 35); legs

yellow to brownish yellow; metanotum
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Fig. 19. Hnmblctonin nuirticcphah, female habitus.

and propodeum yellowish light brown.

Metasoma yellowish light brown dorsally,
brownish yellow laterally and ventrally.

Sculpture and pubescence.
—Head (Figs.

4—6): frontovertex forming characteristic

prominence, arising vertically between

eyes, subdivided in middle by frontal and

occipital depressions, and weak dorsal de-

pression (Figs. 4, 5), smooth, glossy, with

scattered minute, erect, translucent hairs

on its frontal part, and with very slightly

longer and denser, translucent brownish
hairs on dorsal part of frontovertexal

prominence; anterior margin of frontov-

ertex concave (Fig. 5); occipital surface of

frontovertexal prominence strongly con-

cave; anterior ocellus positioned vertically

in frontal depression on frontal surface of

frontovertexal prominence; posterior ocelli

positioned horizontally on dorsal surface

of prominence (Figs. 4, 5); face smooth, fa-

cial depression with upper margin cari-

nate only in middle, rounded laterally,

with semierect minute hairs on rounded

part of margin; interantennal prominence
with vertical rows of semiappressed, min-

ute, translucent brownish hairs; eyes with

minute, inconspicuous translucent hairs;
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gena smooth, with scattered minute trans-

lucent hairs; posterior margin of gena
rounded; antennal pedicel without tuft of

longer hairs on dorsal side (Fig. 25, 26).

Mesosoma: pronotum, mesoscutum, axil-

lae and scutellum smooth, with suberect,

thin, translucent hairs, hairs slightly lon-

ger and slightly curved in posterior part
of scutellum; mesoscutum with very few

scattered small punctures; mesopleuron

glabrous; legs with translucent hairs; tibi-

ae of all legs very slightly curved; meta-

notum laterally of dorsellum with low,

oblique carinae; propodeum with several

irregular carinae in callar and plical

regions. Metasoma with terga II-V ex-

tremely shallowly transversely reticulate,

almost smooth, shiny, terga VI-VIII

smooth; pubescence consisting of very few

minute hairs on lateral part of terga II-VI,

on posterior margin of terga VI and VII,

and slightly longer hairs on syntergum
VIII, especially in its posterior part.

Male.—Unknown.
Hosts and Biologi/.

—Unknown.
Material examined.—Holotype 9: USA:

31°40.9'N 81°08.8'W, Georgia, Liberty Co., St. Cath-

erines Isl., 6-10.iv.l995, yellow pan traps (A. Shar-

kov) (OSUC). Paratypes: same data, 7 9 (left antenna

and left wings of 2 9 in microslides # OSU-0017 and

# OSU-0018); same data, 30.ix^.x.l995, white pan

traps, 1 $; same data, light-blue pan traps, 1 9; same

data, blue-green pan traps, 1 9; Florida, Gainesville,

24-30.iv.l986 0- LaSalle), 1 9. (OSUC, BMNH,
TAMU).

Distribution.—USA (Georgia, Florida).

Etymologi/.
—Dr. J. LaSalle, who collect-

ed the first specimen of this species, hu-

morously labelled it "Hammerheadencyr-
tus". We retain this name in the Latinized

form (from the Latin words martus, the

hammer, and cephalon, the head).

Diagnosis.
—From all other species of

Hambletonia differs by the very peculiar

shape of the head, with a characteristic

frontovertexal prominence (Figs. 4—6), by
the absence of the tuft of hairs on the ped-
icel (Figs. 25, 26), and by the very narrow

forewings (Fig. 35).

Hambletonia pilosifrons Sharkov &
Woolley, new species

(Figs. 7, 21, 22, 36, 37)

Female (holotype measurements in pa-

rentheses).—Body length 1.58-2.06 (1.92)

mm.
Relative measurements.—Head width

1.6-1.76X length, 1.17-1.21 X height (75.5:

43:63); frontovertex width at level of an-

terior ocellus 0.62-0.67X its length, 0.5-

0.54X width of head (41:61:75.5); ocelli in

obtuse triangle, with angle at anterior

ocellus of 125°-134° (133°); POL:OOL:LOL:
OCL = 23.5:7:11.5:5 (in holotype); OOL
1.44-1.67X diameter of posterior ocellus

(7:4.5); distance between antennal toruli

2.58X distance between torulus and
mouth margin, 0.44x mouth width (15.5:

6:35—in paratype); eye maximum diame-

ter 1.56-1.63 X minimum diameter (41:

25.5); posterior orbit of eye almost reach-

ing occipital margin (dorsal view); temple

very short (1.5); antenna as in Fig. 21;

scape strongly broadened and flattened,

length 1.42-1.72 X maximum width (21.5:

12.5); funicle 6-segmented. Mesosoma

length 1.11-1.18X width (70:63); mesos-

cutum length 0.5-0.53X width (31.5:63);

scutellum length 0.83-0.88 x width (31:

37.5); mid tibial spur 0.8-1.0 X as long as

mid basitarsus, 0.26-0.29 X as long as mid
tibia (14:14:50); forewing length 1.98-

2.18X maximum width (128:59); venation

and setation as in Fig. 36. Metasoma

length 1.15X width (85:74); distance from

cerci to base of metasoma 1.45-1.57 X cor-

responding distance to apex of metasoma

(52.5:33.5).

Color.—Head: frontovertex yellowish to

brownish orange, slightly darker posteri-

orly at occipital margin, at certain illumi-

nation with pink, purple, and, sometimes,

blue and green metallic luster; face yellow;

gena and occiput yellowish to brownish

orange; antenna (Fig. 21) with radicle yel-

low, scape vellow to brownish yellow,
with dark brown flange, especially on its

inner surface and edge, pedicel and funi-
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cle yellow to brownish yellow, clava very

dark brown to black, except for its base,

which is same color as funicle. Mesosoma:

pronotum dorsally, mesoscutum, scutel-

lum and axillae orange brown to dark

brown, anterolateral corners of mesoscu-

tum lighter; forewing with diffuse brown-

ish infuscation, darker in basal part (Fig.

36); sides and ventrum brownish orange

yellow; all legs yellow; metanotum and

propodeum brownish orange yellow. Me-
tasoma yellowish light brown dorsally,

and brownish yellow laterally and ven-

trally.

Sculpture and pubescence.
—Head (Fig. 7):

frontovertex convex, smooth, matt, with

scattered small setiferous punctures, and

erect brownish hairs, with row of hairs

along inner eye orbit; vertex between pos-
terior ocelli with transverse coriaceous

sculpture; anterior edge of frontovertex

(dorsal view) convex; face smooth, its low-

er margin and clypeus with short brown-

ish hairs; eyes with translucent hairs; gena
smooth, with semierect brown hairs (scat-

tered in middle part, and forming short

rows along eye orbit and lower margin of

gena); posterior margin of gena more or

less rounded, with very low carina sepa-

rating it from occiput. Mesosoma: lateral

part of pronotum and prepectus slightly

longitudinally reticulate; mesoscutum

very shallowly, slightly transversely retic-

ulate, with scattered small punctures; ax-

illae and scutellum smooth, with very few

scattered punctures; mesoscutum with

semiappressed to semierect brown hairs;

scutellum with semierect to erect brown
hairs; mesopleuron glabrous; metanotum

laterally of dorsellum with irregular lon-

gitudinal and oblique carinae; propodeum
reticulate laterally in upper part, with car-

inate callar region, and longitudinally car-

inate plical region. Metasoma with ter-

gum II (first visible) very shallowly, trans-

versely coriaceous to reticulate, shiny, ter-

ga III-VIII almost smooth; pubescence

consisting of brown hairs on lateral part
of all terga, on posterior edge of terga VI

and VII, and longer brown hairs on syn-

tergum VIII.

Male.—Body length 1.06-1.57 mm.
Relative measurements.—Head width

about twice length, about 1.2x height;

frontovertex width at level of anterior

ocellus slightly less to equal to its length,

0.4-0.5X width of head; ocelli in almost

right to slightly obtuse triangle, with angle
at anterior ocellus of 92°-101°; POL:OOL:
LOL:OCL = 12:2:7:2; OOL 0.3-0.4 X di-

ameter of posterior ocellus; distance be-

tween antennal toruli about 3.5 X distance

between torulus and mouth margin, 0.6 X

mouth width; eye maximum diameter

1.2x minimum diameter; posterior orbit

of eye almost reaching occipital margin
(dorsal view); antenna as in Fig. 22. Me-
sosoma length about equal width; mesos-

cutum length about 0.5 x width; scutellum

length about 0.7X width; mid tibial spur
0.9 X as long as mid basitarsus, about

0.25X as long as mid tibia; forewing

length twice maximum width; venation

and setation as in Fig. 37. Metasoma

length 1.1 X width; distance from cerci to

base of metasoma 1.2x corresponding dis-

tance to apex of metasoma.

Color.—Head: frontovertex black; face

very dark brown, almost black; occiput

black; antenna (Fig. 22) with radicle and

scape yellow to brownish yellow, pedicel,

funicle, and clava light brown to brown.

Mesosoma: pronotum dorsally, mesoscu-

tum, scutellum and axillae black; prono-
tum laterally, prepectus, and mesopleuron

very dark brown; tegula very dark brown,
almost black; forewing hyaline, or with

very light diffuse brownish infuscahon in

basal part (Fig. 37); all legs with coxae

very dark brown, femora, tibiae and tarsi

yellowish light brown to yellowish brown,
with slightly darker base of femora; meta-

notum and propodeum very dark brown.

Metasoma brown to dark brown.

Sculpture and pubescence.
—Head: fron-

tovertex almost flat, with anterior edge

slightly concave, minutely superficially re-

ticulate, with numerous piliferous punc-
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tures and translucent brownish semierect

to erect hairs, some hairs directed anteri-

orly and some posteriorly; face with ex-

tremely shallow reticulation, appears
smooth; interantennal prominence with

light brown hairs; eyes with rather dense

translucent hairs; gena finely reticulate,

with scattered piliferous punctures and

semierect brownish hairs. Mesosoma: pro-
notum dorsally, mesoscutum, axillae and

scutellum coarsely minutely reticulate,

with piliferous punctures and semiappres-
sed to erect brown hairs; pronotum later-

ally and prepectus reticulate; mesopleuron
smooth, with slightly coriaceous area in

lower part in middle; metanotum laterally

of dorsellum with few irregular oblique

carinae; propodeum reticulate laterally in

upper part, with few carinae in callar re-

gion behind spiracle, and longitudinally
carinate plical region. Metasoma with ter-

ga II-IV very shallowly transversely retic-

ulate, shiny, terga III-VIII almost smooth;

pubescence consisting of one transversal

row of appressed brown hairs on terga II-

V, which is interrupted in middle V2 on

terga II and 111, in middle Vs on tergum IV,

and in middle Va on tergum V, two rows
of hairs on terga VI and VII, and several

irregular rows of longer, light brown hairs

on syntergum VIII.

Hosts and Biologx/.
—Unknown.

Material examined.—Holoti/pe 9 : COSTA RICA:

Heredia, La Selva BS, 50 m, ii.l991, MT/YPT (J.S.

Noyes) (INBio). Paratypes: same data, 4 9 (on 3 pins)

(left antenna and left wings of 1 9 in microslide #

OSU-0016), 1 6; same location, 22.i-3.ii. 1991,

MT/YPT (J.S. Noyes), 1 9, 1 d; 10°26'N 84°01'W,

Prov. Heredia, F. La Selva, 3 km S Puerto Viejo,

29.iii.1987 (H.A. Hespenheide), 1 9; same location,

27.iii.1988 (H.A. Hespenheide), 1 6; same location, 5-

8.iii.l984, malaise trap (S.A. Cameron), 1 9; same lo-

cation, 100 m, ii-iii.l993 (P. Hanson), 3 9, 1 cJ; same

location, viii.1992 (P. Hanson, C. Godoy), 1 6; Here-

dia, 10 km W Puerto Viejo, La Selva Verde, 3.iii.l991

(A.E.H. Howden), BM 1991-85, 1 9; 10°26'N 84°01'W,

Heredia, OTS-La Selva, 75 m, xii.1993 (ALAS), 1 9;

Alajuela, Cordiliera, Tilaran, Pefias Blancas, 700 m,

rainforest, ix-x.l986 (E. Cruz), BM 1986-154, 3 9; Al-

ajuela, San Ramon BS, 900 m, vii-viii.1995 (P. Han-

son), 3 9; Limon, 16 km W Guapiles, 400 m, viii-ix.

1988 (P. Hanson), 1 9; Guanacaste, Guanacaste NP,

Cacao Est., xi-xii.l990 (P. Hanson), 1 9; Guanacaste,

SW side Volcan Cacao, Esfac. Cacao, 1100 m, 1988-

1989, 1 9; Guanacaste Pv, Sta. Rosa NP, Hacienda-

2-C, 14.ix-15.x.l985 Oanzen & Gauld), 1 6; same lo-

cation, 14.vi-5.vii.l986, 1 6; same location, 22.vi-

13.vii.l985 (Janzen c& Gauld), 1 6 (in microslide);

same location, Hacienda-1-O, 2-23.iii.1986 (Janzen &
Gauld), 2 (5 (1 in microslide); same location,

20.xii.l986-10.i.l987 (Janzen & Gauld), 1 6; same lo-

cation, Hacienda-3-O, 10-31.1.1987 (Janzen & Gauld),

1 9 (in microslide); Guanacaste Pv, Sta. Rosa NP, Sn.

Emilio-5-O, 17-24.iv.l985 (Janzen & Gauld), 1 6;

Guanacaste, Cacao (ACG), 1100 m, 26.I-24.ii.1996,

MT/YPT (J.S. Noyes), 5 9; Guanacaste, Pitilla (ACG),
700 m, 12-16.ii.l996, MT/YPT (J.S. Noyes), 1 9, 1 d;

San Jose, San Antonio de Escazu, 1300 m, YPT (L.

Masner), 2 9; same location, vi.l988 (W. Eberhard),

1 9; San Jose, Ciudad Colon, iv-v.l990 (P. Hanson),
1 d; Cartego, Turrialba CATIE, Reventazon, 550 m,
4.ix.l986 (L. Masner) CR-19, BM 1986-330, 2 9

jBMNH, University of Costa Rica (San Jose), OSUCj.
Additional material: GUATEMALA, Nov. 1932 (W.

Carter), 5 9, 4 d (UCRC).

Comments.—Five females and four

males from Guatemala were identified as

H. pilosifrons n. sp. but were not included

in the type series because of their poor
condition.

Distribution.—Costa Rica, Guatemala.

Etymology.
—The name reflects the pres-

ence of setae on the frontovertex.

Diagnosis.
—
Very close to H. pseudococ-

cina, from which differs by the presence of

setae on the frontovertex and eyes (Fig. 7).

Hambletonia pseudococcina Compere
(Figs. 13-15, 20, 32, 38)

Hambletonia pseudococcina Compere 1936: 173-

174.

Distribution.—Brazil, Colombia, Vene-

zuela. Introduced to Hawaii (from Brazil

and Venezuela), Puerto Rico (from Brazil,

via Hawaii), Jamaica (from Hawaii), and
USA (Florida) (from Puerto Rico). The

species was also reported from Argentina,
Trinidad, Antilles (De Santis, 1979), Mex-
ico (Trjapitzin & Ruiz-Cancino, 1995), and
Taiwan (probably, intorduced) (Tachika-

wa, 1980).

Hosts and biologi/.
—A parasitoid of the

pineapple mealybug Dysmicoccus brevipes

(Cockerell) (Homoptera: Pseudococcidae).
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Fig. 20. Hamhk'tonia pseudococcina , female habitus.

Occurs as a bisexual race in Brazil, and as

a unisexual race in Colombia and Vene-

zuela, with the males /females ratio in the

latter race of about 1:200, and males being

unnecessary for reproduction (Bartlett,

1978).

Economical importance.
—Was used for

biological control of the pineapple mealy-

bug. The species had established in Flori-

da, Hawaii, and Puerto Rico, and in Ha-

waii was found to be a relatively success-

ful control agent of D. hrevipes (Bartlett,

1978).

Material examined.—Hchtypc 9: BRASIL: Sao

Paulo, Araras, ex Pscudccoccm hrevipca on pineapple,

July 10,1935 (Edson Hambleton) (USNM) (the head

of the holotype is missing). Parati/pes: same data, 2 ?

and 2 d (1 (J labelled "Allotype") (USNM). Additional

material: same location, 25. ix. 1935 (Edson Hamble-

ton), 7 ?, 3 d; RO Fazenda, Rancho Grande, 62 km

S. Ariquemes, 10°32'S 62°48'W, 12-22.xi.l991 (E.M.

Fischer), 1 9; same location 2.xii.l991 (S.L. Heydon),

1 9; same location, goat pasture sweep, 27.xi.1991

(S.L. Heydon), 1 9; 14''17.2'S 48°55.5'W, Goias, Uru-

a(,-u, Serra da Mesa Survey, 21-30.V.1996, yellow pan

traps, 2 9; TRINIDAD: B.W.I., P. brevipes on pine-

apple, V.1953 (Bennett No. 30), 6 9; "From F.J. Sim-

monds, Trinidad to D. Lloyd, Fontana, Jan.15, 53", 4

9; B.W.I., 18.vii.l950, ex Pscudococcus breripcf, (Wash.

EQ # B-5521) (W.B.Wood coll.), 4 9; PUERTO RICO:

Lajas, ex Pffiidococcus hrevipes on pineapple, l.vi.l'>4'J

(H.K. Plank), 4 9; Palmareja, l.vi.l949 (W. Gaud), 3

9; 6.vii.l943 (Lot #1), ~5 9 in gelatin capsule;

vii.1943 (Lot #2), 60+ 9 in 2 gelatin capsules; CO-

LOMBIA: Caqueta, 1.1936 (E.G. Salas), 3 9; Coqueta

region, ex Pfeiidoececus on pineapple (E. Garcia Salas),

1 9 (36-4471, vial #2); B.W.l.C.R.S. Expedition (D.J.

Taylor), 6 9; 12°50'S 69'20'W Madre de Dios, Rio

Tambopata Res., 1-I3.xi.l983 (N.E.Stork), 1 9;Cu/co

Quillambamba, 24-26.xii.1983 (L. Huggert), 2 9 (B.M.

1984-337); Junin Satipo, 24.1.1984 (L. Huggert), 1 9

(B.M. 1984-337); ECUADOR: Napo Misahualli,
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20.ii.l983 (L. Huggert), 1 5 (B.M. 1984-337); Rio Pal-

enque, forest, 4.ii.l983 (L. Huggert), 1 9; COSTA
RICA: Puntarenas, R F Golfo Dulce, 24 km W Piedras

Blancas, 200 m, iv-v.l991 (P. Hanson), 1 9; DOM-
INICA: W.I. Springfield Plantation, 18-22.vii.1978

(G.C. Steyskal), 1 9 (Bredin-Archbold Smithsonian

Bio. Surv. Dominica); St. Paul Parish, Springfield Est.,

505 m, 20-27.xi.l995 (L. Masner), 7 9 (B.M. 1995-214);

USA: Florida, Sebring, on pineapple mealybug,
l.vii.l946 (M.R. Osborn), 2 9; same location, pine-

apple mealybug, 17.i.l947 (M.R. Osborn), 3 9; HA-
WAII: 5.i.l937 (D.T. Fullaway), 22 9 (received from

K.A. Bartlett) (P.R. No. 1881); Country unknown, ex

collection of unidentified mealybug on cocoa, Palnura

Valle, Jan. 1953 (D. Taylor), (Bennet coll., vial No. 3),

7 9; same data (Bennet coll., vial No. 31), 5 9; No
data, 1 9 (BMNH, USNM, UCDC, UCRC).

Diagnosis.
—Close to H. pilosifrons n. sp.,

H. setosifrons n. sp., H. roseni n. sp., and H.

calvifrotis n. sp. From first two species dif-

fers by the completely naked frontovertex

and eyes (at most few minute hairs can be

present behind the posterior ocelli) (Figs.

13-15, 20). From H. roseni n. sp. differs by
the pilose basal cell of the forewing (Fig

38), and from H. calvifrons n. sp. differs by
the convex anterior edge of the frontov-

ertex (Fig. 14) and the presence of several

rows of setae on the dorsal surface of the

costal cell of the forewing (Fig. 38).

Hambletonia punctifrons Sharkov &
WooUey, new species

(Figs. 1-3, 27, 33)

Female (holotype measurements in pa-

rentheses).—Body length 1.42-1.6 (1.6)

mm.
Relatiz'e measurements.—Head width

1.8-1 .93 X length, 1.24-1.33 x height (57:

29.5:43); frontovertex width at level of an-

terior ocellus 0.81-0.89 X its length, 0.46-

0.49X width of head (28:31.5:57); ocelli in

obtuse triangle, with angle at anterior

ocellus of 111°-154° (128°); POL:OOL:LOL:
OCL = 14:3.5:6.5:1 (in holotype); OOL
0.88-1. 14 X diameter of posterior ocellus

(3.5:4); distance between antennal toruli

2.08-2.25 X distance between torulus and
mouth margin, 0.64-0.71 x mouth width

(13.5:6:19); eye oval, maximum diameter

1.27-1.32 X minimum diameter (26:20.5);

posterior orbit of eye reaching occipital

margin (dorsal view); antenna as in Fig.

27; scape broadened and flattened, length
2.25-2.29X maximum width (19.5:8.5); fu-

rucle 4-segmented. Mesosoma length 1.1-

1.17X width (58.5:53); mesoscutum length
0.47-0.53X width (25:53); Scutellum

length 0.94-0.96 X width (30:31); mid tibial

spur 0.95-1 .05 X as long as mid basitarsus,

0.24-0.27X as long as mid tibia (10:9.5:42);

forewing length 2.11-2.29X maximum
width (110:48). Metasoma length 1.19-

1.2x width (70:59); distance from cerci to

base of metasoma 1.15-1.26X correspond-

ing distance to apex of metasoma (37.5:

32.5).

Color.—Head, mesosoma and metaso-

ma brownish orange dorsally, slightly

lighter, yellowish orange to yellow later-

ally and ventrally; frontovertex, when il-

luminated at certain angle, with ver}'

weak purplish or greenish metallic luster;

antenna (Fig. 33) with radicle brownish

yellow, scape brownish orange yellow, its

flange brown in translucent part, pedicel

brown, funicle dark brown, and clava

very dark brown, almost black, with light-

er base and apex; forewing almost hyaline,
or with slight brownish infuscation, es-

pecially in basal Vs (similar to H. pseiido-

coccina, Fig. 38); legs same color as body;
metasoma dorsally with extremely weak

greenish and purplish metallic shine.

Sculpture and pubescence.
—Head (Figs. 1,

2, 3): frontovertex almost flat, except for

anterior part, which is slightly convex and

raised upwards, with large, shallow,

round to slightly oval punctures, which
are more or less grouped in middle part
of frontovertex between its anterior edge
and anterior ocellus, with few smaller

punctures along eye orbit; surface be-

tween punctures unsculptured, smooth,

with sparse brownish hairs; anterior edge
of frontovertex (dorsal view) slightly con-

vex (Fig. 2); face unsculptured; lower part
of interantennal prominence, and clypeus
with brownish hairs; eyes with short

translucent hairs; gena smooth, with few

scattered translucent hairs. Mesosoma:
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Figs. 21-32. Antennae of Hambktonia species. 21, 22. H. inlosifrons. 21, female; 22, male. 23, 24. H. squiiliccphnla.

23, male; 24, female. 25, 26. H. martkephala, females. 27. H. punctifrons. female. 28. H. cahnfrons, female. 29. H.

roseni, female. 30. H. setosifrons, female.

31. H. undiditibiac, female. 32. H. psciidococcinn, female.

mesoscutum, axillae and scutellum

smooth, with erect brown hairs, with few

scattered punctures and one row of punc-
tures along posterior edge of scutellum;

prepectus shallowly reticulate; mesopleu-
ron glabrous; forewing setation similar to

H. pseudococcina and H. pilosifrons (Figs. 36,

38); metanotum laterally of dorsellum ru-

gulose; propodeum carinate dorsally, and

with rather coarse, irregular sculpture,

slightly indicated reticulation, and few

short, brown hairs laterally. Metasoma
with tergum 11 (first visible) shallowly co-

riaceous, shiny, terga III-VIII smooth; pos-

terior edge of terga VI and VII, and ante-

rior part of syntergum VllI with brownish
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Fig. 33. Hamhk'tonm punctif)ons, female habitus.

hairs; posterior part of syntergum VIII

with longer hairs, especially so along pos-
terior margin.

Male.—Unknown.
Hosis and Biology.

—Unknown.
Material examined.—Holotype 9 : COSTA RICA:

Heredia, La Selva BS, 50 m, 11.1991, MT/YPT (J.S.

Noyes) (BMNH). Paratypis: same data, 2 9 (left an-

tenna and left wings of 1 9 in microslide # OSU-

0012); Heredia, 3 km S Puerto Viejo, OTS-La Selva,

100 m, ii-iii.l993 (P. Hanson), 1 9 (BMNH).

Distribution.—Costa Rica.

Etymology.
—The name reflects the pres-

ence of large punctures on the frontover-

tex.

Diagnosis.
—From H. pseudococcina dif-

fers by the relatively short, punctate fron-

tovertex, and by the presence of hairs on

the frontovertex and eyes (Figs. 1-3).

Hambletonia roseni Sharkov & Woolley,
new species

(Figs. 29, 40)

Female (holotype measurements in pa-

rentheses).—Body length 1.4-1.84 (1.84)

mm.
Relative measurements.—Head width

1.59-1.71 X length, 1.11-1.2X height (63.5:

40:57.5); frontovertex width at level of an-

terior ocellus 0.67-0.73X its length, 0.51-

0.54 X width of head (33.5:50:63.5); ocelli

in obtuse triangle, with angle at anterior

ocellus of 96°-116° (112°); POL:OOL:LOL:
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Figs. 34-35. Forewings of Hniiiblctonia species. 34. H. cahnfrcns, female. 35. H. nmrticeyluiln, female.

OCL = 17.5:5:9:3 (in holotype); OOL 1.42-

1.71 X diameter of posterior ocellus (5:3.5);

distance between antennal toruli 2.0-2.6 X

distance between torulus and mouth mar-

gin, 0.6-0.65X mouth width (13:6.5:20);

eye oval, maximum diameter 1.5-1.7X

minimum diameter (37.5:25); posterior or-

bit of eye reaching, or almost reaching oc-

cipital margin (dorsal view); antenna as in

Fig. 29; scape strongly broadened and flat-

tened, length 1.58-1.67X maximum width

(20:12); funicle 6-segmented. Mesosoma

length 1.12-1.23X width (67:60); mesos-

cutum length 0.46-0.55 X width (31:59);

scutellum length 0.86-0.94X width (30:35);

mid tibial spur slightly shorter or equal to

mid basitarsus, 0.28-0.31 X as long as mid
tibia (12.5:14:45); forewing length 1.96-

2.32X maximum width (120:52); venation

and setation as in Fig. 40. Metasoma

length 1.14-1.2X width (77:64); distance

from cerci to base of metasoma 1.32-1.46X

corresponding distance to apex of meta-

soma (45:34).

Color.—Head, mesosoma and metaso-

ma brownish orange dorsally, and slightly

lighter, yellowish orange to yellow later-

ally and ventrally; frontovertex, when il-

luminated at certain angle, with very
weak purple or green metallic luster; an-

tenna (Fig. 29) with radicle brownish yel-

low, scape dark brown, except its base,

pedicel and funicle brownish yellow, cla-

va dark brown, almost black, with lighter

apex; axillae and scutellum slightly darker

than rest of body (in paratype from Costa
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Figs. 36-38. Forewings of Hmiihtctoiim species. 36, 37. H. pilosifroiis. 36, female; 37, male 38. H. pscudococcma,

female.
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Figs. 39^1. Forewings of Hmnblctoiiia species. 39. H. uiidulilibmc, female. 40. H. roscni, female. 41. H. iquali-

cephala. female.
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Rica, mesoscutum, except basal Va or so,

also darker, orange brown, same color as

axillae and scutellum); forewing with

more or less expressed brownish infusca-

tion, which is stronger in basal half and in

anterior part of apical half (Fig. 40); all

legs yellow to orange yellow, same color

as body, or slightly lighter.

Sculpture and pubescence.
—Head: fron-

tovertex slightly convex, almost smooth,

matt, with scattered minute punctures and

very inconspicuous, extremely minute

translucent hairs, visible only at higher

magnification, at certain angle and illu-

mination; anterior edge of frontovertex

(dorsal view) convex; face with short, yel-

lowish to brownish translucent hairs on

interantennal prominence, and slightly

longer hairs on clypeus; eyes with sparse,

extremely minute translucent hairs; gena
smooth, with very sparse, extremely min-

ute translucent hairs. Mesosoma: mesos-

cutum punctulate, with extremely shallow

reticulation between punctures, and
brownish hairs arising between punctures
at angle of about 30° to surface of mesos-

cutum; axillae and scutellum smooth, with

very few scattered punctures, and sparse
brownish translucent hairs, similar to

hairs on mesoscutum; posterior margin of

scutellum with row of deeper punctures;

prepectus with reticulate sculpture, which

is isodiametric in anterior half, and slight-

ly elongate and shallower in posterior

half; mesopleuron glabrous; metanotum

laterally of dorsellum irregularly alveolate

to rugulose; propodeum dorsally with ir-

regular carinae in callar region and short

longitudinal irregular carinae in plical re-

gion. Metasoma dorsally almost smooth,

except for extremely shallow, transversely
reticulate to rugulose sculpture on tergum
II (first visible); pubescence consisting of

short, scattered, brownish hairs on terga
VI and VII and in anterior half of synter-

gum VIII, and longer brownish hairs in

posterior half of syntergum VIII with (es-

pecially along its posterior margin).
Male.—Unknown.

Hosts and Biology.
—Unknown.

Material examined.—Holotypc 9; PANAMA:
Las Cumbres, 1-7.X.1982 (H. Wolda) (BMNH). Para-

types: same location, 3-9.xi.l982 (H. Wolda), 1 9 (left

antenna and left wings in microslide # OSU-0011);
Barro Colorado, 20-27.iii.1983 (H. Wolda), 1 9; COS-
TA RICA: Alaj Pv. Fa Sn Gabriel, 600 m, 2 km W Dos

Rios, vii.1988 (Gauld & Mitchell), 1 9 (BMNH).

Distribution.—Panama, Costa Rica.

Et\/niologi/.
—Named after our colleague

and friend, the Israeli hymenopterist Dr.

David Rosen, who died on January 8,

1997, when this paper was under prepa-
ration. Dr. Rosen contributed much to the

knowledge of systematics, biology, and

practical use of Chalcidoidea.

Diagnosis.
—
Very close to H. pseudococ-

cina, from which differs by the almost

hairless basal part of the forewing (Fig.

40), and the presence of extremely minute

hairs on the frontovertex and eyes.

Hambletonia setosifrons Sharkov &
Woolley, new species

(Figs. 9, 30)

Female (holotype measurements in pa-

rentheses).—Body length 1.78-2.47 (2.25)

mm.
Relative measurements.—Head width

1.78-1.91 X length, 1.12-1.15X height (83:

46.5:74); frontovertex width at level of an-

terior ocellus 0.58-0.60 X its length, 0.43-

0.44 X width of head (36.5:63:83); ocelli in

obtuse triangle, with angle at anterior

ocellus of 113°-114° (114°); POL:OOL:LOL:
OCL = 23:3.5:11:7 (in holotype); OOL
0.64-0.82 X diameter of posterior ocellus

(3.5:5.5); distance between antennal toruli

1.80-1.86 X distance between torulus and

mouth margin, 0.67-0.77X mouth width

(18:10:23.5); eye maximum diameter 1.24—

136 X minimum diameter (47:35); posterior
orbit of eye reaching occipital margin

(dorsal view); antenna as in Fig. 30; scape

strongly broadened and flattened, length
1.56-1.67X maximum width (27.5:16.5);

funicle 6-segmented. Mesosoma length
0.99-1.2X width (77:78); mesoscutum

length 0.49-0.55 X width (38:77.5); scutel-

lum length 0.88-0.94 X width (42:44.5);
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mid tibial spur 0.80-0.84 X as long as mid

basitarsus, 0.27-0.28 X as long as mid tibia

(17.5:22:64); forewing length 2.13-2.23X

maximum width (151.5:68). Metasoma

length 1.15X width (85:74); distance from

cerci to base of metasoma 1.22-1.29 X cor-

responding distance to apex of metasoma

(56:46).

Color.—Head: frontovertex brownish or-

ange, at certain illumination with slight

pink or purple metallic luster; face yellow
to orange yellow; gena yellow; occiput

yellow to orange yellow; antenna (Fig. 30)

with radicle yellow, scape black except for

yellowish brown base, pedicel and funicle

brownish yellow, clava black, with brown-

ish-white truncation. Mesosoma: prono-
tum dorsally, mesoscutum, and axillae

brownish orange to orange brown or dark

brown, with darker posterior margin of

mesoscutum and interior corner of axillae;

scutellum brownish orange, slightly
darker anteriorly; sides of pronotum
brownish yellow; tegulae translucent,

slightly brownish; forewing with slight in-

fuscation in basal Vs or so, and almost in-

conspicuous infuscation anteriorly, be-

yond postmarginal vein (similar to H.

pseudococciiia and H. pilosifrons n. sp.. Figs.

36, 38); mesopleuron orange brown; all

legs yellow, with brownish-yellow coxae;

metanotum and propodeum dorsally and

laterally brownish yellow to yellowish
brown. Metasoma yellow to brownish yel-

low, very slightly darker posteriorly.

Sculpture and pubescence.
—Head (Fig. 9):

frontovertex convex, smooth, matt, with

erect translucent brownish hairs; vertex

between and behind posterior ocelli ex-

tremely shallowly minutely transversely

reticulate; anterior edge of frontovertex

(dorsal view) convex (similar to H. pseu-

dococcina, Fig. 14); face smooth, hairless

except for translucent brownish hairs on
interantennal prominence and longer
hairs on clypeus; eyes with translucent

hairs; gena smooth, with small piliferous

punctures and scattered brownish hairs;

posterior margin of gena with low carina

separating it from occiput. Mesosoma:

pronotum and mesoscutum with extreme-

ly shallow, minute, transverse reticulation,

and few scattered, minute punctures; ax-

illae and scutellum smooth, with very few

scattered minute punctures; pronotum,
mesoscutum, axillae and scutellum with

semiappressed to semierect brownish

hairs; mesopleuron glabrous; forewing ve-

nation similar to H. pseudococcina and H.

pilosifrons n. sp. (Figs. 36, 38); metanotum

laterally of dorsellum with several oblique
and one transverse carinae; propodeum
laterally with irregular uneven surface in

upper half, dorsally with mainly longitu-

dinal, irregular carinae, with few short,

slightly curved hairs dorsolaterally. Me-
tasoma smooth, with few short hairs on

lateral part of terga IV and V, appressed
short hairs on posterior edge of terga VI

and VII, and more numerous, longer hairs

on syntergum VIII.

Male.—Unknown.
Hosts and Biologi/.

—Unknown.
Material examined.—Hohtypc 9: COSTA

RICA: Puntarenas, RF Golfo Dulce 3 km SW Rincon,

10 m, xi.l992, (P. Hanson) (BMNH). Paratypc^: Car-

tage, Turrialba, CATIE, 22.vi.1994 {P. Hanson), 2 9

(left antenna and left wings of 1 9 in microslide #

OSU-0019) (BMNH).

Distribution.—Costa Rica.

Eti/tuology.
—The name reflects the pres-

ence of setae on the frontovertex.

Diagnosis.
—Close to H. pseudococcina

and H. pilosifrons n. sp. From H. pseudococ-
cina differs by the presence of hairs on the

frontovertex and eyes (Fig. 9), and from H.

pilosifro)is n. sp. differs by more elongated

clava, and completely black scape (Fig.

30).

Hambletonia squalicephala Sharkov &
WooUey, new species

(Figs. 16-18, 23, 24, 41, 42)

Female (holotype measurements in pa-

rentheses).—Body length 1.54-1.55 (1.55)

mm.
Relative measurements.—Head width

1.58-1.65 X length, 1.24-1.27 x height (64:

40.5:50.5); frontovertex width at level of
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Fig. 42. Himiblctonia ^qualiccphala, female habitus.

anterior ocellus 0.78-0.79 X its length,

0.59-0.6 X width of head (38:48:64); ocelli

in obtuse triangle, with angle at anterior

ocellus of 126°-13r (126°); POL:OOL:LOL:
OCL = 17:8.5:8.5:2.5 (in holotype); OOL
2.29-2.43 X diameter of posterior ocellus

(8.5:3.5); distance between antennal toruli

1.73X distance between torulus and
mouth margin, 0.55X mouth width (13:

7.5:23.5); eye maximum diameter 1.57-

1.63X minimum diameter (27.5:17.5); pos-

terior orbit of eye almost reaching occipi-

tal margin (dorsal view); temple very
short (2); antenna as in Fig. 24; scape

strongly broadened and flattened, length
1.71-1.74X maximum width (20:11.5); fu-

nicle 5-segmented. Mesosoma length
1.04-1.09X width (56:54); mesoscutum

length 0.43-0.45X width (23:54); scutellum

length 0.7-^.73 width (23:33); mid tibial

spur 0.96 X as long as mid basitarsus,

0.26X as long as mid tibia (12:12.5:45);
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forewing length 2.38-2.44X maximum
width (122:50); venation and setation as in

Fig. 41. Metasoma length 1.14-1.24X

width (65.5:57.5); distance from cerci to

base of metasoma 0.95-1.02 X correspond-

ing distance to apex of metasoma (33:32.5).

Color.—Head, mesosoma and metaso-

ma yellowish brown, head slightly lighter

than other body parts; frontovertex, when

illuminated at certain angle, with light

purple and green metallic luster; antenna

(Fig. 24) with radicle yellowish brown,

same color as face, scape very dark brown,

almost black, distal part of its flange

slightly lighter, pedicel dark brown, funi-

cle and clava very dark brown, almost

black; forewing with diffuse brownish in-

fuscation, which is stronger expressed in

basal part (proximad of linea calva) (Fig.

41); legs same color as body, with darker

mid tibial spur.

Sculpture and pubescence.
—Head (Figs.

16-18): frontovertex in anterior part al-

most flat, in posterior part, especially in

area of anterior ocellus, slightly concave,

with occipital edge slightly raised up-

wards, smooth, more or less glossy, with

minute erect hairs (visible only at certain

angle and illumination), and one row of

longer erect brownish hairs along each in-

ner eye orbit; anterior edge of frontovertex

(dorsal view) convex (Fig. 17); face

smooth; lower part of interantennal prom-
inence and clypeus with short translucent

hairs; eyes with minute translucent hairs;

gena smooth, glossy, with few short

brown hairs. Mesosoma: pronotum, me-

soscutum, axillae and scutellum smooth,

glossy, with appressed and semierect

brownish hairs; mesoscutum with scat-

tered small punctures, scutellum with few

punctures along posterior margin; meso-

pleuron glabrous, glossy; metanotum lat-

erally of dorsellum with several carinae in

posterior part directed from its lateral

(outer) margin toward dorsellum; propo-
deum laterally smooth, with irregular sur-

face, its callar region carinate, and plical

region smooth. Metasoma dorsally

smooth, glossy, with extremely shallow

and extremely weakly expressed transver-

sal coriaceous sculpture on tergum II (first

visible); terga V-VII with appressed short

brownish hairs along posterior edge; syn-

tergum VllI with rather long translucent

brownish hairs.

Mrt/f.—Body length 1.13-1.29 mm.
Relative measurements (measurements in

parentheses refer to one of the para-

types).—Head width 2.02X length, 1.18-

1.19 X height (49.5:24.5:42); frontovertex

width at level of anterior ocellus 1.06X its

length, 0.56-0.57X width of head (27.5:26:

49); ocelli in obtuse triangle, with angle at

anterior ocellus of 121°-125°; POL:OOL:

LOL:OCL = 12.5:5.5:6.5:1.5 (in one para-

type); OOL 1.25-1.38X diameter of poste-

rior ocellus (5.5:4); distance between an-

tennal toruli 1.85-2.1 x distance between

torulus and mouth margin, 0.57-0.58 X

mouth width (12.5:5.5:215); eye maximum
diameter 1.22-1.31 X minimum diameter

(21:16); posterior orbit of eye almost reach-

ing occipital margin (dorsal view); temple

very short (2); antenna as in Fig. 23; scape

broadened and flattened, length 2.19-

2.54X maximum width (17.5:8). Mesoso-

ma length 0.86-1.15X width (56.5:59.5);

mesoscutum length 0.37-0.44 x width (26:

59.5); scutellum length 0.78-0.79X width

(24:30.5); mid tibial spur 0.81-0.86 x as

long as mid basitarsus, 0.22-0.24 x as long

as mid tibia (12:12.5:45); forewing length

2.12-2.23X maximum width (107:50.5).

Metasoma length 0.95-1.1 X width (50:

45.5); distance from cerci to base of meta-

soma 0.7-0.85 X corresponding distance to

apex of metasoma (23:27).

Color.—Head: frontovertex very dark

brown to almost black, at certain illumi-

nation with weakly expressed purplish

and bluish metallic luster; face very dark

brown, with darker, almost black middle

Vi above interantennal prominence; gena

very dark brown; temples and occiput

very dark brown to almost black; antenna

(Fig. 23) with radicle light brown, scape

light brown to brown, very slightly darker
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I than radicle, pedicel, funicle and clava

brown; mouth parts very light brown to

brownish yellow. Mesosoma: pronotum
dorsally, mesoscutum, axillae and scutel-

lum very dark brown, almost black; sides

and ventrum brown to dark brown; fore-

wing almost hyaline, with extremely weak
brownish infuscation in basal % or so; all

legs brown, with femora and tibiae grad-

ually becoming light brown toward apex,
tarsi very light brown; mid tibial spur
dark brown; metanotum and propodeum
brown to dark brown. Metasoma dark
brown to very dark brown dorsally,

slightly lighter laterally and ventrally.

Sculpture and pubescence.
—Head: frontov-

ertex almost flat (very slightly convex),
with very shallow coriaceous sculpture, al-

most smooth around anterior ocellus, with
numerous semierect brown hairs; face

smooth, lower part of interantennal prom-
inence and clypeus with semiappressed
light brown hairs; eyes with minute trans-

lucent hairs; gena smooth, with few scat-

tered short brown hairs. Mesosoma: pro-
notum dorsally, mesoscutum, axillae and
scutellum smooth, with few scattered,
small punctures on mesoscutum; scutellum

almost flat; axillae fused with scutellum,
with traces of sutures slightly indicated lat-

erally by lines of small punctures; pubes-
cence of dorsum consisting of rather dense,

semiappressed to semierect, brownish
hairs on pronotum, mesoscutum, axillae

and scutellum, and erect, longer hairs on

apex of scutellum; pronotum laterally shal-

lowly reticulate; prepectus, mesopleuron,
and sides of propodeum smooth; metano-
tum and callar region of propodeum with
several irregular carinae. Metasoma dor-

sally with tergum II shallowly transversely
reticulate, terga V-VII smooth, with ap-

pressed short hairs along their posterior

edge; syntergum VIII with longer (especial-

ly posteriorly) brown hairs.

Hosts and Biology.
—Unknown.

Material examined.—Hohtype 9: COSTA
RICA: San Vito, 1500 m, Las Cruces. Wilson Bot.

Gdns, 18-22.iii.1990 (J.S. Noyes) (BMNH). Paralypes:

215

same data, 2 9 and 1 6 (\ 9 '\r\ microslide; left an-

tenna and left wings of second 9 in microslide #

OSU-0014: left antenna and left wings of 1 d in mi-
croslide # OSU-0015) (BMNH).

Distribution.—Costa Rica.

Etymology.
—The name reflects the shape

of the head, which in lateral view resem-
bles the head of a shark (from the Latin

words squalus, the shark, and cephalon, the

head).

Diagnosis.
—From H. pseudococcina dif-

fers by the relatively wider and flatter

frontovertex, smaller eyes, and the pres-
ence of hairs on the frontovertex and eyes
(Figs. 16-18). Males differ from all other

Hambletonia species by the fusion of the

axillae and scutellum.

Hambletonia tindiilitibiae Sharkov &
Woolley, new species

(Figs. 10-12, 31, 39, 43)

Female (holotype measurements in pa-
rentheses).—Body length 1.96-2.52 (2.08)
mm.

Relative measurements.—Head width
1.85-2X length, 1.23-1.3 X height (78:39:

60.5); frontovertex width at level of ante-

rior ocellus 0.67-0.88 X its length, 0.42-

0.45 X width of head (32.5:40:78); ocelli in

obtuse triangle, with angle at anterior

ocellus of 109°-117° (114°); POL:OOL:LOL:
OCL = 16:4:8:2 (in holotype); OOL 0.67-

1.1 X diameter of posterior ocellus (4:5);

distance between antennal toruli 2.06-

2.5 X distance between torulus and mouth

margin, 0.7-0.8X mouth width (18.5:8:

26.5); eye maximum diameter 1.21-1.44X

minimum diameter (38:30); posterior orbit

of eye almost reaching occipital margin
(dorsal view); temple very short (1.5); an-

tenna as in Fig. 31; scape strongly broad-
ened and flattened, length 1.54-1.83 X
maximum width (28:16.5); funicle 6-seg-
mented. Mesosoma length 1.09-1.16X
width (83:76); mesoscutum length 0.47-

0.49X width (36:76); scutellum length 0.8-

0.94 X width (39.5:45); mid tibial spur
0.66-0.83 X as long as mid basitarsus,

0.21-0.24X as long as mid tibia (12.5:19:
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Fig. 43. Hainhletoina undulitibiac , female habitus.

60); forewing length 2.21-2.41 x maximum
width (147:61); venation and setation as in

Fig. 39. Metasoma length 1.16-1.22X

width (88:76); distance from cerci to base

of metasoma 1.35-1.61 X corresponding
distance to apex of metasoma (46:34).

Color.—Head, mesosoma and metaso-

ma yellow orange to brownish orange

dorsally and laterally, sometimes with

slightly darker axillae and anterior part of

mesoscutum, without any metallic luster,

slightly lighter, orange yellow to yellow

ventrally; antenna (Fig. 31) with radicle

orange to brownish yellow, scape brown-

ish orange yellow (with slightly brownish

flange) to completely very dark brown, al-

most black, pedicel yellowish orange to

orange brown, with darker base, funicle

yellow orange to orange brown, clava in

basal approximately Va same color as fu-

nicle, gradually becoming black in apical

% or so, slightly lighter at apex; forewing

weakly, more or less uniformly infuscate

with brownish yellow, with slightly stron-

ger infuscation in basal half, and diffuse

darkening along line of hairs delimiting
distal margin of basal cell (Fig. 39); legs

same color as body, or slightly lighter.

Sculpture ami pubescence.
—Head (Figs.

10-12): frontovertex slightly convex,

smooth, more or less glossy, with numer-

ous small punctures, and erect brown

hairs; anterior margin of frontovertex

(dorsal view) slightly concave (sometimes,
almost straight), in middle very thin and

translucent (Fig. 11); face minutely super-

ficially reticulate; lower part of interanten-

nal prominence, and clypeus with short,

brownish hairs; eyes with translucent

hairs; gena minutely, extremely shallowly
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reticulate, with scattered erect brown
hairs; posterior margin of gena with more
or less expressed carina, separating it from

occiput. Mesosoma: lateral part of prono-
tum and prepectus reticulate; mesoscutum

minutely, very shallowly, isodiametrically

reticulate, with scattered punctures; axil-

lae minutely, extremely shallowly reticu-

late; scutellum smooth, with very few

scattered, minute to small punctures, its

apex with inconspicuous, shallow, coria-

ceous sculpture; dorsum of metasoma
with erect brown hairs, hairs longer on

apex of scutellum; mesopleuron with gla-

brous upper part, and vertically coria-

ceous lower part; metanotum laterally of

dorsellum with several long oblique cari-

nae directed from its outer margin toward

dorsellum, and several short, very weakly
indicated longitudinal carinae directed

posteriad from its anterior margin; pro-

podeum laterally reticulate, with carinate

callar region, and longitudinally carinate

plical region; mid tibia characteristically

thickened, slightly flattened laterally, un-

dulate dorsally, and slightly undulate ven-

trally (in one specimen these features, es-

pecially undulation, are weakly ex-

pressed); hind tibia slightly thickened,

flattened laterally, and carinate dorsally

(Fig. 43). Metasoma with tergum II (first

visible) very shallowly transversely coria-

ceous, shiny, terga III-VIII almost smooth;

pubescence consisting of brown hairs on
lateral part of all terga, shorter brownish

hairs on posterior edge of terga V-VII, and

longer brownish hairs of syntergum VIII.

Male.—Unknown.
Hosts and Biology.

—Unknown.
Material examined.—Holoti/pe 9: COSTA

RICA: ]0°25'N 84 Ol'W, Heredia, 3 km S Puerto Vie-

jo, OTS La Selva, 100 m, iii.1991 (P. Hanson) (INBio).

Pnrati/pes: Heredia, La Selva BS, 50 m, ii.l99L

MT/YPT (J.S. Noyes), 1 ?; Alajuela, Penas Blancas,

viii.1987 (E. Cruz), BM 1988-119, 1 9 (left antenna

and left wings in microslide # OSU-0013); Cuanacaste

Pv., Sta Rosa NP, Sn. Emilio-8-C, 8.ii-l.iii.l986 Oan-
zen & Gauld), 1 ? (BMNH).

Distribution.—Costa Rica.

Etymology.
—The name reflects the un-

dulate shape of the dorsal edge of the mid
tibia.

Diagnosis.
—From H. pseudococcina dif-

fers by the longer funicle and clava (Fig.

31), the presence of brown erect hairs on
the frontovertex and brownish translucent

hairs on the eyes, the concave anterior

edge of frontovertex (Fig. 10-12), the al-

most naked basal cell of the forewing (Fig.

39), the thickened, flattened and undulate

mid tibia, and the carinate dorsal margin
of the hind tibia (Fig. 43).

Hambletonia spp.

We were unable to assign four female

specimens to any of the above species.
Each of them apparently belongs to a sep-
arate species, and differs in some features

from all other species. However, the ma-
terial was insufficient to assess the consis-

tency of those differences, and to deter-

mine the specific status of the specimens.
Material examined.—COSTA RICA: Car-

tago, Turrialba, CATIE, 22. vi. 1994 (P.

Hanson), 1 ?; ECUADOR: Napo Misa-

hualli, 20.ii.l983 (L. Huggert), 1 9, BM
1984-337; Napo Tena, 16.ii.l983 (L. Hug-
gert), 1 ?; PERU: Madre de Dios, Rio

Tambopata Res., 12°50'S 69°20'W, 1-

13.xi.l983 (N.E. Stork), 1 9 (BMNH).
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Abstract.—Virtually all members of the Braconinae possess one, tvi'o or three pairs of sac-like,

glandular invaginations of the unscleritized lateral cuticle between the terga and sterna of their

1st and 2nd metasomal (2nd and 3rd abdominal) segments. These antero-lateral abdominal glands

(ALAGs) are present in both sexes, are often partially evaginated when the wasps are disturbed

(e.g. handled), and are the source of an odoriferous secretion characteristic of the subfamily. The

external surfaces of the exposed glands are typically highly corrugated providing a large evapo-

rative surface area. Light and transmission electron microscopy show the thin cuticular intima of

the glands to be lined internally by a layer of squamous epithelial cells overlain on the inner most

part of the invagination by irregularly shaped secretory cells which are associated with transcu-

ticular ducts. Overlying all these cells are large pigment-containing cells. The function(s) of the

ALAG secretions are at present unknown, but they do not serve as a deterrent to vertebrate

predators such as some lizards.

Braconid wasps possess a diversity of

exocrine glands (Teles da Silva & Palma

1986; Williams et al. 1988; Buckingham
and Sharkey 1988; Quicke 1990), mostly
located toward the posterior of the meta-

soma. Aside from those associated with

the reproductive tract or with mating (We-
seloh 1980; Tagawa 1977, 1983; Field and

Keller 1994), little as yet is known about

the function of these glands (Quicke 1997).

Some odoriferous glands in the related

family Ichneumonidae (Townes 1939) and

in the ant-mimicking, adeliine braconid

Paradelius De Saeger (Whitfield 1988) may
be protective in function, while the Ha-

gen's glands of male opiine braconids may
have mixed courtship and protective roles

(Buckingham 1964; Buckingham and Shar-

key 1988; Wilhams et al. 1988).

Many museum specimens of braconine

wasps have puffy membranous protru-
sions between the tergites and stemites of

the 1st to 3rd metasomal segments. These

have previously gone unreported, even in

the detailed anatomical studies by Alam

(1953). Observations on living wasps and

dissections of their metasomas have

shown that these structures are sac-like

scent glands which are partially evaginat-
ed when wasps are handled or otherwise

disturbed. This particular set of glands ap-

pears to be unique to the Braconinae, a

large subfamily containing well over 2000

described species, and no equivalent ones

in structure and location have been found

in any other subfamily of Braconidae. A
pair of antero-lateral glands have been de-

scribed in the pine sawfly, Diprion similis

(Hartig), but these open via a vertical or-

ifice in the intersegmental membrane be-

tween the 2nd and 3rd abdominal terga,

and they are only found in females (Mer-

tins and Coppel 1972). These glands are

therefore unlikely to be homologous with

those found in the Braconinae. In this pa-

per we describe the structure and distri-
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bution of these antero-lateral abdominal

glands (ALAGs) and report on some ob-

servations relating to their possible func-

tion.

MATERIALS AND METHODS

Histological and morphological studies

were carried out on specimens of Atani/-

colus ulmkola (Viereck) collected in Col-

lege Station, Texas, Digonogastra kimballi

Kirkland and Bracon mellitor Say, both

reared for biological control studies at

Texas A&M University, Habrobrncon hebe-

tor (Say) reared for biological control in

Egypt, an unidentified Bracon species col-

lected in Budapest, Hungary and an un-

identified Iphiaulax species collected in

North Queenland, Australia. The distri-

bution of ALAGs among other Braconidae

and other genera of Braconinae was deter-

mined using aqueous KOH treatment and

subsequent dissection of dry museum

specimens.
Material for light microscopy was em-

bedded in paraffin wax (Atani/colus) or

resin {Bracon, Digonogastra and Habrobra-

con). Wax-embedded material was fixed in

alcoholic Bouin's solution, dehydrated

through alcohols, double embedded in

celloidin/ paraffin wax and sectioned at 5

|j,m. Sections were stained with haematox-

ylin/eosin. Resin embedded material was
fixed in glutaraldehyde followed by os-

mium tetroxide, embedded in Spurr's res-

in and sectioned at 0.5 \i,m. Sections were

stained with 1% Toluidine blue in 1%

aqueous sodium borate.

Material for transmission electron mi-

croscopy was dissected in insect saline

(Ephrussi and Beadle 1939) and fixed for

6 hours in 2% glutaraldehyde, 2% para-

formaldehyde, 2% acrolein and L5% di-

methyl sulphoxide in 0.133 M sodium cac-

odylate (pH 7.4). After washing, material

was post fixed in 2% osmium tetroxide

(Hayat 1989). Following fixation the ma-

terial was embedded in Araldite 502-EM-

BED 812 Embedding Medium (Mollen-

hauer 1964). Material was sectioned with

a diamond knife using an ultramicrotome

from LKB (Ultrotome type 4801 A). 50-70

nm thin sections were post-stained with

alcoholic uranyl acetate solution for 30

minutes followed by Reynolds' lead ci-

trate (Reynolds 1963) for 10 minutes. Sec-

tions were examined and photographed

using a Zeiss IOC transmission micro-

scope at 60 kV on Kodak Electron Micro-

scope Film 4489 (ESTAR Thick Base).

The internal morphology of the ALAG
was determined both by the dissection of

fresh wasps in 70% ethanol or physiolog-
ical saline, and by dissecting wasps fixed

in alcoholic Bouin's solution. The latter

material was dehydrated after dissection,

critical point dried, sputter coated with

gold and examined using a Cambridge

scanning electron microscope (SEM).
The external sculpturing of the ALAG

was examined by SEM. Specimens of

Atanycolus, Bracon, and Digonogastra were

killed by placing them into alcoholic

Bouin's fixative or Camoy Fluid. Metaso-

mas were removed, dehydrated and criti-

cal point dried. Some individuals treated

this way died with their ALAGs everted.

The specimen of Myosoma m/a)izaensis

Quicke & Wharton illustrated is a muse-

um specimen which had died in culture.

Preliminary tests were run to determine

whether gland products function as a

predator deterrent. Both spiders (Saltici-

dae) and lizards (Iguanidae) were used as

potential predators. Predators were placed
in cages with male and female D. kimballi

and with individuals of the doryctine

braconid, Allorhogas pi/raloyhagus Marsh,
which are similarly sized and coloured to

D. kimballi but lack ALAGs. Interactions

between predators and prey were record-

ed.

RESULTS

Distribution among genera.
—ALAGs

were only found in members of the Bra-

coninae and not in any specimens of the

related subfamilies Doryctinae, Pamboli-

nae, Rhyssalinae, Exothecinae, Hormiinae,
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Rogadinae, Mesostoinae, Histeromerinae,

Gnamptodontinae, Opiinae or Alysiinae
that were examined (list of taxa sampled
available from senior author upon re-

quest). Within the Braconinae, ALAG's
were present in the vast majority of genera
examined, viz. Angustibracon Quicke,

Aphrastobracon Ashmead, Archibracon

Saussure, Atanycoliis Foerster, Baciima

Cameron, Ban/pwctus Ashmead, Batln/nu-

lax Szepligeti, Bicarinibracou Quicke &
Walker, Bracon Fabricius, Calcaribracon

Quicke, Callibracon Ashmead, Campi/loneu-
rus Szepligeti, Compsobracon Ashmead,

Compsobraconoides Quicke, Cratobracon

Cameron, Cratocnetna Szepligeti, Cyclaulax

Cameron, Cyclaulacidia Quicke, Digonogas-
tra Viereck, Eunesaulax Tobias, Emirobm-

coii Ashmead, Euurobmconoides Quicke,

Euvipio Szepligeti, Fraterarchibracon

Quicke, Gninmabmcon Quicke, Glyptomor-

pha Holmgren, Gronaulax, Cameron, Ha-

bwbracoH Ashmead, Hetnibracon Szepligeti,

Hybogaster Szepligeti, Iphiaiilax Foerster,

Ischnobracon Baltazar, Lapicida Quicke, La-

siophorus Haliday, Leptobracon Szepligeti,

Ligulibracon Quicke, Macwbracon Szepli-

geti, Megalommum Szepligeti, Merinotus

Szepligeti, Mesobractm Szepligeti, Mollibra-

con Quicke, Monilobracon Quicke, Myosoma
Brulle, Nedinoschiza Cameron, Nesaulax

Roman, Odesia Cameron, Odontoscapus
Kriechbaumer, Paranesaulax Quicke, Phi-

lonmcroploea Cameron, Plaxopsis Szepligeti,

Pseudovipio Szepligeti, PsHtacibracon

Quicke, Pycnobracon Cameron, Rhadinob-

racon Szepligeti, Rhytinwrpha Szepligeti,

Rostraulnx Quicke, Serraiilax Quicke, Shel-

fordia Cameron, Sobrinarchibracon Quicke,
Sororarchibracon Quicke, Stenobracon Sze-

pligeti, Stiginatobracoii Turner, Sylvibracon

Quicke, Undabracon Quicke, Vipiellus Ro-

man, Vipio Latreille, Vipiomorpha Tobias,

Virgtilibrncon Quicke, Virgulibraconoides

Quicke, Vomeribracon Quicke, Zaglyptogas-
tra Ashmead and Zanzopsis van Achter-

berg.
The only Braconinae examined in which

ALAGs appeared to be absent are Meso-

braconoides psolopterus (Wilkinson) and a

Pseiidoshirakia species, both belonging to

the Mesobracon Szepligeti group of genera
(Quicke 1987; Sarhan and Quicke 1990),

and a Rhatnnura species of the Rhamnuri-
ni.

In most genera there were two or three

pairs of ALAG sacks but in a few, for ex-

ample in Lasiophorus, Leptobracon and Sob-

rinarchibracon, only one was apparent. The
ALAG in Coeloides is poorly developed
and is also more or less unilobular. Details

of gland number and sculpture may prove
useful in future phylogenetic analysis of

the relationships between the genera of

Braconinae.

Behaviour.—As with many Apocrita, in-

cluding both aculeates and terebrants,

male and female braconines often raise

their metasomas vertically and flex them
when handled. In the case of females of

some braconines, particularly those with a

moderately short, robust ovipositor (e.g.

some Iphiaitlax Foerster and Digonogastra

Viereck), this may result in stinging

(Quicke et al. 1992). For many species (and
all males) pseudo-stinging behavior is mi-

metic (see Rothschild 1984; Quicke 1986a,

b). In both male and female Braconinae,

this abdominal flexion is also frequently

accompanied by various degrees of ever-

sion of the ALAG (Figs. 1-4) and the latter

is associated with the release of a distinc-

tive odour. However, eversion of the

glands does not always accompany meta-

somal flexion and flexion itself is probably

principally concerned with applying the

metasomal apex to the source of distur-

bance as part of the stinging or pseudo-

stinging behaviour. In living D. kimballi,

small droplets of a clear fluid can be ob-

served on the everted ALAG and this liq-

uid can be collected by touching the end

of a fine glass capillary to the droplets.
The liquid appears to contain both highly
volatile and less volatile components since

the droplet rapidly volatilizes in air, but

leaves a sticky residue. Some alcohol-pre-
served specimens of this and many other
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Figs. ]-i. Photographs of live male Di^ciwgiintm kmilnilli being handled so as to evoke eversion of the antero-

lateral abdominal glands (arrovv's in Figs. 2^), and pseudo-stinging posture (Fig. 4). Scale bar approxmiately

2 mm.
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species of Braconinae have their ALAGs
filled with a pale grey precipitate similar

to that observed by Buckingham in the in-

tersegmental, tergal glands of similarly

preserved Bracon species (Buckingham
1964).

Palatabiliiy of bracouines.—Despite their

distinctive odour and the aposematic col-

oration of many of the larger species

(Quicke 1986a; Quicke et al. 1992), at least

Atanycolus simplex and Digonogastm kini-

balli appear to be palatable to several po-
tential predators. One of us (DLJQ) has

eaten A. simplex, which have a weak but

not unpleasant flavour. Lizards {Sceloporus

cyanogens) presented with male and fe-

male D. kimballi consume them readily,

but spiders {Platycrypiiis undata (DeGeer))
release the wasps rapidly after an attack.

A wasp and spider will both remain alive

for a week if placed together in a small

vial even if the spider has no alternative

food source. However, the doryctine A.

pyralophagus elicited a similar response,
and other observations have shown that

several non-braconine Braconidae are also

unpalatable to spiders (Wharton 1984).

Morphology and histology of glands.
—Dis-

sections and SEM of the external surface

of the ALAG revealed that there are one,

two or three discrete pairs of evaginations

(Figs. 5-12). In freshly dissected material

of D. kimballi or A. ulmicola, the inner sur-

face of these evaginations is covered by

large red-pigment-containing cells and

there are no obvious muscular attach-

ments to the ALAG membrane (Figs 11,

12).

Externally, the surface of the ALAG in

each of the five genera examined {Atany-

colus, Bracon, Digonogastra, Habrobracon

and Myosoma) was highly corrugated al-

though there were marked differences in

the detailed form of the surface sculpture
between them (Figs. 5-10). No pores were

apparent on evaginated sacs under the

SEM, however, cuticular ducts were usu-

ally discernible in chlorazol black-stained,

KOH-treated sac cuticle. Ductules were

also observed in some semi-thin sections

when these were examined carefully at

200 X magnification (Fig. 15). In most gen-
era of Braconinae, these ducts were locat-

ed on the innermost portion of the sac. In

semi-thin sections they were specifically

associated with a patch of irregularly-

shaped subepidermal cells whose cyto-

plasm stained darkly with toluidine blue

(Fig. 16; S).

Transverse light microscope sections

through ALAGs showed a deeply invagi-
nated chitinous membrane (intima). The

chitin lining the sac was thinner and less

densely staining with toluidine blue than

that of the adjacent entrance slit to the sac

which was in turn thinner than the adja-

cent cuticle that was never invaginated
into the gland sac (Fig. 14). Light micro-

scope sections also revealed ducts running
from the cell layer lining the ALAG mem-
brane and the external surface of the gland

(Fig. 15 arrow). These secretory ductules

appear to pass directly from epithelial to

secretory cells and therefore the latter can

be classified as Type 3 gland cells as de-

fined by Noirot and Quennedey (1974)

and Quennedey (1975).

The secretory gland cells themselves are

characterized by the possession of a com-

plex, elongate, microvilli-lined secretory

invagination or end apparatus (Figs. 17-

20). Running along the center of the in-

vagination is a cuticular structure which

in cross-section shows a thin and frequent-

ly interrupted circumferential layer within

which is a thicker zone of longitudinally-

orientated, cuticular filaments. Usually a

discrete lumen can be discerned surround-

ed by microvilli (Fig. 19).

The secretory gland cell cytoplasm con-

tains numerous elongate to irregular mi-

tochondria and is densely packed with

small, (0.04-0.08 |xm), irregular, mem-
brane-bounded vesicles (Figs. 18, 19).

There are free ribosomes and dilated

rough endoplasmic reticulum (indicating
an active phase) within the cytoplasm. Mi-

crotubules can be detected more frequent-
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Figs. 5-8. SEMs of external appearance ot ALACs; 5, 6, right anterior metasoma, Dii^oiiognftra kiiiihiilli show-

ing, everted (5) and uneverted, resting (6) condition. 7, 8, left anterior nietasoma, Bmccii iiwllilio showing
everted ALAGs. Scale bar on Fig 8 applies to all figures on plate. Scale bar applied to: 5, 6 = 0.25 mm; 7 =
0.1 mm; 8 = 0.05 mm.
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Figs. 9-10. SEMs of external appearance of partially everted ALAG of Myosonm nyanzaensis showing surface

sculpture at two magnifications. Scale bar on Fig. 10 applies to both figures on plate. Scale bar applied to: 9
= 0.1 mm; 10 = 0.01 mm.
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Figs. 11-12. Light and scanning electron micri)giaphs ot dissected anterior metasomas (anterior at top) of

Dixii/i<ij;flsfrfl kimhiilli (9) and Iphiaulax sp. (10), showing internal appearance of non-evaginated ALAGs. Ab-

breviations: G =
gland sac; arrows indicate segmental muscle strands overlying gland sacs. Scale bar on Fig.

12 applies to both figures on plate. Scale bar applied to: 11 = 0.5 mm; 12 = 0.25 mm.
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Figs. 13-16. Light photomicrographs of semi-thin, resin-embedded, transverse sections of ALAGs in Bracon

sp. (13, 14) and Digoiwgastra kimballi (15, 16). Abbreviations: C = cuticle; E =
epithelial cell; L = lumen of

ALAG; O =
oenocyte/ pigment cell; S =

secretory cell; arrows in 13 and 14 indicate opening of ALAG sac to

exterior; arrow in 15 shows pore through glandular cuticle. Scale bar on Fig. 14 applies to all figures on plate.

Scale bar applied to: 13 = 0.1 mm; 14, 15 = 0.05 mm; 16 = 0.025 mm.
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v'^t

^4

Figs. 17-22. Transmission electron micrographs showing ultra-structure of ALAC and related cells ui Civ""'"

gnstrn kimballi. 17, secretory cell (note microvilli-lined ductule) separated from cuticle with associated epithelial

cell; 18, 'dark' secretory cell (upper right and translucent type of secretor\' cell with numerous large pale inclu-

sions (lower left); 19, secretory cell with looped end apparatus ductule .sectioned twice, note the numerous

mitochondria; 20, pigment cell; 21 and 22, oenocytes showing extensive smooth endoplasmic reticulum, elongate
mitochondria and membranous structures. Abbreviations: C =

cuticle; CMl =
complex membranous inclusion;

E =
epithelial cell; EA = end apparatus; M = mitochondrion; P =

putative pigment inclusion. Scale bar on Fig.

22 applies to all figures on plate. Scale bar applied to: 17, 19 = 1.0 [im; 18 = 0.5 (xm; 20-22 = 2.0 jjirn.
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ly near the base of the microvilli, next to

invaginations. Numerous Golgi complex-
es were discernible, located at some dis-

tance from the secretory ductule. Some se-

cretory cells appeared rather less electron

lucid than others (Fig. 18; upper right cf

lower left) but all had a similar comple-
ment of subcellular organelles.

The gland cells, and on the more pe-

ripheral part of the gland sac, the epithe-

lial cells, are overlain by large pigment-

containing lipid cells (Figs. 11, 12, 16). Un-

der the transmission electron microscope
these pigment-containing cells were

packed with large, weakly-staining, mem-
brane-bounded droplets (Fig. 20; P) which

we interpret as being a lipid-based pig-

ment. Between these, the cytoplasm has

extensive and relatively dark-staining
smooth endoplasmic reticulum. Scattered

over and among the pigment cells were a

number of another category of large cells

which SEM revealed to be oenocytes (Fig.

14). These were densely packed with

smooth endoplasmic reticulum inter-

spersed with elongate mitochondria (0.5-

2.0 (xm long by 0.2-0.4 ixm). The oenocyte
sections also showed a number of complex
membranous inclusions (Figs. 21, 22).

DISCUSSION

The present paper describes a set of

unique, eversible, sac-like glands, the AL-

AGs, that are located laterally at the an-

terior end of the metasoma in virtually all

members of the braconid subfamily Bra-

coninae. These glands are the source of a

distinctive odour which is characteristic of

members of the Braconinae (Quicke 1988)

and they are everted and release their se-

cretory product notably when the wasps
are disturbed in some way, such as when

they are handled or caught in an insect

net. The end apparatus of the gland cells

and vesicular organelles are very similar

to those of the venom glands and other

glands associated with reservoirs suggest-

ing that the anterolateral glands may be

very active secretory structures.

Undoubtedly, some parasitic wasps (in-

cluding ichneumonids and braconids)

produce volatile secretions that render

them unpalatable to potential predators

(Townes 1939; Buckingham & Sharkey
1988; Wharton 1984). The function of the

ALAGs in the Braconinae is still obscure,

however. Although the product seems to

be released when the wasps are disturbed,

it does not appear to render the wasps un-

palatable to vertebrates. Although bracon-

ines are rejected by salticid spiders, mem-
bers of several other braconid subfamilies

that do not have an obvious odour and

lack ALAGs are similarly rejected. A sex

pheromone function for the ALAGs does

not seem likely since the glands are well-

developed in both sexes, and, in addition,

members of both sexes have a similar

odour to humans. However, in a behav-

ioral study on Habrobracon, Grosch (1948)

showed that males were attracted more by
the anterior of the female metasoma than

by its posterior part. If the gland in fe-

males does serve as a male attractant, then

the question still remains as to what the

role of the ALAGs might be in male bra-

conines. Perhaps the ALAG product has a

more general intra-spedfic signalling role

such as an aggregation or alarm phero-
mone.
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Abstract.—Daily observations were made on 22 individually marked females of Sphex pensi/l-

vanicus L. in upstate New York in 1981 and 1982. Wasps nested in soil at the bottom of a storm

sewer drain, obtained nectar from flowers, slept on the stems of forbs, and hunted and captured

prey in trees on a nearby hillside. Their nourishment, nesting and predatory activities incorporated
a distinct temporal series of flights to and from nests including (1) early to mid-morning returns

from sleeping roosts; (2) periodic inspection returns; (3) exits to feed, hunt, and bask in sun; (4)

prey transport; (5) returns to enlarge nests; (6) returns to nests at dusk; and, (7) exits to sleeping

roosts. One-half of exits that followed morning or afternoon visits to nests, only one in three exits

after placing prey in the nest, and fewer than one in five exits following nest enlargement or entr\'

near dusk gradually transformed into orientation flights. Females spent more time inside their

nests following pre-darkness returns than after morning returns from sleeping roosts, periodic

inspection returns, or taking in prey.

Species of the sphecid genus Sphex com-

prise large, thread-waisted, grourrd-nest-

ing wasps. Aside from Sphecius speciosits

(Drury), the cicada killer, Sphex pensylvmi-
icus Linnaeus is the largest sphecid in east-

ern North America. The females average

nearly 30 mm in body length, are all black

v^ith black erect hairs on the head and tho-

rax, and have violaceous tinted black

wings (Bohart and Menke 1963). This spe-

cies, the "Great Black Wasp" of John Bar-

tram, is of historic significance as it was
the first solitary digger wasp described

from the United States (Rau 1944). Sphex

pensylvanicus has a rather broad geograph-
ic distribution ranging transcontinentally
across the United States into northern

Mexico, except for the northwestern states

(Bohart and Menke 1976). Some of the spe-
cies of Sphex appear to be strictly solitary

nesters. Females of other species such as

Sphex ichneumoneus (Linnaeus), the Great

Golden Digger Wasp (Ristich 1953), nest

close together with two or more wasps
rarely sharing the same nest (Brockmann

and Dawkins 1979). Females of Sphex pen-

sylvanicus also nest close together but it is

uncertain whether they share a common
nest.

Although the basic features of the nest-

ing behavior of Sphex pensylvanicus have

been studied in some detail, little is

known about the daily periodic activities

of the females. Reinhard (1929) and Frisch

(1938), working together on this species,

published separate articles under the

name Ainmohia pennsylvanica (L.). Their re-

ports contained information on geograph-
ic distribution, seasonal occurrence, aggre-

gation, nesting habitat, nest structure and

dimensions, cell contents, prey selection,

prey paralysis, prey transport, egg place-

ment, and description and duration of

egg, larva, cocoon, parasites, and hyper-

parasites. Rau (1944) described seasonal

flight period, habitat, aggregation size,

burrow construction, nest dimensions, cell

contents, prey type, paralysis of prey, prey

transport, nest entry, and egg placement
of this species under the name Chlorion
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pennsylvanicum (L.). Krombein (1955) re-

ported on the prey transport, prey paral-

ysis, and provisions of one "C. pennsylvan-
icum" nesting among a dozen individuals

in a bluff along a beach. Rigley and Hays
(1977) noted flight period, aggregation

size, reuse of old nests, burrow excavation

including sound production and sona-

gram, prey type, and male activity of this

species.

The objectives of my paper are to se-

quentially delineate some of the periodic

daily activities of Sphex pensylvanicus in re-

lation to time of day, air temperature, and

season. Only sparse information of this

kind exists for sphecid wasps and, there-

fore, such observations should be valuable

to future researchers in this field. A recent

study on Sphex argentatus Fabricius in In-

dia by Belavadi and Mohanraj (1996)

comes closest to approximating the goals
of the present paper. These authors delin-

eated nest structure and dimensions, in-

dicated time spent for various activities in-

cluding provisioning and types of clo-

sures, and gave a flow diagram of nest

building components. They presented a

detailed time table for various daily activ-

ities but, unfortunately, did not define the

activities listed in the table such as groom-

ing, sitting alert, sitting, and chasing pred-
ators. Belavadi and Mohanraj (1996) found

that excavating the main burrow, hunting
for prey, and making the permanent clo-

sure utilized more than three-fourths of a

female's observed activities. Brockmann
and Dawkins (1979) prepared a time bud-

get for Sphex ichneumoneus and found sim-

ilarly that burrow excavation, searching
for prey, and closing the nest utilized a

considerable portion of a female's avail-

able time.

LOCATION OF NESTS

The aggregation of Sphex pensylvanicus I

studied nested during 29 July-30 August
1981 and 27 July-1 September 1982 inside

of a storm sewer drain situated in an as-

phalt driveway beside the Marcellus Se-

nior High School, Marcellus, N.Y. (Fig. 1).

The 70 X 70 cm iron drain cover had

grates large enough to permit ready entry
and exit by the provisioning and orienting

wasps. In 1981 a total of 10 females nested

inside this sewer drain. One of the wasps
nested in the loosened mortar between the

bricks of one wall of the drain. The nest

entrance, 2 cm in diameter, was situated

41 cm below the driveway surface. The tu-

mulus to this nest, consisting of pebble-
sized pieces of mortar and measuring 10

cm long, 13 cm wide, and 5 cm high, was

positioned 29 cm beneath the nest en-

trance at the bottom of the drain, or 70 cm
below the driveway. The other nine wasps
nested in a single aggregation in soil be-

neath a sewer tile located at the bottom of

the drain. These females used the intact

mouth of the tile, which was one-third

filled with gravel and broken in several

places, as a common vestibule. A torren-

tial downpour on 2-3 September 1981

filled the bottom of the drain and sub-

merged all of the nests except for the one

in the brick wall. There was no sign of fe-

male activity at this site in 1981 following
the rain. Nonetheless, 12 wasps emerged
and nested beneath the same drain tile in

1982. On 12 August 1982, 1 discovered two

additional nesting aggregations of this

species inside sewer drains in the high
school parking lot, 30 and 80 m NE of the

first site. These wasps were not studied in

detail because of the distance from the

first aggregation.

METHODS

Individual wasps were observed daily,

weather permitting, from 0730 to 2100, ex-

cept for one day (19 August 1982) when I

arrived at the nesting site as early as 0600

hrs (EDT). Their behaviors were arbitrar-

ily separated into functional categories as

defined under "Female Activity." Each

wasp was color-coded to facilitate follow-

ing her daily and seasonal activity. This

was accomplished by marking the mesos-

cutum with Tester's model paint using a
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Figs. 1-2. 1, Storm sewer drain in which females of Sphcx ften^ylvtinuui nested. Wasps entered and exited

through openings in the drain cover. 2, Black locust stand and adjacent field of flowers where females of

Sphex pciisyh'iinictif hunted, fed on nectar, and slept.
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tiny paint brush from which most of the

hairs had been removed. Maximum lon-

gevity of females was 35 days for one

wasp marked yellow. Only three of 22

wasps lived for longer than a month. One
male and one female each were collected

before individually marking them and

placed as voucher specimens in the insect

museum of the State University of New
York College of Environmental Science

and Forestry, Syracuse, New York.

FEMALE ACTIVITY

From early to mid-morning, Sphex pen-

si/lvmiicus females left the upright vegeta-
tion on which they slept, flew to nests, en-

tered, and exited with or without orient-

ing or fed briefly or basked in the sun be-

fore arriving at the nest. Some females left

sleeping roosts and returned to nests as

early as daybreak. Individuals periodical-

ly visited nests during the day, entered,

exited, and then fed on honeydew or nec-

tar of nearby flowers, basked in the sun,

or hunted, captured and transported prey.

Nest enlargement frequently took place
toward evening and preceded exits and

flights to sleeping roosts. Females not en-

larging burrows returned to nests at dusk,

entered, exited, and flew to sleeping roosts

(Fig. 3).

Female activity at or near nests arbitrarily

was separated into the following compo-
nents for analysis: (1) morning flights to

nests from sleeping roosts, feeding sta-

tions, or basking places, entry, and exit; (2)

orientation flights; (3) periodic flights to

nests probably for the purpose of nest in-

spection and /or reorientation, entry, and

exit; (4) nectar feeding; (5) prey transport

flights, entry, and exit; (6) entry, nest en-

largement, and exit; (7) pre-darkness

flights to nests and entry; and, (8) exit

flights to sleeping roosts. A companion

paper examines the territoriality and mat-

ing behavior of this species (Kurczewski
in prep.).

Retiir)is from sleeping roosts.—Ninety-
three observations of females returning

from sleeping roosts, which comprised

upright vegetation [predominantly Meli-

lotiis alba (white sweet clover)] on a hill-

side 55 m from the nesting site (Fig. 2),

indicated that most returns were made be-

tween 0829 and 1038 hrs (EDT) on warm

sunny mornings (Fig. 5). However, three

females returned from sleeping roosts on

19 August 1982 as early as 0635, 0647 and

0655 hrs at an air temperature as low as

10°C. The earliest of these returns was
made before sunrise. Successively later

sunrises induced increasingly later morn-

ing returns to nests in females nesting
over a period of several weeks. On rainy

mornings, 17 flights (N = 9 wasps) were

made to nests within 48-69 min after

cloud cover dissipated and the sun reap-

peared, regardless of time of day.
Females returning from sleeping roosts

flew into the sewer drain more slowly
than those returning to inspect their nests

later in the day when temperatures were

higher. Eighty-eight of 93 entries were

made through the grates without hesita-

tion. Five times wasps approached the

drain cover, hovered near it, flew off, re-

turned in flight 3-8 sec later, and entered.

Once inside the drain, females inspected
the opening into the drain tile by flying

from left to right and vice versa while fac-

ing it. After entering the opening and dis-

appearing from view, females stayed in-

side nests 7-59 min (x
= 16.9, N =

93) before

reappearing inside the drain. They then

spent 1-4 min (x
=

1.5) flying in front of the

opening, as described above, before exit-

ing through the grates. Forty-eight of 93

exits gradually transformed into what I in-

terpreted to be orientation flights. Forty-

five times, the wasps abruptly flew away
without making repetitive aerial maneu-

vers. Five of the females that did not ori-

ent made an orientation flight the previ-

ous evening. Other wasps that did not

make orientation flights may have done so

before I arrived at the nesting site.

Orientation flights.
—Wasps made orien-

tation flights during practically any time
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Fig. 3. Summary of daily flight activities of females of Sphex pemi/lranicii^. Numbered arrows designate

flights as follows: (1) from sleeping roost; (2) to feed on nectar; (3) orientation; (4) to hunt in trees; (5) periodic
return from flowers or trees; (6) prey transport; (7) return to enlarge burrow; (8) dusk inspection return; and,

(9) to sleeping roost. Wasps in circles are sleeping and feeding on white sweet clover, respectively, and making
an orientation flight (center).
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of day, except around the noon hour

(EST), and prior to or following different

activities. Such flights varied in degree of

complexity and occurred from 0859 to

2004 hrs (Fig. 4), usually after females

spent many minutes below ground in

their nests. The flights followed nest entry
and exit after morning returns to nests

from sleeping roosts, periodic daytime re-

turns to nests with or without prey, nest

enlargement at dusk, and pre-darkness re-

turns to nests. Some flights were brief and
lasted only 10-30 sec, whereas others were
extensive and occupied 5-6 min. The
briefest flights usually followed placement
of prey in a nest and many wasps, after

provisioning, left without making flights.

The longest and most intricate flights fol-

lowed morning visits inside nests and pre-
ceded initial prey capture and transport.
Such flights began inside of the drain,

near the bottom, the wasps flying back

and forth in front of the tile opening while

facing it. These flights gradually extended

to include much of the space inside the

sewer drain, the wasps flying alternately
toward and away from the opening. Fe-

males then exited through the sewer

grates and repetitively flew back and forth

outside of the drain, interspersed with oc-

casional entries through the grates but not

into the drain tile. Outside, the flights in-

volved flying straight toward the drain,

momentarily hovering near it, turning
180°, flying directly away from the drain,

and then repeating this pattern. Most sal-

lies away from the drain were in the di-

rection of the hunting grounds, a stand of

black locust trees on a hillside 60 m away
(Fig. 2). However, some sallies alternated

between this and the opposite direction.

Flights increased in height as the wasps
flew away from and decreased in height
as they flew toward the drain.

The duration and complexity of such

flights varied with different females. For

example, one wasp began her air-borne

maneuvers outside the drain by making
two 15 cm-long sallies, then three 30

cm-long sallies, four 75 cm-long sallies,

three 150 cm-long sallies, one 300 cm-long
sally, one 13 m-long sally around a pine
tree and, finally, a 60 m-long sally into the

stand of black locust trees. Nearest the

drain, the height of the flight approximat-
ed 15 cm, whereas at the pine tree, 13 m
away, the flight attained a height of at

least 3 m. Another female alternated be-

tween flying inside and outside the drain.

She made 18 sallies outside the drain in

the direction of the hunting grounds in-

terspersed with 27 much shorter ones in-

side the drain, or a total of 45 sallies. Vari-

ation in duration and composition of ori-

entation flights seemed to be related to

type of activity rather than time of day
(see above). The average number of

straight line sallies made outside of and

away from the drain during an orientation

episode was 16.5 (11-31, N=45 episodes;
9 females) following morning return trips

from the sleeping roosts.

Periodic visits to nests.—Periodic visits to

nests probably for the purposes of inspec-
tion and reorientation did not include

morning returns from sleeping roosts or

evening returns. Periodic nest entries pre-
ceded and followed nectar feeding, feed-

ing on honeydew, basking in the sun, and

prey transport. Periodic returns to nests

without prey, followed by entry, were
made between the hours of 0934 and 1638

(N = 114, Fig. 4). Subsequent exits from the

nests occurred between 0939 and 1641 hrs.

Females spent 1-30 min (x=9.5, N =
114)

inside nests before exiting. Fifty-eight of

114 exits following such nest entry slowly
transformed into orientation flights.

Wasps abruptly flew away without mak-

ing lengthy aerial maneuvers 56 times.

Forty-seven (84%) of these exits were
made by wasps that oriented earlier in the

day.
Nectar feeding.

—Females frequently vis-

ited flowers in nearby fields to obtain nec-

tar. They were seen on flowers mostly

during the late morning (1100-1200) and

mid- to late afternoon (1400-1700) hours
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(N=39, Fig. 5). Flowers most visited by
the wasps in order of frequency were (1)

white sweet clover, (2) goldenrod {Solidago

spp.)/ (3) Queen Anne's lace or wild carrot

{Daucus carota), and (4) white clover (Tri-

folium repens). Frequency of specific flower

visits corresponded to the relative abun-

dance of the plant species located between
the nesting site and hunting ground.

Prey transport.
—Females with prey were

observed flying to nests between 1032 and
1924 hrs on warm sunny days (Fig. 4).

More prey (14 katydids) were brought to

nests at air (shade) temperatures of 27-

29°C than at other temperatures. Some

wasps provisioned their nests with kay-
dids at air temperatures as high as 33°C.

No prey were brought to nests at temper-
atures below 23°C. Some females (n=4)

preferred to provision in the morning,
some (n

=
6) in the afternoon, and others

(n=2) more or less continuously through-
out the day. Combined observations on
nine wasps bringing prey to their nests

showed peak provisioning activity be-

tween the hours of 1030 and 1300, 1400

and 1500, and 1630 and 1900 (Fig. 4).

These females spent an average of 43 min

(11-72, N=20 trips) between consecutive

returns with prey from 1054 to 1924 hrs.

One of the wasps that provisioned at 1032

hrs took 110 min from exit to entry with

prey. The nine females utilized 2-17 min

(x=8.4, N=21 trips) between taking prey
into nests and exiting through the grates.

They oriented in flight seven times after

placing prey inside nests. They exited

without making extensive aerial maneu-
vers 14 times. Eleven of the 14 exits in-

volved females that made orientation

flights previously that day.
Most females with prey flew directly to

their nests. In late July and early August,
some provisioning wasps were pursued
and jostled in flight by males attempting
to mate. Nonetheless, these females re-

tained their grasp of the prey and entered

their nests. During mid-August, four

wasps nesting inside the two sewer drains

in the high school parking lot were fol-

lowed in flight, harassed, and robbed of

their prey by house sparrows (Passer do-

mesticus). Three such sparrows sat on the

asphalt pavement near the drains

throughout much of the day and success-

fully stole prey items from the provision-

ing females as they attempted to fly be-

tween the grates. The sparrows fed on the

prey, leaving only the wings and legs be-

hind on the asphalt surface. On 18 August
1982, sparrows robbed four incoming

wasps of 13 prey items they attempted to

bring into the drains. In addition, four

prey unwittingly relinquished by the pro-

visioning females were observed lying at

the bottom of one of the drains on the

earthen floor. Such opportunistic activities

on the part of the sparrows probably led

to the demise of both Sphex pensylvanicus

aggregations, as wasps did not nest in

these drains in 1983.

Details of prey transport were as de-

scribed by Reinhard (1929), Rau (1944),

and Rigley and Hays (1977). Transport
was invariably in flight despite the large
sizes and heavy weights (566-716 mg,
N =

7) of the prey. Three provisioning fe-

males each landed once on the edge of the

drain and paused momentarily before en-

tering, but six others invariably flew di-

rectly inside. Twenty prey were brought
in flight from the direction in which the

orienting wasps had left and only one ka-

tydid was flown in from a different direc-

tion.

Prey.
—Seven prey collected from in-

coming provisioning wasps were identi-

fied as females of Scudderia septentrionalis

(Serville) (Orthoptera: Tettigoniidae). This

katydid species is primarily arboreal and

was seen ovipositing on the black locust

trees mentioned above.

Prey paralysis included periodic move-
ments of the antennae, mouthparts, and,

rarely, legs, and rhythmic breathing
movements of the abdomen. Similar de-

scriptions of the paralysis of prey were
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given by Reinhard (1929) and Frisch

(1938).

Nest enlargement.
—Components of nest

enlargement were as described by Rein-

hard (1929), Rau (1944), and Rigley and

Hays (1977), including the manner of soil

removal, except that females were unable

to characteristically distribute the soil of

the tumulus due to the vertical attitude of

one nest and the space constraints im-

posed by the broken pieces of sewer tile

of the other nests. Audible sounds accom-

panied nine nest enlargements. One wasp
periodically made sounds for 56 min
while enlarging her nest. Individual bursts

of sound in this female lasted 1-5 (x
=

3.1,

N =
18) min. These sounds evidently are a

by-product of the wasps excavating with

their mandibles in a hardened substrate.

In this species, they may serve as an au-

dible repellent to conspecific females at-

tempting to gain access to pre-existing
burrows (Rigley and Hays 1977).

Nest enlargement often occurred just

prior to darkness. Four wasps that began

enlarging nests after 1800 did not finish

until well after 1900 hrs. Rigley and Hays
(1977) noted that wasps dug as late as

2100 with most such activity occurring be-

tween 1100 and 1800 hrs.

Exits to sleeping roosts.—Females with-

out prey returned in flight to nests be-

tween 1826 and 1948 hrs (Fig. 5), flew into

the drain, entered the tile opening, and

stayed inside 6^0 min (x=23.8, N=
26) be-

fore exiting. Such returns coincided with

the sun beginning to disappear over a

nearby hill and thus wasps returned to

nests progressively earlier as daylength
shortened. Some females arrived at the

drain almost simultaneously, e. g., on 23

August 1981 two wasps arrived at 1844, 3

sec apart, and two others arrived at 1855,

only 1 sec apart. By twilight, usually all

but one or two of the females were inside

burrows. Wasps then began leaving the

drain by flying between the sewer grates,

sometimes hesitatingly. The exit times of

22 females ranged from 1832 to 2008 hrs

(N = 100). After exiting, the wasps flew to

their sleeping roosts, often on white sweet

clover, 84 times without exhibiting any
form of orientation. Seventy-eight (93%) of

these exits were made by females that ori-

ented previously that day. The wasps
made air-borne orientation movements 16

times prior to flying to sleeping roosts. All

of these flights were observed in females

that made similar flights earlier in the day.
Some females left, turned 180°, entered,

and exited one or a few times, or occa-

sionally circled once or twice, and then

flew toward the sleeping roosts. Just as

they flew to nests almost simultaneously,
two pairs of females flew away only 3-5

sec apart on 23 August 1981.

DISCUSSION

Rigley and Hays (1977) noted that fe-

males of Sphex pensylvanicus used the

same nesting site for at least three consec-

utive years by cleaning and renovating

pre-existing conspecific burrows. In my
study, females of this species reused 1980

burrows in 1981 and 1982. Twenty-one of

22 wasps utilized an enlarged common
entrance and upper main burrow (broken
drain tile) during these years. Use of pre-

existing conspecific burrows by subse-

quent generations of wasps probably
saved females considerable time and en-

ergy in excavation. The use of a common
main burrow by more than one wasp and
the reuse of burrows by siblings represent
initial steps in the direction of semisocial

behavior of aculeate Hymenoptera (Brock-

mann and Dawkins 1979).

Sphex ichneumoneus proceeds farther

than this in preadaptation toward semi-

social behavior. Burrows that are excavat-

ed and then abandoned by some females

are adopted as useable nests by other

wasps. The females adopting and reno-

vating the nests of conspecifics save much
time, often nearly two hours (Brockmann
1980), and energy that otherwise would
have been unnecessarily invested in dig-

ging. Wasps that accidentally enter con-
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specific burrows evidently cannot distin-

guish between empty, abandoned bur-

rows and those being actively provisioned

(Brockmann and Dawkins 1979). Rarely, a

female of Sphex ichneumoneus deposits a

paralyzed katydid in a neighboring fe-

male's nest. The two wasps thus tempo-

rarily share the same burrow and cell. The
intruder may even oviposit on a prey in

the cell and fill the burrow, but eventually
she returns to her own nest and finishes it

(Brockmann and Dawkins 1979).

Sphex pensylvanicus incidentally may
have evolved a behavior that lessens ac-

cidental intrusion into and takeover or

sharing of conspecific nests. Rigley and

Hays (1977) believed that sound produced

by excavating females of this species acts

as an auditory repellent to nest entry by
conspecifics nesting nearby or investigat-

ing burrows. Females were often repulsed
from entering nests in which previously

taped, conspecific sounds were being re-

played (Rigley and Hays 1977). Although

they termed this sound "stridulation," im-

plying in the classical sense of the defini-

tion that it was produced by two body
parts rubbing together, it seems more like-

ly that the sound was made as a by-prod-
uct of the mandibles digging in a compact
substrate. Such sound was produced in-

termittently by females adding side bur-

rows and cells to their nests (pers. obs.).

Why do females of Sphex pensylvanicus
return to their nests from sleeping roosts,

feeding stations, or basking places each

morning? The wasps could immediately

begin searching for prey in the trees near

the sleeping roosts and thus make better

use of their time and energy. First, tem-

peratures in the morning are too cool to

facilitate searching for prey (see below).

Second, females probably return to their

nests every morning to examine the area

for disturbance. Why waste valuable time

and energy hunting, capturing and trans-

porting prey if the nest has been de-

stroyed or parasitized? Females probably
also return to the nesting site each morn-

ing to reacquaint themselves with the sur-

roundings in order to expedite subsequent
returns to the nest with prey. More than

half of the wasps made orientation flights

upon returning to their nests the next

morning.
Females of Sphex pensylvanicus spent, on

average, more time inside nests following

pre-darkness returns than after morning
returns from sleeping roosts, feeding sta-

tions, or basking places, periodic inspec-
tion returns, or taking in prey unless en-

gaged in subsequent nest enlargement.
The shorter amount of time spent inside

nests during midday may be related to in-

creased temperature or absence of certain

subterranean activities such as oviposition
and burrow excavation.

About one-half of exits that followed

morning or afternoon visits to nests pro-

gressed to orientation flights. In contrast,

only one in three exits after placing prey
in the nest and fewer than one in five exits

following evening nest enlargement or

pre-darkness returns and entries evolved

into some form of orientation. The major-

ity of wasps that did not orient following
a visit to the nesting site either oriented

previously following a morning return

from their sleeping roost, feeding station,

or basking place or subsequently fed on

honeydew or nectar or basked in the sun

instead of searching for prey. Certain

wasps that did not orient following morn-

ing visits inside their nests had done so

the previous evening. Other wasps that

did not make an orientation flight may
have done so earlier in the morning before

I arrived at the study site. Change in tem-

perature may partly regulate the duration

and extent of an orientation flight as the

wasp's movements noticeably increased in

rapidity with increased temperature dur-

ing midday.

Although orientation flights have been

described for a number of sphecid species

(Evans 1966), few authors conclusively as-

certained the function(s) of these flights.

Tinbergen (1932, 1935) and some of his
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colleagues probably came closest to as-

cribing a specific function to them, that of

familiarization with landmarks in the vi-

cinity of the nest to facilitate subsequent

provisioning activities. In Sphex pensylvan-
icus the purpose of orientation flights

seemingly is to acquaint or reacquaint the

female with her surroundings, but as the

sallies of some wasps extended a great
distance (>13 m) from the nesting site it

was difficult to separate the final stage(s)

of such flights from the longer (55-60 m)

flights to the hunting ground. By familiar-

izing herself with her immediate environs,

a female probably facilitates an expedi-
tious straight-line return to the nest with

a large and heavy prey. Otherwise, much
time and energy would be expended in

aerially searching, more or less at random,
for the nesting site.

Orientation flights in Sp'hex pensylvani-
cus were observed only in conjunction
with an active nest. They usually de-

creased in duration and complexity as the

wasps made successive trips to and from

their nests. Females usually flew to the

nesting site with prey from the direction

in which they made orientation sallies and
left. Females became disoriented upon
their return when foreign objects or obsta-

cles were placed near the storm sewer

drain cover. If orientation flights served

for parasite avoidance rather than recon-

naissance (McCorquodale 1986), as one

anonymous reviewer suggested, then

shouldn't they be made while transport-

ing prey to the nest rather than when ex-

iting it?

Weather clearly influenced the nesting
and provisioning activities of females of

Sphex pensylvanicus. Wasps did not appear
at the nesting site on rainy or excessively
overcast days. However, on cloudy morn-

ings, females appeared at the nesting site

usually within 1 hour after the cloud cover

had dissipated. Females arrived at their

nests from sleeping roosts on cool, sunny
mornings as early as 0635 hrs at an air

temperature as low as 10°C. Wasps pro-

visioned their nests with katydids at air

(shade) temperatures as high as 33°C.

Certain activities of Sphex pensylvanicus
females regularly occurred from mid-

morning through the afternoon, and, in

the case of orientation flights and prey

transport, into early evening (Fig. 4). Ori-

entation flights preceded or followed

many wasp activities and, although some-
what bimodally distributed around the

hottest period of the day, were observed

from 0859 to 2004 hrs. Periodic visits to

nests, also somewhat bimodally distribut-

ed around the hottest hours of the day,

began at 0934 but were not seen after 1638

hrs probably because females were feed-

ing on honeydew or nectar, basking in the

sun, or searching for prey after that time.

Provisioning flights were seen interspers-

edly from late morning (1032 hrs) to early

evening (1924 hrs) on sunny days, except
for around the noon hour (EST). They
were evidently temperature regulated, as

they occurred only between 23 and 33°C

peaking at 27-29°C. Provisioning times

(1030-1300, 1400-1500, 1630-1900 hrs)
were sandwiched around times when the

wasps were either feeding, basking in the

sun, or undertaking some other activity.

In contrast to the somewhat broadly but

bimodally distributed orientation flights,

periodic visits to the nesting site, and prey

transport flights, morning returns to nests

from the sleeping roosts and arrivals at

the nests before dusk followed by depar-
tures for sleeping roosts were strongly

pulsed because of the specific functions of

these activities (Fig. 5). Flights from sleep-

ing roosts to nests occurred only from

0635 to 1038 hrs and returns to sleeping
roosts near dusk took place only between
1832 and 2008 hrs. The latter behavior

seemed to be highly synchronized because

conspecifics sometimes both arrived at the

nesting site and departed from it in pairs

only one or a few seconds apart. Feeding
on the nectar of flowers was mildly bi-

modally distributed (1100-1200, 1400-

1700 hrs) during late morning and mid- to
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late afternoon. Such synchronized feeding

could have been governed by tempera-

ture, light intensity, and /or nectar avail-

ability.
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Abstract.—The known family-group names for Sphecidae are listed with their authors and dates

of publication. The status and proper spelling of these names are reviewed. The only major change
is that Bembicinae Latreille 1802 has priority over Nyssoninae Latreille 1804. The subtribe Gas-

trosericina Andre 1886 has priority over Tachytina G. Bohart 1951. Alyssontini and Chloriontini

are the correct spellings for Alyssonini and Chlorionini, respectively. Crabronidae is shown to be

the correct name for the Larridae of recent authors; Larridae being a younger name. The gender
of the genus Pison is discussed, and is regarded as neuter. Some recent developments in the

classification of Sphecidae are reviewed.

Usage of family-group names is gov-
erned by priority just as with generic and

species level names. The stability of sub-

family and tribal names is as important as

that of species and genera, but all too of-

ten the status of family-group names is ig-

nored. Unfortunately this was the case

when Sphecid Wasp:^ of the World was pub-
lished (Bohart and Menke 1976). In the last

20 years work on Sphecidae has intensi-

fied, and phylogenetic research currently
in progress by several scientists may result

in rearrangements of some higher taxa.

Thus a review of family-group names in

Sphecidae that will enable others to deter-

mine priorities is very appropriate now.

Family-group names for Pompilidae were
treated by Day (1981) and those for bees

by Michener (1986).

Various problems arise in a study of

family-group names. The first is finding
all of the names in the vast literature avail-

able, and another is determining the ear-

liest (oldest) use of any particular name.
A third problem is determining the actual

dates of publication of two or more works

appearing the same year. I have tried my
best to locate all family-group names for

Sphecidae, and have enlisted the help of

others in this endeavor. Yet, some may
have been missed. I would appreciate

hearing from anyone who knows of omit-

ted names. Family-group names of fossil

taxa are included as a separate section.

A good starting point when searching
for family-group names is Handlirsch

(1925). He cited many names although I

found occasional errors and the original
source for each one must be checked. Dal-

la Torre's (1897) catalog is another useful

source of family-group names; he also

gave derivations of generic names.

During this study I became curious

about who first proposed identifying fam-

ily names with the ending -idae. William

Kirby (1813:88), in a long footnote in his

paper on Strepsiptera, suggested using the

suffix -idae to denote subsections of insect

orders [i.e., families]. Subsequent workers

adopted Kirby's proposal and -idae be-

came the standard family suffix.

THE INTERNATIONAL CODE OF
ZOOLOGICAL NOMENCLATURE
Other authors have presented rather ex-

haustive discourses on how the Code ap-
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plies to family-group names and various

problems that can arise: Fitton and Gauld

1976, Michener 1986, Sabrosky (in press).

The following notes outline the more im-

portant provisions of the 3rd edition of the

International Code of Zoological Nomen-
clature (1985) that govern family-group
names in Sphecidae.

1. Family-group names must be based on

the stem of a generic name (Art. 11 f).

The stem is based on the genitive (pos-

sessive) case of the generic name. Some

commonly used names in Sphecidae
have had to be emended because they

were not derived from correct stems.

For example, Alyssontini is correct, not

Alyssonini. Names not based on genera
are unavailable. Examples of these are

found in Ohl (1996).

2. Family-group names based on the same

type-genus take the same author and

date regardless of rank (Art. 36). La-

treille (1802b) proposed Sphegimae

[correctly Sphecinae]. Thus Sphecidae,

Sphecinae and Sphecini all take Latreil-

le 1802 as their author.

3. Family-group names are subject to the

rules of priority (Art. 23) but there are

rare exceptions (Art. 40b) that have to

do with usage. For example, Pelopoei-

nae Leach 1815 was based on the genus

Pelopoeus Latreille which became a syn-

onym of Sceliphron Klug. Ashmead

(1899) proposed the family-group name

Sceliphrinae, and since then it has been

nearly universally used for the group.
Art. 40b permits maintenance of the

younger name, and it takes the date of

the older name it has replaced. Thus

Sceliphrinae is dated 1815. Although 1

understand the reason for emending
the date of publication in this way, I

personally dislike the practice.

4. New family-group names have ap-

peared in theses or their abstracts (Bud-

rys 1988, Ohl 1993), but Art. 8b indi-

cates that any work that includes a dis-

claimer (i.e., Budrys 1988) is not pub-

lished. The same Article may apply in

the case of Ohl (1993) and Art. 9(11)

may also be relevant in his case; depo-
sition of a thesis in a library does not

constitute publication.

5. Family-group names based on vernac-

ulars such as in Lepeletier 1845 (French:

Cercerites) may be available under the

provisions of Article llf iii. It is difficult

to determine if names are French ver-

naculars if no accent is present because

the ending -ites is sometimes correct in

both Latin and French. So 1 have also

given the first recognizable Latin ver-

sion of such names in brackets.

CHRONOLOGICAL LIST OF
FAMILY-GROUP NAMES IN

SPHECIDAE

This list starts with the oldest author

proposing family-group names. Under

each author are all of the names proposed
in that publication followed by the page
where the name or names are found. This

is followed by the type genus and the

stem upon which the family-group name

should be based. Whenever necessary I

have clarified spellings or provided other

information in brackets. Complete cita-

tions for each author are in the Literature

Cited.

Latreille 1802a (April):

Apiariae, p. 425. Apis Linnaeus 1758, Ap-.

Latreille 1802b (November):

Sphegimae, p. 331. Spliex Linnaeus 1758,

Sphec- [Spheg- is incorrect, see Discus-

sion below].

Melliniores, p. 337. Mellinus Fabricius

1790, Mellin-.

Crabronites, p. 340 [printed as "140" in er-

ror in some copies of the book]. Crabro

Fabricius 1775, Crabron-.

Bembiciles, p. 343. Bemhex Fabricius 1775

[recte Bembix], Bembic-.

Phiiantores, p. 365. Philanthus Fabricius

1790, Phiianth-.
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Latreille 1804:

Nyssonii [recte Nyssonini], p. 180. Nysson
Latreille 1802, Nysson- [The correct

stem has a t after the n, however, the

International Commission on Zoological
Nomenclature in Opinion 1115 (1979)
ruled that Nyssoninae should be main-
tained and the name was added to the

Official List of Family-Group Names in

Zoology. Hence the legal stem is Nys-
son-. For explanation of the grammati-
cally correct stem see Discussion be-

low].

Latreille 1810:

Larratae, p. 289, 438. Larra Fabricius 1793,
Larr-.

Leach 1815:

Pelopaeida [recte Pelopoeida], p. 150. Pe-

lopaeus Latreille 1802 [recte Pelopoeus],

Pelopoe-.

Oxybellida [recte Oxybelida], p. 152. Ox-

i/belus Latreille 1797, Oxybel-

Dahlbom 1835:

Pemphedronides, p. 2, 6, 8 [recte Pem-

phredonides]. Pemphredou Latreille

1797, Pemphredon- [Corrected to Pem-

phredonides in Isis von Oken 1836, Heft

4, col. 288, and cited as Pemphredoni-
dae in Dahlbom 1842, p. 1. According to

Don Cameron, Pemphredon is a feminine
Greek word that means 'a kind of

wasp'. Hence the correct stem is Pem-

phredon-.]

Shuckard 1840:

Ampulicidae, p. 178, 180. Ampiilex Jurine
1807 [not specifically listed], Ampulic-.

Dahlbom 1842:

Dolichuridae, p. 3. Dolichurus Latreille

1809, Dolichur-.

Lepeletier 1845:

Cercerites, p. 1. Cerceris Latreille 1802, Cer-
cer-. [Thomson 1870, p. 207 and 247

gave the latinized spelling Cerceridae]

Gorytites, p. 54. Gori/tes Latreille 1804,

Goryt-. [Costa 1859, p. 3, 26 and 55,

gave the spelling Goritini but this may
have been an Italian vernacular. The

proper spelling would have been Gor-

ytini. Dalla Torre 1897 (October), p. 535,

gave the latinized spelling Gorytinae.

Acloque 1897, p. 80, used the name Gor-

ytesii.].

Trypoxylites, p. 224. Trypoxylon Latreille

1797, Trypoxyl-. [Thomson 1870, p. 207
and 250 gave the latinized spelling Try-

poxylidae. The genitive of the neuter
name Trypoxylon is Trypoxyl-, not Try-

poxylon-. Incorrect use of the last stem
resulted in the improperly spelled tribal

name Trypoxylonini in many publica-
tions.]

Astatites, p. 231. Astata Latreille 1797, As-
tat-. [de Saussure 1867, p. 65, gave the

latinized spelling Astatii which should
have been spelled Astatinij.

Costa 1858:

Psenini, p. 4, 21. Psen Latreille 1797,
Psen-.

Costa 1859:

Stizini, p. 2, 4, 55. Stizus Latreille 1802,
Stiz-.

Andre 1886:

Ammophilidae, p. 50. Ammophila Kirby
1798, Ammophil-

Gasterosericidae [recte Gastrosericidae] p.
51. Gastrosericus Spinola 1838, Gastro-
seric- [Spelled correctly by Andre 1888,

p. 211].

Cresson 1887:

Mimesidae, p. 119. Mimesa Shuckard
1837, Mimes-.

de Saussure 1892:

Podiites, p. 419. Podium Fabricius 1804,
Podi- . [Ashmead 1899, p. 348, gave the

latinized spelling Podiinae].

Larradidae, p. 471. Larrada Smith 1856,
Larrad-.
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Fox 1895:

Lyrodini, p. 302. Lyroda Say 1837, Lyrod-.

Diploplectrini, p. 302. Diplopkctwn Fox

1893, Diploplectr-.

Miscophini, p. 302. Miscophus Jurine, 1807,

Miscoph-.

Bothynostethini, p. 302. Bothyiiostethus
Kohl 1884, Bothynosteth-.

Dinetini, p. 305. Dinetus Panzer 1806,

Dinet-.

Dalla Torre 1897:

Exeirinae, p. 534. Exeirus Shuckard 1838,

Exeir-.

Entomosericinae, p. 557. Entomosericus

Dahlbom 1845, Entomoseric-.

Alysoninae [recte Alyssontinae], p. 562.

Alyson Panzer 1806 [recte Alysson],

Alyssont- [see Discussion below for ex-

planation of correct stem].

Sericophorinae, p. 577. Sericophorus Smith

1851, Sericophor-.

Nitelinae, p. 697. Nitela Latreille 1809,

Nitel-.

Ashmead 1899:

Anacrabroninae, p 163. Anacrabro Packard

1866, Anacrabron-.

Lindeniinae, p. 163. Lindenius Lepeletier
and Brulle 1834, Lindeni-.

Thyreopinae [recte Thyreopodinae], p.

164. Thyreopus Lepeletier and Brulle

1834, Thyreopod-. [According to Don
Cameron, Thyreopus is a compound
Greek word meaning 'shield-foot' and

the proper stem is thus Thyreopod-.]

Rhopalinae, p. 164. Rhopalum Stephens
1829, Rhopal-. [This name is a possible

junior homonym of the heteropteran

family-group name Rhopalidae Amyot
& Serville, 1843, based on Rhopalus

Schilling, 1827.]

Pisoninae [recte Pisinae], p. 241. Pison Jur-

ine 1808, Pis-. [According to Don Cam-

eron, it is impossible to know the true

derivation of Jurine's genus Pison. If the

name is based on the Latin word for

pea, pisum, gender neuter, then the

proper stem is Pis-. However, if the

name was the Greek spelling of the

common Roman proper family name
Piso, gender masculine, then the correct

stem is Pison-. See my comments on the

gender of Pison under Discussion far-

ther on. Currently this family-group
name is treated as a synonym of Try-

poxylini.]

Sceliphroninae [recte Sceliphrinae], p. 349.

Sceliphron Klug 1801, Sceliphr-. [Accord-

ing to Don Cameron, Sceliphron is from

the neuter of a Greek adjective meaning
lean, slender; hence the correct stem is

Sceliphr-].

Femald 1905:

Chlorioninae [recte Chloriontinae], p. 166.

Chlorion Latreille 1802, Chloriont-. [See

Discussion below for explanation of cor-

rect stem].

Turner 1914:

Paranyssoninae [recte Paranyssontinae], p.

337. Paranysson Guerin-Meneville, 1844,

Paranyssont-. [see comments under

Nyssonii Latreille 1804 above).

Turner 1915:

Arpactinae, p. 67. Arpactus Panzer 1805,

Arpact-.

Rohwer 1916:

Hoplisini, p. 654, 656. Hoplisus Lepele-
tier 1832, Hoplis-.

Borner 1919:

Palarini, p. 185. Palarus Latreille 1802,

Palar-.

Handlirsch 1925:

Heliocausini, p. 807. Heliocaiisus Kohl

1892, Heliocaus-.

Bradley 1926:

Soleniini, p. 1029. Soleiiius Lepeletier
and Brulle 1835, Soleni-



Volume 6, Number 2, 1997 247

Brues and Melander 1932:

Dimorphidae, p. 503. Dimorpha Panzer

1806, Dimorph-.

Pate 1935:

Pemphilidae [recte Pemphilididae], p.

246. Pemphilis Risso 1826, Pemphilid-.

Pate 1936:

Karossiini, p. 151. Kawssin Arnold 1929,

Karossi-.

Bohart, G. E. 1951:

Tachytini, p. 945. Tachytes Panzer 1806,

Tachyt-.

Evans 1959:

Ammoplanini, p. 182, 189. Amtnoplanus
Giraud 1869, Ammoplan-.

Bohart and Menke 1963:

Prionyxina [recte Prionychina], p. 94, 141.

Prionyx Vander Linden 1827, Prionych-.

Bohart, R. M. 1966:

Aphilanthopsina [recte Aphilanthopina],
158. Aphilmithop? Patton 1881, Aphilan-

thop-.

Menke 1967:

Odontosphecini, p. 144. Odontosphex Ar-

nold 1951, Odontosphec-.
Pseudoscoliini, p. 147. Pseudoscolia Ra-

doszkowski 1876, Pseudoscoli-.

Eremiaspheciini, p. 148. Eremiasphecium
Kohl 1897, Eremiaspheci-.

Philanthinina, p. 148. Philnuthinus de
Beaumont 1849, Philanthin-.

Menke 1968:

Scapheutina, p. 91. Scapheutes Han-
dlirsch 1887, Scapheut-.

Gittins 1969:

Psenuli [recte Psenulina], p. 50. Pseuulus

Kohl 1897, Psenul-.

Nagy 1969:

Heterogynidae [emended to Heterogynai-

dae in Opinion 1445, Intern. Comm.
Zool. Nomencl. 1987:150-151], p. 7. Het-

erogyna Nagy 1969, Heterogyna-

Bohart and Horning 1971:

Stictiellina, p. 1. Stictiella Parker 1917,

Stictiell-.

Bohart and Menke 1976:

Stangeellina, p. 87. Stangeella Menke 1962,

Stangeell-.

Stigmina, p. 175, 185. Stigmus Panzer 1804,

Stigm-.

Laphyragoginae, p. 217. Laphyragogus
Kohl 1889, Laphyragog-.

Xenosphecinae, p. 437. Xenosphex Williams

1954, Xenosphec-.

Lomholdt 1985:

Mesopalarina, p. 22. Mesopalarus Brauns

1899, Mesopalar-.

Budrys 1988:

Several family-group names in Pem-

phredoninae were proposed in this brief,

printed summary of his thesis, and it does

not qualify as a publication because the

cover has a disclaimer in Russian, "to be

considered a manuscript" (see Art. 8b of

the International Code of Zoological No-

menclature.)

Menke 1989:

Spilomenina, p. 740. Spilomena Shuckard

1838, Spilomen-.

Ohl 1993:

A number of suprageneric names were
introduced in this work but some are not

based on generic names and are therefore

not available (Art. llf). Also Ohl's printed
thesis may not qualify as a publication un-

der Art. 8b or Art. 9(11) of the Code.

Ohl 1996a:

The suprageneric names first proposed

by Ohl (1993) are validly published here

but some are unavailable because they are

not based on generic names. The names in
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question are Lutifera, Eusphecinomorpha,
and Acutoclypeata. However, three of

Ohl's names, Sphecinomorpha, Palmodo-

morpha, and Ammophilomorpha, could

be construed as valid since they are based

on generic names with -morpha endings.
The suffix -morpha has been used in some
insect orders to designate infraorders, as

in the Heteroptera (Nepomorpha and oth-

ers). However the Code does not govern

ordinal-group names.

Nemkov and Lelej 1996:

Clitemnestrina, p. 11. Clitemnestra Spinola

1851, Clitemnestr-.

Olgiina, p. 11. Olgia Radoszkowski 1877,

Olgi-.

Argogorytina, p. 11. Argogorytes Ashmead

1899, Argogoryt-.
Handlirschiina, p. 12. Handlirschia Kohl,

1897, Handlirschi-.

DISCUSSION

Stem of some Greek generic names ending
in -on: According to Don Cameron a "t"

has to be inserted after the "n" in Ah/sson

and Nysson for the stem to be correct

grammatically. The explanation is that

these generic names are masculine nomi-

native participles of Greek verbs. The gen-
itive of Alysson is alyssontos, of Nysson

nyssontos, thus the tribal names are Alys-
sontini and Nyssontini (as noted earlier,

the spelling Nyssoninae (without a t) was
conserved in Opinion 1115 of the Inter-

national Commission on Zoological No-

menclature (1979). Paranyssonini is prop-

erly emended to Paranyssontini (a syn-

onym of Miscophini). The genitive of Chlo-

rion, based on the Greek word for the

color green, is chloriontos, thus the tribal

name is Chloriontini.

The correct stems for Pemphredon and

Trypoxylon have been explained earlier in

this paper.
Gender of the genus Pison: Jurine (in Spi-

nola 1808) did not indicate the derivation

of his new genus Pison, and there is no

evidence in the description of its gender.

The only included species was a patron-

ym, jurini Spinola. Shuckard (1838) ap-

pears to have been the next author to treat

the genus, and he clearly regarded it as

masculine. Subsequent workers followed

Shuckard until Kohl (1884, 1885) who in-

terpreted the gender as neuter (earlier de

Saussure, 1867, described one new species,

tahitense, that indicates he regarded Pison

as neuter). Although some of his contem-

poraries continued to treat Pison as mas-

culine, Kohl's interpretation of the genus
as neuter would prevail. Kohl was, after

all, the foremost sphecid worker of his

time. Dalla Torre (1897) in his world cat-

alog of Sphecidae, considered Pison as

neuter, and this, with minor exceptions,
has remained its gender for the last 100

years. A considerable number of taxonom-

ic papers published during this period
have all treated the genus as neuter.

The Code does not seem to directly deal

with this problem. Article 30 (d) addresses

the gender of non-Latin and Greek names,

but Pison is from one of these languages

according to Don Cameron. Under the

principle of first revisor, Shuckard (1838)

could be interpreted as having established

the gender of Pison as masculine. How-
ever, the principle of stability argues for

maintenance of Pison as neuter, and this is

my position. Thus the correct stem for

Ashmead's (1899) "Pisoninae" is Pis- and

his family group name becomes Pisinae.

Ironically it is clear from the suffixes of the

three species Ashmead (1899:251) listed

under Pison that he had no clear idea of

its gender (laei'is, conformis, fasciatum).

Sphecidae versus Sphegidae: Authors of

the last century often spelled the family

Sphegidae following Latreille's (1802b)

original grammatical error in using Spheg-
as the stem for the family-group name.

Leach (1815) used the correct stem Sphec-
and Tillyard (1926) was one of the first

people to clearly explain why this was

correct. According to Don Cameron (in lift

to Menke) the genitive of the Greek word

"wasp" is sphekos. To quote Cameron,
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"You get the stem of the word by remov-

ing the genitive singular ending -os leav-

ing the stem sphek-". Latininized this be-

comes Sphec-.

Sceliphrini versus Pelopoeini: Pelopoeus La-

treille was made a junior synonym of Sce-

Uphwn Klug by Kohl (1890:102), and ap-

parently because of this, Ashmead (1899)

proposed the name Sceliphrini. This name
has been universally used all of this cen-

tury instead of the older Pelopoeini Leach

1815, and Article 40b of the International

Code of Zoological Nomenclature permits
maintenance of Sceliphrini. Article 40b

also states that the younger name (Sceli-

phrini) takes the date of the name it has

replaced (Pelopoeini), in this case 1815.

Thus Podiini de Saussure, 1892 is a syn-

onym of Sceliphrini 1899 (1815).

SOME COMMENTS ON CURRENT
SPHECID CLASSIFICATION

Apoidea versus Sphecoidea: A growing
consensus of workers share the belief that

sphecids and bees form a monophyletic

group and thus belong in one superfamily

(see for example. Brothers 1975, Gauld
and Bolton 1988, Finnamore and Michener

1993, Hanson and Gauld 1995). Michener

(1986) demonstrated that Apoidea is an

older name than Sphecoidea.
Status of Heterogi/naidae: The status of

this group has vacillated recently between
a subfamily of Sphecidae or as a family.
In the most recent phylogenetic analysis.
Brothers and Carpenter (1993) treated the

group as a family.
Ohl's classification of Sphecinae: Ohl's

(1996a) phylogenetic analysis has resulted

in some changes in the way genera are

grouped in this subfamily. The genus

Stangeella is shown to be most closely al-

lied to Sphecini. Unfortunately instead of

simply using existing family-group names
with appropriate tribal and subtribal end-

ings, he introduced a few new names that

are not based on existing genera. Thus

they are unavailable. Also he was appar-

ently unaware of priorities among existing

family-group names. An approximation of

his classification is shown below using
available family-group names; the result is

five tribes instead of the usual three. How-
ever, my interpretation may not accurate-

ly express Ohl's own ideas. Included gen-
era are in parentheses. Ohl's new family-

group names are included in brackets. The

ending -ina indicates subtribe. No valid

family-group names are available for two
of his names, Palmodomorpha and Acu-

toclypeata.

Chloriontini (Chlorion)

Sceliphrini [Lutifera]

Podiina {Dynatus, Penepodium, Trigonopsis,

Podium)

Sceliphrina (Chalybion, Sceliphron)

Stangeellini {Stangeella)

Sphecini [Eusphecinomorpha]

Sphecina (Sphex, Isodontia)

Prionychina {Prionyx, Palmodes, Chilos-

pliex) [the last two genera are

grouped under Palmodomorpha]
Ammophilini

[Acutoclypeata] (Hoplamtnophila, Erem-

nophila)

Ammophilina [Ammophilomorpha]
{Podalonia, Parapsammophila, Eremo-

chares, Ammophila)

In a more recent paper, Ohl (1996b) re-

iterated the monophyly of Dynatus, Pene-

podium, Trigonopsis and Podium and he

called the assemblage the "Podiinae"

which he regards as a subgroup of "Sce-

liphrina". I interpret his Podiinae as iden-

tical with Podiina in the outline I have just

given for Ohl (1996a), and his Sceliphrina
as coordinate with Sceliphrini. Ohl (1996b)

says his unorthodox hierarchical system
that ignores traditional family-group
name suffixes follows Hennig (1969). To

quote Ohl:
"

. . .no use is made of any
Linnaean categories (familia, subfamilia,

tribus, etc.) to characterize the absolute

rank of monophyletic taxa, but I refer to a

certain taxon [by] assigning a proper
name instead." Ohl admits "... that

abandoning the Linnaean categories leads
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to the loss of any information tradionally

implied by the suffixes formerly associat-

ed with certain categories (e.g. -idae for

the category 'family')".

Lauterbach (1996) introduced the use of

standard suffixes for the various family-

group taxa in Ohl (1996a), namely -ozoa

and -zoon. Consideration of Lauterbach's

proposal is outside the scope of the pres-
ent paper.

Current interpretation of Crahroninae: This

subfamily includes the Larrinae following
Lomholdt (1985), Menke (1988), Hanson
and Menke (1995), and Menke and Fer-

nandez (1996).

Status of Mesopalarina: The affinities of

Mesopalarus have always been problemat-
ical (Bohart and Menke, 1976; Lomholdt,

1985) until Gess (1996) described the hith-

erto unknown male. Gess's study dem-
onstrated a close relationship with Palarus.

Because of that, I have placed Mesopalar-
ina as a subtribe of Palarini. However,

monotypic subtribes are probably unwar-

ranted in Palarini.

Subtribes in Gorytini: Nemkov and Lelej

(1996) analyzed this tribe cladistically and

recognized six subtribes, four of which

were new. I have provisionally adopted
their classification here.

RESULTS OF FAMILY-GROUP NAME
SURVEY

The following tabulation outlines the

correct names for all higher taxa. Junior

synonyms are listed in parentheses. There

are only three name changes, one of which

is simply a minor spelling correction, and

these are indicated in boldface. The only
one of major consequence is Bembicinae

for the Nyssoninae. The subfamily ar-

rangement used here basically follows Bo-

hart and Menke (1976) although it reflects

some subsequently published opinions of

groupings. Finnamore (1993) elevated

most subfamilies to families and re-

grouped some taxa. Laphyragoginae was
included in Astatidae; Xenosphecinae in

Mellinidae; and Entomosericinae in Nys-

sonidae. I have not attempted to reflect

Finnamore's classification here. Subtribes

are identified by the suffix -ina.

Lomholdt (1982) divided the family into

two families: Sphecidae and Larridae, the

latter containing all but the Ampulicinae
and Sphecinae. However Larridae is not

the oldest available name for this group
sensu Lomholdt. The family name would
have to be chosen from one of the follow-

ing established by Latreille (1802b), i.e.,

Mellinidae, Crabronidae, Bembicidae, and

Philanthidae. Acloque (1897) recognized
two apparent families, Crabronidi and

Sphegidi, the first essentially the same as

Larridae sensu Lomholdt. However Ac-

loque's Sphegidi also included pompilids
and thus is not comparable to Sphecidae
of Lomholdt. Nevertheless 1 think Acloque
should be considered as the first person to

use Crabroninae and thereby establish it

as the name for Crabronidae sensu Lom-
holdt.

Apoidea Latreille 1802a (Sphecoidea La-

treille 1802b)

Heterogynaidae Nagy 1969 (originally

spelled Heterogynidae)

Sphecidae Latreille 1802b

Ampulicinae Shuckard 1840

Ampulicini Shuckard 1840

Dolichurini Lepeletier 1845

Sphecinae Latreille 1802

Sceliphrini Ashmead 1899 (1815—Art.

40b.i) (Pelopoeini Leach 1815, Po-

diini de Saussure 1892, Chloriontini

Fernald 1905)

Sceliphrina Ashmead 1899 (1815) (Pe-

lopoeini Leach 1815, Podiini de

Saussure 1892, Chloriontini

Fernald 1905)

Stangeellina Bohart and Menke 1976

Sphecini Latreille 1802

Sphecina Latreille 1802

Prionychina Bohart and Menke 1963

Ammophilini Andre 1886

Pemphredoninae Dahlbom 1835

Psenini Costa 1858 (Mimesini Cresson

1887)
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Psenina Costa 1858 (Mimesina Cres-

son 1887)

Psenulina Gittins 1969

Pemphredonini Dahlbom 1835

Pemphredonina Dahlbom 1835

Stigmina Bohart and Menke 1976

Spilomenina Menke 1989

Ammoplanina Evans 1959

Astatinae Lepeletier 1845

Astatini Lepeletier 1845 (Diploplectrini
Fox 1895, Dimorphini Brues and
Melander 1932)

Dinetini Fox 1895

Laphyragoginae Bohart and Menke 1976

Crabroninae Latrellle 1802 (Larrinae La-

treille 1810)

Larrini Latreille 1810 (Gastrosericini An-
dre 1886, Larradini de Saussure

1892)

Larrina Latreille 1810 (Larradina de
Saussure 1892)

Gastrosericina Andre 1886 (Tachyti-
na Bohart 1951)

Miscophini Fox 1895 (Lyrodini Fox

1895, Sericophorini Dalla Torre

1897, Nitelini Dalla Torre 1897, Par-

anyssontini Turner 1914)
Palarini Borner 1919

Palarina Borner 1919

Mesopalarina Lomholdt 1985

Trypoxylini Lepeletier 1845 (Pisini Ash-
mead 1899)

Bothynostethini Fox 1895

Scapheutini Menke 1968

Oxybelini Leach 1815

Crabronini Latreille 1802 (Anacrabroni-
ni Ashmead 1899, Lindeniini Ash-

mead 1899, Thyreopodini Ashmead
1899, Rhopalini Ashmead 1899, So-

leniini Bradley 1926, Pemphilidini
Pate 1935, Karossiini Pate 1936.)

Entomosericinae Dalla Torre 1897

Xenosphecinae Bohart and Menke 1976

Bembicinae Latreille 1802 (Nyssoninae
Latreille 1804)

Mellinini Latreille 1802

Heliocausini Handlirsch 1925

Alyssontini Dalla Torre 1897

Nyssonini Latreille 1804 (spelling con-

served in Opinion 1115)

Gorytini Lepeletier 1845 (Arpactini Tur-

ner 1915, Hoplisini Rohwer 1916)
Clitemnestrina Nemkov and Lelej

1996

Olgiina Nemkov and Lelej 1996

Argogorytina Nemkov and Lelej 1996

Exeirina Dalla Torre 1897

Handlirschiina Nemkov and Lelej
1996

Gorytina Lepeletier 1845 (Arpactina
Turner 1915, Hoplisina Roh-
wer 1916)

Stizini Costa 1859

Bembicini Latreille 1802

Bembicina Latreille 1802

Stictiellina Bohart and Horning 1971

Philanthinae Latreille 1802

Eremiaspheciini Menke 1967

Odontosphecini Menke 1967

Philanthini Latreille 1802

Aphilanthopini Bohart 1966

Pseudoscoliini Menke 1967

Cercerini Lepeletier 1845

FOSSIL FAMILY-GROUP NAMES

Alexander Rasnitsyn provided me w^ith

family-group names of fossil taxa. Each

family-group name is followed by the ge-
nus on which it is based, and the proper
stem.

Angarosphecidae Rasnitsyn (1975:109).

Augawspihex Rasnitsyn 1975, Angaros-

phec-
Baissodidae Rasnitsyn (1975:122). Baissodes

Rasnitsyn 1975, Baissod-

Rasnitsyn (1980) synonymized Angaros-
phecidae under Sphecidae, reducing it to

a subfamily of the latter. Rasnitsyn (in litt.

to Menke) states that Baissodidae should
be synonymized under Angarosphecinae,
but he has yet to publish this change.
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(Hymenoptera: Sphecidae)
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Abstract.—The New Guinean species of Ochleroptera Holmberg are reviewed, and a key for their

identification is provided. Ochleroptera noimguineeusis Bohart is redescribed, and the following
three new species are described: gendeka, iiigroclypeata, and obscura.

Ochleroptera Holmberg is a bembicine

genus of 12 know^n species, of which one

occurs in North America, one in the Ca-

ribbean, 9 in Central and South America,

and one in New Guinea (first reported
from that island by Bohart 1970). Subse-

quent to Bohart and Menke (1976), pyg-
maea Brethes has been transferred to Pluto

(van Lith 1979), and sanamhrosiana Perez

D'Angello (1980) was added. During my
fieldwork in New Guinea in 1987 and

1988, I collected specimens of an unde-

scribed species, and Colin R. Vardy, then

at the British Museum (Natural History),

London, United Kingdom, kindly provid-
ed additional material. The total number
of species is thus brought to 15. All New
Guinean species of Ochleroptera are re-

viewed below.

Ochleroptera is similar to Clitemnestra

Spinola 1851, and Bohart and Menke

(1976) separated them only by the shape
of the first gastral segment, which is com-

paratively broad in the latter, but elon-

gate in the former. There are several

problems with this classification. First,

some undescribed Neotropical forms ap-

pear to be intermediate, making the dis-

tinction of the two genera tenuous (Colin

Vardy, pers. comm.). Menke and Fernan-

dez (1996:59) concur that the abdominal

characters used to separate these two

genera are unreliable in Neotropical spe-
cies and that Ochleroptera may prove to be

a synonym. Second, the broad gastral

base appears to be plesiomorphic within

Gorytini, hence recognition of Ochlerop-
tera may make the other genus paraphy-
letic. Third, elongation of gastral segment
I may well have occurred more than once,

hence there is no certitude that the New
World and New Guinean Ochleroptera de-

veloped from a single ancestor. Solving
these problems, however, is beyond the

scope of this paper.

SOURCES OF MATERIAL

The specimens examined belong to the

following institutions:

ANIC: Australian National Insect Collec-

tion, c/o Commonwealth Scientific and

Industrial Research Organization, Can-

berra, A.C.T., Australia.

BMNH: British Museum (Natural Histo-

ry), London, United Kingdom; current-

ly: Natural History Museum.
BISHOP: Bernice P. Bishop Museum, Ho-

nolulu, Hawaii, USA.
CAS: California Academy of Sciences, San

Francisco, California, USA.
UCD: Bohart Museum of Entomology,

University of California, Davis, Califor-

nia, USA.
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KEY TO NEW GUINEAN SPECIES OF OCHLEROPTERA

1. Propodeum adjacent to enclosure with well-defined punctures; setae of head and thoracic

dorsum longer (e.g., genal setae at least as long as midocellar diameter) 2
- Propodeum adjacent to enclosure with microscopically small, evanescent punctures, prac-

tically unsculptured; setae of head and dorsum shorter (e.g., genal setae shorter than mi-
docellar diameter) 3

2. Thorax and gastral segments II-IV with no yellow markings; legs brownish red (all or

largely so); tergum I proportionately longer (Fig. 3) ohscura Pulawski, sp. n.
- At least pronotal collar, metanotum (except laterally), and tergum II marked with yellow;

legs black or with yellow markings; tergum I proportionately shorter (Fig. 2)

gcndeka Pulawski, sp. n.

3. Clypeus yellow except for narrow brown strip along free margin; propodeum with a pair
of yellow spots; female: preepistemal area of mesonotum yellow; tergum I proportionately
longer (Fig. 3) iwvagiimeensis Bohart

-
Clypeus largely black; mesopleuron and propodeum all black; tergum I proportionately
shorter (Fig. 2) nigrodypeata Pulawski, sp. n.

DESCRIPTIONS OF SPECIES

The following characters that vary in

other Ochlewpiera are shared by all four

New Guinean species: clypeus flat (not

step-like near free margin); scutum with

two types of punctures and two types of

setae: short setae emerging from small

punctures, longer setae emerging from

larger punctures (larger punctures sparser
than small ones); subalar fossa not mar-

ginate below; propodeal enclosure un-

sculptured, shiny; tergum I with no

oblique, basal carinae; laterotergite I ab-

sent anteriorly, conspicuously narrow

posteriorly; male sternum VIII broadly
truncate apically; and yellow are: scapal
venter, frons bellow antennal sockets, and
narrow paraorbital band extending up to

about one third or half of frons height.

Ochleroptera gendeka Pulawski, sp. n.

Derivation of name.—Named after the

Gendeka people of the Madang Province,

Papua New Guinea, in whose territory the

type locality is located.

Diagnosis.
—As in obscura, the setae on

the interocellar area and scutum anteriorly
are longer than a midocellar diameter in

gendeka. In gendeka, however, at least the

pronotal collar, metanotum (except later-

ally); and tergum II are marked with yel-
low rather than being black; the legs are

all black or marked with yellow; and ter-

gum 1 is proportionately shorter (Fig. 2).

Description.
—Propodeum adjacent to

enclosure with well-defined punctures.

Tergum 1 as in Fig. 2. Sternum 1 not ridged
or with rudimentary ridges basally. Clyp-
eus yellow (except narrow, black fascia

along free margin) to largely black (see

Variation below). Flagellum black or fla-

gellomeres I and II brown ventrally (at

most weakly so in males). Thorax black,

but the following are yellow: pronotal col-

lar, pronotal lobe (all black in some fe-

males), preepistemal area of mesonotum
in many females and most males, meta-

notum (except laterally), scutellum in

many males (see also Variation below).
Gaster black, with yellow apical fascia on

terga 1 and II (fascia on tergum II contin-

uous to broadly interrupted mesally). Fe-

male terga IIl-VI all black or terga III-V

fasciate apically and tergum VI yellow lat-

erally (a frequent combination includes

black terga III and IV and fasciate tergum
V). Male terga III-VI varying from all

black (Western Highlands specimens) to

fasciate apically (most specimens from

Madang Province); tergum VII either yel-
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• gendeka
© obscura

O nigroclypeata

d novaguineensis

Fig. 1. Collecting localities of Ochleroptera in New Guinea.

low or black. Femora all black or with ap-

icoventral spot (all venter yellow in some

males). Foretibia black except outer sur-

face yellow (also inner surface in some fe-

males); mid- and hindtibiae all black, or

yellow basodorsally or dorsally, or brown
or yellow ventrally. Foretarsus varying
from black to yellow, mid- and hindtarsi

varying from black to brown.

Variation.—In most specimens exam-

ined, the clypeus is largely yellow, with

only a narrow black band along the free

margin (width of black band varying from

about half antennal socket diameter to

more than one diameter mesally in some

females), and the female scutellum is all

black. The single female specimen from

Goilala in the Owen Stanley Range, has

the clypeus largely black, yellow only

along frontoclypeal margin (width of yel-

low band about equal to antennal socket),

and a narrow yellow strip adjacent to scu-

tellar hindmargin.

Prei/.
—Three females were collected as

they were flying with prey. All three prey
are adult Cicadellinae, two of which are

Dorycephalini (det. Norman D. Penny).

Records (Fig. 1).
—

Hohtypc: 9, Papua New
Guinea: Madang Province: 5 air km NE Mundiai Pass

at 5°46'S 145WE, 2500 m, 14 May 1988, W.J. Pu-

lawski (CAS). Paratypcs: PAPUA NEW GUINEA:
Central Province: Goilala at Loloipa River in Owen

Stanley Range, circa 8"16'S, 146"59'E, 21-31 Dec 1957,

WW. Brandt (1 9, BISHOP). Madang Province: 5 air

km NE Mundiai Pass at 5°46'S 145°09'E, 2500 m, W.J.

Pulawski, 14 May 1988 (3 9,2 c?, CAS) and 17 May
1988 (1 9, 11 i, CAS); Pandambai, 6 air km W Bundi

at 5°38'S 145°11'E, 2300 m, W.J. Pulawski, 10-13 May
1988 (7 9, 9 6, CAS), 15 May 1988 (2 9, CAS), and

18 May 1988 (2 9, 5 S, CAS); Simbai, 5°17'S 144°26'E,

W.J. Pulawski, 25-26 Mar 1987 (1 9, 16 i, CAS), 27

May 1988 (30 6, CAS), 31 May 1988 (7 i, CAS), 1

June 1988 (3 S , CAS). Morobe Province: upper Gumi

[Creek] near Wau [7 12'S 14625'1, 20 Mar 1981, H.

Roberts (2 6, BMNH); Wau, 1000 m, Oct 1979, I.

Gauld (1 9, BMNH). Western Highlands: Mt. Hagen

Range: Murmur Pass, 8700 ft [= 2870 m|, 27 Oct-20

Dec 1961, W.W. Brandt (7 9,3 i, ANIC).

Ochleroptera nigroclypeata

Pulawski, sp. n.

Derivalion of name.—The Neolatin femi-

nine adjective nigroclypeata is coined from

two Latin words: niger (for black) and

clypeus.

Diagnosis.
—The female of nigroclypeata

(the male is unknown) can be recognized



Volume 6, Number 2, 1997

gendeka: female

259

0.5 mm 0.5 mm

nigroclypeata: female

0.5 mm

Fig. 2. Ochlcrof'tcm i^cinlckn and nigroclypeata: outline of tergum I.

by the combination of the clypeus largely shorter than a midocellar diameter. In the

black, propodeum practically unsculptu- other New Guinean species, the clypeus is

red adjacent to the enclosure, and the se- all yellow except largely black in some
tae adjacent to the hypostomal carina gendeka. Also, tergum 1 of nigroclypeata
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(Fig. 2) is proportionately shorter than in

the other New Guinean species.

Description (female only).
—Propodeum

adjacent to enclosure with microscopically

small, evanescent punctures, practically

unsculptured. Tergum I as in Fig. 1. Ster-

num 1 irregularly ridged on basal half. An-

tennal flagellum yellowish basoventrally.
Yellow are: clypeus along frontoclypeal

suture, pronotal collar (pronotal lobe

black), metanotum (except laterally), api-

cal fascia on tergum I; also small apicola-
teral spot on tergum II and narrow, api-

comesal fascia on tergum III in one spec-
imen examined. Legs reddish brown in

one specimen; in the other, femora as well

as mid- and hindtibiae largely dark, al-

most black.

Male unknown.

Prey.
—The holotype female is pinned

with a cicadellid nymph, presumably her

prey (det. Norman D. Penny).
Records (Fig. 1).

—
Holoti/pe: 9, Papua New

Guinea: Morobe Province: NE Wau at 1150 m, 19 Sept

1971, J. Sedlacek (BISHOP). Paratype: PAPUA NEW
GUINEA: same locality as holotype, 7 Dec 1972, O.W.

Richards (1 9, BMNH).

Ochleroptera novagtdneensis R. Bohart

Ochleroptera novaguineensis R. Bohart, 1970:387,

6 Holotype: 6 , Papua New Guinea: Madang
Province: Finisterre Range: Matoko Village in

the Saidor area; not Wau in Morobe Province

(BISHOP), present correction, examined.—
Bohart and Menke, 1976:490 (listed).

Correction of type locality.
—Bohart appar-

ently confused the locality labels of the

two specimens he examined. According to

the original description, the holotype (de-

posited at BISHOP) came from Wau, and

the single paratype (deposited at UCD)
from the Saidor area. In reality, the holo-

type's locality label indicates the Saidor

area as its origin, and the paratype's label

(at UCD) gives Wau. The two specimens
can be easily identified by the differences

indicated in the original description: the

holotype has both flagella missing and no

yellow markings on tergum IV, whereas

the paratype has one flagellum preserved

(glued to a piece of cardboard now) and a

broken yellow line on tergum V. Although
the International Code of Zoological No-
menclature provides no guidelines for this

situation, I treat as the holotype the spec-
imen from BISHOP so labeled by the au-

thor and agreeing with the description

(i.e., the male from the Saidor area, not the

one from Wau).

Diagnosis.
—This species differs from the

other New Guinean Ochleroptera in having
a light brown rather than black stripe

along the clypeal free margin, a pair of

yellow spots on the propodeum, and a

yellow, apicolateral spot on tergum II. The

yellow preepistemal area of the mesopleu-
ron, typical of novaguineensis, is also found

in some gendeka.

Description.
—Propodeum adjacent to

enclosure with microscopically small, ev-

anescent punctures, practically unsculp-
tured. Sternum I transversely ridged on

basal half. Tergum I as in Fig. 3. Antennal

flagellum yellow brown basally. Yellow

are: pronotal collar, pronotal lobe, scutel-

lum mesally, metanotum (except lateral-

ly), a pair of spots on propodeum, broad

apical fascia on tergum I, a pair of lateral

spots on tergum II, and a narrow apical
fascia on tergum III. Femora brown, be-

coming yellowish toward apex; foretibia

and foretarsus yellow or foretibia brown
on inner surface, midtibia and midtarsus

yellow or brown, hindtibia and hindtarsus

brown.

Records (Fig. 1).
—PAPUA NEW GUINEA:

Madang Province: Northeastern Finisterre Range:
Matoko Village (5°41'S 146°33'E, 1500 m alt.) in Sai-

dor area (1 6 , BISHOP, holotype of iiovaguinefnsis).

Morobe Province: Wau (1 9, BMNH; { 6, UCD,

paratype of novaguineaisis), Mt. Missim, 7°13'S,

146''49'E, 1600 m (1 9,1 6, BISHOP).

Ochleroptera obscitra Pulawski, sp. n.

Deriimtion of name.—Obsciira, a Latin

feminine adjective for dark, refers to the

coloration of this species.

Diagnosis.
—

Ochleroptera obscura has an

all black thorax and gastral segments II-
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novaguineensis: female novaguineensis: male

0.5 mm 0.5 mm

obscura; female obscura: male

0.5 mm
Fig. 3. Ochkroptera novaguineensis and obscura: outline of tergum I

0.5 mm
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V, and reddish tergum I (at least in apical

half). In the other three species, at least the

pronotal collar, metanotum (except later-

ally), and tergum II are marked with yel-

low, and tergum 1 is black except for api-

cal, yellow fascia. In addition, tergum I of

obscura is proportionately longer than in

the other Ochleroptera from New Guinea

(Fig. 3).

Description.
—Propodeum adjacent to

enclosure with well-defined punctures.

Tergum I as in Fig. 3. Sternum 1 micros-

culptured, but with no rugae or ridges.
Antennal flagellum reddish brown in fe-

male, black in male. Pronotal lobe yellow-
ish brown in female, black in male. Clyp-
eus yellow except narrow black strip

along free margin. Legs brownish red in

female; in male, forefemur entirely and
midfemur largely brownish red, hindfe-

mur, tibiae, fore- and midtarsi brownish
red (foretibial outer surface yellow), hind-

tarsus black. Gaster black except tergum I

brownish red (entirely so in female, be-

tween spiracles and hindmargin in male);

tergum I in male with narrow, apical fas-

cia that is narrowly interrupted mesally.
Records (Fig. 1).

—
Hdolype: 9, Indonesia: Irian

Barat: Vogelkopf Peninsula: Sururai SW Lake Anggi
Giji at 1°24'S 133°55'E, 1900 m, 27 Feb 1963, R. Straat-

man (BISHOP). Parah/pe: PAPUA NEW GUINEA:
Central Province: Guar'l [almost certainly a mistake

for Guari at 8°07'S 146°51'S], 1900-2100 m, Oct 1968,

N.L.H. Krauss (1 S, BISHOP).
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A Revision of Protophotopsis Schuster (Hymenoptera: Mutillidae)

Roberto A. Camera T. and Diomedes Quintero A.

(RAC, DQ) Museo de Invertebrados G.B. Fairchild, Estafeta Universitaria,

Universidad de Panama, Panama, PANAMA; (DQ) Smithsonian Tropical Research Institute,

P.O. Box 2072, Balboa, Ancon, PANAMA

Abstract.—Protophotopsis, a rare and incompletely known genus of Sphaeropthalmina, is revised.

The following new synonymies are established: Huacotilla Casal, female =
Protophotopsis Schuster,

male; Huacotilla liiagiiita Casal, female, and Huacotilla hcpperi Casal, female =
Protophotopsis (Pro-

tophotopsiclla) hunu^ralis Schuster, male; Protopliotopsis {Protophotopswlla) humeralis rugosa Schuster,

male =
Protophotopsis (Protophotopsiella) sulcifrons (Andre), female, new combination for Ephuta

sulcifrons Andre, incertae sedis; Protophotopsis (Protophotopsis) scudderi Schuster, male =
Protopho-

topsis (Protophotopsis) venenaria (Melander), female. Protophotopsis (Protophotopsis) clauseni n. sp.,

described and illustrated from Costa Rica and Panama, is the first known Neotropical species of

the nominotypical subgenus. A key for the two subgenera and for the males and females of the

four species of Protophotopsis s. s. is provided. Protophotopsis (Protophotopsiella) sulcifrons and P.

(Protophotopsis) venenaria are recorded for the first time from Bolivia and Mexico respectively. The
inferred generic relationships are discussed.

The sphaeropthalmine genus Protopho-

topsis was established by Schuster in 1947

for P. scudderi Schuster, based on five

males collected in Texas and Colorado,

USA (he mentioned one additional male

from Kansas in 1949). Schuster (1949) and

Krombein (1979: 1301), thought that Mu-
tilla venenaria Melander, 1903, might be the

female sex of Protophotopsis scudderi, based

on coincident geographic distributions.

Schuster described (1949) a South Ameri-

can subgenus of Protophotopsis, Protopho-

topsiella, with one additional species with

two subspecies: P. humeralis humeralis

Schuster, from Argentina, and P. humeralis

rugosa Schuster, from Brazil; their females

were unknown. Ba.sed on an unspecified

"larger number of features in common,"
Schuster (1958) considered Protophotopsis
to be closer to his nebulous "Dasymutil-
line and Pseudomethocine complexes" in-

stead of his "Sphaeropthalmine complex"

(Sphaeropthalma), as suggested in 1949.

Brothers (1975) included Protophotopsis in

the subtribe Sphaeropthalmina of the tribe

Sphaeropthalmini. The present revision,

the first of this poorly collected genus, is

based on 31 specimens in addition to the

16 previously known (including Casal's

females of Huacotilla).

We follow the scutum terminology

suggested by Menke (1993) instead of

parapsidal furrows (Schuster 1958). We
use calcaria to refer to tibial spurs, fol-

lowing previous usage for mutillids. Ac-

ronyms for institutions where specimens
are deposited are: University of Minne-

sota Insect Collection (UMIC); American

Museum of Natural History, New York

(AMNH); U.S. National Museum of Nat-

ural History, Smithsonian Institution,

Washington D.C. (USNM); The James En-

tomological collection, Washington State

University (WSU); Museum of Compar-
ative Zoology, Harvard University

(MCZ); Museo de Invertebrados G.B.

Fairchild (MIUP); Museum National

d'Histoire Naturelle, Paris (MNHN); In-

stituto Nacional de Biodiversidad, Here-

dia, Costa Rica (INBio).
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Figs. 1-2. Head of Pwlophotopsif {Protofthotoftits),

males, dorsal view. 1, P. clauseni. 2, P. venenaria.

Protophotopsis Schuster

Profoyhotopsis Schuster 1947:693-694. Type

species: Protophotopsis (Protophotopsis) sciid-

deri Schuster 1947, by original designation
and monotypy.

Huacotilla Casal 1962:259-261. Type species:

Huncotilla diaguitn Casal 1962, by original

designation. New Synonymy.

Diagnosis.
—

Protophotopsis is the only

genus in the Sphaeropthalmina with

males that have the anterior pronotal

margin distinctly emarginate (Figs. 3, 4).

The females of Protophotopsis are recog-
nized by the following combination of

characters: smooth pygidial area not de-

limited by lateral carinae, segment I of

the gaster sessile with the second (Figs. 7,

8), mandibles bidentate distally, and in-

tegument of head and thorax punctate.

Figs. 3^. Pronotum of Protophotopsis, male, dorsal

view. 3, P. {Protophotopsis) clauseni. 4, P. {Protophotop-

siella) sulcifrons.

Females of the sister genus Nnnotopsis

Schuster (1949) differ from those of Pro-

tophotopsis in having mandibles edentate

distally and the integument of head and

thorax reticulate. The diurnal males of

both genera share the following charac-

ters: felt line on sternum II, and body pu-
bescence of simple and microserrated se-

tae (serrations are visible only at high

magnification). The males of Nnnotopsis

are recognized by the following apomor-

phy: integument of basal half of tergum
II finely, longitudinally striate.

The following additional characters

will help to recognize Protophotopsis with-

in the Sphaeropthalmina: males with an-

terior margin of clypeus without teeth;

mandibles tridentate distally, without a
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ventral basal tooth; parapsidal lines and

notauli absent (Fig. 5); mesosterna with-

out teeth or projections; gastral segment
1 distinctly petiolate (Fig. 6); penis valve

with two large apical teeth (Figs. 11-14).

Females with genal carinae absent; ante-

rior margin of clypeus without teeth; pro-
boscidal fossa large, extending to base of

mandibles; thorax subrectangular (Figs.

1, 8); pubescence simple and microserra-

te.

Remarks.—It is clear that a sister group

relationship exists between Pwtophotopsis
and Nanotopsis (we are conducting a

worldwide phylogenetic analysis of the

genera of Sphaeropthalmina). Only one

additional genus in the Sphaeropthalmi-
na has females with segment I of the gas-
ter sessile with the second: Phoiomorphus
Viereck (1903), which most likely is the

sister group of (Pwtophotopsis -I- Nanotop-

sis). These three genera form a holophy-
letic group. The males of Photomorphus
differ from those of Pwtophotopsis and

Nanotopsis in having a basal ventral tooth

on each mandible, and a modified mesos-

ternum, with teeth or tubercles. Females

of Photomorphus differ in having the py-

gidial area well delimited laterally, and

with the surface sculptured.

Si/nonymi/.
—The discovery of an un-

described species of Protophotopsis (Pro-

tophotopsis) in Costa Rica and Panama,

permitted us to recognize the female sex

of this genus. We then discovered that

this female was congeneric with females

of P. venenaria (Melander) and with fe-

males of the Argentinian genus Huacotilla

Casal (1962) (a genus including two nom-
inal species, and known only from three

female specimens). Examination of the fe-

male type of Ephiita siikifrons (Andre), in-

certae sedis recognized here as a Proto-

Figs. 5-6. 5, Mesonotum and scutellum of Pwtopho-

topsis (Protophotopsielln) sulcifrons, male, dorsal view.

6, Gaster of Protophotopsis (Protophotopsis) dauseni,

male, terga 1 to 3, dorsal view.

photopsis, and representing a new distri-

bution record for that species, from Boliv-

ia, helps us clarify the distribution of the

genus.
Distribution.—Protophotopsis ranges

from Colorado, southern Arizona, and

Texas, south to Brazil and Argentina.
Krombein (1979) lists California for P. ve-

nenaria but we have not been able to lo-

cate specimens from that state.
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KEY TO MALES OF PROTOPHOTOPSIS

1. Humerus conspicuously, sharply produced (Fig. 4), armed with sharp ventral carina;

genitalia with distinct process on lateral half of penial valve, basad to distal teeth (Fig.

11); apical tooth of penis valve shorter than subapical one (Figs. 11 and 14); South Amer-

ica Protophotopsis (Protophotopsiella) 2

-. Humerus not at all produced, not carinate (Fig. 3); genitalia with penial valve bidentate,

without distinct lobe or ventro-lateral process basad to distal teeth (Fig. 12); apical tooth

of penis valve longer than subapical one (Figs. 12 and 13); North and Central America

Protophotopsis (Protophotopsis) 3

2. Tubercle of antennal scrobes with delicately margined, truncate, outer face; sculpture of

frons and vertex punctate, punctures nearly confluent; Argentina humeralis Schuster

-. Tubercle of antennal scrobes dentiform, not margined, outer face not truncate; sculpture

of frons and vertex exceedingly coarse, more or less rugose; Brazil and Bolivia

stilcifrons (Andre)

3. Metanotum punctate throughout; hmd ocelli very small (Fig. 2), maximum diameter

0.14X own distance from inner eye margin; hind ocelli with near vertical insertion, on

postero-lateral margin of low ocellar tubercle (Fig. 2); scutellum slightly gibbous; USA,

Mexico venenaria (Melander)

-. Metanotum with median, smooth area; hind ocelli larger (Fig. 1), maximum diameter

0.2 X own distance from inner eye margin; hind ocelli with oblique insertion on very low

ocellar tubercle (Fig. 1); scutellum totally flat; Costa Rica and Panama
clauseni Cambra and Quintero, n. sp.

KEY TO FEMALES OF PROTOPHOTOPSIS

1. Dorsal face of propodeum with transverse row of denticles, lateral margins with two

small denticles (Figs. 7, 9); tergum III with pair of lateral, pale integumental spots; South

America Protophotopsis (Protophotopsiella) 2

-. Dorsal face of propodeum without transverse row of denticles (Fig. 8), lateral margins
without denticles; tergum 111 with or without pair of lateral, pale integumental spots;

North and Central America Protophotopsis (Protophotopsis) 3

2. Sides of propodeum almost smooth, with only few, sparse punctures; integument red

under sparse pale pubescent band on posterior margin of tergum 1; tergum II red . . .

htimeralis Schuster

-. Sides of propodeum densely punctured; integument pale under dense pale pubescent

band on posterior margin of tergum I; tergum II black stilcifrons (Andre)

3. Humeral angles of pronotum with sharp carina (Fig. 8); tergum III with pair of lateral,

pale integumental spots; apex of tergum I with pale pubescence; integument of tergum
II red; head covered with dense pale-golden pubescence venenaria (Melander)

-. Humeral angles of pronotum without a sharp carina; tergum III without pale integu-

mental spots; apex of tergum I with black pubescence; integument of tergum II red,

except the apical third, black; head covered with sparse pale-golden pubescence
clauseni Cambra and Quintero, n. sp.



Volume 6, Number 2, 1997 267

Subgenus Protophotopsis s. s.

Protophotopsis (Protophotopsis)
clanseni Cambra and Quintero,

New Species

(Figs. 1, 3, 6, 10, 12, 13, 15)

Description of male.—Integument black,

clothed with long, erect and recumbent

white pubescence, except the last tergum
of gaster with some infuscated setae.

Head rounded—subquadrate, its width

slightly less than width of thorax (Fig. 1);

clypeus convex, without denticles; scape
with a strong longitudinal carina be-

neath; pedicel and flagellomere I sub-

equal, short, transverse; front, vertex and

genae coarsely punctate; ocelli small, its

maximum diameter 0.2x its distance

from the inner eye margin; hind ocelli

with oblique insertion on very low ocellar

tubercle (Fig. 1). Thorax with close punc-
tures (Fig. 3), about the size of those on

head, except the metanotum, with a me-

dian, smooth area; propodeum strongly

reticulate; tegulae smooth; scutellum to-

tally flat; coxae without teeth or keels;

calcaria pale. Gaster with segments 1 and
II with median punctures, mostly 2 punc-
ture diameters apart (Fig. 6); segments III

to VI with small, close punctures; apical
half of pygidium smooth; felt line on ter-

gum II 0.54 X as long as lateral margin of

tergum; felt line on sternum II 0.36 x as

long as lateral margin of sternum; wings
infuscated; forewing with two well de-

fined submarginal cells and traces of a

third. Parameres as in Fig. 10, penis valve

as in Figs. 12 and 13, apical tooth distinc-

tively longer than subapical. Length: 7.2

mm.

Description of female.
—
Integument red,

except the apical third of tergum II, black.

Head with deep, close punctures; anten-

nal tubercles set distinctly apart; flagel-

lomere I short, 0.73 X as long as flagello-

mere II; head covered with sparse pale-

golden pubescence. Alitrunk with mod-
erate, dense punctures, except metapleu-
ron, smooth; humeral angle of pronotum

without a sharp carina; sides of mesono-
tum and propodeum without denticles;

coxae without teeth or carinae; alitrunk

and legs covered with sparse pale-golden

pubescence, except the posterior half of

pronotum and metanotum with sparse
black pubescence. Gaster with terga and

sterna I-II with dense, near confluent,

median punctures; terga and sterna III-V

with fine, close punctures; tergum III

without pale integumental spots; sternum

I with a strong elevated, median, longi-
tudinal carina; gaster with pale-golden

pubescence, except the apex of tergum I

and apical third of tergum II (the apical

fringe pale-golden pubescence) with

black pubescence. Length: 6.3 mm.

Ti/pes.
—
Holotype S: PANAMA, Pana-

ma Prov.: Chorrera, Rio Perequete, Corr.

Playa Leona (in hard clay trail, yellow

trap), 27 Feb 1991, R. Cambra (MIUP).

Paratypes: PANAMA, Panama Prov.:

same data as holotype, 1 6 (UMIC); same
data but: 18-20 Mar 1991, 3 6 (USNM,
AMNH, MIUP); 25 Jan 1992, I. Henry, 1

9 (MIUP); 26 Feb 1991, R. Cambra, 1 6

(MIUP); 17 Jan 1992, R. Cambra, 2 6

(MIUP, MNHN-Paris). COSTA RICA,
Guanacaste Prov.: 3 km NO of Nacaome,
100 m, P.N. Barra Honda, Mar 1993, M.

Reyes, 4 6 (INBio, MIUP); P.N. Barra

Honda, 100m, Nov 1993, M. Reyes, 1 6

(INBio); Est. Palo Verde, 10 m, P. N. Palo

Verde, 25 Mar-21 Apr 1992, A. Gutierrez,

1 6 (INBio).

Distribution (Fig. 15).
—Known from

lowlands on the Pacific slopes of Costa

Rica and Panama.
Remarks.—Protophotopsis claitseni was

found in open areas with patches of dry
forest, close to or in cattle fields (potre-

ros), in Panama and Costa Rica. This new

species of Protophotopsis is the first Neo-

tropical species reported for the nomino-

typical subgenus, Protophotopsis. The 14

male types vary in body length from 5.1

to 7.2 mm, and lack any noticeable vari-

ations in structure and coloration.

Etymology.
—Named in honor of Dr.
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species of the genus in North America,

that both types were collected from the

same locality in Texas, and that none of

the other three known species of Proto-

photopsis lives in sympatry.
Material Examined.—Three of the original

four syntype females were located: two females (one

designated lectotype, and one paralectotype), in

MCZ; one female, in WSU (Type 145), without lo-

cality label but with a Melander identification label,

a paralectotype. The paratype of P. scuddcri listed as

deposited in the USNM was not found there, and

appears to be lost.

The finding of Protophotopsis {Protopho-

topsis) venenaria in Mexico represents a

new country record, as this species was

known previously only from the USA.

MEXICO: NUEVO LEON: Monterrey, 15

Jun 1941, H. S. Dybas, 1 9 (MIUP). USA:

TEXAS: La Salle Co., Cotulla, 15 Apr
1906, F.C. Pratt col, 1 6 (UMIC); Bastrop

Co., Duval col., 1 9 (UMIC); COLORA-
DO: Boulder, Jul 12 1910, T.D.A. Cocker-

ell col, 1 9 (UMIC); ARIZONA: Sta. Rita

Mts, May 15 1940, Bryant col, 1 5, with-

out head (UMIC); Cochise Co., Texas

Canyon, 11 mi. W. Apache, Aug 8 1967,

E. S. Schlinger col, 1 6, without head

(UCRC).
Distribution (Fig. 15).

—USA (Texas,

Colorado, Arizona) and Mexico (Nuevo

Leon).
Remarks.—Schuster's (1947) composite

drawing of the male genitalia of P. venen-

aria (as P. scudderi), erroneously shows that

the apical tooth of the penis valve is shorter

than the subapical one. Using dissections

and the SEM, we have found that the api-

cal tooth is longer than the subapical one

in venenaria. The single female specimen of

venenaria collected in Mexico, some 320 km
south of the closest known specimen from

the USA, Cotulla, Texas, measures 3.8 mm
in body length. Two females from the USA
measured 5.2 mm (Texas) and 6.0 mm
(Colorado). Although it is shorter in body

length, we have been unable to recognize

in the Mexican female any differences in

structure and coloration from venenaria

specimens from the USA.

Fig. 15. Distribution of Protophotopik {Protophotop-

sis): rciiciuuia (triangles); clauscni (squares).

Subgenus Protophotopsiella Schuster

Protophotopsis (Protophotopsiella) Schuster 1949.

Type species: Protophotopsis (Protophotopsiella)

humcralis humeralis Schuster.

Protophotopsis (Protophotopsiella)

humeralis Schuster, New Status

(Figs. 7, 9, 16)

Protophotopsis (Protophotopsiella) humeralis hu-

meralis Schuster 1949:85-89. Holotype 6:

Capilla de Monte, Cordoba, Argentina (Zool-

ogische Staatssammlung, Munich, Germany).
Huacotilla heppen Casal 1962:261-263. Holotype

9: Argentina, Cordoba, Morteros (AMNH),
examined. New synonymy.

Huacotilla dinguita Casal 1962:263-265. Holotype
9: Argentina, La Rioja Prov., Patqui'a

(AMNH), examined. New synonymy.

Notes on Synonymy.
—

Protophotopsis (Pro-

tophotopsiella) humeralis Schuster is the

only species of Protophotopsis known from

Argentina, and the recognition of the fe-

male sex was based on coincident geo-

graphic distribution. A study of the female

type specimens of Huacotilla heppen Casal

and Huacotilla diaguita Casal convinced us
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that they are synonymous. Casal (1962)

points out that H. diaguita differs from H.

hepperi in the following trivial coloration

differences: head integument coloration,

ochreous with tints of pale red, while H.

hepperi is dark red, almost black; tergum
III lacks integumental maculae, present in

H. hepperi, and tergum II has two incon-

spicuous maculae of pale pubescence, lon-

gitudinally oval, while H. hepperi lacks

these inconspicuous maculae. The head

integument coloration is variable even

among specimens from a single locality,
from red to dark brown, near black; the

holotype of H. diaguita has a pair of pale

integumental maculae on tergum III, thus

the description given by Casal is errone-

ous; in two of four females from Aleman-
ia, Salta, and in two of three females from

Cordoba, we found that the highly incon-

spicuous pubescent maculae on tergum II

are absent. Thus, we consider these vari-

ations in coloration and pubescence as

part of the intraspecific variability of the

species.

Additional Material Examined.—ARGEN-
TINA: Buenos Aires Prov.: Alberdi (sic, Alberti),

Dec 11 1910, 1 6 (UMIC). Salta Prov.: Alemania, Jan

1983, Fritz, 1 9 (AMNH); Alemania, Feb 1983, Fritz,

4 9 (AMNH, MIUP). Cordoba Prov.: 3 9 (AMNH).
Distribution (Fig. 16).

—Andean foothills

and pampasic regions of Argentina, be-

tween 26 and 35 degrees of latitude South.

Casal (1962) mentions that two females (as

H. hepperi) were collected walking on

grass in the gardens surrounding a private
aerodome, in Monteros, Argentina, about
3 PM.

Protophotopsis (Protophotopsiella)

sulcifrons (Andre), New Combination

(Figs. 4, 5, 11, 14, 16)

Ephiita sulcifrons Andre 1906;164-165. Holotype
9 : Brazil, Goias (as Goyaz), Museum Nation-

al d'Histoire Naturelle, Paris, examined. In-

certae sedis: Nonveiller 1990:89.
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Protophotopsis (Protophotopsiella) humeralis nigosa
Schuster 1949:89. Holotype 6: Brazil, Cha-

pada, Mato Grosso, about 14°8'S (Carnegie
Museum, Pittsburgh), examined. New Syn-

onymy.

Material Examined.—The finding of Protopho-

tcipsis {Pivtophcitop^iiiln) mdcifrons in Bolivia represents
a new country record, as this species was previously
known only from the holotype from Brazil. BOLIVIA:
El Beni, Beni Stn., Palm Camp, Savannah, 31 Jul 1988,

1 6 (MIUP).

Distribution (Fig. 16).
—Known from

Brazil and Bolivia.

Remarks.—The structural differences in

integumental sculpturing on the sides of

the propodeum in females and on the

frons and vertex of males, are justification

for recognizing P. sulcifrons and P. humer-

alis as separate species. Thus we consider

sulcifrons to be a distinct species, and not

just a subspecies of humeralis.

We have been unable to compare the

genitalia of sulcifrons (Figs. 11, 14) with

those of humeralis because we did not dis-

sect the genitalia of the only male exam-
ined and, apparently, the genitalia of the

holotype of humeralis was neither dissect-

ed nor discussed by Schuster.
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Abstract.—From a base of 768 rearings from microlepidoptera, host range characteristics are

recorded and analysed for 24 Western Palaearctic species of Dindegmn (Ichneumonidae: Campo-
pleginae) that may represent one or more natural groups. Some speculations on the evolutionary

ecology of host range and speciation are made. A key to these species, and a further six that have
not been reared, is provided. D. germanicum Horstmann 1973 is synonymised with D. longicaii-

datum Horstmann 1969, and D. coiisumptor alpestrator Aubert 1971 with D. consiimptor consumptor

(Gravenhorst 1829).

The genus Diadegma Forster (Ichneu-
monidae: Campopleginae) is a very large

genus of koinobiont endoparasitoids of

Lepidoptera, attacking the host in its lar-

val stage and killing it in its cocoon. Dia-

degma has a worldwide distribution, and
an overall host range centred on smallish

moths in the "lower ditrysian" superfam-
ilies (sensu Scoble 1992), forming a large

part of the traditional "microlepidoptera".
Several species are important natural en-

emies of pest Lepidoptera.
The purpose of this paper is to examine

the host ranges of Western Palaearctic spe-
cies in a defined part of the genus Dia-

degma (the nanus group) and to provide a

key to the included species. We also sum-
marise the known distribution of each

species, and make some taxonomic re-

marks. It has been pointed out by Fitton

& Walker (1992), writing on several eco-

nomically important Diadegma species,
that hitherto there have been neither care-

ful taxonomic revisions within Diadegma
nor sufficiently critical assessments of spe-
cies-level host range, with the conse-

quence that the body of literature on given

species is of very limited worth.

A considerable quantity of reared ma-
terial of the Diadegma nanus group has

been obtained, most of it recently, and

carefully evaluated. Although 63% of this

material is in the National Museums of

Scotland, we have made efforts to source

all available material. As well as trying to

understand and express the host ranges of

particular species from fairly rich quanti-
tative data (altogether 768 rearings) there

is the opportunity to try to analyse the

patterns seen between species from the

perspective of evolutionary ecology. In

particular, from evidence seen in a braco-

nid genus Aleiodes (Rogadinae), it has been

hypothesised (Shaw 1994) that there is a

tendency in some koinobionts to broaden

their host ranges, and that this can pre-
cede the birth of new species as extreme

specialists. While we will argue that a for-

mal test of the hypothesis remains out of

reach, the Diadegma data can certainly be

used to revisit some of its general predic-
tions.

The Diadegma nanus group of the sub-

genus Ni/thobia Forster, as defined here,

includes the species groups I and II in
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Horstmann (1969: 421 ff.), but without the

species that subsequently have been trans-

ferred to the genera Campoplex Graven-

horst {maculifemur (Strobl), syn. anthracos-

toma (Strobl)), Enytus Cameron {apostatus

(Gravenhorst), neoapostatus (Horstmann),

parvicanda (Thomson)), Ehborus Forster

(dorsalis (Gravenhorst)), Lathrostizus Fors-

ter (moniliconiis (Thomson)) and Tranose-

mella Horstmann {prnewgator (Linnaeus),

syn. interrupta (Holmgren), syn. lacticrus

(Thomson)) or to the subgenus Dindegnm

Forster s. str. (see Horstmann 1969: 429

ff.). It is characterized within the genus

Diadegma Forster s. 1. by the hind tibiae

being whitish or yellow basally and usu-

ally having a darker ring or patch subbas-

ally, and in the female sex by the caudal

edge of the sixth and seventh tergites of

the gaster being not or only very slightly

incised dorsally.

No claim can be made that the nanus

group overall is monophyletic. However,

four subgroups might be distinguished

and, although the differences between

them are poorly characterised, there is a

better prospect that further research could

show these to be monophyletic:

1. Diadegma nanus subgroup: Ovipositor

sheaths 0.3-1.5 times as long as the first

tergite of the gaster, ovipositor weakly up-

curved. Claws inconspicuously pectinate

(as in Fig. 7), the subapical teeth less than

half as long as the apical one. The fore-

going characters are probably symple-

siomorphies, but possible synapomor-

phies are small size coupled with parasit-

ism principally of leaf mining microlepi-

doptera. Species: anuriim (Thomson),
brevivalve (Thomson), callhto Horstmann,

crassum (Bridgman), cmtaegi Horstmann,

dupUcatum Horstmann, elishae (Bridgman),

exareolator Aubert, holopi/gian (Thomson),

laricinellum (Strobl), lithocolletis Horst-

mann, melanium (Thomson), micrurum

(Thomson), nanu^ (Gravenhorst), pusio

(Holmgren), rufatuni (Bridgman), scotiae

(Bridgman), stigmatellae Horstmann, ta-

mariscator Aubert.

2. Diadegma lattingtilnm subgroup: Ovi-

positor sheaths 1.4-1.6 times as long as the

first tergite of the gaster, ovipositor

straight (as in Fig. 15). Claws conspicu-

ously pectinate (possible autapomorphy),
the subapical teeth nearly as long as the

apical one (Fig. 6). Parasitoids of Momphn

species (Momphidae). One species: latun-

guluni (Thomson).

3. Diadegma constimptor subgroup: Ovi-

positor sheaths 1.1-2.0 times as long as the

first tergite of the gaster, ovipositor

straight (possible synapomorphy) (Fig.

15). Claws inconspicuously pectinate (Fig.

7), the subapical teeth less than half as

long as the apical one. Parasitoids of Psy-

chidae (as far as known: possible syna-

pomorphy). Species: consumptor (Graven-

horst), ledicola Horstmann, longicaudatum

Horstmann, rectificator Aubert.

4. Diadegma flexum subgroup: Ovipositor

sheaths 1.7-2.0 times as long as the first

tergite of the gaster, ovipositor conspicu-

ously upcurved near the tip (possible syn-

apomorphy) (Figs 13, 14). Claws incon-

spicuously pectinate (as in Fig. 7), the sub-

apical teeth less than half as long as the

apical one. Hosts unknown. Species: flex-

um Horstmann, pulicator Aubert.

PRESENTATION OF RECORDS

All specimens (or parts of series) listed

have been determined by KH. Hosts are

given the names currently believed to be

valid, with synonomy (as labelled) also

given. Foodplants are cited only when

they have appeared on the data label.

While each individual rearing is regarded

as a record, the summary we give also in-

cludes (in brackets) the number of inde-

pendent collections listed—i.e. differing in

either host, foodplant or place. Place

name, country abbreviation, and deposi-

tory (or depositories) for the specimens
are given for each independent collection:
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the numbers of specimens recorded

against each host/foodplant category are

divided according to depository so that

each specimen remains traceable, but oth-

erwise they are bulked together.
Abbreviations used are: [for countries]

A = Austria; BG =
Bulgaria; BY = Bela-

rus; CH = Svi'itzerland; D = Germany;
DEN = Denmark; F = France; FIN = Fin-

land; GB = Great Britain; GR = Greece; H
=
Hungary; I = Italy; IRL = Ireland; M =

Moldavia; N = Norway; NL = Nether-

lands; P =
Portugal; PL = Poland; R =

Russia; S = Sweden; Y = former Yugosla-
via, and [for depositories] Aeschlimann =

private collection, Montpellier; Aubert =

Aubert collection in Musee Zoologique,
Lausanne; Bauer =

private collection,

Gropschwarzenlohe / Niirnberg; Bridgman
= Bridgman collection in Castle Museum,
Norwich; Budapest

= Termeszettudom-

anyi Miizeum Allattara; Eberswalde =

Deutsches Entomologisches Institut; Hae-
selbarth = Haeselbarth collection in Zool-

ogische Staatssammlung, Miinchen; Hil-

pert
=

Hilpert collection in Landessa-

mmlungen fiir Naturkunde, Karlsruhe;
Hinz = Hinz collection in Zoologische

Staatssammlung, Miinchen; Horstmann =

private collection, Wiirzburg; Huemer =

private collection, Innsbruck; Jordan =

private collection, Soyhieres/Delemont;
Jussila

=
private collection, Turku; Kola-

rov =
private collection, Sofia; Leiden =

Nationaal Natuurhistorisch Museum;
London = Natural History Museum;
Lund =

Zoologiska Institution; Miinchen
=

Zoologische Staatssammlung; NMS =

National Museums of Scotland, Edin-

burgh (includes Shaw collection); Rill =

Rill collection in Zoologisches Museum,
Kiel; St. Petersburg

=
Zoological Institute,

Academy of Sciences; Sawoniewicz =
pri-

vate collection, Warszawa; Sedivy
=

pri-
vate collection, Praha; Stockholm = Na-
turhistoriska Riksmuseet; Strobl = Strobl

collection in Benediktinerabtei, Admont;
Torino = Museo Regionale di Scienze Na-

tural!; Wroclaw = Muzeum Przyrodnicze.

Knowledge of voltinism and phenology
are important in understanding host

range, and we have expressed this largely
from material in NMS, most of which
comes from GB. We use the term "bivol-

tine" to indicate at least two generations,

though recognising that in practice more
than one "summer" (= non-diapause)

generation is likely to arise under favour-

able conditions in species that exhibit such

a generation. It is also possible that some

species will show more obligate differ-

ences in voltinism in different parts of

their range. Campopleginae is not one of

the subfamilies of Ichneumonidae known
to include species that overwinter as

adults in temperate climates and we pre-
sume that the only options open to the

species we are dealing with are to over-

winter as a cocooned stage or as a young
larva in a host that overwinters partly

grown. This is also consistent with the

general view of Campopleginae as being

pro-ovigenic and having a relatively short

adult life. It is not certain for any of these

parasitoids at what stage in its larval life

the host is attacked, but it seems likely to

happen relatively early in most or perhaps
all cases. Many of the hosts involved

change their mode of feeding part of the

way through their larval life and, when
relevant, attention is drawn to this in the

commentary. Information on host biology
has been directly observed or taken from

Emmet (1988, 1991).

A table of the number of rearings in-

cluded in this paper from each host genus
is also given (Table 1

). As the Lepidoptera
in general have been extensively sampled,
this indicates the tightness of the host

groups involved overall. The table also re-

cords the Diadegma species reared from

each host genus. This allows host utiliza-

tion patterns to be overviewed, and it also

reveals the cases in which more than one

Diadegma species is associated with a host

genus.
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KEY

Specimens of the Diadegma nanus group
are small or very small, and have very few

distinctive characters. Males usually can-

not be determined, and the determination

of females is likely to be uncertain in

many cases, especially if only one speci-

men is available for examination. The

specimens must be very carefully mount-

ed, Vk'ith all parts of the body clearly visi-

ble (especially the pleurae, the propodeum
and the gaster from above and from one

side), and with the apical tergites of the

gaster and the ovipositor in their normal

positions. The latter is often not the case

in material collected or preserved in liq-

uid, and the determination of those spec-

imens may be particularly difficult or im-

possible. The key to species given here

was difficult to construct and may prove
difficult to use unless reliably determined

material is also available for comparison.
In particular this is necessary to guard

against misidentifying specimens of addi-

tional (= undescribed) species, which may
be fairly numerous. For this reason four

segregates that probably represent unde-

scribed species are included in the key

(and their rearing data are listed after the

other species).

Among the most important characters

are the colour of the hind tibiae and the

ovipositor length. The colour of the hind

tibiae refers to the outer aspect (the inner

side is usually red or reddish brown)
which is whitish or yellowish red basally

and medially, and usually brownish or

black subbasally and apically. The ovipos-

itor length is expressed as an index, being
the ratio of the visible length of the ovi-

positor sheaths (seen from the side) to the

length of the first tergite of the gaster

(measured along the dorsal surface).

KEY TO FEMALES OF THE DIADEGMA NANUS SPECIES GROUP IN WESTERN EUROPE

1. Ovipositor not or hardly surpassing tip of gaster, ovipositor index 0.3. (Areolet open (as

in Fig. 2). Area superomedia 1.0-1.3 times as long as wide, constricted caudally and

usually closed by a wrinkle (Fig. 8))
2

-
Ovipositor surpassing tip of gaster, ovipositor index at least 0.4. (Other characters vari-

able)
3

2. Scape ventrally, front and middle coxae whitish to whitish yellow. Hind femora for the

greater part light red. Third tergite of the gaster to a varying extent yellowish red ....

crassum (Bridgman)
-

Scape, front and middle coxae, hind femora and gaster usually totally dark brown or

black. Sometimes tips of coxae and small lateral spots on third tergite of gaster yellowish

pusio (Holmgren)

3. Hind femora dark brown or black and ovipositor index 0.5-0.8 (D. cratacgi and D. cxnr-

eolator with ovipositor index 0.9-1.0 sometimes have dark hind femora and may run here,

but D. cratacgi differs by the area superomedia 1.3-1.5 times as long as wide, and D.

exareolator differs by the combination of an open areolet and the hind tibiae whitish basally

and medially)
'*

- Hind femora yellowish red to reddish brown, sometimes darkened basally and apically,

andyor ovipositor longer
"

4. Area superomedia 1.7 times as wide as long, extended caudally, grading into area petio-

laris with almost no boundary (Fig. 9). Areolet very oblique, closed by a faint vein (Fig.

1). Second tergite of gaster as long as wide. (Ovipositor index 0.6)

scotiae (Bridgman)
- Area superomedia at most 1.3 times as wide as long, usually with parallel sides or some-

what constricted caudally (Fig. 10). Areolet open or closed. Second tergite of gaster at

least 1.1 times as long as wide 5
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5. Areolet closed by a faint vein. Area superomedia usually somewhat wider than long.

Ovipositor index 0.5-0.7. (Hind tibiae whitish to whitish yellow medially) 6
- Areolet open (Fig. 2). Area superomedia as long as wide or somewhat longer than wide

(Fig. 10). Ovipositor index 0.7-0.8 7

6. Postpetiole about 0.9 rimes as long as wide. Second tergite of gaster 1.0-1.1 times as long
as wide. Scape and coxae dark brown or black laricinellum (Strobl)

-
Postpetiole about 1.1 times as long as wide. Second tergite of gaster 1.5 Hmes as long as

wide. Scape ventrally, front coxae and middle coxae apically conspicuously yellow ....

tantariscator (Aubert)
7. Hind ribiae whitish medially species 1

- Hind tibiae yellowish brown medially 8

8. Mesopleura with fine and irregular wrinkles dorsally and medially. Postpectal carina

incised centrally callisto Horstmann
-

Mesopleura coriaceous dorsally and medially. Postpectal carina straight or somewhat bent

centrally elishae (Bridgman)
9. Ovipositor index 0.4-0.6. (Flagellum filiform, scarcely wider medially than subapically.

Hind tibiae whirish to whirish yellow basally and medially, yellowish brown to medium
brown subbasally and apically) 10

-
Ovipositor index at least 0.6 (D. brevivalve with an index of 0.6-0.7 has the flagellum
fusiform and the hind tibiae yellowish red basally and medially and not darkened sub-

basally) 11

10. Ovipositor index 0.4. Front and middle coxae whitish yellow. Gaster to a varying extent

reddish or reddish brown. Areolet closed by a very faint vein or open
micrurum (Thomson)

-
Ovipositor index 0.5-0.6. Coxae and gaster black, at most tips of front coxae whitish

yellow. Areolet open melaniiim (Thomson)
11. Ovipositor index 0.6-0.7. Hind ribiae yellowish red, with only a narrow light brown ring

apically. Flagellum fusiform, 1.3 rimes as wide medially as subapically. (Areolet closed)

brevivalve (Thomson)
-

Ovipositor index at least 0.8. Hind ribiae usually darkened subbasally and apically,

though somerimes inconspicuously. Flagellum often filiform 12

12. Ovipositor index 0.8-1.0 and hind ribiae yellowish to yellowish red basally and medially,

yellowish brown to light brown subbasally and apically, with little contrast. Front and

middle coxae for the greater part or totally whirish yellow 13
-

Ovipositor index at least 1.2 and/or hind ribiae whirish to whirish yellow basally and

medially, medium brown to black subbasally and apically, with much contrast. Front and

middle coxae often black 14

13. Area petiolaris with fine but conspicuous transverse wrinkles. Areolet usually closed.

Ovipositor index 0.8-0.9. Base of flagellum often somewhat yellowish brown ventrally
amirtnn (Thomson)

- Area petiolaris coriaceous. Areolet open. Ovipositor index 0.9-1.0. Base of flagellum dark

brown lithocolletis Horstmann
14. Ovipositor index 0.8-1.1. (Hind Hbiae whitish to whirish yellow basally and medially,

medium to dark brown or black subbasally and apically, with much contrast) 15
-

Ovipositor index at least 1.1 (D. ledicola with an index of 1.1-1.2 has the hind tibiae with

less contrast) 20

15. Areolet open. (Ovipositor index 0.9-1.0. Hind tibiae whirish basally and medially, brown-
ish black to black subbasally and apically) exareolator Aubert

- Areolet closed (except as an aberration) 16

16. Scape ventrally and front and middle coxae usually conspicuously whirish yellow, or

middle coxae for the greater part black. (Area superomedia 0.9-1.1 rimes as long as wide.

Ovipositor index 0.8-0.9. Hind tibiae whirish to whitish yellow basally and medially,
brownish black to black subbasally and apically) stigmatellae Horstmann
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-
Scape and coxae dark brown or black, at most tips of front coxae whitish 17

17. Hind tibiae medium brown subbasally, dark brown apically. Area superomedia 1.0-1.1

times as long as wide. (Ovipositor index 0.9-1.1) holopijgiim (Thomson)
- Hind tibiae brownish black to black subbasally as well as apically. Area superomedia

1.1-1.5 times as long as wide 18

18. Area superomedia 1.3-1.5 times as long as wide. Ovipositor index 0.9-1.0. Body length

3-4 mm crataegi Horstmann
- Area superomedia 1.1-1.2 times as long as wide. Ovipositor index 0.8-0.9. Body length

4-5 mm 19

19. Hind legs very slender, hind femora 5.4-5.7 times as long as wide species 2

- Hind femora 4.6-4.9 times as long as wide species 3

20. Claws conspicuously pectinate, the subapical teeth of hind claws nearly as long as the

apical one (Fig. 6). Second tergite of gaster 0.8 times as long as wide. (Ovipositor index

1.4-1.6) lattingtiliim (Thomson)
- Claws not so strongly pectinate, subapical teeth conspicuously shorter than the apical one

(Fig. 7). Second tergite of gaster at least as long as wide 21

21. Ovipositor index 1.1-1.5 22

-
Ovipositor index 1.7-2.0 27

22. Hind tibiae light red, with a yellow spot basally, scarcely darkened subbasally and api-

cally. Third tergite of gaster for the greater part or totally light red. (Ovipositor index

13_1.4) rufatum (Bridgman)
- Hind tibiae with more contrast. Third tergite of gaster for the greater part or totally black

23

23. Hind tibiae yellowish to light red basally and medially, light to medium brown subbas-

ally, medium to dark brown apically, with less contrast 24

- Hind tibiae whitish basally and medially, medium brown to black subbasally and apically,

with much contrast 25

24. Second tergite of gaster 1.1-1.3 times as long as wide. Ovipositor index 1.1-1.2. Scape

ventrally, front and middle coxae usually for the greater part or totally yellowish to light

red ledicola Horstmann
- Second tergite of gaster 0.9-1.0 times as long as wide. Ovipositor index 1.2-1.5. Scape,

front and middle coxae usually for the greater part or totally black

consiimptor (Gravenhorst)

25. Body length 2-3 mm. Hind tibiae dark brown to black subbasally. (Area petiolaris with

conspicuous transverse wrinkles. Ovipositor index 1.2-1.3) nanus (Gravenhorst)
- Body length 4-5 mm. Hind tibiae medium brown subbasally 26

26. Area petiolaris with conspicuous transverse wrinkles. (Ovipositor index 1.2-1.5)

dttplicatiim Horstmann
- Area petiolaris coriaceous, without transverse wrinkles. (Ovipositor index 1.2) ... species 4

27. Ovipositor conspicuously upcurved near tip (Figs 13, 14) 28

-
Ovipositor straight over its total length (Fig. 15) 29

28. Body length 4-5 mm. Areolet large, touching radius (or nearly so) (Fig. 3). Ovipositor

very conspicuously upcurved near tip (Fig. 13). (Ovipositor index 1.7-2.0)

flexum Horstmann
- Body length 3.3 mm. Areolet very small, very oblique (Fig. 4). Ovipositor less conspicu-

ously upcurved near tip (Fig. 14). (Ovipositor index 1.8) ptilicator Aubert

29. Areolet oblique, with second recurrent vein distal to middle (Fig. 5). Area superomedia some-

what wider than long (Fig. 11). (Ovipositor index 1.7-2.0) longicaudatum Horstmann

- Areolet regular, with second recurrent vein in middle. Area superomedia 1.2 times as

long as wide (Fig. 12). (Ovipositor index 1.7) rectificator Aubert
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Figs. 1-5. Areolet of fore wing. Fig. 1: Diadegma scotiae (Bridgman); Fig. 2: D. elishae (Bridgman); Fig. 3: D.

flexum Horstmann; Fig. 4: D. pmlicatcr Aubert; Fig. 5: D. longicatidaturn Horstmann. Figs 6-7. Claw of hind leg.

Fig. 6: D. hitinigiiUuii (Thomson); Fig. 7: D. hngicnutintiim Horstmann. Figs 8-12. Area superomedia of pro-

podeum. Fig. 8: D. pmio (Holmgren); Fig. 9: D. sa'//ni' (Bridgman); Fig. 10: D. t-lishae (Bridgman): Fig. 11: D.

loiigicauiiiitimi Horstmann; Fig. 12: D. rectificator Auhert. Figs 13-15. Ovipositor tip. Fig. 13: D. flexum Horst-

mann; Fig. 14: D. ptilicatcr Aubert; Fig. 15: D. longuaudatum Horstmann.

REARING AND DISTRIBUTION
RECORDS, ANALYSES OF HOST

RANGE AND TAXONOMIC REMARKS

Diadegma amirttm (Thomson)

Tischeria ekcbladdla (Bjerkander) (Tischeriidae)

on Quercus robur. 2 9 Methven Wood/
Perths./GB (NMS), 2 9 Wytham Wood/
Oxon/GB (Horstmann, NMS), 25 9 Kiel/D

(Horstmann, Jordan).

29 (3 independent) records: one host spe-
cies. Univoltine in Britain, like its host

which is a leaf miner throughout its pre-

imaginal life. D. anurum overwinters in

the host's pupation disc in the mine fol-

lowing leaf fall, in which it makes its own
cocoon. Only females have been seen and

it is probably thelytokous.
Distnhutioii.—Reared: D, GB. Non-reared:
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D (Haeselbarth, Hilpert, Horstmann), M
(St. Petersburg), PL (Sawoiriewicz), S

(Lund).

Diadegma brevivalve (Thomson)

Epermenia illigerella (Hiibner) (Epermeniidae): 2

9,2 3 Eberswalde/D (Eberswalde, Horst-

mann), 1 9 Goslar/D (Miinchen).

5 (2 independent) records: one host spe-

cies (feeding on Umbelliferae). Scholz

(1996) has recently shown that two taxa

have been confused under the host name

illigerella,
and it is possible that these re-

cords might be referable to Epermenia fal-

ciforrnis (Haworth). In Britain the Epermen-

ia formerly referred to £. illigerella appear

all to belong to £. falciformis (Godfray &

Sterling 1996). This species is bivoltine,

feeding on Angelica or Aegopodium, the

first generation in spun leaflets and the

second by mining a branch stem into the

umbel and the winter may be passed as

an egg. It is not clear whether or how the

life history of E. illigerella differs, or which

of the possible host species occur in the

areas where D. brevivalve has been found.

D. brevivalve is probably a highly specialis-

ed parasitoid, but the available rearing

data are insufficiently clear to suggest vol-

tinism or how the winter is passed.

Distribution.—Reared: D. Non-reared: D

(Horstmann), R (St Petersburg), S (Lund).

Diadegma callisto Horstmann

Callisto coffeella (Zetterstedt) (Gracillariidae) on

Salix silesiaca: 3 9,76 Tatry/PL (Horst-

mann, Sawoniewicz).

10 (1 independent) records: one host spe-

cies. Apparently highly host specialised.

The host at first feeds in a mine, and sub-

sequently in a folded leaf. It is (in Britain)

univoltine and overwinters in the cocoon

stage. The available rearing data for D. cal-

listo are not precise enough to be indica-

tive of voltinism or the overwintering

stage.

Distribution.—Reared: PL.

Diadegma consumptor (Gravenhorst)

No host record.

Aubert (1971: 38 f.) described a subspecies

alpestrator Aubert from the Alps, which

agrees with the lectotype of D. consumptor

in structure, proportions and general col-

our pattern, but differs from it by its

darker colour (scape, legs). However, very

little is known about the distribution and

variability of D. consumptor. The lectotype

(from Genoa), which is both aged and

damaged, is the only specimen so far at-

tributed to the nominate subspecies, and

at least one intermediate has been seen

from within the distributional area of the

supposed subspecies alpestrator.
It is our

view that recognition of two subspecies is

unwarranted and alpestrator Aubert is here

formally reunited with the nominate sub-

species (syn. nov.).

Distribution.—Non-reared: A (Horst-

mann), CH (Lund), F (Aubert), 1 (Haesel-

barth, Horstmann, Wroclaw).

Diadegma crassum (Bridgman)

Ectoedemia argyropeza (Zeller) (Nepticulidae): 1

S Innsbruck/A (Miinchen).

Bucculntrix bechstciiiella (Bechstein & Scharfen-

berg) (syn. crataegi Zeller) (Bucculatricidae)

on Crataegus sp.: 2 9 Pitt Down/Winchester/

Hants. /GB (NMS).
Bucculntrix cidarella Zeller on Almts glutinosa: 1

9, 3 (J Bremen /D (Horstmann, Munchen), 1

9 Puszcza Borecka/Gizycko/PL (Sawonie-

wicz), 7 9,56 Emer Bog/ Hants. /GB (Horst-

mann, NMS); on unrecorded plant: 1 6 Ab-

bots Wood/ Sussex /GB (Bridgman), 1 9 Tre-

lasker/ Cornwall /GB (NMS).

Bucculatnx demaryeUa (Duponchel) on Betula pu-

bescens: 2 9 Soldany/Wegorzewo/PL (Sa-

woniewicz); on unrecorded plant: 6 9 Wa-

teringbury/Kent/GB (NMS), 1 9 Horsham/

Sussex /GB (Bridgman), 1 6 Hawks Wood/

Cornwall /GB (NMS).

Bucculatrix frangutella (Goeze) (syn. alnclla (Vill-

ers)) on Fraiigula alnus: 3 9 Wageningen/NL

(NMS); on Rhaiinuis catharticus: 1 9 Chippen-

ham Fen/Cambs./GB (NMS).

Bucculntrix thoracclta (Thunberg) on Tilia sp.: 16

Bristol /GB (NMS).
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Bucculatrix ulmella Zeller on Quercus wlnir: 4 ?,

3 6 Botley Wood / Hants. /GB (NMS).

Bucculatrix sp. on Betula sp.: 1 9 Hambergen/
Osterholz-Scharmbeck/D, 1 9 Schierbrok/

Delmenhorst/D (Miinchen).

Calybites phasiampcnnella (Hiibner) (Gracillari-

idae) on Polygonum hydropiper: 1 9 Oyter

Moor/ Bremen /D (Miinchen).

47 (18 independent) records: 45 (96%) are

from Bucculatrix (6 species). While the oth-

er two should be regarded with consid-

erable suspicion (the final instar larvae of

Bucculatrix species are notorious for stray-

ing widely from their foodplant before

constructing their cocoons, making their

accidental inclusion in other samples par-

ticularly likely to happen), the fact that

both of these supposed hosts start out as

miners could also be taken to indicate

some plasticity at the periphery of the host

range. All but one (ex B. thoracella) of the

British specimens seen have overwintered

in the host cocoon and, from its core host

range of Bucculatrix species, D. crassum ap-

pears to be a univoltine parasitoid restrict-

ed to arboreal hosts that overwinter in the

cocoon stage. Of the Bucculatrix species

listed, only B. ulmella is normally bivoltine

in Britain. The host range of D. crassum

contrasts with that of D. pusio, also a par-

asitoid of Bucculatrix, and the two species

show colour differences (see key) that are

consistent and without intermediates,

even in series from the same locality and

host (B. ulmella at Botley Wood and B. de-

maryella at Wateringbury; also B. frangu-

tella at separate localities).

Distribution.—Reared: A, D, GB, NL, PL.

Non-reared: D (Haeselbarth, Hilpert), PL

(Sawoniewicz).

Diadegma crataegi Horstmann

Pnroniix anglicella (Stainton) (Gracillariidae) on

Crataegus monogyna: 3 9 Medmenham/
Bucks. /GB, Wageningen/NL (NMS).

Parornix betulae (Stainton) on Betula sp.: 1 9 Ad-

derstonelee Moss/Roxb./GB (NMS).

Parornix torquillella (Zeller) on Prunus spiiwsa: 1

9 Wester Frisk/ Fife/GB (NMS).

Parornix sp. on Prunus spinosa or Crataegus mon-

og\/na: 1 9 Warton Crag/ Lanes. /GB (NMS).

Phytionoryctcr hlancardella (Fabricius) (Gracillar-

iidae) on Mains sp.; 1 9 Doddiscombsleigh/

Devon/ GB (NMS).

Phylkviorycter corylifoliella (Hiibner) on Cratae-

gus monogyna: 1 9 Reading/ Berks. /GB

(NMS).

Phylkviorycter oxyacanthae (Frey) on Crataegus

monogyna: 4 9, 3 <5 Lymm/Ches./GB (Horst-

mann, NMS, London), 1 9 Leigh Woods/

Avon/GB (Horstmann).

Phylkviorycter sp. on Quercus robur: 1 9 Abbots

Moss/'Ches./GB (NMS).

17 (10 independent) records: 7 host spe-

cies, all in two genera of relatively small

Gracillariidae mining trees and bushes (?

especially Rosaceae) as young larvae. Phyl-

lonon/cter species continue to mine

throughout their larval life and also pu-

pate in the mine, while Parornix species

make one or more leaf folds following a

rather small Phylloiwrycter-like mine, and

finally pupate in a separate purpose-made
site. Most (possibly all) of the rearings list-

ed are from bivoltine hosts, and the rear-

ing data suggest that their generations are

attacked by successive generations of the

parasitoid. All overwinter in the pupal

stage: despite this, D. crataegi from these

gracillariids collected in late summer or

autumn seem always to have emerged as

adults in autumn or early winter of the

same year. This leaves its means of pass-

ing the winter unclear (presuming it can-

not do so as an adult). Some aspect of the

husbandry may have consistently led to

unnaturally early emergence of the adults

(i.e. instead of overwintering as a cocoon-

ed stage), or it is possible that there may
be an overwintering generation in some

other host that we have not yet found.

Similar uncertainties arise for D. ciuplica-

tum and D. stigmatellae.

Distribution.—Reared: GB, NL.

Diadegma duplicatum Horstmann

Caloptilia stigmatella (Fabricius) (Gracillariidae)

on Populus tremula: 2 9, 2 J Hell Coppice/
Bucks. /GB, MonkWood/Worcs./GB, Loch



282 Journal of Hymenoptera Research

Fada/Isle of Coll/GB (NMS), 3 6 WaulkmiU

Bay/Orkney/GB (Horstmann, NMS); on

Salix alba: 1 9 Bad Eilsen/Hameln/D (Miin-

chen); on Salix aurita: 1 9 Loch Fada/Isle of

Coll/GB (NMS); on Salix caprea: 1 9 Broad-

moor /Berks. /GB (NMS); on Salix cinerea

agg.: 5 9,16 Oyter Moor/Bremen/D

(Horstmann, Miinchen), 2 9 Southleigh/

Devon/ GB (Horstmann, NMS); on Salix re-

pens: 1 9 Wedel / Hamburg /D(Haeselbarth),

3 9 Holme Chase/ Devon /GB (NMS); on

Salix vimiiialis: 1 9 Troisdorf/Koln/D (Miin-

chen), 1 9, 1 (J Woolhampton/ Berks. /GB

(Horstmann, NMS); on Salix sp.: 1 9 Ettrick/

Selkirks./GB (NMS); (cocoon collected on Al-

nus gliitinosn growing near Salix sp.): 1 9

Caerlaverock Castle/ Dumfries /GB (NMS);

(labelled as from Alniis sp.): 5 9 Bremen/D
(Horstmann, Miinchen).

Lyonetia pulverulentella Zeller (syn. frigidariella

Herrich-Schaffer) (Lyonetiidae): 3 9 Edsa-

sen / Undersaker / Jamtland / S (Lund).

35 (17 independent) records: 32 (91%)
from a single host species, that is predom-

inantly univoltine in Britain and overv^in-

ters as an adult. C. stigmatella normally
feeds on Salicaceae, though it has also oc-

casionally been recorded on both Betula

and Aluus. We accept the above host de-

terminations of C. stigmatella from Alnus

on the grounds that both the cocoon (in

which the parasitoid's cocoon is formed)
and the adult of C. stigmatella differ mark-

edly from the common i4/»ws-feeding spe-

cies, Caloptilia elongella. Caloptilia species

are leaf miners when small, and it seems

significant that the only host recorded

above (3 individuals, but only one inde-

pendent record) that is not C. stigmatella

is, although in a different family, also a

miner on Salicaceae: whether this resulted

from a misidentification of possibly simi-

lar mines, as that of C. stigmatella is ab-

normally linear and not unlike a Lyonetia

mine at first, or demonstrates a niche-spe-

cialised extending host range of an other-

wise highly monophagous species is un-

clear. The available rearing data from C.

stigmatella also leave the question of how
D. duplicatum overwinters unanswered, as

all cocoons have emerged in the year they
were made. Although it seems to be a uni-

voltine parasitoid tied to a univoltine host,

there is thus a possibility that we have not

yet recognised the host or adults of the

overwintering generation of what is really

a bivoltine parasitoid (see also comments
under D. crataegi and D. stigmatellae).

D. duplicatum differs from D. bolopi/gum

only in the length of the ovipositor (ovi-

positor index 0.9-1.1 in holopygum, 1.2-1.5

in duplicatum). But because their host

ranges seem to be appreciably different,

and because the ovipositor length does

not vary (beyond the limits given above)
within series from the same locality and

host, they are treated as separate species.

They cannot be regarded as seasonal

forms of the same taxon, as both can be

adult in early autumn.

Distribution.—Reared: D, GB, S. Non-
reared: BG (Kolarov).

Diadegma elishae (Bridgman)

Parnornix alpicola (Wocke) (Gracillariidae) on

Dn/as octopetaln: 1 9 Liiner See/Vorarlberg/A

(Huemer).
Parornix devoniella (Stainton) (syn. avellanella

(Stainton)) on Corylus avellana: 2 9, 1 (J

Kiel/D (Horstmann).
Parornix scoticella (Stainton) on Sorbus aria: 1 9,

1 S Hambleden/ Bucks. /GB (NMS); on Sor-

bus aucuparia: 1 9 Alderley Edge/Ches./GB
(Horstmann), 1 9 Pitlochry /Perths./GB

(NMS).
Parornix torquilldla (Zeller) on Primus spinosa: 2

9,16 Cappercleuch/ Peebles. /GB, Crack-

ington/ Cornwall /GB (NMS).
Parornix sp. on Prunus spinosa: 19,26 West

Wycombe/ Bucks. /GB (Horstmann, NMS);
on Prunus spinosa or Crataegus sp.: 1 9 Far-

ingdon/Oxon/GB (NMS).

Phyllonorycter nicellii (Stainton) (Gracillariidae)

on Con/Ius avellana: 1 9 Kiel/D (Horstmann).

(The types, 1 9,1 S (Bridgman), were

reared from "either Ornix {= Parornix] sco-

ticella or Nepticula aucuparia [sic] [= Stig-

mella nylandriella (Tengstrom)]" from an

unnamed British locality but, although

subsequent rearing records (of both D.
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elishae and bona fide parasitoids of Nep-

ticulidae) would very strongly suggest the

former, we have not included these spec-

imens in the analysis).

16 (10 independent) records: 15 (94%)

from one genus (4 or more species). The

remaining record is of a host that makes a

mine which we know from direct personal

experience is extremely easily confused

with the fold of Parornix devoniella and, al-

though PIn/llonorycter is closely related to

Parornix, it is hard to be confident that the

host determination is correct. Thus D. elis-

hae appears to be a specialist parasitoid of

the genus Parornix, and it is of interest that

while the great majority of Parornix spe-

cies feed on trees and bushes, there is also

a record of D. elishae from one of the few

that feeds on low plants (Dryas), though it

may be significant that in its habitat Dryas

is often as tall as any co-occurring vege-

tation. The 9 GB specimens are all from

Rosaceae, and appear to reflect at least a

strong leaning towards hosts on that plant

family in GB, if not in the rest of Europe.
The winter is passed in the cocoon stage

by both parasitoid and hosts. The rearing

data suggest that D. elishae may be partly

bivoltine, but clear evidence is lacking.

Distribution.—Reared: A, D, GB. Non-

reared: A (Horstmarm), PL (Sawoniewicz),
R (St. Petersburg).

Diadegma exareolator Aubert

Bcdellia soinnulcntclln (Zeller) (Lyonetiidae) on

Calystegin scpiiim: 7 9,36 Chartres/Eure-et-

Loir/F (Horstmarm, NMS); on Calystegin sol-

danella: 2 9,26 Kennack Sands/

Cornwall /GB (NMS); on Convolvulus arven-

sis: 1 9 Darbres/ Ardeche/F (NMS), I 9,2 6

Budapest/H (Budapest); on Calystegia or

Convolvulus: 4 9,66 Gwithian/ Cornwall/

GB, Hayling Island/ Hants, /GB, Horton/

Glower /GB, Tiiiingham/ Essex /GB (NMS);

on unrecorded plant: 2 9, 1 cJ Malta (NMS).

Aspilapteryx tringipenncUa (Zeller) (GraciUari-

idae) on Plantago lanceolata: 1 9, 2 d Avie-

more/ Inverness. /GB (NMS), 2 9,26
Tantallon/E. Lothian/ GB (Horstmann,

NMS); on unrecorded plant: 1 9 Portland/

Dorset/GB (NMS), 3 6 Barren/ Co. Clare/

IRL (London).
Tebenna inicalis (Mann) (Choreutidae) on Puli-

carin dysenterica: 1 9 Noss Mayo/Devon /GB

(NMS).

Digitivnlva pulicariae (Klimesch) (Yponomeuti-

dae): 3 9,3d Hale/ Cornwall /GB (London).

Parnsummmerdamia lutarea (Haworth) (Ypono-

meutidae): 2 9,26 Munster/Liineburg/D

(London).

Plutella xylostella (Linnaeus) (Yponomeutidae)
on Brassica rapa: 2 9,26 Kiel/D (Hinz,

Horstmann).

57 (17 independent) records: although 31

(54%) are from a single species (Bedellia

somnulentella), the remaining records cover

a further 3 families and include highly mi-

gratory hosts. Rearing data indicate that

the parasitoid is bivoltine, and cocoons

appear to produce adults always in the

year they are formed. All the hosts record-

ed above except Paraswammerdamia lutarea

feed on low vegetation and two {Tebenna

wicalis, Plutella xylostella) feed by window-

ing beneath a web rather than by mining,
as far as is known even when very young.
D. exareolator clearly has a strong associa-

tion with Bedellia somnulentella but we re-

gard it as a species with a well diversified

host range. The available rearing data sug-

gest that Aspilapteryx tringipennella, which

mines through the winter, regularly pro-

vides the means for D. exareolator to get

through in a growing host, and that Par-

aswammerdamia lutarea is another host us-

able by the overwintering generation.

D/sfr!^i(fR)».—Reared: D, F, GB, H, IRL,

Malta. Non-reared: BG (Kolarov), F (Au-

bert), P (NMS).

Diadegma flextim Horstmann

No host record.

Distribution.—Non-reared: BG (Kolarov),

D (Haeselbarth, Hinz, Horstmann), I

(Bauer, Haeselbarth).

Diadegma holopygum (Thomson)

Tisdwnn ninrginca (Haworth) (Tischeriidae) on

Rubus pltaUus: 1 9 Czestochowa/PL (Sawo-
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niewicz); on Ruhiis caesius: 1 ?

Wloclawek / PL (Sawoniewicz).
Bucciilntrix artewisielln Herrich-Schaffer (syn. ar-

temisiae auctt.) (Bucculatricidae) on Artemisia

campesfris: 3 9,16 Torun/PL (Sawonie-

wicz).

Biicciilatrix gnnphalielln (Treitschke) on HeUchry-
sum arenarium: \ 9 Nienawiszcz/Poznan/PL

(Sawoniewicz).

Lyonetia clerkella (Linnaeus) (Lyonetiidae) on

Mnlus doniestica: 19,16 Edinburgh /GB

(NMS); on Pninus avium: 1 9 Feldkirch/

Vorarlberg/A (Huemer); on unrecorded

plant: 19,16 Asker/Oslo/N (Sedivy).

Lyonetia puh>erule)itella Zeller (syn. frigidariella

Herrich-Schaffer) on Salix pentandra: 2 9,16
Puszcza Borecka/Gizycko/PL, Rezerwat

Spytkowo / Gizycko / PL (Sawoniewicz).

Aspilnpteryx tringipetmella (Zeller) (Gracillari-

idae) on Plnntago lanceolata: 2 9,26 Ascot/

Berks. /GB (NMS).

Calybites auroguttelln (Stephens) (Gracillariidae)

on Hypericum perforatum: 2 9 Ipsden/
Oxon/GB (NMS), 2 9,26 Farnham Royal/

Surrey /GB (London).

Calybites phasianipennella (Hiibner) on Polygo-

num hydropiper: 5 9,16 Oyter Moor/
Bremen/D (Horstmann, Miinchen), 1 9 Old-

enbiittel/ Bremen/D (Miinchen), 1 9, 1 d

Torun/PL (Sawoniewicz); on Polygonum
mite: 1 9,2 6 Czystochleb/ Torun/PL,

Gizycko/ PL (Sawoniewicz); on Rumex aceto-

sa: 9 9, A 6 Ascot/Berks./GB (Horstmann,

NMS), 2 9, 4 d St. Jean du Gard/Gard/F

(NMS); on Rumex sp.: 3 9,26 Whitbarow

Moss/Cum./GB (NMS).
Parornix finitimella (Zeller) (Gracillariidae) on

Prunus cerasifera: 1 9 Gizycko /PL (Sawo-

niewicz).

Phyllonorycter maestingella (Miiller) (syn. faginel-

la (Zeller)) (Gracillariidae) on Fagus sylvatica:

2 9 K61n/D (Miinchen).

Phyllonorycter sylvella (Haworth) on Acer cam-

pestre: 1 9 Poznan/PL (Sawoniewicz).

Coleophora fuscocuprella Herrich-Schaffer (Coleo-

phoridae) on Corylus avellana: 1 9 Ruhede/

Skovlund/DEN (NMS).

Coleophora violacea (Haworth) on Betula sp.: 1 9

Havant Thicket/ Hants. /GB (NMS).

Mompha locupletella (Denis & Schiffermiiller)

(Momphidae) on Epilobium montanwn: 1 9

Kinkajmy/Bartoszyce/PL (Sawoniewicz), 2

9, 1 cJ Sparkwell/ Devon /GB (Horstmann,

NMS); on Epilobium obscurum: 2 9 Emer

Bog/ Hants. /GB (NMS); on Epilolnum sp.: 2

9, 4 d Ballyonneely/Galway/IRL (NMS), 1

9, 2 d Puszcza Borecka/Gizycko/PL (Sa-

woniewicz).
Millieria dolosatis (Heydenreich) (syn. dolosana

auctt.) (Choreutidae) on Aristolochia clemati-

tis: 1 9, 1 d St. Jean du Gard/Gard/F

(NMS); on Aristolochia pistolochia: 9 9,76
Darbres/Ardeche/F (Horstmann, NMS).

100 (32 independent) records: although 50

(50%) are from Gracillariidae, and es-

pecially Calybites, 4 genera in that family
are involved and overall the records span
7 families of Lepidoptera (15 species). Al-

though a few records are from hosts on

trees and bushes, most are from hosts

feeding in the field layer, and a particular
association with that sector of the overall

habitat probably accounts for the lack of

records from Caloptilia (which feed entire-

ly on trees and shrubs) among the records

for Gracillariidae. Cocoons of D. holopy-

guni resulting in late summer or autumn

always seem to emerge the same year, but

the available rearing data suggest that As-

pnlapteryx tringipennella and Mompha locu-

pletella, both of which mine through the

winter, provide the regular means for this

bivoltine parasitoid to go through in a

growing host. The possible role of Coleo-

phora fuscocuprella and C. violacea in this re-

spect is interesting: each is one of relative-

ly few arboreal Coleophora species that at-

tains full growth in the autumn but does

not pupate until spring, and the single D.

holopygum reared from C. violacea emerged
in spring from a host case collected the

previous autumn. The emergence date for

the specimen from C. fuscocuprella is un-

certain.

Distribution.—Reared: A, D, DEN, F, GB,

IRL, N, PL. Non-reared: BG (Kolarov), I

(Haeselbarth), PL (Horstmann), R (St. Pe-

tersburg), S (Lund).

Diadegma laricinellum (Strobl)

Coleophora laricella (Hiibner) (Coleophoridae) on

Larix decuiua: 19,26 Farnham Royal/
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Surrey/GB (London): 1 6 Fortingall/

Perths./GB (NMS), 19,16 Schleswig/D
(Horstmann), 1 9, 1 d Admont/Steiermark/A

(Strobl), 1 9 Zernez/Engadin/CH (Horst-

mann), 2 9,26 Trimmis/Graubiinden/CH,

Scheid/Graubunden/CH, 1 9 Val Aurina/

Siidtirol/I (Aeschlimann).

14 (8 independent) records: one host spe-
cies. The host starts its larval life as a nee-

dle miner without a case. It hibernates

partly grown and is univoltine. The para-
sitoid is presumably also univoltine and is

carried through the winter in the partly

grown host, emergence taking place from
the host case in early /mid summer.
DistribiitiiVL—Reared: A, CH, D, GB, I.

Non-reared: R (St. Petersburg).

Diadegma latungulum (Thomson)

Monipha conturbatella (Hiibner) (Momphidae) on

Epilobium angustifoliiim: 6 9, 5 d Broughton
Down / Hants. / GB, Lullingstone / Kent / GB,

Silverwells/Berwicks./GB (NMS); on unre-

corded plant: 1 9 Tj6marp/Kristianstad/S

(Lund).

Mompha epilobiella (Denis & Schiffermiiller) (syn.

fulvescens (Haworth)) on Epilobium hirsutitm:

36 9, 20 d Bromley/ Kent /GB, Catfield/

Norf./GB, Chichester/ Sussex /GB, Fecken-

ham Wild Moor/Worcs./GB, Horning/
Norf./GB, Horseheath/Cambs./GB, Leck-

ford/ Hants. /GB, Northwood Hill/ Kent /GB,
Solihull /Warwicks./GB, The Flits /Here-
fords. /GB, Darbres/ Ardeche/F (NMS), 2 9,1
6 Rezerwat Laz Piwnicki/Torun/PL (Sawon-

iewicz); on Epnhbium sp.: 2 9 Goslar/D, Bad

Eilsen/Hameln/D (Munchen), 2 9, 2 d

Kiel/D (Horstmann, Rill), 1 d Alperton/
Middlesex /GB (London).

Mompha langicUa (Hiibner) (syn. epilobiella (Roe-

mer) nee (Denis & Schiffermiiller)) on Circaea

lutetiana: 2 9 Coombe Martin/ Devon /GB
(NMS).

Mompha locitpletella (Denis & Schiffermiiller) on

Epilobium alsinifoliuin: 1 d Whitebrook/Mon-
mouths./GB (NMS); on Epilobium montanum:

1 9 Havant Thicket/ Hants. /GB (NMS); on

Epilobium tetragoiium: 3 9, 1 d Cadsonbury/
Cornwall /GB, Plymouth/ Devon/GB (NMS),
1 d Sparkwell/ Devon/GB (Horstmann); on

unrecorded plant: 1 9, 3 d Cornwall /GB,
Marwellham Quay/Devon/GB (NMS).

Mompha nodkolella Fuchs on Epilobium angusti-

folium: 1 9 Camberwell/London/GB (NMS),
9 9, 1 d East Ham/ Essex /GB (Horstmann,

NMS).

Mompha ochraceella (Curtis) on Epilobium hirsu-

titm: 3 9, 1 d Bromley/ Kent /GB, Worces-

ter/GB, Bulford/ Wilts. /GB (NMS).

Mompha propinquella (Stainton) on Epilobium te-

tragonum: 2 6 Colypool/ Devon /GB, Plymp-
ton/Devon/GB (NMS); on Epilobium sp.: 3 9

Plympton /Devon / GB, Ryton / Warwicks. /GB
(NMS).

Mompha subbistrigella (Haworth) on Epilobium
montanum: 1 9 Winchester/ Hants. /GB (NMS);
on Epilobium sp.: 1 9, 2 d Brotheridge/
Worcs./GB (NMS).

Mompha sp. on Epilobium montanum: 1 9, 2 d

Miihlhausen/Thiiringen/D (Munchen).

118 (39 independent) records: all from

Mompha (8 species). The distribution of

rearing records from the above Mompha
species is an approximate reflection of

sampling effort, but it is noteworthy that

two other well-sampled but rather small

species, M. raschkieUa mining Epilobium aii-

gustifolium and M. miscella mining Helian-

themum, have consistently failed to pro-
duce D. latungulum in GB (Shaw unpub-
lished). The Mompha species attacked by
D. latungulum use their foodplants in a va-

riety of ways ranging from tightly spin-

ning shoots to mining leaves, and galling
or boring in stems and seedpods. D. latun-

gulum is bivoltine and its cocoons invari-

ably emerge in the year of formation.

Some of the host species overwinter as

adults and others as partly fed larvae:

while D. latungulum is often an abundant

parasitoid of summer larvae of the former

category, its presence at a site appears to

depend on the co-occurrence of Mompha
species that overwinter as partly grown
larvae thereby providing the means for it

to overwinter.

We have examined the male syntype of

Pectinella latungula (Thomson) var. deleta

Morley and it appears to belong to D. la-
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tungulum, as Fitton (1976: 342) has already

supposed.
Distribution.—Reared: D, GB, PL, S. Non-

reared: BG (Kolarov), D (Bauer, Haesel-

barth, Hinz, Horstmann), F (Lund), FIN

(Jussila), GB (London), Y (Sawoniewicz).

Diadegma ledicola Horstmann

Diplodoma herminata (Geoffroy) (Psychidae): 1 9

Monk Wood/Worcs./GB (NMS),

Oreoyisyche matthesi Bourgogne (Psychidae): 1

9, 1 cJ Montalegre/Vila Real/P (Aubert).

Proutia betidina (Zeller) (Psychidae): 2 9,26
Hatert/Nijmegen/NL (Horstmann, Miin-

chen), 1 9 Groesbeek/NL, 1 9 Bremen /D

(Miinchen).

Psyche casta (Pallas): 4 9, 1 <J Orpington / Kent /

GB, Avon Gorge/ Bristol /GB, Painswick/

Glos./GB, South Stack/ Anglesey /GB

(NMS).

Psychidae Gen. sp. on Ledum pnlustre: 1 9, 1 c^

Heidmoor/Segeberg/D (Horstmann), 1 9

Salemer Moor /Lauenburg/ Elbe/D (Hinz).

17 (11 independent) records: all from Psy-
chidae (4 or more species). The parasitoids
have emerged from the host cases in the

summer in which they were collected: as

the known hosts are essentially synchro-

nous, univoltine and overwinter partly

grown it is probable that the parasitoid is

also univoltine and overwinters in the

young host larva.

Distribution.—Reared: D, GB, NL, P. Non-

reared: BG (Hinz), BY (St. Petersburg), D
(Hinz), F (Aeschlimann), M (St. Peters-

burg), P (Aubert).

Diadegma lithocolletis Horstmann

Buccidatrix nigricomella Zeller (Bucculatricidae)

on Chn/santheituun leucanthemum: 1 9 Duna-

jek/Olecko/PL (Sawoniewicz).

Acrocercops imperialella (Zeller) (Gracillariidae):

1 9 Wicken Fen/Cambs./GB (NMS).
Callisto dcuticulella (Thunberg) (Gracillariidae)

on Mains domestica: 19,26 Gizycko/PL (Sa-

woniewicz).

Phi/lloiion/cter emberizaepenella (Bouche) (Gracil-

lariidae) on Lonicera pcriclymenum: 5 9,26
Balmaha / Stirlings. / GB, Endrick Mouth / Dun-

bartons. /GB, Kilmelford/ Argyll /GB, Meth-

ven/Perths./GB (NMS), 2 6 Presmennan/E.
Lothian /GB (Horstmann, NMS), 3 9

Bremen/ D (Hinz, Horstmann); on Lonicera ta-

tarica: 1 9 Torun/PL (Sawoniewicz); on Lo-

nicera xylosteum: 1 6 Gizycko/PL (Sawoniew-

icz); on Lonicera sp.: 2 9,46 Hulshorst/Geld-

er Land/NL. (NMS), 3 9 Wollah/ Bremen/D

(Miinchen); on unrecorded plant: 2 6

Hamburg/D (Haeselbarth), 2 6 Osterlov/

Kristianstad/S (Lund), 1 6 Rotenburg/
Bremen/D (Miinchen), 1 9 Reher Kratt/

Itzehoe/D (Horstmarvn).

Phyllonorycter ulmifoUeHa (Hiibner) on Betula sp.:

1 9 Harpstedt/Delmenhorst/D (Miinchen).

Perittia herrichiella (Herrich-Schaffer) (Elachisti-

dae) on Lonicera xylosteum: 2 9 Blankenburg/

Thiiringen/D (Torino), 19,36 Czerwony
Dwor / Olecko / PL, Leszczewek / Suwalki /

PL, Ojcow/ Krakow/PL (Sawoniewicz), 2 9,

1 6 Villars-Colmars/ Alpes de Haute

Provence/ F (NMS).

44 (23 independent) records: although 38

(86%) are from just two species of leaf

miners on Lonicera (Phyllonorycter emberi-

zaepennella and Perittia herrichiella) these

two are in different families and the full

host list spans 5 genera in 3 families, on a

range of field layer plants as well as trees.

D. lithocolletis overwinters as a cocooned

stage (the numerous specimens from Ph.

ejnberizaepennella have all done so, within

the exceptionally tough overwintering co-

coons of the host: indeed, this peculiarity

of the host may be an important determi-

nant of host range within the genus Phyl-

lonorycter). It is unclear whether D. litho-

colletis is univoltine or bivoltine in the

northern part of its range, but the fairly

rapid emergence of cocoons from Pe. her-

richiella in the same summer that they
were formed suggests bivoltinism in S.

Europe. D. lithocolletis exhibits an interest-

ing host range with an undeniably strong
association with certain miners on Lonic-

era, but with evidence of both selection

{Phyllonorycter trifasciella (Haworth), also

mining Lonicera, is a common and well-

sampled host that has not so far yielded
this parasitoid) and a host family exten-

sion even there, and enough records out-
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side that core to indicate considerable

plasticity and recruitment of a broader

host spectrum.
Distribution.—Reared: D, F, GB, NL, PL, S.

Non-reared: I (Miinchen).

Diadegma longicaudatiim Horstmann

Bijugis homhycella (Denis & Schiffermiiller) var.

silvicokila Sieder (Psychidae) : 1 9 Hochobir/

Karnten/A (Miinchen).

Sterrho}Hcrix fiisca (Haworth) (syn. hirsutella (Hiib-

ner)) (Psychidae): 2 9, 1 cj Braunschweig/D
(Horstmann, Miinchen).

4 (2 independent) records: all from Psy-
chidae (2 species). The available rearing
data do not clearly indicate how D. longi-

caudatum overwinters, but field collection

dates of adults suggest that it may be bi-

voltine.

Originally, D. longicaudatum Horstmann
was described (Horstmann 1969: 445)
from specimens with a longer ovipositor

(index 1.9-2.0), and D. germaiiicum Horst-

mann subsequently (Horstmann 1973:

145) from specimens with a shorter ovi-

positor (index 1.7-1.8). In other respects
the two taxa are similar. Subsequently in-

termediate forms have been found, even
in series from the same locality, and there-

fore the two taxa are here synonymized
(syn. nov.). Aubert (1976: 205) synony-
mized D. gennanicum with D. rectificator

Aubert (were this to be correct, D. longi-

caudatum would be the valid name of the

species). But the differences given by
Horstmann (1973: 145; see key) remain

constant in all the material so far studied

and therefore D. rectificator is still treated

as a species separate from D. longicauda-
tum.

Distribution.—Reared: A, D. Non-reared:

A (Haeselbarth, Horstmann), BG (Kola-

rov), D (Bauer, Haeselbarth, Hinz, Horst-

mann), F (Aubert, Horstmann, Leiden), H
(Horstmann), PL (Sawoniewicz), R (St. Pe-

tersburg).

Diadegma melanium (Thomson)

Bucculatrix noltei Petry (Bucculatricidae) on Ar-

tcniista vulgaris: 19,76 Smykovo/Ostroda/
PL, Torun/PL (Sawoniewicz).

8 (2 independent) records: one host spe-
cies. D. melanium is a rarely encountered

species but it seems probable that it is a

regular parasitoid of B. noltei (note, how-
ever, that this host does not occur

throughout the distribution of D. melan-

ium). The host is univoltine, feeds in late

summer and overwinters in its cocoon.

With a single exception collected in June,
adults of D. melaniutn have been collected

and reared only in July, and it seems likely
also to be univoltine.

Distribution.—Reared: PL. Non-reared: D
(Haeselbarth, Horstmann, Miinchen), GB
(Bridgman), S (Lund).

Diadegma micninim (Thomson)

No host record.

Distribution.—Non-reared: Nord/F (Lund),
R (St. Petersburg).

Diadegma namis (Gravenhorst)

Coleophora ju)icicoli'lln Stainton (Coleophoridae)
on Calluna vulgnris: 3 5 Muir of Dinnet/

Aberdeens./GB (Horstmann, NMS).

3 (1 independent) records: one host spe-
cies. The host is univoltine and overwin-
ters partly grown, no doubt carrying the

parasitoid through. C. juncicolella is not

rare but it is local to heathland and moor-
land habitats and rather seldom reared. It

seems probable that D. nanus will be

found to be a specialised and regular par-
asitoid of it, though to date D. nanus has

been regarded as a rare species.
Distribution.—Reared: GB. Non-reared: D
(Horstmann), S (Lund).

Diadegma piilicator Aubert

No host record.

Distribution.—Non-reared: Alpes de Haute
Provence /F (Aubert).



288 Journal of Hymenoptera Research

Diadegma pusio (Holmgren)

Biiccidatrix ahsinthii Gartner (Bucculatricidae)

on Artemisia absinthium: 1 9 Raplinge/
Oland/S (NMS).

Bucculatrix capreella Krogerus on Achillea mille-

folium: 5 9, 1 d Aviemore/ Inverness. /GB,
Invercauld / Aberdeens. / GB (NMS).

Bucculatrix cidarella Zeller: 1 9, 1 d Bexley/
Kent/GB (London), 1 9 locality unknown

(Bridgman).
Bucculatrix demaryella (Duponchel) on Castanea

sativa: 2 9, 1 <5 Wateringbury/ Kent/GB

(NMS).
Bucculatrix frangutella (Goeze) on Rhamnus ca-

tharticus: 1 9 Leckford / Hants. /GB (NMS).
Bucclatrix laciniatella Bernander on Artemisia la-

cmiata: 2 9, 1 d Mockelmosen/ Oland/S

(NMS).
Bucculatrix nigricomella Zeller on Leucanthemum

vulgare: 19,16 Blackford/ Edinburgh /GB
(Horstmann, NMS), 1 6 Whitstable/ Kent/GB

(NMS).
Bucculatrix noltei Petry on Artemisia zmlgaris: 1

9 Torun/PL (Sawoniewicz); on unrecorded

plant: 2 9,26 Biichen/Lauenburg/Elbe/D
(Horstmann, Rill).

Bucculatrix ulmella Zeller on Quercus robur: 3 9

Botley Wood/ Hants. /GB, Colchester /Es-

sex /GB, Wimbledon Common/ London /GB
(NMS).

28 (15 independent) records: all from Buc-

culatrix (9 species). The rearing data indi-

cate that D. pusio is a bivoltine taxon spe-

cialist, using as summer hosts Bucculatrix

species that are univoltine or bivoltine on

plants in the field layer but in either case

that do not overwinter in the cocoon stage,
and then for its overwintering generation

attacking arboreal Bucculatrix species that

do overwinter in the cocoon stage in the

robust cocoons of which it also overwin-

ters. (Contrast the host range of the ap-

parently univoltine D. crassum, which has

been reared only from the latter host

group.)
Distribution.—Reared: D, GB, PL, S. Non-
reared: A (Haeselbarth), GR (Lund), I

(Haeselbarth), PL (Sawoniewicz), S (Stock-

holm).

Diadegma rectificator Aubert

No host record.

Distribution.—Non-reared: P (Aubert).

Diadegma nifatiim (Bridgman)

Prochoreutis myllerana (Fabricius) (Choreutidae)
on Scutellaria galericulata: 4 9, 1 6
Oxford /GB (Horstmann, NMS), 2 6 Port

Appin/ Argyll /GB, Stover Park/ Devon/ GB
(NMS); on Scutellaria sp.: 1 9 Bad Eilsen/

Hameln/D (Miinchen); on unrecorded plant:
1 c^ Woodbastwick/Norf./GB (NMS), 1 9

Kullen/Malmohus/S (Lund).

Prochoreutis Imyllerana (as Choreutes [sic] scmtil-

lulana [sic]): 3 9, 3 d, unlocalised GB (Bridg-

man).
Prochoreutis seheslediana (Fabricius) on Scutellar-

ia galericulata: S 9,9, 6 Ashurst/ Hants. /GB,
Barton Turf/Norf./GB, Catfield/Norf./GB

(NMS); on Scutellaria minor: 1 9, 1 <J Ply-
mouth / Devon / GB (NMS).

Prochoreutis myllerana or P. sehestediana on Scu-

tellaria galericulata: 18 9, 12 6 Bexley/Kent/
GB, Endrick Mouth/Stirlings./GB, Loch

Tay / Perths. / GB, Strumpshaw / Norf . / GB
(NMS).

64 (15 independent) records: all from the

two species of Proclwreutis that occur in

the region and feed on Scutellaria. D. ru-

fatuni is a highly specialised species and,

like many parasitoids characteristic of wet

habitats, is appreciably redder in colour-

ation than most of its congeners. All of the

many cocoons we have had alive have

emerged in the year they were formed

and, although the means by which Procho-

reutis species (both of which are bivoltine)

pass the winter is unclear, the rearing data

suggest that D. rufatum is also a bivoltine

species that overwinters in partly grown
hosts.

Distributio)!.—Reared: D, GB, S. Non-
reared: BY (St. Petersburg), D (Hilpert,

Horstmann), PL (Sawoniewicz), S (Jussila,

Lund).

Diadegma scotiae (Bridgman)

Phaulcrnis fulviguttetla (Zeller) (Epermeniidae)
on Angelica si/lvestris: \ 9, 2 6 Glen Lyon/
Perths. /GB, "Possil/ Glasgow /GB (NMS), 3
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2,2 6 Utsjoki/Kevo/FIN (Horstmann, Jus-

sila); (as "Heydenia auromaadella") on unre-

corded plant: 1 9, 5 d Shetland /GB (Bridg-

man).

14 (4 independent) records: one host spe-
cies. The host is univoltine, feeding in au-

tumn among spun seeds and overwinter-

ing as a pupa. The two specimens of D.

scotiae (from Glen Lyon) seen that are pre-
served with their cocoons emerged in Au-

gust from the pupae (parasitoid cocoon

spun within the host's pupal cuticle) of

hosts collected as larvae the previous au-

tumn. This use of host pupal cuticle is a

regular practice of only a very small mi-

nority of Campoplegine, but it is seen in

several genera. The specimens labelled as

reared from "Heydenia auromaculella" are

presumed to be from P. fidvigiittella on the

grounds that Hei/denia Hofmann, 1868

(preocc.) was applied in Epermeniidae
and the name auromaculella appears to be

interpretable within British Epermeniidae

only as a lapsus for auromaculata Frey,
which is a synonym of fulvigutella. D. sco-

tiae is a northern species and it is clear that

it is univoltine.

Distribution.—Reared: FIN, GB. Non-
reared: R (St. Petersburg).

Diadegma stigmatellae Horstmann

Caloptilin alchimiella (Scopoli) (Gracillariidae) on

Quercus robur. 2 9 Innerleithen/ Peebles. /GB,

Kerfield/ Peebles. /GB (NMS).

Caloptilia betulicola (Hering): 1 9 Chat Moss/
Manchester/ GB (NMS).

Caloptilin cuculipenueUa (Hiibner) on Ugustrum
vulgare: 8 9, 11 d Branscombe/ Devon /GB
(Horstmann, NMS), 19,16 Portland/

Dorset/ GB (NMS).

Caloptilin fnlconipennelln (Hiibner) on Alnus sp.: 2

9 Bexley/Kent/GB, Medmenham/ Bucks. /GB
(NMS).

Cnloptilin robustelln Jackh on Quercus robur: 1 9

Reading/ Berks. /GB (NMS).

Cnloptilin stigmateltn (Fabricius) on Populus alhn:

19,26 Ainsdale/ Lanes. /GB (NMS); on

Populus iiigrn: 1 9 Hampstead Heath/
London/ GB (NMS); on Populus trcmula: 39
Milton Hide/ Sussex /GB (NMS); on Salix ci-

nerea agg.: 2 9,46 Branscombe/ Devon /GB,

Southleigh/ Devon /GB (NMS), 7 9, 5 d Ot-

moor/Oxon/GB, Woodley/ Berks. /GB (Horst-

mann, NMS); on unrecorded plant: 2 9,16
locality unknown (Bridgman); (labelled as

from Alnus sp.): 3 9,16 Bremen/D (Horst-

mann, Miinchen).

Cnloptilin si/ringclln (Fabricius): 2 9 Folkestone/

Kent/GB (NMS).

Cnloptilin sp. on Quercus sp.: 1 9 Coventry/
Warwicks./GB (NMS).

Pnrornix anglicelln (Stainton) (Gracillariidae) on

Crntaegus monogyna: 7 9,4 c? Balgaverie/ Ayr-
shire /GB, Bawsinch/ Edinburgh /GB, Black-

ford Hill/ Edinburgh /GB, Catfield/Norf./GB,

Reading/ Berks. /GB, Spott/E. Lothian/GB

(NMS).
Parornix finitimella (Zeller) on Primus spinosa: 3

6 Noss Mayo/ Devon /GB, Lower Earley/
Berks. /GB (NMS).

Pnrormx torquillclla (Zeller) on Prunus spinosn: 20

9, 15 6 Balmaha/Stirlings./GB, Benane

Head/Bute/GB, Blackford Hill /Edinburgh/
GB, Chilbotton/ Hants. /GB, Clovenfords/

Selkirks./GB, Endrick Mouth /Stirlings./GB,
Morston / Norf . / GB, Southleigh / Devon / GB,

Tregroes/ Cards. /GB (NMS), 4 9, 6 d Saf-

fron Walden/ Essex /GB (Horstmann, NMS).
Parornix sp. on Prunus spinosa: 4 9, 4 d Hamp-

stead Heath/ London /GB, West Wycombe/
Bucks./GB, Woodchester Park/Glos./GB

(NMS).

129 (40 independent) records: all from two

genera (10 species) of relatively large Gra-

cillariidae that are at first leaf miners on
trees and bushes and then fold leaves, fi-

nally pupating in a purpose-made site

away from where they fed. We accept the

record from C. stigmatella on Alnus on the

grounds already outlined in the commen-

tary for Diadegma duplicatum. The host

group, broadly, has two generations in the

summer both of which are attacked by D.

stigmatellae, apparently successively. How-
ever, although some of the hosts (Parornix

species, in particular) overwinter as pu-

pae, cocooned stages of D. stigmatellae

have appeared to be incapable of diapaus-

ing and adults have always emerged in

the year cocoons are formed, even if emer-

gence is late into the autumn or early win-
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ter. Although we suspect that this may be

a consequence of husbandry, we cannot

discount the possibiHty that we may not

have yet recognised the adults or hosts of

the overwintering generation of this par-

asitoid, despite its being a widespread and

abundant species in GB (see also remarks

under D. crataegi and D. dupUcatiim).

Distribution.—Reared: D, GB. Non-reared:

D (Horstmann), F (Leiden).

Diadegma tamariscator (Aubert)

No host record.

Distribution.—Non-reared: Corsica/ F (Au-

bert). The specimen of uncertain status

from Rhodes/GR (Lund) commented

upon by Aubert (1989: 58) has also been

examined, but its identity remains uncer-

tain.

The following four series may each rep-

resent an undescribed species, but more

material is needed to be certain of their

status.

Diadegma species 1

Biicculatrix capreella Krogerus (Bucculatricidae)

on Achillea millefolium: 1 ? Granish Moor/

Aviemore/ Inverness. /GB (NMS).

The host is univoltine and overwinters as

an adult, but the parasitoid adult emerged
in late July, soon after making its cocoon.

This suggests that the parasitoid is not en-

tirely specialised to this particular host.

Diadegma species 2

Caloptilia robustella Jackh (Gracillariidae) on

Quercus robor: 3 9,16 Redgrave Fen/

S.Lopham/Norfolk/GB (NMS).

The host is bivoltine and overwinters as a

pupa. The parasitoids overwintered in

their cocoons in the host cocoons and this

taxon appears to be bivoltine. It is con-

ceivable that it is specialised to this host.

Diadegma species 3

Elachista argentella (Clerck) (Elachistidae) on

grasses: 2 9 Linkim Shore/ Berwicks./GB

(NMS).

The host is univoltine, and passes the win-

ter as a partly fed larva. The rearing data

suggest that the parasitoid is also univol-

tine, and that it overwinters as a larva in

the host larva. It is conceivable that it is

specialised to this host.

Diadegma species 4

Coleophora gryphipennella (Hiibner) (Coleophor-

idae) on Rosa sp.: 2 5 Inverkeithing/Fife/GB

(NMS).

The univoltine host overwinters as a part-

ly fed larva, and the rearing data suggest
that the parasitoid is similarly univoltine,

overwintering as a larva inside its host. It

is conceivable that it is specialised to this

host.

DISCUSSION

The wide spectrum of host range char-

acteristics revealed here for a group of

closely related parasitoids warrants some
discussion. There are, in fact, a number of

threads that have a bearing on the com-

plex processes in evolutionary ecology
that must inevitably relate to speciation.

To avoid the objection that the subgroups
of the D. nanus group we have recognised
are of uncertain relationship to one anoth-

er, we will restrict comment to situations

that pertain within the D. nanus subgroup,
and clearly indicate the subgroup of any
other species we mention.

It has been hypothesised (Shaw 1994)

that in koinobiont parasitoids one way
that new species first arise is as extreme

specialists, and (for those that do not con-

serve and refine their extreme specialisa-

tion, as some certainly do) their host rang-

es may then tend to expand by a process
of eventual (and incremental) recruitment

of not only taxonomically related but also

ecologically or physically similar hosts as

they are encountered within a parasitoid's

searching environment. This broadening
of host range was regarded as providing
the conditions that would promote the

next speciation process, involving behav-
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ioural specialisation on a fraction of that

host range by a nascent species in re-

sponse to sufficiently strong ecological op-

portunity and isolating mechanisms. Gen-
eral predictions of this hypothesis include

the following. (1) While some parasitoids
will be "taxon specialists" with host rang-
es that (at one extreme) may remain lim-

ited to a single species or (at the other ex-

treme) may have broadened to involve

many species in a given taxonomic group,
there will also be parasitoids with host

ranges that have broadened from some
level of taxon specialisation so as also to

encompass "ecologically" (including be-

haviourally or morphologically) similar

but taxonomically unrelated hosts. (2) If it

is particularly from species with broad-

ened host ranges (whether remaining tax-

on specialists or not) that there is a ten-

dency for nascent species to diverge

through extreme specialisation in re-

sponse to changing ecological opportuni-
ties, initially monophagous "young" spe-
cies should arise that are most closely re-

lated to "old" species having wider host

ranges. (3) Depending on the extent to

which any subsequent tendency for the

host ranges of the "young" species has

had time and opportunity to occur (but

presuming that it has been less manifest

than in the "old" species), an overall pat-
tern of very varied breadth of host range
in closely related species would be ex-

pected, with no particular leaning towards

close relationships between those having
the narrowest (or the broadest) host rang-
es, but rather a tendency for species with

broad host ranges to be most closely re-

lated to ("young") extreme specialists,
with perhaps adjacent or shared hosts.

Unfortunately there are considerable

difficulties in testing this hypothesis with

appropriate rigour, as it would demand
not only a very robust (and complete)

phylogenetic reconstruction of the group
of parasitoids in question, but also a clear

knowledge of the host ranges and ecolog-
ical circumstances pertaining at the time

the hypothesised speciation events took

place. In more practical terms, there are

probably insurmountable problems in try-

ing to recognise and assign polarity to

phylogenetically informative morphologi-
cal character states separating genuine sis-

ter species that are so close and have di-

verged so recently that their current eco-

logical attributes remain informative

about conditions surrounding their diver-

gence. Whether molecular techniques
would offer better prospects is untested.

At any rate, unfortunately we can be cer-

tain that currently we are not in a position
to reconstruct the phylogeny of this group
of Diadegma with any confidence: not only
is there no definitive demonstration of

monophyly in our interpretation of the D.

nanus group, or even of any of its sub-

groups, but also the morphological fea-

tures by which the species can be separat-
ed are very slight and reflect character

states that are almost certainly highly la-

bile and unpolarisable. On top of this

there is little doubt that we know only a

proportion of the extant species (quite

apart from the prospect of there being ex-

tinct sister species), and we lack host

range data for several of those that we do
know. Nevertheless, the hypothesis con-

necting host range and speciation in ko-

inobionts provides a framework against
which to examine the pattern of host rang-
es seen in this group of Diadegma species,
and if we are able to suggest close rela-

tionships between some species pairs it

may inform, if not strictly test, the hy-

pothesis.
There are seven described species (anii-

ruin, brevivalve, callisto, laricinellum, melan-

iiim, nanus, scotiae) known from only a sin-

gle host species, five of them having been

reared on more than one independent oc-

casion. Another (duplicatum) probably falls

into this category, allowing for the strong

possibility that the singly independent
anomalous host records may be the result

of host misidentification. These may be

absolute specialists: generally, most con-
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geners and /or related genera of the

known host have been sufficiently well

sampled for us to be confident that the

parasitoid certainly does not occur widely
on them. Nine species (crassiim, crataegi,

elishae, pusio, rufatum, stigmatellae; latiin-

gulum of the latungulum subgroup; ledicola

and longicaudatum of the consumptor sub-

group) are also taxon specialists, albeit (to

a variable extent) with wider host ranges:
no recruitment of hosts seems to have oc-

curred beyond a narrow range of taxo-

nomically related hosts. In another three

species (exareolator, holopygum, lithocolletis),

however, host ranges are taxonomically
much broader, and include hosts from

several families—though not all hosts in

those families are used. In these cases the

host range has clearer ecological and pos-

sibly physical parameters than taxonomic

ones, and it is suggested that these are the

species which have incrementally broad-

ened their host range by recruitment from

disparate taxonomic groups, perhaps over

long timescales but certainly from an ini-

tially narrow base.

In practice some of the absolute special-

ists may not be clearly differentiated as a

category from the slightly more broadly
based taxon specialists, if the host of the

former kind has few close relatives within

the parasitoid's searching environment

available to be recruited. It may be signif-

icant, however, that the taxonomically
most isolated species seem to be either ab-

solute specialists (brevivalve, scotiae) or tax-

on specialists {rufatum, latungulum of the

latungulum subgroup), as this might imply
that these species, that have failed to ap-

preciably broaden their host ranges, are

"old specialists" which have not given
rise to recognisable sister species in the

relatively recent past. The trend seen here

is consistent with the speciation hypothe-
sis outlined by Shaw (1994), and it is also

seen in Aleiodes. Moreover, as relatively

isolated taxa within defined groups are

easier to recognise than genuine sister spe-

cies, examining other koinobiont groups

to see whether the most isolated species
tend to be relatively taxon-specialised may
provide the clearest test of the generality
of this hypothesised link between host

range expansion and subsequent specia-
tion: if there is little evident trend it may
suggest that this speciation mechanism is

at best of minor importance in comparison
with others. It is important, though, to ap-

ply the test the right way round—not to

test whether taxon specialists tend to be

abnormally isolated, as the hypothesised

"young specialists" are expected not to be.

One study that lends some support to this

hypothesis is Gauld & Janzen's (1994)

phylogenetic analysis of Costa Rican spe-
cies of the campoplegine genus Cn/pto-

phion. Although they envisaged somewhat
different evolutionary scenarios, they con-

cluded that the most basal (i.e. the most

isolated) species are taxon specialists, and

that host range expansion has been an im-

portant force in the evolutionary biology
of the group.
Some of the other specialists in our

study (amirum, callisto, duplicatum, larici-

nellum, melanium, nanus) belong to a cen-

tral core of very closely related species
that include those with the widest host

range (exareolator, holopygum, litlwcolletis)

and, although sister species relationships
cannot be suggested with confidence, this

is also compatible with the speciation hy-

pothesis, in which "young specialists"

arise through speciation following host

range diversification. Some putative pairs

of "young specialists" /parent species
from within this core group that would fit

the hypothesis rather well are anurum/
lithocolletis (possible synapomorphies: are-

olation of propodeum, colour of legs, ovi-

positor length, body size), duplicatum / hol-

opygum (practically indistinguishable in all

characters except length of ovipositor
—

see species entry for D. duplicatum) and

callisto / elishae (practically indistinguish-

able in all characters except minor details

of thorax—see key), but as already ex-

plained we are unable to claim that the



Volume 6, Number 2, 1997 293

species tentatively paired are really the

most closely related on objectively for-

mulated grounds.
There are also some simpler influences

on host range that can be clearly seen. In

temperate climates the overwintering

strategy of parasitoids is a key feature of

their biology and the need to get through
the winter often has a strong and evident

bearing on host associations. In Diadegnui

species the two options for overwintering

appear to be as a cocooned stage or as an

early instar larva in a partially fed over-

wintering host larva. Collectively the host

group of the species treated in this paper
includes host species that overwinter in

these two stages, but also hosts that over-

winter in stages (egg, adult) in which
these particular parasitoids are not car-

ried.

In so far as they have been reared, the

Diadegma species dealt with in this paper
all kill the host as a prepupa (or pupa in

the case of scotiae) and pupate within the

host's pupation site. Their dependence on
their hosts for pupation site selection (and
the extent of host cocoon construction) is

reflected by the overwintering strategy of

the parasitoids: the only ones that defi-

nitely overwinter in the cocoon stage par-
asitise hosts that also overwinter in that

stage in toughly constructed and /or cryp-
tic sites (if duplicatum normally overwin-

ters in the cocoon it represents an excep-
tion to this generalisation, though the co-

coon of its host Caloptilia species, which
overwinters as an adult, is as tough as

those of the few Caloptilia species that

overwinter in cocoons). This appears to re-

flect the need for a safe haven for this

overwintering strategy, as the species that

attack univoltine hosts which overwinter

as eggs or adults are generally bivoltine

species that overwinter in association with

a different set of hosts, either in a protect-
ed cocoon (e.g. pusio) or as a young larva

(e.g. exareolator, holop\/gum). From the

viewpoint of the hosts, overwintering as

non-susceptible stages and pupating

ephemerally in relatively exposed situa-

tions might be interpreted as a defensive

strategy, as specialisation on such hosts is

clearly difficult for parasitoids having the

biology of Diadegma.
The hosts of the overwintering genera-

tion assume a high importance in the real-

ised host range of some species (e.g. exar-

eolator, holopygum; and latunguliim of the

latuiiguliim subgroup), and these hosts

may in fact be the more fundamental in

the evolutionary ecology of the parasit-

oids, implying that host range expansion
into summer hosts may have been a sec-

ondary process from an initially narrower

univoltine base. Some of the data seem to

be compatible with this: for example, there

is what appears to be a closely related pair
of species (pusio and crassum, which are

practically indistinguishable except for

colour: possible synapomorphies in areo-

lation of propodeum, wing venation, ovi-

positor length) that attack essentially the

same range of hosts in the overwintering

generation, but only one is bivoltine and
has summer hosts. While a fission into bi-

voltine and univoltine populations may
have promoted a speciation, this has not

resulted in a full separation of host range,

perhaps because the summer hosts did not

by themselves provide a possible route to

speciation. If this speculation is correct in

relation to the pusio (bivoltine)/cn7ssi(m

(univoltine) pair, it may be that a nascant

species (pusio) has arisen as a direct result

of a broadening of host range, not in this

case by budding off as an extreme spe-
cialist. However, it is also possible that an

ancestral bivoltine "old taxon specialist"

(i.e. having recruited a wide range of Buc-

culatrix species as hosts) provided a base

from which a univoltine species (crassum)
budded off, with a suite of univoltine

overwintering hosts already in place (con-

ceivably promoted by a temporary or spa-
tial scarcity of the summer hosts).

A difference in phenology resulting
from changes in host range that restricts

gene flow could often be important in the
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speciation processes affecting temperate
koinobionts, but the suggested mecha-

nisms through which push and crassurn

might have separated, from "old taxon

specialist" ancestry, appear not to be the

most usual. It may be more significant that

the putative "young specialist" / parent

species pairs already discussed (anurumi
lithocolletis, duplicatum / holopygum and cal-

listo I elishae) involve apparently univoltine

specialists and bivoltine parent species
with a diversified host range; a pattern
that is also discernible in the genus Aleio-

des (Shaw 1994 and unpublished), in

which there is some experimental evi-

dence that a phenological difference of

this kind may indeed be driving an incip-
ient speciation.
Given the importance of understanding

how the winter is passed it is unsatisfac-

tory that for some species for which we
have otherwise strong host range infor-

mation {crataegi, diiplicatum, stigmatellae)

we cannot rule out the possibility that

there is an overwintering generation on a

completely different host group that we
have not yet discovered. The latter three

species all attack Gracillariidae and it is

perhaps more likely that the methods
used to rear the captive hosts (which ei-

ther cannot or do not easily change their

feeding site) in deteriorating autumn tree

leaves is what has led to an abnormal

emergence of the adults in the late autumn
and early winter instead of the cocooned

stage overwintering, in which case there

would be no "missing" generation. More

investigation is needed to settle this point,
and also the remote possibility that these

Diadegma species overwinter in the adult

stage, but for now it seems parsimonious
to suppose that the anomaly is just an ar-

tefact.

Host size is another factor that will al-

most certainly influence host range,

though this influence is not necessarily

easy to evaluate. There are four species

(crataegi, elishae, lithocolletis, stigmatellae)

that regularly use what appears to be a

largely non-overlapping range of arboreal

Gracillariidae (i.e. not counting the spe-
cialists callisto and diiplicatum). Notwith-

standing the complication that these gra-
cillariids have very differently structured

parasitoid complexes as a consequence of

host feeding biology (Askew & Shaw
1986), the four Diadegma species appear
each to use quite discrete size ranges of

host (Pawrnix and Callisto being on the

whole intermediate in size between the

larger Caloptilia and the smaller Phyllono-

rycter), and it is possible that the apparent

partitioning within the overall host re-

source is essentially a matter of the para-
sitoids' being able to use hosts of only a

particular, and rather narrow, size range.

Against this, however, is the wide size

range of the hosts of D. exareolator. The
failure of D. latungulum (D. latungulum

subgroup) to use the smallest Epilobium-

feeding Mompha, M. raschkiella, in Britain

may be for reasons other than its size, as

the parasitoid complex of M. raschkiella is

surprisingly different from that of its con-

geners in several other respects (Shaw un-

published).
The D. nanus subgroup has a very clear

association with hosts that mine (at least

in their early instars). This is perhaps most

clearly seen from the usage of host fami-

lies such as Epermeniidae and Choreuti-

dae (Table 1), in which several common
and well-sampled species that do not have

mining larvae are not attacked. These in-

clude the epermeniid Epermenia chaero-

phyllella (Goeze) (cf. Shaw & Aeschlimann

1994), and the choreutids Choreutis pariana

(Clerck) (cf. Shaw 1984) and Anthophila fa-

briciana (Linnaeus) (Shaw unpublished).
An interesting question arises from the

probably complete failure (presuming the

single record is erroneous) of the D. nanus

group to have colonised potential host

groups such as Nepticulidae. The gener-

ally small size of Nepticulidae (which is

not only an extensive group of leaf miners

but also a very thoroughly sampled one,

cf. Askew & Shaw 1986, Askew 1994) does
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Table 1. Overall host range of the Dmdc;,;iiiii nanus

group, given as the total number of records for each

host genus recorded (with familv totals in brackets).

The parasitoid species concerned are listed in de-

scending order in which they contribute to the num-
ber of records for the particular host genus.

Table 1. Continued.

I lost genus remrds Diaticgma species

Nepticulidae (1)
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Abstract.—According to most recent classification, the subfamily Chalcidinae is divided into

four tribes: Brachymeriini, Chalcidini, Cratocentrini, and Phasgonophorini. It has been suggested
that the tribes Phasgonophorini and Cratocentrini are sister groups and together they form the

sister group to a monophyletic group consisting of Brachymeriini and Chalcidini. A cladistic study
was conducted to test the relationship between Cratocentrini and Phasgonophorini and to estab-

lish the generic relationships, using all known taxa in each tribe. Brnchi/meria, Chalcis, and Dirhinus

were used as outgroups. Parsimony analysis using the branch and bound search option of PAUP
(Ver. 3.1.1), resulted in 14 minimum length trees. None of the trees could be rooted to make
Cratocentrini and Phasgonophorini sister groups. Reanalysis of data after successive weighting of

characters resulted in a single most parsimonious tree that is identical to one of the original 14

trees. This tree was selected as the preferred hypothesis. These results corroborate the relation-

ships for tribes in Chalcidinae suggested from my previous analysis of chalcidid phylogeny. In

addition this study established the generic relationships within Cratocentrini and Phasgonophorini
for the first time. The results suggest that Megachakis and Trigoniirella are the basal lineages of

tribes the Cratocentrini and Phasgonophorini, respectively. Because these two genera were not

used to represent the tribes in my previous cladistictic analysis, the effect of taxon sampling on

my chalcidid phylogeny was tested by including these two taxa in the analysis. This analysis
showed no effect of taxon sampling on previous phylogenetic analysis. Since this analysis used a

separate set of characters than the family level phylogeny analysis, the two data sets were com-
bined and resulting data matrix of 41 taxa and 65 characters was analyzed. This analysis resulted

in 14 minimum length trees and successive weighting gave 10 minimum length trees one step

longer than any of the 14 minimum length trees from equally weighted data. There is some

disagreement between the phylogenetic hypothesis resulting from this analysis for Chalcididae

and results of my previous analysis of family phylogeny. This illustrates the effect of biased taxon

and character sampling on the results of phylogenetic analysis.

Cratocentrini and Phasgonophorini which is extencied beyond the short syn-

(Hymenoptera: Chalcididae) are two mor- tergum (Fig. 56). Although the majority of

phologically distinct groups within the Phasgonophorini also have a long ovipos-

subfamily Chalcidinae. Host records itor, the syntergum has extended conceal-

(available only for few species) indicate ing the elongated ovipositor sheaths (Figs,

that the species of both tribes are parasites 55, 57). Both groups were extensively
of wood boring beetle larvae, an unusual studied by Steffan (1950a, 1950b, 1956,

host asssociation in Chalcididae (Boucek 1959, and 1973). At present each tribe con-

1988). They are among the largest chalci- sists of eight genera, all distributed in the

dids, varying from 4 to 20 mm. in length, tropical areas of the world.

Cratocentrini are distinctive among chal- Steffan (1959) suggested that Cratocen-

cidids in having an elongated ovipositor trini and Phasgonophorini evolved from
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the same "stem". He hypothesized that

their specialized abdomens were conver-

gently evolved as a result of ovipositing
into similar types of hosts. Boucek (1988)

stated that these tw^o tribes were sister

groups and formed a sister clade to Chal-

cidini + Brachymeriini but he did not pro-
vide any character evidence.

My previous study of higher level phy-

logeny of Chalcididae (Wijesekara 1997)

indicated that Cratocentrini and Phasgon-

ophorini are not closely related. Phasgon-

ophorini is the sister group to Brachimer-

iini, and these two tribes plus Haltichelli-

nae, Dirhininae, and Epitraninae form the

sister group to Cratocentrini (Fig. 74).

However my study of family phylogeny
used only two examplars of Cratocentrini

and Phasgonophorini. Both tribes consist

of eight genera, and it therefore seemed
that a study of generic relationships

among all known genera of Cratocentrini

and Phasgonophorini would be useful not

only to establish generic relationships
within the tribes but also to test the op-

posing hypotheses regarding the relation-

ship between these two tribes.

TAXONOMIC HISTORY

Many taxa included in Cratocentrini

and Phasgonophorini were described in

the nineteenth century and classified with-

in different taxonomic groups. Masi (1944)

placed them all within the subfamily Bra-

chymeriinae. Both tribes were established

by Steffan (1950a, 1950b).

Phasgonophorini

Steffan (1950b) established the Phasgon-

ophorini to include Phasgonophora West-

wood 1832, Trigoiiura Sichel 1865, Sti/piurci

Kirby 1883, Megalocolus Kirby 1883, and

Stenochalcis Masi 1929. He also described

a new genus, Parastypiurn within Brachy-
meriinae. He suggested that the tribe con-

sisted of two groups of genera: the Phas-

gonophora group, with abdominal tergite 1

larger than the tergite II (Phasgonophora
and Trigonura), and the Stypiura group.

with abdominal tergite I reduced and
shorter than tergite II (Megahcolus, Paras-

typiura, Stypiura, and Stenochalcis). Steffan

(1956) implied that his tribes were natural

groups and gave many synonyms for spe-
cies of Phasgonophora and Cratocentrus.

Steffan (1973) also revised the genera Styp-
iura (six species) and Parastypiura (three

species) of the Neotropical region. Since

Steffan's work, two more genera have
been added to the tribe: Kopinata and Tri-

gonurella (Boucek 1988). At present Phas-

gonophorini consists of eight genera and
57 species.

Cratocentrini

The genera Larradomorpha Stadelmann

1792, Marres Walker 1841, and Acantho-

chalcis Cameron 1884 were originally

placed in Leucospidae, and Cratocentrus

Cameron 1907 was originally placed in

Haltichellinae. Masi (1944) subsequently
referred these genera to Brachymeriinae.
Later, Cratocentrini was established to in-

clude these genera plus Macrochalcis Masi

1945 (=AUocentrus Cameron 1911); and

Megachalcis Cameron 1903 (Steffan 1950b).

The tribe was revised by Steffan (1959),

who added four new genera, Spatocentrus,

Philocentrus, Acrocentrus, and Vespomorpha.
Narendran (1984) synonymized Allocen-

trus with Megachalcis, and Boucek (1992)

synonymized Larradomorpha with Marres.

At present the tribe consists of eight gen-
era and 23 species.

MATERIAL AND METHODS

Specimens.
—This study was carried out

using the collection at the United States

National Museum of Natural History,

Washington D. C. Additional specimens
were borrowed from the following insti-

tutions: The Natural History Museum,
London; University of Calicv:t, Kerala, In-

dia; South African Museum, Cape Town,
South Africa; Plant Protection Research In-

stitute, Pretoria, South Africa; and Muse-

um National de Histoire Naturelle, Paris,

France.
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Taxa Used mid Character Selection.—All

valid genera of Cratocentrini and Phas-

gonophorini were included in this study

(Appendix 1). In addition, representatives
of other major clades of Chalcididae iden-

tified in my earlier family level study (Wi-

jesekara 1997) were also included. These

taxa served as outgroups for assessing re-

lationships within the tribes Cratocentrini

and Phasgonophorini. A representative of

Brachymeriini was included because Cra-

tocentrini + Phasgonophorini have been

included in Brachymeriinae and Brachy-
meriini grouped with Phasgonophorini in

my previous analysis. Since my previous

analysis of family phylogeny indicated

that Brachymeriini plus Phasgonophorini
form the sister group to a clade consisting
of Haltichellinae, Dirhininae and Epitran-

inae, I also included Dirhimis as an out-

group to represent this sister clade. The
tree was rooted by including a represen-
tative of Chalcidini (Chalcis), which the

previous analysis suggested to be the most
basal lineage in the family.

Comparative morphology was studied

for as many species as possible for each

genus (See list of Cratocentrini and Phas-

gonophorini species studied. Appendix 1).

Characters that varied among the genera
were selected for the analysis. Characters

that proved to be synapomorphies for the

relevant tribes in my previous study were
also included. The generic autapomor-
phies were not included in the analysis.

Character Analysis.
—Cladistic analysis

was performed using "Phylogenetic Anal-

ysis Using Parsimony" (PAUP), version

3.1.1 (Swofford 1993). The branch and
bound search option, which guarantees

finding all shortest possible trees, was
used. All the multistate characters were
treated as unordered (non-additive; Fitch

1971). Although there are many criteria

that can be used to order characters I pre-
fer not to assume the ordering of the states

in multistate characters prior to cladistic

analysis (Wijesekara 1997). ACCTRAN
optimization, which favors secondary loss

(reversals) of characters over parallel evo-

lution of characters (convergence), was
used to optimize the character states. Six-

teen ingroup taxa and three outgroup taxa

were coded for 40 characters. The charac-

ter optimization was studied using
MacClade version 3.0 (Maddison and
Maddison 1992).

Stability Analysis.
—There are different

measures of tree stability for phylogenetic

hypotheses. These include the branch

lengths (Bremer 1994), Bremer support

(decay index), and bootstrap values. Boot-

strapping (Felsenstein 1985) and Bremer

support (Farris et al. 1994) provide a better

measure of tree stability than the branch

length (Bremer 1994).

The degree of character support for var-

ious nodes of the phylogenetic tree was
evaluated using bootstrap analysis (Fel-

senstein 1985) and rescaled branch sup-

port (decay) index (Bremer 1988, 1994).

AutoDecay version 3.0 (Eriksson 1995)
was used to calculate the decay indices.

Abbreviations Used in Figures 1-65.—
DAS: dorsal axillary surface, FRD: foram-

inal depression, FRN: frenum, HC: hind

coxa, HF: hind femur, HS: horizontally di-

rected spur, HT: hind tibia, HTS: hind tib-

ial spur, LBR: labrum, LS: lateral sulcus,

LM: lamella, MAN: mandible, MEP: me-
sosternal process, MES: mesepisternum,
MNS: mesonotal spiracle, MS: malar

sulcus, MV: marginal vein, OCE: ocellus,

OS: outer spur, PET: petiole, PMV: post-

marginal vein, PRE: prepectus, PRM: pos-
terior pronotal margin, PRN: pronotum,
PRO: propodeum, SCA: supraclypeal
area, SCR: scrobe, SMV: submarginal vein,

STV: stigmal vein, TD: tarsal depression,
TEG: tegula, TOR: torulus, TR: trocanter,

TV: tergite V, TVIl: tergite VII, VER: ver-

tex.

RESULTS AND DISCUSSION

Characters Selected

Forty morphological characters were
scored for a total of 19 taxa (Table 1). Eight
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Table 1. Data matrix for Phasgonophorini and Cratocentrini.

Characters

1 1111111112 2222222223 3333333334
1234567890 1234567890 1234567890 1234567890

Chalcis

Brachymeria
Dirhinus

Acanthochalcis

Megachakis
Cratocentrus

Marres

Vesponwrpha

Spatocentrus

Philocentrus

Acrocentrus

Phasgonophora

Trigoiiura

TrigoinireUa

Stypiura

Megalocolus
Stenochttlcis

Kopinnta

Parnfti/piiirn

00110

00210

00011

12211
12211

12211

12211

12211

12211

12211

12211

20000

20000

21000
20100

20000

21000
21000

20000

11000

13000

10000

12001

12000

12020

12000

12000

12001

12001

12020

00011

00001

13000

OHIO
OHIO
11110
01100

01111

00000
00001

01011

11010

11210

11020

11020

11020

11020

11020
11020

11111

11111

11011

11021

11011

11011
11011

11011

00000

02000
01000

10001

10101

10011

10110

10010

10110

10010

10011

02010

02010

02000

02010

02010

02000

02010

02010

0001000100
0010102001
1010110100
2101020112
2100020112
2111020112
2101010112
2101010112
2111010112
2111020112
2111010112
3200100000
3200100000
3210100000
3200101000

3200101000
3200101000
3200101000
3200101000

20000

00100

00000

11100

11100

11100

11100

11100

11100

11100

11100

OHIO
OHIO
00100

00201

00102

00202

00101

00110

10000

10000

10000

02020

12000

02020

02030
02040

12010

??0?0

12010

11000

11000

10000

11101

11101

13100

11001

11001

of the characters were also used in the pre-
vious analysis of family phylogeny. Those

characters are indicated by an asterisk (*)

following the character number. The char-

acters are described below and measures
of fit for each character are given in table

2.

Characteristics of the Head:

1. Size of the labrum.

0. Large, as broad as base of mandible

(Fig. 1).

1. Half as long as base of mandible

(Fig. 2).

2. Less than half as broad as base of

mandible (Fig. 3).

Both tribes have the typical chalcidid

condition of an exposed and contiguous la-

brum. Phasgonophorini has a small labrum

whereas Cratocentrini has a relatively larg-

er labrum, intermediate in size between

Brachymeriini and Phasgonophorini. Al-

though the structure of the labrum has

been used previously for phylogenetic in-

ference within Chalcidoidea (Darling 1988),

the size of the labrum has not.

2. Supraclypeal area.

0. Without a modified bridge with

same sculpture as rest of the face

(Fig. 3).

1. Modified to form a bridge, i.e., with

different sculpture than rest of the

face (Fig. 4).

2. Toruli located at the anterior mar-

gin of the clypeus and the supra-

lypeal area is reduced (Fig. 2).

In Phasgonophorini the antennal toruli

are located away from the clypeal margin.
The area between the clypeal margin and

antennal toruli is sometimes modified

forming a bridge of different sculpture be-

tween the scrobal base and clypeus. In

most species there is a slight indication of

this bridge-like structure, but the area is

more or less continuous with the rest of

the face having same sculpture. In some
other groups this is distinctly differenti-

ated. Cratocentrini differs in having the

toruli located at the clypeal margin and

hence having very reduced supraclypeal
area.
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3. Malar region.
0. Without a sulcus or carina (Fig. 3).

1. A sulcus present (Fig. 5).

2. A carina present (Fig. 6).

In most chalcidids the malar region has

a distinct sulcus running from the ventral

margin of the eye to base of the mandible.

The sulcus is absent from most Phasgon-

ophorini, present as a sulcus in Styphira
and Chalcis, and indicated as a carina in

Brachymeriini. In Cratocentrini it is trace-

able and carina-like as in Brachymeriini.

4. Face.

0. Distinctly convex (Fig. 7).

1. Concave or flat (Fig. 8).

Most chalcidids have an almost concave

face because of the very large scrobal de-

pression extending from eye margin to

eye margin. In most Chalcidinae the scro-

bes are smaller and the face is flat or

slightly convex. In Phasgonophorini the

face is distinctly convex because it bulges
forv^ard from the vertex and eye margin.

5*. Location of the antennal toruli.

0. Above the level of lower eye mar-

gin (Fig. 4).

1. Below the level of lower eye mar-

gin (Fig. 9).

Cratocentrini consistently have the an-

tennal toruli located just below the level

of the lower eye margin. Most Phasgono-
phorini have the toruli located above the

eye margin while a few species have the

toruli located just below the lower eye

margin.

6. Antenna.

0. Slender and long with funicle seg-
ments longer than broad (Fig. 60).

1. Stout and short with only first fu-

nicle segment longer than broad

(Fig. 61).

Slender and long antenna are character-

istic of most Phasgonophorini. The funic-

ular segments are elongated and of the

same width although slightly decreasing
in length towards the apex. By contrast,

species with stout antenna have the first

funicle segment slender and long and the

other segments distinctly shorter and pro-

gressively widening towards the apex.
Stout and short antenna are characteristic

of most Cratocentrini, Brachymeriini and
Dirhininae.

7. Antennal scrobe.

0. More than 2x as long as broad near

toruli and parallel sided (Fig. 7).

1. Less than 2x as long as broad near

toruli and almost pear-shaped with

a blunt lateral margin (Fig. 4).

2. More than 2x as long as broad near

toruli and pear-shaped with sharp,

flange-like lateral margin (Fig. 9).

3. More than 2x as long as broad near

toruli and pear-shaped with a

sharp, smooth lateral margin (Fig.

8).

Antennal scrobes are generally well de-

fined in Chalcididae. In Cratocentrini,

Phasgonophorini, and Brachymeriini they
are deeper than in other chalcidids. This

is probably due to forward growth of the

frons. The scrobes are longer in Cratocen-

trini because the toruli are located closer

to the clypeal margin below the level of

the lower eye margin.
In some Phasgonophorini the antennal

toruli are located above the lower eye

margin and the scrobal cavity is shorter.

In those species the frons, lateral to the

margin of the scrobal cavity, is inflected

slightly into the cavity giving it a trian-

gular or pear-shaped appearance (Fig. 4).

In Phasgonophorini the scrobe cavity is

not margined sharply but in Brachymeria
and Cratocentrini it is sharply margined.
The condition in Brachymeria is distinctly
different from that of Cratocentrini. The

sharp margin of Brachymeria is smooth
and shiny and resembles the condition in

Phasgonophorini. The scrobal margin of

Cratocentrini is more flange-like and the

toruli are located relatively further apart
than in Brachymeriini or Phasgonophorini

(Fig. 9).
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i

Figs. 1-8. 1-3. Lower front view oi face. 1. Chiilciti sp. 2. Cratocciitnis sp. 3. /'/m.<,v;i"'";'''i"" ^I'loto- 4. St\/('ii(rii

sp., front view of face. 5-6. Malar sulcus. 5. Clinlcis sp. 6. Brachymcrm sp. 7-8. Face. 7. Phisgouophoni t^ulaita.

8. Brnchymerin sp.
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Table 2. Character diagnostics.

Char-
acter
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1. Pronotal width less than 2.5 x the

median length (Fig. 15).

Both Phasgonophorini and Cratocentri-

ni have a relatively broad pronotum. In

Brachymeriini and Chalcidini the prono-
tum is distinctly short anterio-posteriorly.

13. Pronotal surface.

0. Flat (Fig. 15).

1. Raised lateral to the median line

(Fig. 16).

2. Raised as bump near each posterior
lateral margin (Fig. 17).

The plesiomorphic state of the dorsal

pronotal surface of Chalcididae is flat

v^ithout any raised areas. Some groups of

Phasgonophorini have the pronotum
raised on both sides of the median line re-

sulting in a shallow median furrow on the

pronotum (Fig. 16). A bump-like raised

area at each lateral corner of the pronotum
is another modification shown by some

genera of Cratocentrini (Fig. 17). These

bumps are very distinct in Megachalcis.

They are located away from the median
line closer to the posterior margin of the

pronotum, between the lateral margin and
median line.

14. Posterior margin of the pronotum.
0. Broadly concave (Fig. 10).

1. Medially triangular (Fig. 18).

2. Medially rounded (Fig. 15).

The shape of the posterior margin of the

pronotum of chalcidids varies from broad-

ly concave to emarginate. The most com-

monly observed condition is a broadly
concave posterior margin. This character

is probably correlated to the degree to

which the head can be directed back-

wards. In most Phasgonophorini the cur-

vature is so acute that it appears medially

triangular and in most Cratocentrini the

posterior margin is more rounded (Fig.

15).

15*. Externally visible region of the pre-

pectus
0. Relatively large and elongated,

plate-hke (Fig. 19).

1 . Reduced to a very thin or knob-like

sclerite (Fig. 20).

The chalcidid prepectus is a semi-an-

nular, transverse sclerite. Delvare (1992)
found the median process of the prepectus
to be phylogenetically informative to re-

solve Chalcidini relationships. However
within Cratocentrini and Phasgonophorini
the median process does not vary. Instead

the lateral arm of the prepectus near the

tegula and the pronotal /mesonotal junc-
ture has twisted to form a small plate-like
sclerite that supports the mesothoracic

spiracle and separates the mesopleural

margin from the mesonotal margin. The
size of this exposed plate-like area of the

prepectus varies within Chalcididae. In

Cratocentrini and Chalcidini the plate-like
area is reduced to an extent that it is dif-

ficult to observe externally. The reduced

state is autapomorphic for Cratocentrini

and Chalcidini within Chalcididae. In

Phasgonophorini, Brachymeriini, and Hal-

tichellini the plate is distinct externally.

16*. Mesothoracic spiracle.

0. Covered by postero-lateral margin
of pronotum (Fig. 19).

1. Exposed (Fig. 20).

In most Hymenoptera the pronotal lobe

covers the mesothoracic spiracle complete-

ly (Gibson 1985). Chalcididae except Cra-

tocentrini have the mesothoracic spiracle
covered by the posterior lateral margin of

the pronotum.

17*. Relative size and shape of the tegula.
0. Linear, scond axillary sclerite cov-

ered (Fig. 20).

1. Both ventrally and posteriorly ex-

panded, oval shape, second axillary
sclerite of the wing completely cov-

ered.

2. Ventrally expanded, second axil-

lary sclerite of the wing exposed

(Fig. 19)

In Chalcidini and Cratocentrini the

tegula is not modified, it is pear shaped
and extends from the anterio-lateral mar-

gin of pronotum to posterio-lateral mar-
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Figs. 17-24. 17-18. Pronotum (arrows indicate raised areas). 17. Trigtvuini sp. IH. IVms^'^cuoplwm s»/c»frt. 19-

20. Mesothorax lateral view, 19. I'lMf^owphora i^ulailci. 20. Cnitocciitnif- sp. 21-22. Axillae and scutellum. 21.

Phasgoiwiilwra siiUahi, 22. Mcnachalcis sp., 23. Plmi^^oiwplumi sh/oi/ii, lateral view of the tlwrax (arrow indicate

the sculpture). 24. Chalcis sp., mesepisternum.
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gin. In Phasgonophorini and Barachymer-
iini the tegula is ventrally expanded giv-

ing a triangular appearance.

18. Dorsal axillar surface

0. Flat (Fig. 21).

1. Raised (Fig. 22).

The axillar carina divides the axilla

into two regions, the lateral axillar surface

and the dorsal axillar surface (Gibson

1985). Usually the dorsal axillar surface is

flat and level with the scutum and scutel-

lum. However in some Cratocentrini this

surface is distinctly raised.

19. Sculpture of the mesosoma
0. Not scabrous.

1. Scabrous (Fig. 23).

It is difficult to define the surface

sculpture of most chalcidoids. Within

Chalcididae, Cratocentrini and Phasgono-
phorini have a sculpture much coarser

than other chalcidids. Boucek (1992) re-

ferred to the sculpture of Styyiura as

"rasp-like" and the sculpture of Parastyp-
iiira as "sharp transverse rugae". I divided

the type of sculpture into two main

groups: rasp-like and non rasp-like. The
non rasp-like condition consists of many
different sculptures that can not be

grouped into distinct categories. Rasp-like

sculpture consists of rough sharp projec-
tions or wrinkles and can be classified as

scabrous (Harris 1979).

20. Mesepisternum
0. Not projected between forecoxa

(Figs. 24, 25).

1. Projected medially between fore-

coxa (Fig. 26).

The mesepisternal region of Chalcidi-

dae is divided into two parts by a trans-

verse carina. This carina delimits a smooth
and angulate anterior mesepisternum
from a horizontally sculptured ventral

area anterior to the mid coxal foramen.

Delvare (1992) called this sculptured ven-

tral area the mesosternal shelf. The
smooth area anterior to the carina has

sometimes been referred to as the epicne-

mium and the carina as the epicnemial ca-

rina (Delvare 1992; Gibson 1985). The
smooth epicnemial area supports the fo-

recoxa. In some Cratocentrini the mesos-

ternal shelf is anteriorly projected between
the forecoxa (Fig. 26). The condition in

other Chalcididae varies but the mesepis-
ternum does not distinctly project as in

some cratocentrines.

21*. Propodeum
0. Angulate in relation to scutellum

(Fig. 27).

1. Horizontal in relation to the scutel-

lum.

2. Medially depressed and vertical

with lateral projections (Fig. 28).

3. Horizontal anteriorly and sloping

steeply posteriorly (Fig. 29).

Characteristics of the propodeum
have been used in classification of Chal-

cididae (Boucek & Delvare 1992). In most

studies, however, the arrangement of ca-

rinae on the propodeum has been given
more importance than the overall struc-

ture. These patterns of carina are autapo-

morphic and do not indicate relationships

among the genera. Within Chalcididae the

propodeum of Cratocentrini is unique, be-

ing medially short (depressed) and verti-

cal between the lateral angulate projec-
tions (Fig. 28). In many Phasgonophorini

species the propodeum has the anterior

y3-% horizontal and steeply sloping pos-

teriorly. A steeply sloping posterior por-
tion of the propodeum is a unique feature

of the tribe. However there are variations

within the tribe. For example, in Steno-

clialcis the propodeum is almost parallel to

the scutellum although closer examination

shows that more than ^4 of the anterior

propodeum is parallel to the scutellum

and the posterior Vi is steeply sloping as

in other Phasgonophorini. The posteriorly

sloping propodeum is not very prominent
in Trigonurella where the propodeum
seems angulate. Comparative study
shows that it is a variation of the sloping
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1

Figs. 25-32. 25-26. Mesepisternum. 25. Pha^gonofilwni ^utaitn. 26. Cmtocfutnia sp. 27-29. Propodoum. 27. Bra-

chymeria sp. 28. Phasgoiwf'hora su/cvifrt. 29. Cratcceutrus sp. 30-32. Foretibiae apex (apex indicated by arrow).

30. Brachymeria sp. 31. Cratoccntrus sp. 32. Phas;iom>i>luva siikala.
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propodeum and not similar to the angu-
late state in other chalcidids.

Characters of the Legs:

12*. Apical margin of the foretibia.

0. Without horizontally directed stout

spur or elongation (Fig. 30).

1. With horizontally directed stout

spur (Fig. 31).

2. Without horizontally directed spur
but distinctly expanded giving the

appearance of a spur (Fig. 32).

In Cratocentrini there is a distinct

short outward directed spur at the apex of

the foretibia. This is in addition to the usu-

ally long, modified spur that forms the an-

tennal brush (strigil). Other chalcidids do
not possess such a spur but in Phasgono-

phorini the apex of the foretibia has ex-

panded outwards, giving the appearance
of a horizontal spur.

23. Shape of the hindcoxa.

0. Elongate, more than 2x as long as

broad (Fig. 33).

1. Not elongate, 2x as long as broad

or less (Fig. 34).

A greatly swollen hind coxa is char-

acteristic of all species of Chalcididae. The
hindcoxa of many chalcidoids is swollen

proximally and are pear-shaped or club-

shaped. However the shape and size of

the hindcoxa varies among different

groups within the Chalcididae. Brachy-
meriini and Haltichellinae usually have a

short pear-shaped hindcoxa whereas
Chalcidiru has a long club-shaped hind-

coxa. Although many taxa of Cratocentrini

and Phasgonophorini have long club-

shaped hindcoxa as in other chalcidines, a

few taxa in both groups exhibit the pear-

shaped hindcoxa.

24. Inner basal tooth of the hindfemur.

0. Absent (Fig. 35).

1. Present (Fig. 36).

On the hindleg near the articulation of

the trochanter and femur in Chalcididae,
where the arched tibia fits into the dentate

margin of the femur, some species possess

a distinct tooth, which originates from the

inner side of the femur. This tooth makes
a furrow or notch into which the hind tib-

ia can be folded. This character has been
used for identification of the genera of

Cratocentrini (Boucek 1988), but it has not

been used for determining phylogenetic
relations. The inner tooth is present in

many cratocentrines but is not found

among the phasgonophorines.

25. Length of the hindtibia.

0. Short, not reaching the trochanter

(Fig. 37).

1. Long, touching the trochanter (Fig.

38).

The hindtibia is arched and fits into

the toothed margin of the femur in almost

all Chalcididae although the degree of

curvature of the tibia varies among
groups. The curvature of the tibia has

been used as a character in chalcidid tax-

onomy, the length of the hind tibia has

never been used. Usually, in the folded

position, the hindtibia touches the tro-

chanter near its point of articulation to the

femur but in some groups the tibia is dis-

tinctly shorter and terminates before

reaching the trochanter. This feature oc-

curs only in chalcidids with a diagonally
truncated hind tibial apex. Haltichellinae

have a perpendicularly truncated hindti-

bial apex, but the tibia is not distinctly
arched.

26. Tarsal depression of hind tibia.

0. As long as first tarsal segment (Fig.

39).

1. As long as first two or three tarsal

segments combined (Fig. 40).

2. Longer than first three tarsal seg-
ments combined (Fig. 41).

The tarsal depression refers to the dor-

sal area of the hindtibia, which accom-

modates the tarsus when folded. In Chal-

cididae a distinct tarsal depression is not

frequently observed except in a few

groups. Groups that possess a distinct tar-

sal depression include Epitraninae and
Cratocentrini. Within the groups that
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Figs. 33^0. 33-34. Hind coxa and femur. 33. Cratomitru^ sp. 34. Mi^rtt/w/iis sp. 35. Plms^ioiioplumi fiilaUa,

inner surface of hind femur. 36-38. Hind femur and tibia. 36. Crntccciitni^ sp. (inner surface). 37. Tnyoiiiira

sp. 38. Craloccntruii sp. (outer surface). 39-40. Tarsal depression. 39. Sti/pitirn sp. 40. VVs;j<)"Mr;»/w sp.
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show a tarsal depression the length of this

depression may vary. I divided this vari-

ation into the above three states.

27. Hind tibial spurs.
0. Absent.

1. Single stout spur present (Fig. 42).

2. Single weak spur present (Fig. 43).

The number of hind tibial spurs has

been used to characterize various family

groups and genera of Chalcididae (Boucek

1992). The subfamily Chalcidinae charac-

teristically has only a single hind tibial

spur or none. Boucek (1992) stated that

Cratocentrini and Phasgonophorini do not

possess hind tibial spurs. My studies re-

vealed that many phasgonophorine gen-
era have a single hind tibial spur that is

very reduced in size (Fig. 42). Chalcidini

and Brachymeriini also have a single hind

tibial spur, but it is well developed and

appears flexible and weak relative to the

stout spur found in Phasgonophorini.

28*. Apex of the hindtibia.

0. Diagonally truncate, ventral corner

at acute angle but not produced
into a spine (Fig. 37).

1. Diagonally truncated, elongated
into a spine (Fig. 38).

The tip of the hindtibia of Chalcididae

shows three different states: truncated at a

right angle, diagonally truncated and

elongate into a long spine, or diagonally
truncated but not elongate into a spine. In

Chalcidini, Cratocentrini, Dirhininae, and

Epitraninae the hindtibial apex is elongate
into a spine. In all Brachymeriini and

Phasgonophorini it is diagonally truncat-

ed but not elongated into a spine.

Characteristics of the Wittgs:

29*. Patch of elongate setae on the ante-

rior ventral margin of the forewing.
0. Absent.

1. Present (Fig. 44).

Species of Cratocentrini have a patch
of posteriorly directed elongate setae on
the ventral surface of the forewing near

the distal end of the costal cell. This is an

autapomorphy for the tribe.

30. Hamuli.

0. Proximal hamulus straight, not

curved like others, and separated

slightly (less than its own length)
from the others (Fig. 45).

1. Proximal hamulus straight and dis-

tinctly separated (at least by a dis-

tance equal to its own length) from
the others (Fig. 46).

2. Three hamuli morphologically sim-

ilar and located equidistant from
each other (Fig. 47).

The hamuli are structures on the an-

terior margin of the hindwing used for

wing coupling. Most chalcidids have three

hamuli on each hindwing, although the

number varies, especially in Epitraninae.
The proximal hamulus is not curved as

the others and could not function for cou-

pling. The two hamuli distal to the body
do the coupling of wings and the one

proximal to the body probably has more
of a sensory function. Since it is not

curved it looks different from the other

hamuli. It is also separated slightly from
the two distal hamuli. However in Crato-

centrini the proximal hamulus is not dif-

ferentiated from the other two. It is curved

and located equidistant from the distal

hamuli. In Brachi/meria the straight proxi-
mal hamulus is separated distinctly from
the distal pair (Fig. 46); this is autapo-

morphic for the genus.

31. Length of postmarginal vein.

0. Shorter than marginal vein (Fig.

62).

1. Longer than marginal vein (Fig.

63).

2. As long as marginal vein (Fig. 64).

Wing venation has been used by
many chalcidoid taxonomists to define

and identify genera (Boucek 1988; Delvare

1992). Grissell (1995) unsuccessfully at-

tempted to quantify wing venation based

on vein length ratios, and Heydon (1989)

hypothesized that primitive pteromalids
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Figs. 41^8. 41. Criitmciitrus sp., tarsal depression. 42-43. Hind tibial spur. 42. Sti/fnurd sp. 43. Brachymcria

sp. 44. Cratoccntrus sp., anterior ventral margin of the forewing. 45-47. Hamuli. 45. Phas;^cmif>lwni tiulcata. 46.

Bracliyineria sp. 47. Cmtocciitnis sp. 48. Clinhis sp., petiole.
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have a postinarginal vein longer than the

marginal vein. However the length of the

postmarginal vein varies within chalci-

dids. The shorter postmarginal (than mar-

ginal) characteristic of Phasgonophorini
and Brachymeriini is almost equal in

length to the stigmal vein in Phasgono-

phorini and longer than the stigmal vein

in Brachymeriini. Cratocentrini and Chal-

ets have a longer postmarginal vein, much

longer than the stigmal vein and as long
as or longer than the marginal vein.

32. Length of marginal vein relative to

stigmal vein.

0. More than four times the length of

stigmal vein (Fig. 62).

1. Less than four times the length of

stigmal vein (Fig. 63).

Cratocentrini have a distinctly shorter

marginal vein than most other chalddids.

In most chalcidids the marginal vein is

more than four times the length of the

stigmal vein.

Characteristics of the Metasoma:

33. Petiole length.

0. Longer than wide (Fig. 48).

1. Transverse, not visible in dorsal

view (short) (Fig. 49).

2. Half as long as wide; visible in dor-

sal view (Fig. 50).

The attachment of the petiole to the

metasoma is characteristic of different

groups of chalcidids but the size of the

body of the petiole varies within groups.
In many groups, the petiole varies from

transverse to distinctly long and slender,

although in some groups (e.g. Cratocen-

trini) it is constant in size. The surface of

the petiole is sometimes differently sculp-
tured in various groups, and this may be

phylogenetically informative at the species
level. In Cratocentrini, the petiole is trans-

verse and not visible in dorsal view,
whereas in phasgonophorini the petiole
varies from transverse and not visible in

dorsal view (usual condition) to half as

long as wide and visible in dorsal view

(rarely).

34. Lateral sulcus of first metasomal ter-

gum.
0. Absent (Fig. 51).

1. Present (52).

In Phasgonophora, the anterior dorsal

area of the first tergum is raised into a

transverse crest followed by longitudinal
carinae (Fig. 52). These carinae are later-

ally delimited by a sulcus, which origi-
nates near the petiole and runs along the

dorsolateral margin of tergum one, ending
before the posterior margin of the tergum.
A similar sulcus is present in some other

Phasgonophorini. The transverse crest is

autapomorphic for Phasgonophora.

35. First and second metasomal terga of

females.

0. Independent (Fig. 52).

1. Fused, line of fusion distinct (Fig

51).

2. Fused, no trace of line of fusion

(Fig. 53).

The structure of the basal terga varies

in chalcidids. Some species of Phasgono-

phorini have the first two basal tergites

fused, without a trace of the line of fusion,

so that only six terga are visible. In other

Phasgonophorini, the two terga may be in-

dependent, the second tergite anteriorly tel-

escoped into the first or united with the fu-

sion line apparent, so that it is possible to

count seven metasomal segments. Steffan

(1959) suggested that the enlargement of the

first tergites of Phasgonophorini gives rigid-

ity for the abdomen for drilling in wood
and attacking xylophagous beetle larvae.

36. Fifth metasomal tergum of the female.

0. As long as the first tergum (Fig. 53).

1. Distinctly shorter than the first ter-

gum (Fig. 52).

In many chalcidids the tergum 1 is

subequal in length to the preceding terga
but in a few chalcidids the tergum 5 is lon-

ger and covers a major part of the meta-

soma. In Cratocentrini tergites 2-^ are al-

most hidden under tergum 1 and the ter-
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Figs. 49-56. 49-50. Petioles. 49. Phasgonoplioiv i^idcntn. 50. Stypiura sp. 51-53. Metasoma. 51. Slxipuira sp. 52.

Phaij^oiiophma iulcaia. 53. Cratoccntriis sp. 54-56. Vll"" abdominal tergite and ovipositor {arrows indicate the

VII''' tergum). 54. Trigoiuirella sp. 55. Plm^i^iViopliorn fiilaitu. 56. Crntocciilnif- sp.
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gum 5 is almost as long as the tergum 1

(Fig. 53). Reduction of terga 2-A gives ri-

gidity to the abdomen of Cratocentrini for

drilling in wood (Steffan 1959).

37. Lengths of the seventh metasomal ter-

gum and ovipositor sheaths.

0. Not elongate, completely covering
the short ovipositor sheath (Fig.

54).

1. Elongate, completely covering the

long ovipositor sheaths (Fig. 55).

2. Short, not covering the elongate

ovipositor sheaths (Fig. 56).

3. Slightly elongate, covering the ovi-

positor sheaths (Fig. 65).

Cratocentrini are unique in having
distinctly elongate ovipositor sheaths that

are exposed beyond the apex of the me-
tasoma (Fig. 56). It is also characteristic of

most Phasgonophorini to have elongated

ovipositor sheaths but in this case they are

not exposed, and instead the seventh

metasomal tergite has also been elongated
to cover the sheaths. Elongation of the sev-

enth metasomal segment (which is corre-

lated with the elongation of ovipositor)
can be observed in some species of Bra-

chymeria and also in Haltichellinae. How-
ever, these two conditions are not homol-

ogous. In the case of Haltichellinae and

Brachymeria, the tergite is produced be-

yond the location of cerci. Hence the cerci

are located closer to the anterior margin of

the eighth tergite.

In Phasgonophorini, the anterior part
of the tergite is produced. This is evident

by the position of cerci. In Phasgonophor-
ini the cerci are located closer to the pos-
terior margin of the seventh metasomal ter-

gite. The seventh tergite in Trigonurella is

short, completely covering the ovipositor
sheath as in the majority of Brachymeria. In

the Stenochakis the seventh tergite is inter-

mediate between Brachymeria and many
Phasgonophorini. However the state in

Steuochalcis is homologous to other Phas-

gonophorini because the cerci are located

closer to the posterior margin of tergite
seven.

38. Density of the setae on seventh tergite.

0. Uniformly distributed (Fig. 57).

1. Densely distributed bevond cerci

(Fig. 58).

This is a character that varies within

the tribe Phasgonophorini. In some spe-
cies the surface area beyond the cerci is

distinctly different from the anterior part
of the seventh tergite. The difference

seems to be in the density of hairs, the

posterior region having more dense hairs

(Fig. 58).

39. Tufts of silvery setae on metasomal

tergites (Fig. 53).

0. Absent.

1. One pair of lateral tufts on tergite
five.

2. Two pairs of lateral tufts on tergite
five and six.

3. Single continuous tuft on tergite
five.

4. Silvery hairs evenly distributed on
all tergites.

Silvery setae on metasomal tergites
are characteristic of Cratocentrini. I have
identified four different patterns. Acaiitho-

chalcis and Cratoceutrus have two pairs of

lateral tufts on their fifth metasomal ter-

gite whereas Acrocentrus and Spatocentriis
have a single pair. Steffan (1959) suggest-
ed that these silvery setae patterns pro-
vide good characters for identification of

Cratocentrini.

40. Posterior end of ovipositor sheath.

0. Straight (Figs. 55, 56).

1. Curved downwards (Fig. 59).

Both Phasgonophorini and Cratocen-

trini have distinctly elongate ovipositor
sheaths. Cratocentrini have completely ex-

posed sheaths because the last metasomal

tergite is short and in Phasgonophorini
most of the sheath is covered by the elon-

gate seventh tergite. In general the sheaths

are straight but in some groups of Phas-

gonophorini the sheaths are distinctly
curved downward.
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Figs. 57-59. 57-58. V'll"' tergum. 57. Plias^oitophora sulcata. 58. Stypiura sp. (arrow indicate are of different

sculpture). 59. Stypiura sp., VII"' tergum and ovipositor (arrow indicates the ovipositor).

Phylogenetic Analysis

The branch and bound search option
of PAUP yielded 14 most parsimonious

completely resolved trees of length 98,

consistency index of 0.646, and retention

index of 0.843. The strict consensus tree

(Fig. 66) shows that the 14 trees were a

result of only three areas of conflict. The
first conflict (I in Fig. 66) involves the

placement of one outgroup (Dirhiuus),

whereas the second and third conflicts (II

& III in Fig. 66) involve the Cratocentrini

clade. The cladogram with the best char-

acter evidence was selected by using suc-

cessive character weighting (Carpenter

1988). Reanalysis after successive weight-

ing using the retention index and a base

weight of 1000 yielded a single most par-
simonious tree with a consistency index of

0.826 and retention index of 0.940 (Fig. 67),

which is 98 steps long under equally

weighted characters.

Selection of outgroup taxa could affect

the relationships among the genera within

Phasgonophorini and Cratocentrini. To
test the effect of my outgroups on rela-

tionships among ingroup taxa I ran the

analysis deleting one outgroup at a time.

The three analyses gave ingroup tree to-

pologies identical to that observed with all

three outgroups. This indicates that there

is no effect of the selected outgroups on

intra-tribal relationships proposed in this

study. The outgroups Bracln/meria and Dir-

hinus form a monophyletic group with

Phasgonophorini, to the exclusion of Cra-

tocentrini in all 14 most parsimonious
trees. This supports my previous finding
that Cratocentrini and Phasgonophorini

together do not form a monophyletic

group.

DISCUSSION

The first area of irresolution in the

strict consensus (node I Fig. 66), accounts

for seven of the most parsimonious trees,

by alternating the placement of Dirhitius.

In one set of seven most parsimonious
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STV
SMV

65
Figs. 60-65. 60-61. Antennae. 60. Pliasgonophora sw/oifa 61. CnitMciitnin sp. 62-65. Forewing venation. 62.

Ph<if^oucp)ioni si(/cu(«. 63. Cratocenlni^ sp. 64. ChaUif sp. 65. S/c;iiic/irt/iis sp., VII"' tergum and ovipositor.

trees Dirhinus is placed as sister to Phas-

gonophorini + Brachymeria while in the

other set of seven trees with an otherwise

identical topology, Dirhinus is placed as

the sister group to Phasgonophorini (Fig.

68, A & B). The second area of conflict

(node II Fig. 66), which involves the rela-

tionship between Acaiithochnlcis and Me-

gachalcis, also has two posibilities (Fig. 69,

A-F vs. G). The third area (node III Fig.
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Brachvnwria

o

Dirhinus

Phasgonophora

Trigoniira

Stypiura

Stenochalcis

Megalocolus

Pcinislypiura

• Kopinata

TrigonurelUi

• Acanthochakis

• Megachalcis

• Cratocentnis

Marres

• Vespomorpha

Spaloceiilrus

- Pliilocentrus

- Acrocenlnis

- Chalcis

Fig. 66. Strict consensus cladogram of the 14 minimal length trees that resulted from the parsimony analysis

of the character data in Table 1 (Length
= 98, consistency index = 0.643, retention index =

0.843).

66), involves all the Cratocentrini except trus and Spatocentrus form a clade within

Acaiithochalcis and Megachalcis, and has Cratocentrini with Acroceiitnis being the

seven posibilities (Fig. 69, A-G). In four of sister group of the other two taxa (Acro-

the seven resolutions Acrocenfn/s, P/ii7oa'H- ceiitrus clade) (Fig. 69, C-F). In two of
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these four resolutions the Manes + Ves-

pomorpha clade alternates from being the

sister group of the Acwcentrus clade to be-

ing the sister group of a more inclusive

Cratocentriis + Acwcentrus clade (Fig. 69,

C & D). In the other two resolutions, (Fig.

69, E & F) a paraphyletic Marres and Ves-

pomorpha alternate being the sister group
to the Acrocentrus clade while Cratocentriis

remains the sister group to them. Both res-

olutions in which Marres or Vespomorpha
become sister to the Acrocentrus clade

have a zero length branch and hence are

not fully supported by the data (Codding-
ton & Scharff, 1994). Two of the remaining
three resolutions (Fig. 69, B & G) have a

monophyletic Spatocentnis + Philocentrus

group, with the monophyletic Cratocentriis

+ Acrocentrus as the sister group in one

resolution (Fig. 69, G) and Marres + Ves-

pomorpha as the sister group in the other

(Fig. 69, B). The third resolution (Fig. 69,

A) is identical to the preferred hypothesis

(after successive weighting). The charac-

ters that unambiguously support the dif-

ferent resolutions are indicated in Fig. 69,

A-G.

Monophyly of Cratocentrini and

Phasgonophorini

Monophyly of the tribes Cratocentrini

and Phasgonophorini was supported in

my previous analysis (Wijesekara 1997) of

the higher level phylogeny of Chalcididae.

However that analysis used only two taxa

from each of these two tribes. The present

analysis used all the known genera from
both tribes and the results confirm the

monophyly of both tribes. Monophyly is

supported by twelve unambiguous char-

acters in Cratocentrini and by five unam-

biguous characters in Phasgonophorini

(Fig. 67). This study explicitly supports the

monophyly of these tribes using character

evidence for the first time. Steffan (1950b)
defined Cratocentrini using the following
characters: antenna inserted just above the

clypeus (Character 5 of this study); fore-

wing with postmarginal vein longer than

short marginal vein (Character 31); meta-

femur with an inner tooth basally (Char-
acter 24); metatibia with long tarsal de-

pression (Character 20); and female me-
tasoma with only four visible terga. The
number of visible metasomal terga is cor-

related with the size of the fifth metasomal

terga. I have used the size of the fifth

metasomal segment as a character instead

of number of visible tergites. This study
indicates that, of the characters used by
Steffan, only the long tarsal depression

supports the monophyly of Cratocentrini.

New synapomorphies for the group, un-

ambiguous in this study, are: 1) size of the

labrum (Character 1, state 1); 2) reduced

area between toruli and clypeus (character

2, state 2); 3) dorsally interrupted forami-

nal cavity (Character 11, state 1); 4) ex-

posed mesonotal spiracal (Character 16,

state 1); 5) medially projected mesepister-
num (Character 20, state 1); 6) medially

depressed propodeum (Character 21, state

2); 7) horizontally directed spur of foreti-

bial margin (Character 22, state 1); 8) dis-

tinct tuft of spines on the front ventral

margin of the forewing near distal end of

the costal cell (Character 29, statel); 9)

morphologically similar hamuli (Charac-
ter 30, state 2); 10) marginal vein less than

4X the length of stigmal vein (Character

32, state 1); and 11) short seventh meta-

somal tergite (Character 37, state 2).

The tribe Phasgonophorini was de-

fined by the following characters (Steffan,

1950a): face convex (Character 4 in this

study); occiput concave; clypeus located

away from lower ocular margin (Charac-
ter 5); pronotum long (Character 12); pro-
coxae modified to receive mandibles; ab-

dominal tergite VII of the female elongat-
ed (Character 37); and sculpture of the

thorax consisting of large foveoles (Char-
acter 19). The concave occiput and modi-

fied procoxae are common to most chal-

cidids and hence I did not use them as

characters in this study. Except for the

convex face and elongate tergite Vll, all

other characters are variable among phas-
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Phasgonophorini

Dirhinus

Brachymeria

Phasgonophorini

Brachymeria

Dirhinus

Fig. 68. Two minimal length topologies which re-

sulted from conflict I in strict consensus tree.

gonophorines. The present analysis indi-

cates that only the convex face (Character

4, state 0) can support the monophyly of

Phasgonophorini and provide the follow-

ing new synapomorphies for the tribe: 1)

labrum less than half as broad as base of

mandible (Character 1, state 2); 2) dorsally

interrupted foraminal cavity (Character

11, state 1); 3) posteriorly sloping propo-
deum (Character 21, state 3); and 4) ex-

panded apical margin of the fore tibia

(Character 22, state 2).

Boucek's suggestion that the tribes

Phasgonophorini and Cratocentrini are

closely related and probably sister groups
is not supported by this analysis. The phy-

logenetic hypothesis suggested for groups

within Chalcididae from my previous

analysis supports Brachymeriini as the sis-

ter group of Phasgonophorini. The present

analysis corroborates this finding. Five

synapomorphies support the sister group
relationship between Phasgonophorini
and Brachymeriini of which one character

is unambiguous (Fig. 67): apex of hind tib-

ia diagonally truncated, ventral corner at

acute angle but not produced into a spine

(Character 28, state 0). Other possible syn-

apomorphies for the clade are: 1) antennal

toruli located above the lower eye margin
(Character 5, state 0); 2) short and trian-

gular antennal depression with sharp

margin (Character 7, state 3); 3) expanded
tegulae (Character 17, state 1); and 4) pet-
iole transverse (Character 33, state 1). Cra-

tocentrini is the sister group of a clade that

includes Brachymeriini and Phasgono-

phorini (Fig. 67). My analysis also sug-

gests that Trigonurella is the sister group
to the rest of Phasgonophorini and Mega-
chalcis is the sister group to rest of the Cra-

tocentrini.

Generic Relationships within

Cratocentrini and Phasgonophorini

The generic relationships within Phas-

gonophorini are the same in all 14 most

parsimonious cladograms which resulted

from this analysis. Steffan (1950b) consid-

ered that Phasgonophorini had two dis-

tinct groups of genera. First, the Phasgon-

ophora group with metasomal tergum 1

longer than tergum 2, and second, the

Stypiura group with metasomal tergum 1

shorter than tergum 2. My analysis also

provides support for these two groups.
Each group is supported by four synapo-

morphies. The four unambiguous syna-

pomorphies supporting the Phasgonophora

group are: 1) presence of a carina behind

lateral ocelli (Character 10, state 1); 2)

pronotal surface raised lateral to the me-
dian line (Character 13, state 1); 3) mar-

ginal vein less than four times the length
of stigmal vein (Character 32, state 1); and

4) presence of a lateral sulcus on first ab-
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dominal tergite (Character 34, state 1 ). The

synapomorphies supporting the Stypiiim

group are: 1) antennal scrobe short and tri-

angular with a blunt margin (Character 7,

state 1); 2) ocellar triangle raised above

vertex (Character 8, state 1); 3) presence of

a single stout spur on hind tibial apex
(Character 27, state 1); and 4) downwards
curved posterior end of ovipositor sheath

(Character 40, state 1) (Fig. 2). Except for

character 7, state 1, the others are unam-

biguous. In addition, this analysis sug-

gests that Trigorntrella forms a distinct

third group within Phasgonophorini (Fig.

67).

Conflicting evidence from the charac-

ters evaluated gave seven equally parsi-
monious resolutions for generic relation-

ships within Cratocentrini (Fig. 69, A-G).
I have selected a single hypothesis of ge-
neric relationships using successive char-

acter weighting which best explains the

characters used (Fig. 67). However, most
Cratocentrini (except Acanthochalcis and

Cratocentrus) are known from very few

specimens. Therefore, we have limited

knowledge of character variation within

the tribe and the question of the value of

some of the selected characters as evi-

dence of phylogenetic affinities remains

open.

Stability of the Phylogeny

Bootstrap analysis and rescaled decay
indices indicate substantial support for

most of the nodes in the selected phylog-

eny (Fig. 67). Within Phasgonophorini the

two clades that agree with Steffan's

groups have more than 50% bootstrap

support while the clades within Cratocen-

trini have little bootstrap support. The res-

caled branch support values are shown in

Figure 67. The total support index (Bremer

1994) for the selected tree is 0.449.

Implications of the Tribal Analysis for

the Phylogeny of Chalcididae

According to the family-level phylo-

genetic analysis of Chalcididae (Wijese-

kara 1997), neither Cratocentrini + Phas-

gonophorini nor Brachymeriini + Chalci-

dini are sister groups. The results of this

analysis corroborate the results obtained

from the family-level analysis. However,
the results of generic level analysis within

the tribes indicate that Megachalcis and

Trigonurella are basal taxa within Crato-

centrini and Phasgonophorini, respective-

ly. When sampling taxa from a group for

inclusion as exemplars in a phylogenetic

analysis it is most appropriate to select

representatives that are ancestral within

the group, as it is more likely that their

character states represent the ground plan.
In my earliar analysis, I represented Cra-

tocentrini by Cratocentrus and Acanthochal-

cis, and Phasgonophorini by Phasgonopho-
ra and Megalocolus. The two apparently
most basal groups, Megachalcis and Tri-

gonurella, were left out. To determine

whether my taxon sampling had any ef-

fect on family-level phylogeny, I coded

Megachalcis and Trigonurella for the 34

morphological characters used in the fam-

ily phylogeny and reanalyzed the data.

This analysis resulted in the same 42 most

parsimonious trees with identical topolo-

gies to my previous analysis (Fig. 70) in-

dicating that my results are not affected by
taxon sampling.

Sampling of characters as well as

sampling of taxa may affect the results of

a phylogenetic analysis. The characters

used depend on the taxon sample that is

selected for the study. The characters that

are informative at the lower level of phy-

logeny may not be suitable to study the

relationships at a higher phylogenetic
level, hence I have selected one character

data set for the study of family phyloge-

ny and a separate data set to study the

generic relationships within the tribes

(eight characters were common to both

data sets). To test the effect of combining
the two data sets I scored all the taxa for

all the characters (Appendix 2) and rean-

alyzed the resulting data matrix of 41

taxa and 65 characters (Table 3). The
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Table 3. Data matrix (combined character sets) (polymorphic characters: a

or 3, d = 1 or 3, e = 1 or 2).

state or 1, b = or 2, c

characters

1111111111 2222222222 3333333333 4444444444 5555555555 666666
123456789 0123456789 0123456789 0123456789 0123456789 0123456789 012345

Scelio

Leucospis

Polystomorpha

Eurytoma
Tetramesii

Amoturn

Epiftcnia

AiitroccplinlKS

Haltichctln

Chirocera

Psilochalcis

Notaspidium

Hybothorax

Zavoya

Tropimeris

Brachymeria i.

Bracln/mcrm m.

Coniira

PiUsinicrii

Melaiwstiiicra

Chalcis

Smicromorpha
Dirhiiuis

Houtalia

Epitrauiif

Acanthochalcis

Megachatcii

Cratocftitrus

Marres

Vespomorpha

Spmtccentrus

Philocentrus

Acwcfutrui

Phasgonophora

Trigomira

Trigonurella

Stypiura

Megalocotus

Stenochalcis

Kopinata

Pninstypiiirn

000210070
000000070
000000070
000000070
000500070
010010020
010010020
001110101
001110101
001110101
001210101
001210101
001210101
001210101
001310101
000400101
000400101
100000101
100000101
100000101
100000101
000000101
000511101
001511101
001310101
000010111
000010111
000010111
000010111
000010111
000010111
000010111
000010111
000400121
000400121
000400121
000400121
000400121
000400121
000400121
000400121

0071017000
0300111001
0300111001
1401000000
0401000000
1201017000
0201017000
100bla?000
100bla7000
1002117000
10021a7000
1102117000
1000107000
1702117010
1000117000
1202113000
1202113000
1201111000
0701111000
1271117000
1201111000
1001110000
llaOllOOOO
1110110100
1170117000
1422112001
1422112000
1422112020
1422112000
1422112000
1422112001
1422112001
1422112020
1200000011
1200000001
1210013000
1201001110
1200001110
1210011110
1710001100
1700001111

700710000a
7112001000
7112001000
7010001000
7010001000
7010000010
7010000000
0011110112
0011110112
0011110112
0011110112
0011110112
0011110112
7011110112
0011110112
0011120102
0011120102
001d001102
7013001100
0013001102
0013001102
0013031100
0011110100
7011000100
0011110100
1013001101
1013001101
1013001101
1013001101
1013001101
1013001101
1013001101
1013001101
1011120101
1011120101
1011120101
1011120101
1011120101
1011120101
1011120101
1011120101

02001

01102

01102

00102

00102

00001

00100

OlaOO

OlaOO

01100

01102

11102

01102

14000

05102

01000

01000

02000

02002

02000

02000

03000

11101

11101

11100

21101
21121

21102

21102

21102
21102
21102

21102

31111

31111

31101

31102

31101

31101

31101

31101

10000

10000

10000

00000

00000

00000

00001

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00010

00000

10011

11011

10111

11101

10101

11101
10101

10111

00102

00102

00002

00102

00102

00002

00102

00102

00000
11300

11000

00000

00000
10000

11000

21000

21000
21000

21000
21000

21000

21010
21000

21131
21131

21230

21130
21230

21220

21130
21220

21220

21220
21220

21220

21220
21220

21220
21220

21220
21220

21120
21120

21120

21110
21110

21110
21110
21110

7 77 70

10070

10770

7? 7 70

77770

00100

00770

10770

10770

10770

10770

10770
10770

10771

10770

10100

10100

OaOOO

00170

OHIO
01000

00010
10111

00111

OOlel
01020

00020

11020
01010

01010

11010
11020

11010

00100

00100
10100

00100
00100

00100
00100

00100

00002

00001

00001
00000

00000

00003

00003

0000c
00000

00001
10002

10002

10002

00002

10002

01100

01100

00003

00000

00003

00003

00002

00002

00002

00002

00211
00211

00211
00211

00211

00211
00211

00211
01000

01000

01000

01000
01000

01000

01000

01000

17710

10010

10010

160aO

160a0

00010

00010

12110

12110
12110

12110
12110

12110

02110

12110

01112

OHIO
030a0
17010

13000

03000

13000

050b0

05000
04000

11210

11210

11110
11710

11210
11110

11710
11110

11111

11111

OHIO
01220
OHIO
01120

01210
01111

007700

002000
002000

000000
OaOOOO

000000
003000

OlcOOO
OlcOOO

010000
010000

010000

010000
110000
010000

011000

010000
010000

010000
010000

010000

000000

010000
012000

010000
002020

012000

002020
002030

002040
012010

077070

012010
011000
011000

010000

111101
211101
213100
111001
011001

polymorphic characters were scored as

polymorphic using MacClade. PAUP's
heuristic search with 500 random addi-

tion sequence replicates options gave 14

most parsimonious trees of length 234,

consistency index of 0.491 and retention

index of 0.818 (consensus tree Fig. 71).

Filtering trees to remove polytomous
trees for which more highly resolved

compatible trees exist, yielded 7 most

parsimonious trees. Seven different reso-

lutions resulted due to three areas of con-

flict (Fig. 71, A, B, & C). The first conflict

(A) involves the placement of Smicromor-
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Fig. 71. Strict consensus cladogram of the 14 minimal length trees (Length
= 234, consistency index = 0.491,

retention index =
0.818) that resulted from the parsimony analysis of the character data in Table 3.

I-<d)

pha, the second conflict (B) involves the pomorpha. Successive weighting of the

relationship between Acanthochalcis and characters using the retention index and

Megachalcis, and the third conflict (C) in- 1000 base weight gave 10 most parsimo-
volves the placement of Marres and Ves- nious trees. Filtering the polytomous
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trees yielded four most parsimonious
trees (consensus tree Fig. 72). All 10 most

parsimonious trees after successive

weighting were 235 steps long under

equal weighting of characters. Four most

parsimonious trees after filtering resulted

due to a single area of conflict indicated

in the strict consensus tree (A in Fig. 72).

The joint character set favors some-

what different relationships within the

family (see comparison in Fig. 73). To ob-

tain the family phylogeny represented in

the combined analysis from my previous
data set requires two extra steps (tree

length 101 instead of 99), and to get the

previous family phylogeny from the com-

bined data set requires seven extra steps

(tree length 241 instead of 234).

The most obvious change is the shift-

ing of Brachymeriini + Phasgonophorini

lineage as the sister group of Haltichelli-

nae instead of Dirhininae -I- Epitraninae
clade. In addition, Zavoya becomes sister

to the other Haltichellinae and Smicromor-

pha and Philismicra groups away from, in-

stead of within, Chalcidini. The sister

group relationship between Brachymeriini
-I- Phasgonophorini and Haltichellinae is

supported by six synapomorphies of

which 3 are unambiguous [characters 29,

45, and 57 (Fig. 72)]. Of these, character 29

is from the family-level study, character 45

is from the tribe-level study and character

47 is common to both studies. None of

these characters is unique and unreversed

within the clade. In the family level phy-

logenetic study the sister group relation-

ship between Haltichellinae and Dirhini-

nae + Eipitraninae clade was also sup-

ported by six synapomorphies with only
a single unambiguous character (Fig. 74).

Of these characters, location of the anten-

nal toruli remains a unique and unrev-

ersed synapomorphy for both clades

while two other characters (Character 3

and Character 25) shows single reversals

within the group. The other three charac-

ters are much more variable within the

group. Overall the six characters support-

ing Brachymeriinae -I- Epitraninae -I- Hal-

tichellinae are less homoplasious (ci
= 0.5,

0.7, 0.3, 0.5, 0.7, and 1.0 for characters 3, 4,

5, 11, 25, and 56 respectively) than the

characters supporting the Haltichellinae +

Brachymeriini + Phasgonophorini clade

in combine analysis (ci
=

0.5, 0.5, 0.5, 0.2,

0.2, and 0.4 for characters 16, 29, 42, 45,

48, and 57).

Similarly three synapomorphies (two

unambiguous) support the Chalcidini

clade including Smicromorpha in the family

phylogenetic analysis (Fig. 74). The struc-

ture of the petiole (Character 56, state 3)

is unique for the clade and characters 1

and 31 show a single reversal in Smicro-

morpha. In the combined character analy-

sis, Chalcidini without Smicromorplm is

supported by four characters (Fig. 72): 1)

raised supra clypeal area (Character 1,

state 1) and 2) longitudinally oriented spi-

racle (Character 31, state 2) from the fam-

ily phylogeny data set; and 3) antenna!

scrobe shape (Character 16, state 1); and 4)

longer postmarginal vein (Character 54,

state 1); from the tribal data set. The di-

agonally truncated hind tibial apex (Char-

acter 42, state 1) and fifth metasomal seg-
ment (Character 61, state 0) separate Smi-

cromorpha from other chalcidines (Fig. 72).

The character set which support the Chal-

cidini -(- Smicromorphinae in family level

study provide less support (ci
=

0.5, 0.8,

and 1.0 for characters 1, 39, and 56 re-

spectively) than the character set support-

ing the Chalcidini excluding Smicromor-

phinae in combine analysis (ci
=

1.0, 0.5,

0.8, 0.1, and 0.3 for characters 1, 16, 31, 32,

and 34). The abdomen of Smicromorpha is

highly modified and not comparable to

any other chalcidids. Therefore it is highly

unlikely that the length of the fifth meta-

somal segment in Smicromorpha can show

phylogenetic affinities to other chalcidids.

Hence character 61 should not be regard-
ed as evidence for separating Smicromor-

pha from other chalcidines.
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Fig. 73. Comparison of Chalcididae family cladograms resulted from my previous study and from combined

character matrix in Table 3. Left. Consensus tree of 10 most parsimonious trees resulting from successive

character weighting for combined data matri,x. Right. Preferred family phylogeny from the previous study.

The third difference between the fam-

ily study and the combined character

analysis is that in the latter, Zavoya is

placed as sister to all other Haltichellinae

(Figs. 71, 72) instead of as sister to Notas-

pidium within Hybothoracini. (Fig. 74).

Two ambiguous characters support the

Hybothoracini + Tropimeridini clade (ex-
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eluding Zavoya) in the combined analysis:
the location of the postmarginal vein

(Character 50, state 1), and the shape of

posterior margin of the pronotum (Char-
acter 34, state 2). The sister group rela-

tionship between Haltichellini and Hy-
bothoracini (including Twpnmeris) is sup-

ported by three possible synapomor-
phies: 1) Hypostomal bridge (Character

11, state 3); 2) Presence of two hindtibial

spurs (Character 43, state 1); and 3) Short-

er marginal vein (Character 55, state 1).

Only character 55 provides unambiguous
support. Overall the Haltichellini -l-Hy-

bothoracini including Zavoyini and Tro-

pimeridini in family level analysis has

support of less homoplasious characters

(ci
= 0.5, 0.6, and 0.5 for characters 28,

42, 43) than for Haltichellinae + Hyboth-
oracini excluding Zavoyini in combined

analysis (ci
=

0.5, 0.4, and 0.2 for char-

acters 11, 43, and 55).

These results clearly indicate that the

characters used for analysis of generic re-

lationships affected the resolution of

higher level relationships. This means
that the addition of characters which are

homoplasious at higher phylogenetic lev-

el changed the evolutionary interpreta-
tion of characters used for resolving the

higher level phylogeny.
It is obvious that combining two

character sets that were selected by
studying biased taxon samples in relation

to one another will produce a data set

with biased characters and a biased taxon

sample. Therefore, the results of the com-
bined analysis can not be regarded as an

appropriate representation of phyloge-
netic relationships within Chalcididae.

Although it is not appropriate to combine
two data sets to make a biased data set,

this exercise indicates that the family

phylogeny I have suggested in my pre-
vious study should be subjected to more
critical testing by including more taxa

from different chalcidid groups to estab-

lish a stable phylogenetic hypothesis for

the family.
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APPENDIX 1: TAXA EXAMINED

Outgroups

1. Brachymeria spp.
2. Chalcis spp.
3. Dirhinus spp.

Cratocentrini

Acanthochalcis nigricans Cameron
Acanthcchalcis unispinosa Girault

Acrocentrus erythrothorace Steffan

Cratocentrus ruficornis Cameron
Cratocaitrus pruinosus Steffan

Marres dicomas Walker

Megachalcis carinata Steffan

Megachalcis hirticeps (Cameron)

Megachalcis malabarica Narendran

Megachalcis timerensis Boucek

Philocentrus argenteolus Steffan

Spatocentrus arnoldi Steffan

Vespomorpha auronitens Steffan

Phasgonophorini

Kopinata partirubra Boucek

Megalocolus ducator (Walker)

Megalocolus properator (Walker)

Megalocolus signator (Walker)

Megalocolus tentator (Walker)

Parastypiura pulchripennis (Ashmead)

Phnsgonophora batesii Boucek

Phasgonophora gigentia Ashmead

Phasgonophora sulcata Westwood
Stenochalcis mdtoni (Girault)

Stypiura candatus Guerin

Stypiura conigastra (Perty)

Stypiura patesi (Kirby)

Stypiura rfiventris (Sichel)

Stypiura thoracica (Schel)

Trigontira algerti Burks

Trigonura bakeri Masi

Trigonura californica Rohwer

Trigonura dorsalis Ashmead

Trigonura elegans Provancher

Trigonura euthyrrhini Dodd

Trigonura indica Narendran

Trigonura insularis Cresson

Trigonura javensis Narendran

Trigonura leuzonensis Narendran

Trigonura pini Burks

Trigonura puertoriccnsis Wolcott

Trigonura radiator Walker

Trigonura samarensis Narendran

Trigonura stcffani Narendran

Trigonura tarsata DellaTorre

Trigonura utmi Burks

Trigonurella achterbergi Narendran

Trigonurella elegans Boucek
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APPENDIX 2: CHARACTER
DESCRIPTIONS (COMBINED SET)

The numbers within parentheses indicate the orig-

inal data set that character came from (1
=

family lev-

el study and 2= tribel level study) and the character

number in the original data set respectively.

Characteristics of the head:

1. Supraclypeal area (1/1).

0. Not horizontally raised.

1. Horizontally raised.

2. Distance between the antennal toruli (1/2).

0. Distance not more than 2x the diameter of to-

rulus.

1. Distance more than 2 X the diameter of torulus.

3. Orientation of the antennal toruli (1/3).

0. Lateral and ventral margins of toruli produced
forward.

1. Lateral and ventral margins of toruli not pro-

duced and toruli facing forward or upwards.
4. Interantennal projection (1/4).

0. Not modified; area between toruli continuous

with face and appearing raised due to scrobal

depressions.
1. Modified into a round plate with blunt mar-

gins.

2. Modified into a round plate with sharp ele-

vated margins.
3. Reduced to a thin sheet-like elevation between

toruli.

4. Modified into thick plate which is higher than

upper toruli margin.
5. Absent.

5. Location of the antennal toruli (1/5, 2/5).

0. Toruli located at or above the level of the low-

er eye margin
1. Toruli located below the level of the lower eye

margin.
6. Frons (1/6).

0. Not produced into horns.

1. Produced into two strong horns.

7. Labrum habitus (1/7).

0. Base of the labrum covered by the anterior

clypeal margin.
1. Base of the labrum exposed, not covered by

the clypeal margin.
8. Size of the Labrum (2/1).

0. Large; as broad as base of the mandibles.

1. Intermediate size; about half as long as base of

mandibles.

2. Small: less than half the length of base of the

mandibles.

9. Base of the mandible (1/8).

0. Covered by the genal margin.
1. Exposed.

10. Postgenal carina (1/9).

0. Absent.

1. Present.

11. Hypostomal bridge and genal bridge (1/10).

0. Genal bridge absent, hypostomal bridge dis-

tinct, hypostomal carina continuous around

occipital foramen.

1. Genal bridge not complete, hypostomal cari-

nae converge below occipital foramen making
distinct hypostomal lobes which narrowly
unite in the middle.

2. Post gena converging below the occipital fo-

ramen; hypostomal bridge slightly exposed.
3. Genal bridge absent, hypostomal bridge dis-

tinct, and hypostomal carina continuous with

a distinct carina around occipital foramen.

4. Genal bridge completely covering the hypos-
tomal bridge.

12. Median area above clypeus and below antennal

toruli (2/2).

0. Same sculpture as rest of the face; not modi-

fied.

1. Different sculpture; modified to form a bridge
between toruli and clypeus.

2. Absent.

13. Malar sulcus (2/3).

0. Absent.

1. Present as a sulcus.

2. Indicated as a carina.

14. Face (2/4).

0. Convex distinctly.

1. Concave or flat.

15. Antennae (2/6).

0. Slender and long.

1. Stout and short.

16. Antennal scrobe (2/7).

0. Long and parallel sided.

1. Short and almost triangular with blunt margin.
2. Long and triangular with sharp margin.
3. Short and triangular with sharp margin.

17. Ocelli triangle (2/8).

0. Ocelli close to each other and raised above ver-

tex.

1. Ocelli spread apart and triangle not raised.

18. Vertex within ocellar triangle (2/9).

0. Normal not modified.

1. Medially raised between lateral ocelli.

2. Raised lateral to the lateral ocelli.

19. Carina behind lateral ocelli (2/10).

0. Absent.

1. Present.

20. Foraminal cavity /depression (2/11).

0. Continuous around occipital foraman.

1. Dorsally interrupted.

Characteristics of the mesosoma:

21. Notauli (1/11).

0. Present.

1. Absent.

22. Prepectus(l/12).
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0. Absent.

1. Present.

23. Externally visible area of the prepectus (1/13,

2/15).

0. Large and triangular sclerite; ventromedially
broad.

1. Small and distinctly longer than broad; ventro-

medially narrow, plate like (state in 2/15).

2. Reduced to a very thin sclerite difficult to see

(state 1 in 2/15).

3. Intermediate size sclerite, as long as broad;

ventromedially narrow (state 2 in 1/13).

24. Mesopleural Wing Process (1/15).

0. At least partly exposed.
1. Completely covered by tegula.

25. Relative size and shape of the tegula (1 / 16, 2/17).

0. Elongated and small, second axilla of the wing

joint completely exposed.
1. Both ventrally and posteriorly expanded, oval

shape, second axilla completely covered.

2. Ventrally expanded, second axilla of the wing

exposed (state 1 in 2/17).

3. Reduced and axilla exposed.
26. Orientation of the area between lower margin of

the femoral depression and epicnemial carina in

relation to sagittal plane (1 / 17).

0. Parallel.

1. Perpendicular.

27. Parascutal and axillar carinae (1/18).

0. Converge but extend towards dorsum before

meeting each other at transscutal articulation.

1. Converge to meet each other at transscutal ar-

ticulation.

28. Axillular carina (1/19).

0. Absent.

1. Present.

29. Frenal area of the scutellum (1/20).

0. Not marked.

1. Slightly marked.

2. Distinctly marked by a lamina.

30. Propodeum (1/21, 2/21).

0. Angulate in relation to scutellum.

1. Horizontal in relation to scutellum.

2. Anteriorly horizontal and steeply sloping pos-

teriorly (state 2 in 2/21).

3. Medially depressed and almost vertical (state

1 in 2/21).

31. Spiracle of the propodeum (1/22).

0. Small and rounded.

1. Spiracle elongated and transversely or

obliquely oriented.

2. Longitudinally oriented.

3. Reduced.

4. Sunken into propodeum.
5. Lateral margin modified to a lamina which

characteristically extends posteriad.

32. Width of the pronotum (2/12).

0. Broad.

1. Narrow anterior.

33. Pronotal surface (2/13).

0. Not raised; normal.

1. Raised lateral to the median line.

2. Raised as two bumps near posterior lateral

margin.
34. Posterior margin of the pronotum (2/14).

0. Broadly concave.

1. Medially accutly emarginate.
2. Medially abruptly concave.

35. Mesonotal spiracle (1/14, 2/16).

0. Covered by posterior lateral margin of pro-

notum.

1. Exposed.
36. Dorsal axillar surface (2/18).

0. Flat.

1. Raised.

37. Sculpture of the mesosoma (2/19).

0. Not rasp like.

1. Rasp like.

38. Mesoepistemum (2/20).

0. Not projected between fore coxa.

1. Projected medially between fore coxa.

39. Apical margin of the fore tibia (1/23, 2/22).

0. Without horizontally directed stout spine.

1. With horizontally directed stout spine .

2. Without a spur but distinctly expanded similar

to spur .

40. Hind coxa (1/24).

0. Not distinctly enlarged.
1. Enlarged with flat inner surface.

2. Enlarged with convex inner surface.

41. Hind femur (1/25).

0. Normal (not enlarged and toothed).

1. Enlarged and toothed.

42. Apex of the hind tibia (1/26).

0. Truncate at right angle.

1. Diagonally truncated ventral corner at acute

angle but not produced into a spine.

2. Diagonally truncated and elongated into a

spine.

3. Diagonally truncated and outer spur incorpo-

rated into a spine.

43. Hind tibial spurs (1/27, 2/27).

0. Two spurs present.

1. Single stout spur present.

2. Spurs absent.

3. Single weak spur present (state 1 in 2/41).

44. Elongated tooth-like process on hind tibial claws

(1/28).

0. Absent.

1. Present.

45. Shape of the hind coxa (2/23).

0. Proximally swollen but not elongated.

1. Proximally swollen and elongated.

46. Inner tooth of the hind femur (2/24).

0. Absent.

1. Present.
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47. Length of the arched hind tibia (2/25).

0. Shorter than trochantus -femoral joint.

1. Tip of the tibia touching the trochantus-femo-

ral joint.

48. Tarsal depression of hind tibia (2/26).

0. As long as first tarsal segment.
1. As long as first two or three tarsal segments

together.

2. Longer than first three tarsal segments togeth-

er.

Characteristics of the wings:

49. Length of marginal vein in relation to submargin-
al vein (1/30).

0. Marginal vein short, submarginal vein less

than half the length of submarginal vein.

1. Marginal vein as long as submarginal vein, if

shorter submarginal vein not 2X longer than

marginal vein.

50. Forewing marginal vein location (1/31).

0. Located at the anterior margin of the forewing:

postmarginal and stigmal veins well devel-

oped.
1. Located away from the anterior margin; post

marginal and stigmal veins rudimentary.
51. Vertical nebulous vein on hind wing (1/32).

0. Absent.

1. Present.

52. Hamuli (2/30).

0. Hamulus proximal to body different from oth-

ers and located slightly away from the rest

(less than its own length).

1. Hamulus proximal to bodv different and lo-

cated distinctly away from others (at least by
a distance equal to its own length).

2. Three hamuli morphologically similar and lo-

cated equidistant from each other.

53. Front ventral margin of the forewing (1/29,

2/29).

0. Without distinct tuft of spines.
1. With posteriorly directed tuft of spines near

distal end of the coastal cell.

54. Length of postmarginal vein (2/31).

0. Distinctly shorter than marginal vein.

1. Longer than marginal vein.

55. Length of marginal vein (2/32).

0. Longer: more than 4X the length of stigmal
vein.

1. Shorter: less than 4x the length of stigmal

Characteristics of the metasoma:

56. Petiole structure (1/33).

0. Anterior articulation distinct, petiole ventrally
membranous.

1. Both sternum and tergum sclerotized trans-

versely or slightly elongated anterior ventral

margin extended into the propodeum; anterior

articulation not separated from the bodv.

2. Anterior articulation separate from the body of

the petiole ventrally: anterior ventral margin
of the body expanded outside the propodeum.

3. Anterior articulation distinctly separated from

the body by a lamella, body variously elon-

gated.
4. Anterior articulation united with the extended

anterior ventral surface of the petiole body; la-

mella absent.

5. Anterior articulation separated from body
which is distinct dorsally and ventrally and

posterior ventral margin not distinctly sepa-
rated from sternum of gaster.

6. Anterior articulation distinctly separated from

the body only dorsally.

57. Syntergum (1/34)

0. Convex, seventh and eighth tergites complete-

ly fused.

1. Roof-like, posterior dorsal edge of seventh ter-

gite not fused to eighth tergite.

58. Petiole length (2/33).

0. Distinctly longer than wide.

1. Transverse, not visible from dorsal side.

2. As long as wide; visible from dorsal side.

59. Lateral sulcus of first abdominal tergite (2/34).

0. Absent.

1. Present.

60. First and second abdominal tergites of females

(2/35).

0. Independent.
1. United but line of fusion is distinct.

2. United with no trace of the line of fusion.

61. Fifth metasomal tergite of the female (2/36).

0. As long as the first tergites.

1. Distinctly shorter than the first tergite.

62. Seventh metasomal tergite (2/37).

0. Short and completely cover the ovipositor
sheath.

1. Elongated and completely cover elongated

ovipositor sheaths.

2. Short and do not cover elongated ovipositor
sheaths.

3. Slightly elongated and cover the ovipositor
sheaths.

63. Surface of seventh tergite (2/38).

0. Differently sculptured beyond cerci.

1. uniformly sculptured.
64. Tufts of silvery hairs on abdominal tergites

(2/39).

0. Absent.

1. Two lateral tufts on tergite five.

2. Four lateral tufts on tergite five and six.

3. Single continuous tuft on tergite five.

4. Silvery hairs evenly distributed on tergites.

65. Posterior end of ovipositor sheath (2/40).

0. Not curved downwards.
1. Distinctly curved downwards.
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Abstract.—In 1995 and 1996 in southwestern Montana, I observed ant mating swarms that each

day consisted of at least two of three species of Formica: Formica ciliatn Mayr, Formica obtusopilosa

Emery, and Formica subpolita Mayr. In 1993, F. ciliata males also formed swarms above the nest

from which they emerged. Although swarming behaviors of males of these species were indistin-

guishable, the mating posture, the behavior of females during mating, and the duration of mating
varied among species. Formica ciliata matings averaged five times longer than F. obtusopilosa mat-

ings and four times longer than F. subpolita matings. Predation on alate males at swarms was

frequent, with the spider Dictyna coloradensis (Dictynidae) probably accounting for most mortality.

The study of ant mating strategies is not

only a tool for examining standard aspects
of sexual selection theory (e.g. sperm com-

petition), but is critical to an understand-

ing of the social behavior of ants (Bourke
and Franks 1995). It is becoming clear that

ant mating systems and social systems

may have reciprocal influences upon one

another. For example, on the one hand,
the number of times that a queen mates

determines the relatedness among her off-

spring, which influences the evolution of

eusocial behavior (Crozier and Pamilo

1996). On the other hand, intracolonial re-

latedness (along with possible detriments

to inbreeding) determines the cost of mat-

ing with another colony member, and thus

may influence which mating system re-

duces the risk of inbreeding (Ross and
Keller 1995). Although progress is being
made in answering these important ques-
tions (e.g. Keller and Passera 1993), we
still need to learn much more about the

basic form of mating systems in the For-

micidae (Holldobler and Wilson 1990).

Perhaps the most common mating sys-
tem in ants is for alates to congregate and
mate within short-lived swarms (Bourke
and Franks 1995). Although swarms often

consist of a single species of ant, multi-

species swarms have also been reported

(Chapman 1954, 1963, Collingwood 1958,

Leprince and Francoeur 1986). In a previ-
ous paper, I noted that alates of three un-

identified species of Formica were occa-

sionally present in small numbers within

swarms of Formica subpolita at one location

in southwestern Montana, U.S.A. (O'Neill

1994). Here, I report on Formica mating
swarms at nearby location which often

consisted of mixtures of swarming males

and mating pairs of three species, Formica

ciliata, F. obtusopilosa, and F. subpolita. I

also provide comparative information on
the mating behavior of the three species
and data on the high level of predation on
alates within swarms.

METHODS

I observed the ants at a site 2 km NW
of Logan, Gallatin Co., MT, U.S.A.

(45°45'N, 111°35'W) in July of 1993, 1995,

and 1996. I visited the site on 18 days, to

check for swarms, which were present on
8 days; on five days in 1996, I was present
for the entire swarm period. I collected 53

mating pairs for later identification. Fe-

males of the three species were easy to

I

I
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identify in the field, Formica ciliata females

being completely orange, F. obtusopilosa fe-

males having orange thoraces, but black

heads and abdomens, and F. subpolita fe-

males being completely shiny black and

larger than queens of the other two spe-
cies. It was much more difficult to identify
males in the field. However, once I asso-

ciated males with females in mating pairs
a suite of characters associated with each

species and species group (Wheeler and
Wheeler 1963) allowed reliable identifica-

tion of males in the lab; voucher speci-
mens of males and females from mating

pairs of all three species have been depos-
ited in the Montana State University En-

tomology Collection. On six days in 1995

and 1996, I collected alates from spider

webs, feeding spiders, or other arthropod

predators. All prey were collected within

the area encompassed by swarms, during

swarming or immediately afterwards.

RESULTS

Swarm Location.— I observed Formica

mating swarms at two locations. In 1993,

a swarm of f . ciliata was present on 19 and
20 July just above a large, multi-entrance

F. ciliata nest on the west side of a grassy

ridge among scattered junipers (Juniperus

scopulorum Sarg.) and yucca {Yucca glauca

Nutt.). The swarms, which at their peak
covered about 2 X 10 m and probably in-

cluded >200 males, were centered around
a patch of yellow sweetclover (Melilotus of-

ficinalis L.) growing among the nest en-

trances. Swarms did not form above the

nest in 1995 and 1996. Although many
alate male and female F. ciliata emerged
from the colony, they climbed nearby

plants and flew away, perhaps to join

swarms that I found on a hillside approx-

imately 100 m east of the F. ciliata nest.

Swarms at this second location were con-

centrated on the lower half of the hillside,

where it was covered by a dense expanse
of cheatgrass (Bromus tectorum L.) and sev-

eral clusters of dead and leafless yellow

sweetclover. Swarms were sometimes re-

stricted to several square meters, but at

times certainly consisted of over 500 males

swarming over an area of ~5 X 50 m
(with highly variable density across the

swarm). Because I found no Formica nests

with emerging alates within the swarm
area, the alates probably originated else-

where.

Species Composition of Swarms.—Unlike

the swarms above the F. ciliata nest, those

on the hillside always contained males

and females of two or three species: F. cil-

iata, F. obtusopilosa, and F. subpolita. The
exact mix of species within swarms was
hard to determine because males were dif-

ficult to identify and count in the field.

However, by identifying females in mat-

ing pairs I was able to determine that at

least two species were present on each of

six days in 1996 (Fig. 1). The relative num-
ber of matings observed, however, cannot

be used to estimate the relative number of

swarming males. Because matings of F. cil-

iata lasted much longer than those of the

other two species (see below), the proba-

bility of encountering a pair of F. ciliata

was much higher. It was my impression,

however, that F. subpolita males were most

common, whereas those of F. obtusopilosa
were least common. This was confirmed

by examining males in webs of the spider

Dictyna coloradensis (see below), which
were situated at swarm height and prob-

ably captured a representative sample of

swarming males. Of the 292 alate males I

recovered from Dictyna webs, 70.5% were
F. subpolita, 25.7% were F. ciliata, 2.1%
were F. obtusopilosa, and 1.7% were of one

or more other species of Formica that ap-

parently joined swarms on occasion. I also

found one female each of two unidentified

Formica perched on plants in the swarm
area.

While swarm.s were in progress, females

of the three Formica species often perched
within 1 m of one another. The overlap-

ping spatial distribution of the females

suggests that swarming males of the three
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Fig. 1. The number of mating pairs of three species observed at the hillside site on the five days in 19%

when observers were present during the entire swarm period (solid black portions of the F. ciliiUii bars indicate

those matings that were the 2nd, 3rd, or 4th for an individual female; no multiple matings were observed for

r. obtusopilosa on these days, and multiple matings were not recorded for f. subpolita in this study).

Species also intermingled. Nevertheless,

on several days there was a larger scale,

though incomplete, segregation of the spe-

cies at the hillside site. Female F. ciliata

tended perch in the center and in the

northern end of the elongate swarm, while

female F. subpolita were most abundant at

either end of the swarm. The female F. ob-

tusopilosa were generally restricted to a

small area in the northern half of the

swarm. There was also interspecific vari-

ation in activity periods. At the hillside

site, swarms were active between 0900

and 1130 h on warm, clear days. As

judged by the times at which I observed

matings in 1996, F. ciliata also had a longer

daily mating period than the other two

species which displayed a more promi-
nent peak of mating activity around 1000

h (Fig. 2).

Swarming and Mating Behavior.—Only
males actually swarmed, whereas females

perched on low vegetation. Swarming be-

havior of male F. ciliata and F. obtusopilosa

was similar to that previously described

for F. subpolita (O'Neill 1994). Males of all

three species made slow, irregular flights

near the top of the vegetation, generally

facing into the wind. Males often restrict-

ed their flights to the immediate vicinity

of a perched female, eventually landing on

the plant and walking along its stems.

When a male approached the female, usu-

ally after exploring several stems, his

body and wings vibrated rapidly, perhaps

responding to olfactory cues emanating
from the female (Cherix et al. 1993). This

behavior near females has also been noted

for other species of Formica (Kannowski
and Johnson 1969, Henderson and Jeanne

1992).

O'Neill (1994) provided descriptions of

mahngs of F. subpolita, which typically

proceeded as follows. A male mounted a

female dorsally, facing the same direction

as her, and immediately coupled if she ac-

quiesced. He then released his grip and

flipped backwards 180° so that he now
faced the opposite direction, venter up.

After an average of 27 s (range: 4-63), the
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Fig. 2. The frequency distribution of matings observed in 15-min intervals (beginning at the time indicated)
on the same five days depicted in Fig. 1 (see Fig. 1 for note on occurrence of multiple matings).

female usually curled her body back and

began biting the male, often on the petiole.

Nevertheless, mating continued for anoth-

er 35 s on average, so that complete mat-

ings averaged 62 s (range: 28 to 94). Over-

all, matings of F. obtusopilosa were similar

to those of F. subpolita, although the mean
time to biting was just 16.3 s (SE

= 2.5; N
=

13; range: 2 to 33) and the total duration

of mating was 50.6 s (SE
=

6.7; N =
13).

Biting by females occurred in all 13 F. ob-

tusopilosa matings observed from start to

finish, whereas it occurred in 88% of F.

subpolita matings (O'Neill 1994).

Mating by F. ciliata was initiated in the

same manner as in F. subpolita and F. ob-

tusopilosa, but it was different in form and
duration. After a male F. ciliata released

his leg grip on the female, he remained

arched forward, so that his head was po-
sitioned above the female's abdomen. Fur-

thermore, during the prolonged matings,
which averaged 260.1 ± 22.0 s (range: 7 to

711 s; N =
54), females rarely reached

back to bite males (6% of 54 matings).
Thus, the form and duration of mating ap-

pears to be relatively species-specific.

However, during Formica obscuripes Forel

matings, males apparently could adopt ei-

ther of the postures observed in my study
(Talbot 1972).

During mating, one or two other males

sometimes arrived and attempted cou-

pling, apparently oblivious to the presence
of the copulating male. Twice, a second F.

ciliata male arrived soon after a mating
commenced and disrupted the mating

pair. However, neither intruding male
was able to mate with the female. These

interactions probably resulted when males

incidentally homed to the same female,

and apparently do not represent fighting
for possession of receptive females.

Following mating, females of all three

species either left the swarm area by flying

upwards or they remained on the same

plant awaiting the arrival of another male.

Polyandry is a common feature of ant

mating systems, especially in the genus
Formica, where the existence of multiple

mating by females has been observed or

inferred in 15 of 16 species cited by Cro-
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zier and Pamilo (1996). One of these spe-

cies is F. subpolita, whose females mate up
to four times each within mating swarms

(O'Neill 1994). By continuing to watch fe-

males from the time they were first ob-

served in copula until they left the area, 1

also confirmed that polyandry occurs in f .

obtusopilosa and f . ciliata. One female F. oh-

tusopUosa was seen to mate three times.

Eleven F. ciliata females were seen to mate

twice, three mated three times, and one

mated four times. Not all females were ob-

served continuously, some were collected,

and some may have mated prior to my
first observation. Thus, multiple mating in

these species is probably more common,
and each female probably mates more fre-

quently than my observations suggest.

The multiple matings by a single F. ciliata

female typically occurred over a limited

portion of the daily swarm period. The

mean interval between the termination of

one mating and initiation of the next was

5.3 min (SE
=

0.9, N =
12), and one F.

ciliata female mated four times within 31.1

mm.

Although females and males of the

three species were in close proximity, 1

found no evidence of cross-species mat-

ings among the 53 mating pairs collected

and examined. It is possible that males at-

tempted to mate with females of other

species, because I observed rejection of

"courting" males by females of all three

species; unreceptive Formica females re-

jected mating attempts by curling the tips

of their abdomens away from mounted

males, by walking away, or by dropping
off the plant. In all three species, rejections

occurred most often just before a female

flew away from the swarm, so perhaps the

rejections usually signal the end of the re-

ceptivity to conspecific males. On several

occasions, females remained on their

perches after rejecting one male, and soon

mated with another. These rejections
could represent intraspecific female

choice, or females rejecting courting males

of other species, but because none of these

rejected males were collected, I could not

ascertain their identity.

Predation on Alates.—Predations on ala-

tes, particularly by spiders and robber

flies were common at the hillside site (Ta-

ble 1). There are three apparent reasons

why males made up 98% of the prey. First,

males probably far outnumbered females

at any given time. Second, because males

spent much of the time in flight above the

vegetation, they were more susceptible to

predation by visually hunting robber flies

that intercept airborne prey within

swarms (O'Neill 1992). Third, the most

common spiders, D. coloradensis, built

their webs at the tips of plant stems,

where single webs captured up to eight
males on a single day. Because males flew

at the same height as the webs and ex-

plored the stems of many plants during a

day, they increased their likelihood of con-

tacting a web.

DISCUSSION

The mating systems of F. ciliata, F. ob-

tusopilosa, and F. subpolita exhibit features

in common with many species of ants, in-

cluding male swarming, a lack of overt

fighting among males, and multiple mat-

ing by females (Bourke and Franks 1994).

Although swarming is common in Formi-

ca, the locations of swarms relative to the

nests from which alates emerge vary both

within and between species. Swarming
and pairing at variable or unknown dis-

tances from nests have been seen for For-

mica lugubris Zett. (Cherix et al. 1993), For-

mica obscuripes Forel (Talbot 1959, 1972),

Formica subnuda Emery (Chapman 1954,

1963), and F. subpolita (O'Neill 1994).

Swarming at nests from which the alates

emerged has been observed in Formica

dakotensis Emery (Talbot 1971) and Formica

montana Emery (Kannowski and Johnson

1969, Henderson and Jeanne 1992). Al-

though many female Formica pergandei

Emery mate within swarms at their home

nests, some apparently disperse prior to

mating, presumably to enter swarms else-
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Table 1. Arthropods observed capturing or feeding on alate ants at mating swarms. The category "Formica

spp." includes members of the other three species that were not identified in the field.

Prey species and sex

F ohtii^oftiln^ii F ^ubpoltla F.'rfTntiJ ^pp

ARACHNIDA

Araneidae

Mctepcira fcxi Gerstch and Ivie 1 m — 1 m —
unidentified araneid — — 15 m —

Dictynidae

Dict\/na coloradensis Chamberlin 75 m 6 m 206 m, 1 f 5 m
Philodromidae

Tibellus duttoni (Hentz) — — 2 m —
Thomisidae

Mi>umcnops celer (Hentz) 1 m — — —
ORTHOPTERA

Acrididae

Melarwplus sanguitiipcs (Fabricius)
— — — 3 m'

HEMIPTERA

Nabidae

unidentified nymphs 2 m — — —
Reduvidae

unidentified nymphs 1 m — — —
DIPTERA

Asihdae

Efferia staminea (Williston) If — — 22 m
Megaphorus wilUftoiu (Cole) — — If 19 m
Slenopogoii iiiquinatuf (Loew) — — — 2 m

HYMENOPTERA

Sphecidae

Aphilaiithops subfrigidus If — 3 f —
' All 5th instars which did not prey on the ants, but rather scavenged them from webs of D. coloradensis.

where (Kannowski and Johnson 1969). In because many F. mo/i fano colonies produce
southwest Montana, F. ciliata swarmed only male alates, they must disperse and
both above nests (in 1993) and within mul- swarm at nests that have produced fe-

ti-species swarms in a area apparently not males (Henderson and Jeanne 1992). Be-

harboring any F. ciliata nests (in 1995 and cause I saw both male and female alates

1996). Alates of F. obtusopilosa and F. sub- emerging from the F. ciliata colony in 1995

polita also apparently originated from col- and 1996 when swarms occurred away
onies outside of the swarm area. from the nest, alates of this species appear
There are several potential advantages to have dispersed for other reasons. See-

to be gained by alates that join swarms ond, if extreme inbreeding is detrimental,

away from their home nests. First, when alates that join multi-colony swarms away
colonies produce reproductives of just one from the home nest, will be more likely to

sex, the alates from some nests must dis- mate with non-relatives. Inbreeding
perse in order to find mates. For example, would be more likely in monogynous
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nests, since many of the alates would be

full siblings. Comparative evidence sug-

gests that alate queens from monogynous
nests tend to join swarms at a great dis-

tance away, but that females from polyg-

ynous colonies (which are presumably
more genetically diverse) disperse much
shorter distances, sometimes mating on or

within the nest (Ross and Keller 1995). 1

cannot directly address this hypothesis as

it applies to F. ciliata, F. obtusopilosa, and

F. subpolita, because I do not know wheth-

er queens within swarms came from mo-

nogynous or polygynous colonies. Joining

large multi-colony swarms could reduce

the risk inbreeding, but when swarms in-

clude more than one species, there is the

added problem of identifying potential
mates of the correct species. This problem
could perhaps be solved if the sex phero-
mones released by females (Cherix et al.

1993) provided species-specificity.

Formica ciliata, F. obtusopilosa, and F. sub-

polita not only swarm away from their

home nests, but gather together in various

combinations at the same location on at

least two successive years; at a nearby site,

F. subpolita swarms were observed in the

same location on six consecutive years

(O'Neill 1994). Multi-species mating
swarms also occur in other species of ants,

and sometimes involve species of different

genera (Chapman 1954, 1963, CoUing-
wood 1958, Leprince and Francoeur 1986).

Perhaps different species of ants swarm at

the same times and places because alates

of each species coincidentally respond to

the same habitat cues. However, there

may be an advantage to joining high den-

sity multispecies swarms if individual ala-

tes reduce their risk of predation when

predators become temporarily satiated by
the glut of food (Holldobler and Wilson

1990, Bourke and Franks 1995); because at

least some colonies would have to join

multispecies swarms away from their

home nests, this would also promote mat-

ing away from nests. Ant mating swarms
often provide a flush of prey for a variety

of predators (Whitcomb et al. 1973, Rob-

ertson and Villet 1989, O'Neill 1990, 1992,

1994) that may impose a substantial cost

on colonies. It is possible that some of the

predators at the hillside site became sati-

ated during swarms, thus temporarily re-

ducing the predation risk of the surviving
males. O'Neill (1992) found that, during
the peak of F. subpolita swarms, the great

majority of robber flies (primarily Efferia

staminea) were feeding. When swarms
were absent, most of these robber flies

were not feeding (although they were ac-

tively foraging). However, its seems un-

likely that the web building spiders be-

come effectively satiated, because males

continued to be trapped in webs through-
out a swarm period and full webs were

never observed. Finally, it should be noted

that the satiation effect might be offset if

predators congregated in areas of high

prey density, thus actually increasing the

risk of predation at swarm sites.
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Abstract.—We describe the behavior and nesting dynamics of the solitary leaf-cutter bee Mega-

chile assumptionis Schrottky, which nests exclusively in deserted burrows of the solitary apid bee,

Ptihthrix plumata Smith. Adults were active between April and September. Males patrolled the

nesting sites and flowering bushes searching for females and nectar. Mating occurred both on the

soil near the nests and on flowers of Vernonia rubrirnmen (Asteraceae). Females only investigated

and selected single-celled deserted nests on trails where P. plumata had previously nested. The

nest is a vertical burrow in which the walls are lined by the females. The brood cell is linked to

the outside by a tunnel filled with leaf fragments. Two caps of masticated leaves close the nest

tunnel at different levels and another closes the cell. The nests were supplied with provisions of

pollen and nectar and the females laid their eggs on the top of a semisolid provision mass. Adults

emerged at different times of the year, which suggests that there are at least two annual gener-

ations. Prepupae of M. assumptionis can remain dormant in the cells either from October to March

or from April to August. The nesting biology of M. assufnptioiiis differs from that of the Nearctic

Megachile brevis Say, particularly in the latter's use of several kinds of cavities and in the com-

paratively greater abundance and mobility of the individuals.

While the majority of bees are solitary,

constructing their nests in bare, drained

ground exposed to sunlight (Batra 1984;

Martins and Antonini 1994; Martins et al.

1996), the family Megachilidae shows a

wide range of nesting types, including

species that construct free-standing nests,

many that nest in the soil, and others that

dig their nests in wood or plant stalks or

even occupy pre-existing cavities (Miche-

ner and Szent-Ivany 1960; Krombein 1967;

Bohart and Youssef 1972; Eickwort et al.

1981; Martins and Almeida 1994). The

Megachilidae are also biologically inter-

esting in the way they draw on a wide

variety of material in constructing their

nests, such as cut pieces of leaves and pet-

als, chewed leaves, plant fibers, resin, clay,

mud, sand, and pebbles (Stephen et al.

1969; Yanega 1994). Two other unusual

features, not found in the parasitic species

of this group, are the method of trans-

porting pollen on a ventral abdominal sco-

pa (rather than pollen-gathering hairs on

the legs) and the practice of cutting pieces
of leaves in constructing nests (in species
of the genus Megachile, from which the

name "leaf-cutter bees" is derived; Ste-

phen et al. 1969; Michener 1974).

Megachile that nest in pre-existing cavi-

ties show differing degrees of specializa-

tion, ranging from those that nest exclu-

sively in the empty shells of molluscs, ter-

mite nests, or deserted nests of another

solitary bee species to those that use a

wide variety of cavities (Michener 1953;

Stephen et al. 1969; Iwata 1976; Messer

1984; Martins and Almeida 1994). The

habit of using pre-existing cavities appar-

ently has evolved, several times, from dig-

ging ancestors (Eickwort et al. 1981).

M. assumptionis Schrottky is at one end
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of this specialization ranking, as it nests

exclusively in the deserted nests of anoth-

er solitary bee, in the family Apidae

(
= Anthophoridae), Ptilothrix plumata

Smith. This may result either from adap-
tation or preadaptation and could have an

influence on the ecological characteristics

of the species, such as a limit to popula-
tion growth (Martins and Almeida 1994).

Unfortunately, there has been a scarcity

of detailed studies into the ecology and

behavior of solitary bees in the Neotropics

(Roubik 1989, but see Martins and Anton-

ini 1994; Martins and Almeida 1994; Mar-

tins and Figueira 1992; Martins et al. 1996).

In Brazil, despite the great richness of

Megachile species (Sakagami et al. 1967),

displaying remarkable interactions in

complex and varied environments, the

lack of studies has meant that knowledge
of these insects is limited.

The aim of our study was to provide
information on the nesting behavior and

dynamics of M. assiimptionis from the

foundation of the nests to their closure,

and later on, emergence of the new adults.

A further objective was to compare the bi-

ology of M. assumptionis with that of M.

brevis, a well-studied species in the Nearc-

tic region (Michener 1953).

METHODS

The work was undertaken in the Eco-

logical Station of the Campus-Pampulha
of the Universidade Federal de Minas Ger-

ais, Belo Horizonte, Brazil. This station

comprises 156 ha of mixed vegetation,
which is crossed by a number of trails and

dirt roads, as described in Martins and Al-

meida (1994). Preliminary observations re-

lating to M. assumptionis and its interac-

tions with P. plumata were made in May
1992 but most of the present data was ob-

tained from January 1993 to September
1994, totalling 485 hours of observation

(225 and 260 hours, respectively).

The ad libitum and "focal individual"

methods were used to study nesting be-

havior (Martin and Bateson 1993). A 700m

trail was visited between 0900 and 1300

hours, the peak hours of bee nesting activ-

ity. From April to September visits were

more frequent (at least 10 days per

month). From October to March visits

were more sporadic as there is usually no

adult activity in this period; only routine

checks were required to see whether new
individuals had emerged.
We analyzed selection of nesting site,

cell construction, provisioning, nest clo-

sure, mating, male patrolling, longevity
and adult mobility. Captured individuals

had their scutum marked with fast-drying

paint. If recaptured, they were recorded,

remarked if necessary, and released again.

Nesting dynamics were studied by re-

cording every single P. plumata and M. as-

sumptionis nest along the same trail. The

nests were identified and labelled with

metallic arrows (4 cm long by 5 mm wide)
nailed to the ground. The arrows were ei-

ther distinguished by different colours

corresponding to those colours marked on

their respective founding females or else

marked by numbers. After the nests had

been closed by the females, marked plastic

cup emergence traps were nailed over the

entrances to record the period of egg-adult

development and emergence of brood

parasites.

Twenty-three nests were excavated in

1993 and 10 in 1994 in order to shady their

inner structures, the material used in their

construction, and the development of the

immature stages. The method of deter-

mining the degrees to which water would

penetrate a cell was to submerge it in wa-

ter for 24 hours.

We measured height and width of six

cells and tunnels and calculated average
and standard deviation for all these mea-

surements. Voucher specimens of the bee

species were deposited at the Laboratorio

de Ecologia e Comportamento de Insetos

of the Departamento de Biologia Geral,

ICB-UFMG, Belo Horizonte, Minas Gerais,

Brazil. Two M. assumptionis females were

also deposited in the Snow Entomological
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Museum of the University of Kansas,

Lawrence, KS, USA.

RESULTS AND DISCUSSION

Nesting Site Selection and Cavity Occupa-
tion.—The main factor which constrains

the nesting behavior of M. assumptionis is

the availability of P. plumata nests, as the

former species nests exclusively in desert-

ed nests of the latter (Martins and Almei-

da 1994). No females were observed either

digging or nesting in any sort of poten-

tially suitable cavities such as crevices in

the soil and sand banks, termite burrows,

or vacant nests of Diadasina distincta

Holmberg (Apidae); all of these are used,

for example, by M. neoxanthoptera Cock-

erell, another syntopic and cavity-gener-
alist megachilid (Martins and Almeida

1994; Martins and Antonini 1994).

Females of P. plumata adopt a scattered-

nesting behavior which influences the

searching behavior of M. assumptionis fe-

males. They fly over the area and select

one from a number of potentially avail-

able nests. The searching flight itself and

the exact moment of selection was not ob-

served, but the females would explore
cavities and decide about its occupation

by flying in a sinuous or zigzag course,

close to the ground, investigating sticks

and other possible nesting places, in the

same way as females of M. brevis. The

flight is continuous apart from irregular

and often rather long interruptions which

occur while a bee crawls into a hole (Mich-
ener 1953). The precise factors that deter-

mine whether or not M. assumptionis and

M. brevis females will decide to occupy a

cavity are presently unknown.

Only one kind of flight has been recog-
nized as characteristic of M. assumptionis
females. This flight helped to distinguish
females from males (see below). It was a

fast flight, about 50 cm above the ground,

along the trail, without any pause for an

investigation of cavities. One explanation
for this flight might be that it is associated

with the nest-provisioning phase.

There were two cases of reoccupation of

M. assumptionis nests, from which adults

had already emerged, apart from the oc-

cupation of deserted nests of P. plumata.
These nests were reoccupied by other fe-

males, 2-7 days after their emergence.
Nest reoccupation was not observed for

M. brevis (Michener 1953).

The females and males have also been

seen inside either deserted or active nests

of P. plumata and even in other shallower

and narrower cavities (between 1-2 cm).

In these cavities, the individuals often

stayed for an undefined period (from a

few minutes to one hour) or even stayed

overnight, with the abdomen visibly

raised, close to the nest entrance. There is

no evidence that either the males or the

females spend the night inside their own
nests, or those of conspecifics. However,
M. brevis females spend the night in their

nests and also probably hiding in curled

leaves or seeking similar protection (Mich-
ener 1953). Females of M. assumptionis

may, however, remain in the nest during

strong rains. This was observed for a fe-

male that was coming back from a provi-

sioning trip. She entered the nest tail-first

and remained there with her head close to

the nest entrance. When the rain had start-

ed, she exited and re-entered the nest,

head first, keeping her abdomen up (the

only visible part) and blocking the nest en-

trance. At the same time, two females of

P. plumata were in a similar position in

their own nests, next to the M. assumption-
is nest; this behavior might be attributed

to the need to protect provisions from rain

water and was not observed in M. brevis.

Male Patrolling Behavior.—The males

were normally seen patrolling the nesting
site. They fly just above the ground, in-

vestigating a variety of cavities, such as

deserted or active nests of M. assumptiofiis

or P. pjlumata, nests of D. distincta, or any
other sort of cavity. When they interrupt
their flight, they may or may not stop near

the cavity entrance, possibly entering as

far as the level of the thorax or else com-
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pletely. The time spent in a cavity varies

and sometimes they are accompanied by
a female who is already there, and in the

morning sometimes they remain in the

cavities for over an hour.

The males are able to patrol the whole

of the trail extension; four individuals

were located 600 m from where they had

been marked. The scattered-nesting pat-

tern influences the behavior of the males

and might be one of the primary reasons

for patrolling (Martins and Almeida 1994).

Males were often observed near the en-

trances of active nests, adopting a peculiar

posture, which may be described as the

"guard position". When in this posture,

their wings were half-open or entirely

closed. They would also perform a brief

flight and then come back again soon af-

terwards. As this phenomenon was only
observed in active nests, it can be ex-

plained by the presence of a female either

provisioning or preparing the nest for pro-

visioning.

Mating.
—

Matings were observed on the

soil near the nest entrances and on flowers

of Ver)io)iin ruhriramea. Although both sex-

es were promiscuous, up to 6 matings
were observed for a single couple. Be-

tween one mating and the next, the male

would visit flowers to drink nectar, as was

seen once on a bush of Waltherin ameriama

(Sterculiaceae).

The pattern of the mating process was

as follows: the female remains inside the

nest with the male standing in the 'guard

position'. Then he enters up to the level of

the thorax or half the body and probably
touches the female abdomen before leav-

ing the nest. Shortly afterwards, the fe-

male leaves too, and allows the male to

mount her. He holds her body with his

front legs and sometimes opens his wings
before going away. Copulation lasts for

about 3 seconds. Then, the female starts

gathering pollen again. The male either

disappears or else mates with another fe-

male in a nearby nest.

Not every male succeeds; sometimes the

pieces of leaves

1 cm

Fig. 1. Structure of a nest of M. assiimptioiti^, in a

deserted nest of Ptilothrix plumntn, showing the clos-

ing "caps."

females did not allow them to approach,
and even after the male had mounted,

mating was not always finished because

the female would fly away. When there

were no females, the males would stay in-

side the active nests, only leaving when
the resident female returned, to let them

inside. Sometimes, while flying back to

their nests, the females were followed by
the males. On other occasions, the males

would stay inside the nests, together with

the females, for about one minute. There

is no clear explanation for this behavior.

In M. brevis, males occasionally pursued
the females and tried to approach them.

However, not enough mating was ob-

served during the three years of study for

any definite conclusions to be drawn

(Michener 1953). Apparently mating tend-

ed to occur very soon after emergence. By
contrast, mating of M. assumptionis was
observed throughout the reproductive
season, with matings recorded in April

(late). May (early), July (early), and Au-

gust (early), and males present through-
out the season.

Cell Construction and Provisioning.
—Af-

ter selecting a deserted nest, the female

starts working in it, keeping the basic

structure intact (Fig. 1). Cells averaged
1.55 ± 0.18 cm in height and 1.14 ± 0.06

cm in width and were linked to the out-

side by tunnels averaging 2.38 ± 0.55 cm
in height and 0.50 ± 0.03 cm in diameter

(n
=

6). The female first lines the inner cell
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cells composed

of cut leaves

Fig. 2. Structure of the brood cells in a nest of Mega-
chile ueoxanthoptcra in a deserted nest of Ptilothrix plu-

inata.

wall, spreading a paste made of masticat-

ed leaves mixed with a presumed man-
dibular or salivary secretion. It is un-

known whether the unusual clypeal horn

of this species is used in the process. This

results in a lining that eventually turns

into a dry and darker thin material, hardly

separable from the wall.

Due to their specialized behavior in us-

ing deserted nests of P. plumata, the cells

of M. assumptionis do not follow the gen-
eral pattern adopted by leaf cutter bees, as

in M. hrevis (Michener 1953), M. neoxan-

thoptera (Martins and Almeida 1994), or M.

instita (Yanega 1994). Usually, these and

other species of the same genus cut long

pieces of leaves and /or petals to make
brood cells in the form of an overlapped
leaf structure, sometimes called a "cup",
which is easily detachable (Fig. 2). These

species also cut round pieces of leaves and

petals to make the caps that block the

nests' /cavities' entrances.

Megachile assumptionis does not utilize

the free room available in the tunnel to

construct more cells. This behavior differs

from that of M. neoxanthoptera, which, for

example, once occupied a deserted nest of

P. plumata, with three cells placed end to

end and snugly fitted (Fig. 2). In compar-
ison, M. brevis may construct 1-11 cells,

using all room available in the hollow

(Michener 1953). After the cell has been

lined, provisioning is started, the final

product being a semisolid mass composed
of pollen and nectar. A part of this mate-

Fig. 3. Closed nest entrance of Megachile assumption-

is, showing the small pebbles used in the process and

the intact turret.

rial comes from Vernonia rubriramea (As-

teraceae) plants, where some females were

observed gathering pollen and where bees

of both sexes were seen drinking nectar.

M. brevis uses a pollen and nectar mixture

in provisioning its nests, as well (Michener

1953), as do all Megachile species.

When the provisioning has finished, the

female lays an egg on top of the surface

of the provision mass as in M. brevis

(Michener 1953). The egg is about 5 mm
long, with a similar shape but larger than

that of M. brevis, which is 3 mm long.
Mature larvae of either species construct

a cellophane-like waterproof cocoon that,

in the case of M. assumptionis, helps pre-
serve a favorable microhabitat during the

period of immature dormancy (which is

sometimes long; see below).

Nest Closure.—After laying the egg, the

female blocks the cell entrance with a

small cap, made of a mixture of chewed

leaves, grains of sand and a secretion,

probably glandular. Then she fills in the

tunnel, just above the cell, with several

layers of cut and overlapped leaves, that

are pressed and compacted by the man-
dibles. As she cuts the leaves, the bee

turns its body so that a piece is cut out

with the mandibles working like scissors,

in semicircular movements.
When the tunnel is filled in, the female

leaves the nest, comes back with water,

and then starts, close to the nest, to collect

sand and /or pebbles. This material is

gathered by the front legs and is then

transferred to the mandibles, where it is

mixed with water to produce mud. The

pebbles are either obtained around the

nest entrance, left over from P. plumata ex-
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Fig. 4. Number of individuals of Megnchilc afnimp-

tionis marked in 1993 (gray bars) and 1994 (black

bars).

cavation (Martins et al. 1996), or even

taken from leaf-cutter ant colonies (Atta

sp.). The female seems to push the mud
by using her mandibles, and in this way
constructs another cap, at ground level.

The number of caps constructed in the

nests could be 1-2. When there were 2

caps present, another layer made of cut

leaves was found between them.

The process of nest closing might be in-

terrupted by the female in order to get
some nectar. This happened in the case of

one female, which flew to one V. rubrira-

mea close to her nest.

The last step in nest closure consists of

gathering sand and /or pebbles with the

mandibles and putting them together on

top of the nest entrance (Fig. 3). In this

process the bee avoids destroying the little

turret (about 1.5 cm) constructed by the P.

plumata female (Martins et al. 1996). This

particular behavior of M. assumptionis
makes clear the difference between her

closed nests and those of P. plumata,
whose females usually destroy the turret

during nest closure (Martins et al. 1996).

Nesting Activity, Life Span and Dorman-

cy.
—M. assiimptionis is a locally rare spe-

cies, which makes generalizations on phe-

nology difficult. However, observations

on a total of 66 individuals in two consec-

utive years indicate activity from April to

September (Fig. 4).

1
Apr May Jun Jul Aug Sep

Fig. 5. Number of nests founded by Megachile as-

sumptionis in 1993 (gray bars) and 1994 (black bars).

The adult population varies during the

year with two peaks. The first one is in

April and May and the second in July and

August. During June and from September
to March, the adults were hardly seen or

not seen at all. For unknown reasons there

was a steep fall in number between these

two peaks in June in both years (Fig. 4).

During the active season, 43 and 14

nests were founded in 1993 and 1994 re-

spectively (Fig. 5). The bees are more ac-

tive from April to May and from July to

August, with a sharp decrease in July and

September (Martins and Almeida 1994).

However, we found a smaller number of

founded nests in the first portion of the

second year as compared to the same time

in the previous year (Fig. 4). This differ-

ence might be related to a reduced avail-

ability of nests of P. plumata: 404 in 1992,

275 in 1993 and 270 in 1994 (Martins et al.

1996). The decrease in the nesting activity

might also have been due to environmen-

tal factors; drought might have made it

difficult for the bees to dig their nests.

There is a time lag of 1 month between

the peak of nests founded by M. assump-
tionis and P. plumata. This time lag in nest

founding occurs because of the delay in

adult emergence time resulting from M.

assumptionis prepupal dormancy (Martins
and Almeida 1994). M. assumptionis pre-

pupae also become dormant throughout
the rainy season, from October to January,
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Table 1. Recorded emergences of Mcgncliilc ns-

iiiniptionis in 1993 and 1994.

Table 2. Mortality, survival and desertion of nests

in Megachile aisumptionis in 1993 and 1994 (percent-
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known. In at least 17% of the excavations

there was no sign of any cell, tunnel or

immatures. Furthermore, in 1993, 12 nests

were lost due to work done by a bulldozer

in the study area. According to MarHns et

al. (1996), one possible reason for the loss

of the contents of bee nests is ground
modifications resulting from termite activ-

ity or even the intense predation by ants

nesting in the vicinity.

Diptera rather than termites are more

commonly known as natural enemies of

solitary bees. Among them, larvae of An-

thrax sp. (Bombyliidae) have previously
been observed consuming Megachile lar-

vae (Roubik 1989). Although species of

Anthrax occurred in the nesting site of M.

assumptionis and were recorded parasitiz-

ing P. plumata nests (Martins et al. 1996),

no individuals emerged from any of the

M. assumf'tkmis nests. This might be par-

tially due to parasite preference for anoth-

er apid, Diadasina distincta, that nests in

the same area and is heavily parasitized

(Martins and Antonini 1994).

Adult Longevity and Mobility.
—The re-

covery rate of marked bees was 45%.

These figures are satisfactory when com-

pared to those found for M. hrevis—8%
(Michener 1953). The low numbers found

by this author are accounted for by the re-

markable mobility of the individuals. The
bees would concentrate in an attractive

patch of flowers and then disperse when

they ceased to bloom. The result was an

apparent drop in the population size

(Michener 1953). In contrast, A4. assunip-

tionis individuals were more sedentary,
since they were locally confined to the

nesting site of P. plumata. In 1994, for ex-

ample, all recoveries occurred in the same

place where the bees had been marked, in-

dicating low mobility (Martins and Al-

meida 1994).

The data recorded for M. assumptionis
show male bees may live about twice as

long as females. In both years, the individ-

uals were recovered between 2 to 48 days
after being marked. In 1993, the maximum

values observed were 48 days for a male

and 19 days for afemale. In 1994, the val-

ues recorded were 28 days for a male and

16 days for a female. As regards M. brevis,

the maximum time interval between the

marking and the recovery was 22 days for

a male, although there is some evidence to

suggest that the individuals can live for

approximately one month (Michener
1953).

This also suggests that longevity in in-

dividuals of tropical solitary bee species
can be longer than in temperate regions,
but much more data on other species is

needed to verify this possibility, as there

is a lack of information (Roubik 1989).

CONCLUSION

The behavior and nesting dynamics of

M. assumptionis show that it is a rare spe-
cies in this locality and specialized in that

it uses deserted nests of P. plumata. Unlike

most of the species in the genus whose

nesting biology is known, M. assumptionis
does not construct rows of brood cells of

cut leaf pieces in natural cavities or bur-

rows of its own making, but instead uses

the pre-exisHng, empty cells constructed

by another solitary bee, provisioning only
a single cell in each nest. It may therefore

experience a scarcity of suitable nesting
sites and some restrictions on fecundity,
and we suppose that the limiting resource

in the ecology of this species is nest sites

rather than pollen availability or preda-

tor/parasite pressure. In contrast, M. brev-

is is one of the commonest Megachile spe-
cies in North America, presumably be-

cause it is so generalized in its use of nest-

ing substrates.
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Abstract.—The phylogeny of the genera of Ammobatini was studied using cladistic methods
and the classification is consequently revised. The tribe forms a monophyletic group that com-

prises five monophyletic genera: Pasites Jurine, Sphecodopsis Bischoff, Ammohates Latreille, Mela-

uewpis Saussure and Oreopasites Cockerell, and one monotypic genus Spinopasites Warncke. They
all occur in the Afrotropical Region except Oreopasites, and the Afrotropical species are revised.

Pasites (Morgania Smith, Omachthes Gerstaecker and Pasitoiiiachthes Bischoff, new synonymy) in-

cludes 17 Afrotropical species, Sphecodopsis {Pseudopasites Bischoff and Pseudodichroa Bischoff, new

synonymy) 10 species, and Ainwobates and Mclaneinpis are each known from a single Afrotropical

species. Ten new species are described (all attributed to Eardley alone): Pasites iiilssoni, P. paiilyi,

P. Iiumectus, P. gnomus, P. iiarnihiensis, P. somalicus, Sphecodopsis vespericena, S. longipygidnitn, S.

namaquensis and Ammobates auster. Thirty-four species names are newly synonymized: Pasites

nigerrimus Friese and Pasitomachthes argentatus Baker = Pasites barkeri (Cockerell); Morgania chubhi

Cockerell, M. nigritula Bischoff and M. peratra Cockerell = Pasites friesei Friese; Omachthes nigripes

Friese, Morgania fortis Cockerell, M. subfortis Cockerell, M. stordi/i Cockerell, M. voiensis Cockerell

and M. altior Cockerell = Pasites carnifex (Gerstaecker); M. nigrithorax Strand = P. dichrous Smith;

Omachthes alboguttatus Friese, Morgania nataleiisis Cockerell and M. ogilviei Cockerell = Pasites

jenseui (Friese); Morgania histrio transvaalensis Bischoff, M. alivalensis Cockerell and M. rufitarsis

Cockerell = Pasites histrio (Gerstaecker); Morgania marshalli Cockerell = Pasites jonesi (Cockerell);

Omachthes ahessinicus Friese, Morgania fiilviventris Bischoff, M. rhodesiana Bischoff, M. apicalis Bis-

choff, M. turneri Cockerell, M. politula Cockerell, M. indecisa Cockerell, M. nudicauda Cockerell, M.

bechiianica Cockerell and M. breviceps Cockerell = Pasites appletoni (Cockerell); Morgania rufiila

Cockerell =
Sphecodopsis miniitissima (Cockerell); Pasites pygmaeus Friese, Sphecodopsis rufescens

Bischoff, S. algoensis Bischoff and Morgania perpunctata Cockerell =
Sphecodopsis acideata (Friese);

Morgania leonis Cockerell =
Sphecodopsis semirufa (Cockerell). Keys to the genera and Afrotropical

species are provided.

The purpose of this study is to provide edge of the identity of the Afrotropical
a comprehensive revision of the system- species and the relationships between spe-
atics of the Afrotropical Ammobatini (Ap- cies.

idae: Nomadinae). To attain this objective. The Ammobatini are cleptoparasitic
three main aspects were investigated. The bees, also known as cuckoo-bees. They lay
first was to establish whether the Ammo- their eggs in the nests of pollen-collecting
batini is a monophyletic taxon and, in so bees that provision each larval cell with

doing, establish its validity. The second sufficient food for the larva to develop to

was to review the generic classification of maturity. Like other Nomadinae, the am-
the Ammobatini and gain an understand- mobatines lay each egg in a hole in the

ing of the relationships among the genera, wall of the host's larval cell. When the egg
The third was to acquire a sound knowl- hatches the tiny mobile first-instar larva.
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which has elongate sharp-pointed mandi-

bles, kills the host larva or egg and then

consumes the food provided for the host.

An outstanding account of cleptoparasi-

tism is given by Alexander (1990).

Pollinating bees are one of the most im-

portant groups of beneficial insects. It is

therefore important to study the system-
atics and biology of their cleptoparasites

because they affect the population dynam-
ics of pollen-collecting bees. Bees of the

ammobatine genus Sphecodopsis Bischoff,

for example, are known to parasitise spe-

cies of Scrapter Lepeletier & Serville (Roz-

en & Michener 1968). Both of these genera
are endemic to southern Africa. Scrapter

species pollinate indigenous plants and

are potentially important in the pollina-

tion of agricultural crops. The genus is

prevalent in the semi-arid regions of

southern Africa where insect-pollinated

indigenous plants form an important com-

ponent of the ground cover and pasture.

Cleptoparasitism among bees is a de-

rived trait and it has evolved indepen-

dently several times within the bees (Al-

exander 1990). The features that are

unique to cleptoparasitic bees, such as the

loss of the scopa, are derived, although

they may resemble the primitive state for

the bees as a whole. Other features that

separate cleptoparasitic bees from pollen-

collecting bees are the thickened integu-

ment and the more robust sting (Alexan-

der 1990). There are many other conver-

gent traits in the cleptoparasitic bees

which, as indicated by Alexander (1990),

complicate attempts to trace their phylog-

eny.
In spite of the difficulties involved in

the study of the phylogeny of cleptopar-
asitic bees, the Nomadinae, the largest and

most diverse lineage of cleptoparasitic

bees (about 1200 described species), has

been well studied by Rozen (1966, 1974,

1977, 1991), Rozen et al. (1978), Roig-Alsi-
na (1987, 1991), Alexander (1990) and

Roig-Alsina & Michener (1993). Roig-Al-
sina (1991), Rozen (1991) and Roig-Alsina

& Michener (1993) defined the Nomadinae
to include only those genera that comprise
a monophyletic group, namely the Am-
mobatini, Ammobatoidini (including Hol-

copasites Ashmead), Biastini, Caenoproso-

pidini, Epeolini, Neolarrini, Townsendiel-

Hni, Hexepeolini, Nomadini and Brachy-
nomadini. Other groups that were

previously included in the Nomadinae

(now Anthophorinae) are: Isepeolini, Pro-

tepeolini, Osirini (including Epeoloidini
and Parepeolus Ducke, Roig-Alsina 1989)

and Coelioxoides, now in the Tetrapediini

(Alexander 1990, Roig-Alsina & Michener

1993).

The Nomadinae has its greatest diver-

sity in the Nearctic and Neotropical

Regions, is fairly well represented in the

Afrotropical and Palaearctic Regions and

is poorly known from the Oriental and

Australian Regions. In the Afrotropical

Region, it comprises four tribes: Nomadi-

ni, Epeolini, Ammobatoidini and Ammo-
batini. The Nomadini, Epeolini and Am-
mobatoidini are represented there only by
their nominate genera. The Nomadini and

the Epeolini were revised by Eardley &
Schwarz (1991) and Eardley (1991), re-

spectively. The Ammobatoidini is known
from the Afrotropical Region from a single

female specimen described as Ammobato-

ides hrauusi Bischoff. The Ammobatini is

the largest and most diverse tribe of Af-

rotropical nomadine bees.

The Ammobatini occur mainly in the

Nearctic, Palaearctic and Afrotropical

Regions. Although they have not been re-

corded from the Oriental Region, several

Palaearctic species are known from areas

that border the Oriental Region and these

species possibly extend into that Region.

They do not occur in the Neotropical and

Australian Regions. The Nearctic (Rozen

1992) and Palaearctic (Warncke 1983) fau-

nas have been well studied and the Afro-

tropical fauna is revised here.

Most of the previous work on the sys-

tematics of the Afrotropical Ammobatini

consists of descriptions of new species and
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distribution records. The original descrip-

tions are generally vague, without illustra-

tions and inadequate for the recognition of

the species. Bischoff (1923) provided a

comprehensive revision of the Afrotropi-
cal Ammobatini, but his work has several

shortcomings (e.g., he did not study much
of the type material) and it has become
outdated. The present study is the first

treatment of these bees that has included

an examination of nearly all the type ma-

terial and a study of male and female ter-

minalia.

Authorship of the new species de-

scribed in this paper is attributed to CDE
only.

HISTORICAL REVIEW OF THE
AMMOBATINI

The history of the classification of this

group of closely related bees may be out-

lined as follows. An early attempt to ar-

range them into a system of higher clas-

sification was by Dalla Torre (1896). He

placed all bees in the family Apidae and

placed the genera that are currently con-

sidered to belong to the Ammobatini,

namely Ammobates Latreille, Pasites Jurine

and Omachthes Gerstaecker, together with

several other genera, in the subfamily

Coelioxyinae. Ashmead (1899) divided the

Apidae into several families and trans-

ferred the Coelioxyinae to the family Stel-

idae, which included most of the parasitic

bees.

Michener (1944) provided the first com-

prehensive study in which bees were as-

signed to tribes. He placed Oreopasites

Cockerell, Ammobates, Morgania Smith,

Omachthes and Pasites in the tribe Ammo-
batini (Apidae: Anthophorinae). Michener

(1944) also suggested that Caesarea Friese,

Melanempis Saussure, Parammobatodes

Friese, Pasitomachthes Bischoff, Pseiidodi-

chroa Bischoff and Sphecodopsis Bischoff

might belong in the Ammobatini.

Popov (1951) divided Michener's (1944)

Ammobatini into two distinct tribes, the

Ammobatini and the Pasitini, placed in

the subfamily Anthophorinae of the fam-

ily Anthophoridae. Popov's Ammobatini
contained the genera Ammobates (for

which he described two new subgenera,
Xerammobates Popov and Euphileremus Po-

pov), Caesarea, Parammobatodes Popov and

Oreopasites. His Pasitini consisted of Pasi-

tes, Morgania, Omachthes, Pseiidopasites,

Sphecodopsis, Pasitomachthes and Pseudodi-

chroa. He made no mention of Melanempis.
Sustera (1958), in contrast, placed the No-

madini, Ammobatini and Pasitini in the

Andrenidae.

Baker (1971), in his discussion on Pasi-

tomachthes, supported Popov's (1951) clas-

sification. Rozen & McGinley (1974) found

evidence in their study on the systematics
and phylogeny of the larvae of these bees

that Oreopasites and Pasites are closely re-

lated, with Ammobates somewhat diver-

gent and Sphecodopsis farthest away.
Warncke (1983), in a revision of the Pa-

laearctic fauna, took a completely different

approach and placed almost the entire Pa-

laearctic and Afrotropical faunas of am-
mobatine bees {sensu Michener) into the

genus Pasites, which he subdivided into

six subgenera: Parammobatodes, Spinopasi-

tes Warncke, Micropasites Warncke, Euphil-

eremus, Ammobates and Pasites. He consid-

ered Morgania, Omachthes, Pasitomachthes,

Pseudopasites and Sphecodop'sis to be junior

synonyms of Pasites (sensu stricto).

Warncke (1983) did not give a detailed ex-

planation for his actions and made no

mention of Oreopasites and Melanempis, ex-

cept that in changing the name Phileremus

ater Saussure (= Melanempis atra) to Pasites

madagascarensis he indicated that he con-

sidered Melanempis to be a synonym of

Pasites.

Subsequent to Wamcke's (1983) study,
the tribal classification of the Nomadinae,
based on adult morphology, was studied

by Roig-Alsina (1987, 1991) and Alexander

(1990), neither of whom adopted
Warncke's (1983) classification. Roig-Alsi-
na (1987), in his discussion on the phylo-

genetic relationship between the Caeno-



356 Journal of Hymenoptera Research

prosopidini, Biastini and Ammobatini, de-

fined the Ammobatini in the 'sense of

Michener (1944)'. Alexander (1990), in his

table on the distribution and host records

of the Nomadinae, stated that he did not

use Wamcke's (1983) classification be-

cause he had not studied the group in suf-

ficient detail. Rozen (1992) discussed the

tribal characters in detail without recog-

nising either tribes.

Roig-Alsina (1987, 1991) and Alexander

(1990) demonstrated that the Caenopro-

sopidini is the sister group of the Ammo-
batini. In the Ammobatini the sixth meta-

somal sternum (S6) of the female is bifur-

cate or secondarily simple posteriorly, and

in the Caenoprosopidini this structure is

bilaterally separated. The inference, by the

above mentioned authors, that the bifur-

cate female S6 in the Ammobatini gave
rise to the bilaterally separated condition

in the Caenoprosopidini implies that the

Caenoprosopidini is a monophyletic

group. The monophyly of the Ammobati-

ni, however, was not demonstrated by ei-

ther Roig-Alsina (1987, 1991) or Alexander

(1990).

In his studies on the phylogeny of the

Nomadinae, Roig-Alsina (1987) demon-

strated the sister taxon of the (Ammoba-
tini -I- Caenoprosopidini) clade to be the

Biastini. Alexander (1990), however, indi-

cated that the Neolarrini was possibly the

sister group of this clade. Subsequently

Roig-Alsina (1991), using different char-

acters, came to the same conclusion as Al-

exander (1990). The absence of a pygidial

plate, as mentioned by Roig-Alsina (1987)

is not a synapomorphy of the ((Ammo-
batini -I- Caenoprosopidini) -I- Biastini), as

several species of Pasites have well devel-

oped pygidial plates. Recently, Roig-Alsi-

na & Michener (1993) considered them to

belong in the Apidae. The current familial

placement of these bees, a topic that is be-

yond the scope of the study, has been ac-

cepted.

MATERIALS AND METHODS

In an attempt to demonstrate the mono-

phyly of and elucidate the generic classi-

fication of the Afrotropical Ammobatini,
all the known Afrotropical species (repre-

sented by over 800 specimens) and all

available extra-African representatives of

the tribe (183 specimens from the Pa-

laearctic and Nearctic Regions) were stud-

ied. All the available type material of the

Afrotropical species was examined during
the course of the study. The type material

of eight species was not studied because

it could not be obtained: Pasitomachthes ar-

gentatus Baker was identified from the de-

tailed description and comparison with

type material of other species; Omachthes

capiensis Friese, Pseudodichroa fiimipennis

Bischoff and Phileremus (Melanempis) ater

Saussure were reliably identified from au-

thoritatively determined material; Pasites

atratulus Friese, Omachthes gabonensis

Vachal, Morgania rotundiceps Bischoff and

Morgania tropica Cockerell remain incertae

sedis. The study of extra-African taxa was

based mostly on previously determined

material. Information on the labels of type

specimens is recorded verbatim from the

labels. For other material, the locality,

date, collector and floral record are given
in that sequence. The distribution records

of material that was not studied are given
under 'Other published distribution re-

cords'. Vegetation types are from White

(1983). The acronyms for the museums
from which material was borrowed are

listed in the acknowledgements section.

Where geographic coordinates are given,

they are in degrees and minutes (separat-

ed by a period), not decimal degrees.

Where reference is made to 'the Code',

this means the International Code of Zoo-

logical Nomenclature, 3rd Edition (Inter-

national Commission on Zoological No-

menclature 1985).

Morphology.
—The terminology mainly

follows that of Michener (1944). Sexual di-

morphism in adult Ammobatini is slight



Volume 6, Number 2, 1997 357

and, apart from Sphecodopsis, Oreopasites,

Melanempis and Spinopasites in which

males have eleven flagellar segments, is

largely confined to the posterior region of

the metasoma. A single detailed descrip-

tion for both sexes of each species has

therefore been given, with the diagnosHc
sex-limited characters of each sex explic-

itly described. The abbreviations T and S

are used for the metasomal terga and ster-

na, respectively (e.g. Tl and SI refer to the

first metasomal tergum and sternum, re-

spectively). Vestiture generally refers to

the relatively fine hairs and where setae

are specifically mentioned these are thick-

er hairs. The sixth metasomal tergum of

the female of some species has a brush

posteriorly (located below the pygidial

plate when this structure is present). This

brush has been referred to as the subpy-

gidial brush (Fig. 6); when it has thick

hairs dorsally and fine vestiture ventrally

it has been referred to as differentiated. In

certain taxa the posteromedian region of

the fifth metasomal sternum of the fe-

male, when viewed from behind, forms a

distinct furrow. Rozen's (1968a) terminol-

ogy has been used for this structure which

he referred to as being 'gutter-like'. In the

illustrations of the male terminalia the an-

terior end is at the bottom and the poste-
rior end at the top.

Cladistics: Adults of each included spe-
cies were thoroughly examined and each

character for which distinct states oc-

curred in different species was included in

the matrix. Polarization of characters was
based strictly on out-group comparison
and the putative sister group was taken as

the out group. In the analysis attempting
to demonstrate the monophyly of the Am-
mobatini as a whole, the sister group of

the Ammobatini, the Caenoprosopidini,
was included in the in group. The Neolar-

rini (represented by Neolarra vigilaiis

(Cockerell)), which is the sister group of

(Ammobatini + Caenoprosopidini) (Roig-
Alsina 1991), was then taken as the out

group. For one character (50) the state in

the Neolarrini was entirely different from

that in the (Ammobatini + Caenoproso-

pidini), and the sister group of the (Neo-
larrini + (Ammobatini + Caenoprosopi-

dini)), the Townsendiellini (Roig-Alsina

1991) (represented by Townsemiiella califor-

nica Michener) was used to polarize that

character (the relationships between the

Ammobatini + Caenoprospidini and the

Neolarrini, Townsendiellini and Ammo-
batoidini were questioned by Alexander

(pers. comm.) following additional re-

search, however). Where a possible evo-

lutionary progression could be deter-

mined between different states of a char-

acter within the in group, successive de-

rived states (0
=

primitive; 1, 2 & 3 =

successive derived states), with nonaddi-

tive binary coding, was used.

The different states of each character

were incorporated in data matrices. A
question mark (?) was used where the

state in a species could not be studied,

such as sex-limited characters for species
in which the appropriate sex is unknown
or was not available for study. In order to

root the cladogram, a hypothetical ances-

tor with all characters coded as was add-

ed. The first matrix (Table 1) gives all the

relevant information on each species. In

the formation of the second data matrix

(Table 2) some species were grouped into

species groups (reasons given below),

each of which is represented by the

ground plan of that group (derived as ex-

plained below). The third matrix (Table 4)

includes only ground plans of the genera
and was derived from the second matrix.

Cladograms were generated using Hen-

nig86, version 1.5 (Farris 1988). The first,

second and fourth cladograms (Figs. 1, 2

& 4) originate from the analysis of the in-

formation in Tables 1, 2 & 4, respectively,

without using character weighting (com-
mands m*; bb*). The third cladogram (Fig.

3) resulted from the use of successive ap-

proximations character weighting (repeat-

ed application of m*; bb*; xs w) in the

analysis of the information in Table 2.
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Table 1. Data matrix of character states for species (characters and coding of states according to Appendix 2).

I^i\»"i characters

Ancestor 0000000000 0000000000 0000000000 0000000000 0000000000 00000000

Spill, capicola 2001111101 0110010001 0012110100 1000010001 1001001101 10000000

Sph. vespericena &
Sph. hngipygidium 2001111171 0110010001 0012110110 1000010001 1001001101 1???????

Sph. villosa 2001111101 0110010001 0012110100 170001???? 77???????? 70000000

Sph. namaquensis 2001111171 0110010001 0012110100 1000010001 1001001101 1777777?

Sph. minutissima 2001111001 0110010001 0012111100 1000010001 1001001101 10000000

Sph. aculeatn 2001111101 0110010001 0012110100 1000010001 0001001101 10000000
Sph. semirufa 2001111101 0110010001 0012110100 1000010001 0001001201 10000010

Sph. capcnsis &

Sph. fumipennis 2001111171 0110010001 0012110100 1000010001 0001002301 27777777
P. barkeri 1001100011 0110010101 0021001010 1010010000 0110010001 10000000

P.friesei 1001100011 0110010101 0021001010 1110110100 0110010001 10010000
P. nilssoni 1001100011 0110010101 0021001010 1710117777 ??77777777 70010000
P. paulyi 1001100011 0110010101 0021001000 1110110100 0210010001 10010000
P. braunsi 1001100071 0110010101 0021001010 1110110100 0210010001 1?77?77?
P. humectus 1001100011 0110010101 0021001000 1110110110 0110010001 10010000
P. bicolor 1001100011 0110010101 0021001010 1010110110 0110010001 10010000
P. tegularis 1001100011 0110010101 0021001010 1010110100 0110010001 10010000
P. gnomiis 1001100011 0111010001 0021001000 1110010000 0110010001 12010100

P.carnifex 1001100011 0110010101 0022110110 1110010000 0210010001 10000000
P. dichrous 1001100011 0110010101 0022110110 1110010000 0210010001 10010010
P. jenseni & P. histrio 0011100011 0110010101 0011001010 1110010000 0210020001 10000000
P. namibiensis & P. jonesi 0111100012 0110012101 0011001010 1110010000 0210020001 10000000
P. rufipes 2001111171 0110010101 0022110010 0111001000 0210020001 17777777
P. appletoni 1001100011 0110010101 0021001010 1110010100 0210020001 10000000
P. sonwlkus 1001100071 0110010101 0021001010 1110010100 0210020001 17777777
P. maculatus 1011100011 0101010101 0021001010 1111010000 0210020001 10000000

Spi. sphwtus 1001100071 0100010111 0021001000 1100000001 0001001201 2777777?
M. atra 2101111102 1001011111 0022110010 0000011010 0001001301 10010000
O. vanduzeei 1001100002 1000011011 0020010000 1100010001 0001001201 11000000
O. linskyi 1001100002 1000021011 0020010000 1100010001 0001001201 11000000
A. verhoeffi 1001100002 1000010111 0021000000 0010010001 0000101211 11000010
A. rostratus 0111100002 1000010111 0020001000 0110000001 0000101211 11000010
A. robustus 0111100002 1007710111 0020001000 01???77777 ????77?777 7?????77
A. teheranicus &: A. bniieri 0111100072 1000010111 0020001000 0110000001 0000101211 17777777
A. hipporiensis 0111100002 1000011111 0020001000 0710007777 ?????77777 71000010
A. mavnmwiistakisi 0111100002 1000010111 0020001000 1110000001 0001101211 10000010
A. handlirschi 0111100002 1007711111 0020001000 1110007??? 7777777777 71000010
A. deprcssus 0111100072 1000010111 0020001000 0100000001 1000101211 11000020
A. punctatiis 1011100002 1000010111 0020001000 0110010101 0000101211 11000000
A. ancylae 1111100002 1007710111 0020001000 1110010001 0000101201 11000020
A. solitarius 1011100072 1000010111 0020001000 1110010001 0000101201 1???????
A. vinctus 1011100072 1000011111 0020001000 1110010001 0000101211 11000010
A. auster, A. similis,

A. niveatus &: A. si/riacusl011100002 1000010111 0020001000 1110010001 0000101201 11000010
A. nifiventris 1011100002 1000011111 0020001000 1110010001 0000101201 11000010
A. irankus 1011100002 1000011111 0020001000 1110010001 0000101201 11000020
A. dubius 1011100002 1000010111 0020001000 1110010001 0000101201 11000020
A. assimilis 1011100002 1000010111 0020001000 1110017777 77???????? 71000020
A. opacus 1011100072 1007711111 0020001000 1110010001 0000101201 1???????
A. armeiiiacus 1011100002 1007710111 0020001000 1110010001 0000101201 11000020
A. sanguineus 1011100002 1000010111 0020001000 1111010001 0000101201 11000020
A. biastoides 0001100002 1000010111 0020001000 1111010001 0000101201 11000010
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Table 1. Continued.
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Table 2. Data matrix of character states for species groups (characters and coding of states according to

Appendix 2).

Taxon
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Table 3. Weight assigned to each character during analysis of data in Table 2 after successive approxi-

mations character weighting (maximum weight
=

10).

VVei>^ht C harjcler

Weight 10:

Weight 5

Weight 4:

Weight 3;

Weight 2

Weight 1

Weight 0:

4, 5, 15, 16, 20, 21, 22, 30, 35, 39, 42, 43, 45, 47, 49, 50, 53, 56, 58.

10, 46, 48, 52, 57.

9, 25, 29, 44.

23.

6, 7, 8, 11, 13, 26, 28, 33, 40, 41, 54, 55, 57.

1, 12, 18, 19, 24, 32.

2, 3, 14, 17, 27, 31, 34, 36, 37, 38, 51.

single species group, the matrix was al-

tered in a stepwise manner from the most

primitive to the most derived state). After

each alteration the resultant matrix was

re-analyzed and the tree length compared
with that of the former analyses. The data

set that gave the shortest tree was chosen.

Where the different states provided clado-

grams of equal length, each state was
studied for evidence suggesting which

state was primitive for the group. In the

absence of such evidence the more primi-
tive state was chosen. This procedure was

repeated for each species group.
For Ammobates, in the oxianus group the

more derived state for characters 10, 11 &
19 gave the shortest tree (i.e., state 1). In

both the rostratus and punctatus groups
the more derived state for character 31

(i.e., state 1) and in the rostratus group for

character 52 (i.e., state 2) gave a shorter

tree and was therefore preferred. In the

punctatus group character 57 is represent-
ed by three different states (i.e., states 0, 1

& 2), of which state 1 gave the shortest

tree.

The same approach was adopted in the

development of ground plans for the gen-
era (Table 4), which resulted in the more
derived state (i.e., state 1) being preferred
for two characters in Ammobates. For char-

acter 1 states and 1 gave trees of similar

length. State 1 was preferred because it is

apparently more primitive for the group,

being reversed in A. rostratus. In Ammo-
hates state 1 is more common and this state

also occurs in Spinopasites and Oreopasites,

whereas state 2 occurs in (Melanempis +

Sphecodopsis) (Fig. 2). For character 31 the

derived state (i.e., state 1) gave the short-

est tree.

PHYLOGENY OF THE AMMOBATINI

As indicated above, an analysis including
all species separately was not successful be-

cause of missing data. The analysis of

ground-plan adult character states (Appen-
dix 2) of the species groups (Table 2), how-

ever, resulted in 48 most parsimonious

cladograms, each with a length of 154 steps.

The study of each of these 48 trees, and the

strict consensus tree (Fig. 2) indicated a con-

Table 4. Data matrix of character states for genera (characters and coding of states according to Appendix 2).

I.iM.n
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sistent pattern of seven major clades. The

basal branch consistently represented the

Caenoprosopidini, which was included in

an attempt to demonstrate the monophyly
of the Ammobatini, while the other six ma-

jor clades more or less represented the am-

mobatine genera as defined by Michener

(1944). The consistency in the composition
of these six clades led to their being consid-

ered here to constitute genera {Pasites, Spi-

nopnsites, Oreopasites, Ammohates, Sphecodop-

sis and Melauempis, Fig. 1). Most of the trees

differed only in the relative positions of the

species groups within each clade.

Analysis of the data using successive

approximations character weighting re-

sulted in 12 most parsimonious trees, each

with a raw length of 156 steps. The differ-

ences in the lengths of the trees produced
with and without character weighting ap-

parently resulted from the different con-

figurations of the species groups within

each genus and not from differences in the

configuration of the genera. The final

weight assigned to each character in the

weighted analysis is recorded in Table 3.

The only difference in the relationships
between the genera in the 48 most parsi-

monious unweighted cladograms was the

relative position of Oreopasites. In some of

the cladograms it formed the sister group
of Anmwbates, with (Sphecodopsis + Meln-

nempis) as the sister group of (Ammobates
+ Oreopasites) (Fig. 3), while in the other

cladograms it formed the sister group of

(Sphecodopsis + Melauempis), with Ammo-
bates as the sister group of (Oreopasites +

(Sphecodopsis + Melauempis)). This resulted

in a polytomy for Oreopasites, Ammobates

and (Sphecodopsis + Melauempis) in the

consensus tree (Fig. 2). The position of Or-

eopasites in the consensus tree, produced

using successive approximations character

weighting (Fig. 3), was the same as that

which occurred most frequently among
the trees produced without character

weighting and was accepted as the most

probable phylogeny. Evidence supporting
this choice is the reduction in the male py-

gidial plate (state 52.1), which associates

Ammobates and Oreopasites and was given
a weight of 5 in the analysis using succes-

sive approximations character weighting

(Table 3). The mandibles posterolaterally
directed in repose (18.0) and the undiffer-

entiated vestiture on the ventrolateral re-

gion of the mesepisternum (27.0), which

group Oreopasites with (Melauempis +

Sphecodopsis), have weights of 1 and re-

spectively (Table 3). The grouping of Or-

eopasites with Amimibates can also be more

easily explained when considering the

biogeography of these bees, the former ge-
nus is Neotropical and the latter mainly
Palaearctic, where as the other ammoba-
tine genera are primarily Afrotropical.
The analysis of generic ground plans

(Table 4), without character weighting,

gave a single most parsimonious tree (Fig.

4). The configuration of the tree differs

from that produced by the former analyses

(Figs. 1-3) only in the placement of Spino-

pasites. The difference is significant because

it makes Oreopasites the sister group of Am-
mobates, whereas in the analysis of species
and species groups Oreopasites, Ammobates

and (Melauempis + Sphecodopsis) (Figs. 2 &
3) are more closely related to one another

than to Spinopasites. The reason for the

change is that in the generic ground plans
of Spinopasites, Oreopasites and Ammobates

the hind tibia has thick setae (32.1) and the

posteromedian region of the female S5 has

a distinct protuberance (48.2). In Sphecodop-
sis and Melauempis the hind tibia has fine

vestiture (32.0). Sphecodopsis has a small

posteromedian protuberance on the female

S5 (48.1) and Melauempis has a large, gut-
ter-like protuberance (48.3), making the

derivation of the posteromedian protuber-
ance on the female S5 dichotomous. Be-

cause of the absence of information on the

male of Spinopasites it is possible that dis-

covery of the male may alter the interpre-

tation of the relahonship between Spinopas-

ites and its congeners.
Discussion of the generic relationships

is based mainly on the cladogram of the
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-
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J /*. carnifex
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-
Spi.spinoius

O.vanduzeei

O.linsleyi

- M.afra

Sph.capicola

Sph.vesperkena & Sph.longipyguiium

Sph. vUlusa
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'
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I
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*

A.aegyptiacus
- A.rostraius
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-
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Fig. 1. Strict consensus tree of over 1200 equally most parsimonious ciadograms from analysis of data in

Table 1 (species), without character weighting (length 190, consistency index (CI) 38, retention index (Rl)83).
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Fig. 2. Strict consensus tree of 48 equally most parsimonious cladograms from analysis of data in Table 2

(species groups), without character weighting (length 156, CI 45, RI 73). Character transformation symbolised
as follows: black = unique derivation; grey

=
convergent derivation; open

= reversal (unique or convergent).

species groups derived without weighting Ammobates, resulted in the loss of infor-

of characters (Fig. 2). Emphasis has not mation. The loss of information in the for-

been placed on the generic analysis be- mation of ground plans for species groups
cause the formation of generic ground was minimal,

plans for the more diverse genera, such as The Caenoprosopidini is the sister
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Fig. 3. Strict consensus tree of 12 equally most parsimonious cladograms from analysis of data m Table 2

(species groups), using successive approximations character weighting (raw length 158, CI 72, RI 88). For

symbols see Fig. 2.

group of the Ammobatini, as was dem- sopidini to be monophyletic by the pres-

onstrated by Roig-Alsina (1987, 1991) who ence of several unique synapomorphies,

adequately discussed the relationship be- but was unable to demonstrate the mono-
tween these two tribes. Roig-Alsina (1987, phyly of the Ammobatini in this way. By

1991) clearly demonstrated the Caenopro- including C. crabroniiia in this study, to
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Fig. 4. Single most parsimonious cladogram from analysis of data in Table 3 (genera using adults), without

character weighting (length 88, CI 69, RI 52). For symbols see Fig. 2.

represent the Caenoprosopidini, the

monophyly of the Ammobatini was dem-
onstrated by the presence of several

unique, unreversed, synapomorphies.
They are the position of antennal sockets

in the middle of the face and the associ-

ated relatively long subantennal suture

(4.1, 5.1), presence of the paraocular carina

(16.1) and the declivous, gently concave,

glabrous anterior surface of the pronotum
(20.1). The modification of the postero-
median region of the female S5 as a whole
is also unique to the Ammobatini, but it

forms two separate characters within the

tribe. In Pasites the posterior margin is

clothed with fine vestiture and is not

lengthened (44.1, 46.1 & 2), whereas in the

other Ammobatini the posterior margin is

naked and elongate (44.0, 47.1 & 2).

Pasites forms the first major clade of the

Ammobatini (Figs. 1^) and is monophy-
letic. Its monophyly is demonstrated by
three unique synapomorphies, the pres-
ence of a subpygidial brush in the female

(state 42.1), the fine vestiture and structure

of the posteromedian region of the female

S5 (43.1, 46.1). Supporting character states

are: 10-segmented male antennal flagel-

lum (9.1); spatulate labrum (13.1); position
of the mandibles when in repose in both

sexes (19.0) and presence of a pygidial

plate in the female T6 (40.0).

The remaining ammobatine genera to-

gether form a distinct clade which is the

sister group of Pasites. The monophyly of

this clade is demonstrated by the unique
structure of the female S5, which is con-

cave posteromedially (47.1) and has a na-

ked posteromedian protuberance (44.1 &
48.2).

Spinopasites is monotypic and forms the

sister group of the clade {(Sphecodopsis +

Melanempis) + (Oreopasites + Ammobates))
in the species-group analysis (Figs. 1-3).

The distinguishing features are the gently
curved propodeum (36.0) and the single

posterior spine on the female S6 (51.2),

neither of which is unique to this genus.
In the generic analysis, Spinopasites forms

the sister group of (Oreopasites + Ammo-

bates), with (Melanempis + Sphecodopsis) as

the sister group of (Spinopmsites + (Oreo-

pasites + Ammobates) (Fig. 4). Here the api-

cally pointed labrum (12.1), sparsely pu-
bescent ventral region of the mesepister-
num (27.1) and the single posterior spine
on the female S6 (51.2) are the distinguish-

ing characters. The reason for the different

distinguishing characters in the two trees

is the changes made in the development
of ground plans for the genera and pos-
sible ambiguities resulting from the use of

consensus trees for the species-group anal-

yses. The discovery of the male of this ge-
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nus may unambiguously demonstrate its

relationship to the other genera in the

tribe.

The remaining four genera form two

separate clades, {Ammobates + Oreopasites)

and {Melanenipis + Sphecodopsis). In the ac-

cepted cladogram of the species groups,
these two clades form sister groups (Fig.

3) and in the generic analysis Spinopasites

is the sister group of {Ammobates + Oreo-

pasites). (Ammobates + Oreopasites) forms a

monophyletic group defined by the ab-

sence of the male pygidial plate (52.1),

which is peculiar to these two genera, and

by the strongly appressed scutal vestiture

(24.0). Each of these two genera is itself

apparently monophyletic. In Ammobates

the structure of the posterior margin of the

female S5 (45.1) is unique. Other states

that help to define Ammobates are the

short, unmodified, naked posterior mar-

gin of the female S5 (44.0) and the poste-

rior region of the male S8 that is at least

as wide as the anterior region (57.1). A
unique synapomorphy was not found for

Oreopasites, which is largely defined by the

presence of an occipital carina (17.1),

crossing of the mandibles when in repose

(18.0) and undifferentiated vestiture on

the lower region of the mesepisternum

(27.0).

{Melanempis + Sphecodopsis) is not de-

fined by a unique synapomorphy. The

combination of character states that de-

fines this clade is as follows: the lateral re-

gion of the vertex is flat (1.2); facial vesti-

ture is generally simple (6.1), erect (7.1)

and fairly sparse (8.1); scutal vestiture is

mostly erect (24.2) and fairly sparse (25.1);

vestiture on the ventrolateral region of the

mesepisternum is not obviously different

from that on the upper region (27.0); se-

tation on the hind tibia is more or less uni-

form (32.0) and the male pygidial plate is

well developed (52.0). Melanempis is clear-

ly monophyletic, defined primarily by the

truncate female T6 which is naked and

surrounded by a small carina (39.1). Of the

other states that define this genus the most

significant are the absence of a maxillary

palp (14.1), presence of a mediolongitudi-
nal carina on the dorsal surface of the fe-

male T6 (37.1 ) and the gutter-like structure

on the posteromedian region of the female

S5 (48.3). Sphecodopsis is defined by a com-
bination of several states, the most impor-
tant being the quadrate, apically pointed
labrum (10.0, 11.0, 12.1, 13.1), mandibles

which cross each other behind the labrum

when in repose (18.0, 19.0), simple scutal

vestiture (23.1) and the extension of the

pre-epistomal groove below the scrobal

groove (28.1).

The classification of Michener (1944) is

compatible with the results of the current

study. The only difference is that some of

his genera have been synonymized. Po-

pov's (1951) division of the current Am-
mobatini into two distinct tribes (Ammo-
batini = Ammobates + Oreopasites and Pas-

itini = Pasites + Sp^hecodopsis) is incompat-
ible with the results of this study as

Sphecodopsis and Pasites belong to separate

monophyletic clades, but does associate

Ammobates and Oreopasites. The inclusion

of all the Ammobatini into a single genus
(Wamcke 1983) obscured the fact that the

tribe can be divided into definite groups
which facilitate the understanding and

study of these bees. The differences be-

tween the genera, as delimited above, ap-

pear to be more consistent with the differ-

ences used to define genera in other

groups of bees, and a subgeneric classifi-

cation could even be gainfully applied to

certain of the ammobatine genera, ex-

pressly Pasites and Ammobates.

Five of the ammobatine genera are con-

fined to the Old World: Sphecodopsis

(southern Africa; 9 species) and Mehviem-

pis (Madagascar, four species, R.W. Brooks

pers. comm.) are Afrotropical; Pasites is

predominantly Afrotropical (23 species)

but has 1 species in the Palaearctic Region;

Spino}nisites is Palaearctic (Tunisia, 1 spe-

cies), and Ammobates is predominantly Pa-
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laearctic (Mediterranean, eastern Europe
and Iran, 47 species being revised by M.
Schwarz (pers. comm.)) but has 1 species
in southern Africa. Oreopasites is the only
New World genus and its 11 species occur

in the southwest of the Nearctic Region
(Rozen 1992).

The sister group of the Ammobatini, the

Caenoprosopidini (Roig-Alsina 1987,

1991), is Neotropical and its species occur

mainly in the Patagonian Subregion of

South America (Roig-Alsina 1987; Kuschel

1969). This suggests that the common an-

cestor of the (Caenoprosopidini + Am-
mobatini) occurred in that part of Gon-
dwanaland which today forms southern

Africa and the southern part of South

America. It also suggests that the Ammo-
batini evolved subsequent to the separa-
tion of South America from southern Af-

rica, about 120 million years ago (Smith et

al. 1981). The common ancestor of the

(Caenoprosopidini -I- Ammobatini) must,

however, have occurred before that time.

Therefore, it may be assumed that the

Ammobatini originated in the Old World,
and most probably in the Afrotropical Re-

gion because Pasites, which forms the ba-

sal clade of the Ammobatini, is primarily

Afrotropical (the Palaearctic P. maculatiis

Jurine is one of the most derived species
in the genus). The Ammobatini are as-

sumed to have spread from the Afrotrop-
ical into the Palaearctic Region. Airvnobates

and Oreopasites are evidently sister

groups, and the colonization of the Nearc-

tic probably took place from the Palaearc-

tic Region.
Our knowledge of the paleovegetation

in Africa is inadequate to facilitate a de-

tailed hypothesis on the vegetation types
that the ancestors of the extant ammoba-
tine genera inhabited. Soon after the

breakup of Gondwanaland the vegetation
in Africa was vastly different from that of

today (Axelrod & Raven 1978) and it con-

sisted largely of rain forest and woodland.

Although most of the extant Ammobatini
live in the semi-deserts of southern Africa

and the Mediterranean Region, Pasites in-

habits a variety of different vegetation

types, and occurs in rain forest, woodland
and desert. This supports the conclusion

that Pasites is the oldest ammobatine ge-
nus and suggests that the habitation of

arid areas is derived for the tribe. The oc-

currence of Ammobates auster spec. nov. in

the arid areas of southern Africa suggests
that Ammobates was previously more

widely distributed in Africa.

REVISION OF AFROTROPICAL
AMMOBATINI HANDLIRSCH

The tribe Ammobatini was first pro-

posed by Handlirsch (1925). Ammobatine
bees are small to medium sized (2.3-12.5

mm long). They are mostly black to red-

dish with short, densely plumose, ap-

pressed vestiture and the metasoma is

strongly convex dorsally. Most species of

Spliecodopsis, however, have long, weakly

plumose, semi-erect vestiture and the me-
tasoma is flatfish. The principal diagnostic
features of the Ammobatini are: paraocu-
lar carina well developed on lower half of

face; male with a tuft of hairs on lower

lateral part of labrum, except Melauempis;

pronotal collar carinate laterally; female

T5 lacks a pseudopygidial area, S5 con-

cave posteromedially when viewed from

behind; apex of concavity of female S5 ex-

tended into a protuberance that may be

gutter-like in all genera except Pasites; fe-

male S6 reduced and largely internal,

visible externally as one or two sclerotized

spines, not longitudinally separated, with-

out coarse setae.

Many of the species are dealt with in

groups (Appendix 1). The purpose of the

species groups is to facilitate the descrip-
tion and discussion of closely related spe-

cies, and should also facilitate the recog-
nition of the species.
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KEY TO THE GENERA OF AMMOBATINI
(Males and Females)

1. Distal ends of mandibles crossing diagonally in repose 2

- Distal ends of mandibles entirely overlapping in repose 3

2. Labrum short (about quadrate) and pointed apicomedially, mandibles closing behind la-

brum (Afrotropical) Sphecodopsis Bischoff

- Labrum long (about 1,4 X as long as wide) and truncate distally, mandibles traversing

labrum so that distal end of labrum is visible posterior to closed mandibles (Nearctic) .

Oreopasites Cockerell

3. Female; metasoma with six exposed terga 4

- Male; metasoma with seven exposed terga 7

4. S5 with posteromedian region naked (often entire posterior margin naked) and with a

small protuberance or a weak to well developed gutter posteromedially 5

- Always with entire posterior margin of S5 clothed with fine vestiture, and devoid of any
modifications as described above Pasites Jurine

5. S6 forming a single spine posteriorly (North Africa) Spinopasites Wamcke
- S6 bifurcate posteriorly

6

6. T6 with posterior end naked and circumscribed by a carina (Madagascan)

Melanempis Saussure

- T6 with posterior end setose, without a peripheral carina (southern African and Palaearctic)

Atnmobates Latreille

7. Antenna 13-segmented; posterior end of T7 convex (except Melanempis which has 12 an-

tennal segments and posterior end of T7 concave) 8

- Antenna 12-segmented, and T7 convex posteriorly Pasites Jurine

8. T7 spatulate, devoid of a pygidial plate and concave posteriorly (Madagascan)

Melanempis Saussure

- T7 usually with a pygidial plate, never concave posteriorly (southern African and Pa-

laearctic) Ammobates Latreille

GENUS PASITES JURINE

Pasites Jurine 1807:224. Type species: Pasites ma-

culatus Jurine 1807 (original designation).

Pasites (Pasites) Jurine; Wamcke 1983:261-347.

Morgama Smith 1854:253; Cockerell 1933c:106;

Wamcke 1982:104-105 [synonymised]. Type

species: Pasites dichrous Smith 1854 (mono-

basic).

Morgattia (Morgania) Smith; Bischoff 1923:586.

Omnchthcs Gerstaecker 1869:154. Type species:

Omachthes carnifex Gerstaecker 1869 (desig-

nated by Sandhouse 1943). Wamcke 1983:291

[synonymized].
Htvnachthes Gerstaecker; Dalla Torre 1896:499

[unjustified emendation for Omachthes].

Morganta {Omachthes) Gerstaecker; Bischoff

1923:586.

Onmchtes [sic] Gerstaecker; Friese 1909:436-^38

[/rt;)SI(s].

Pasitomachthes Bischoff 1923:596; Wamcke 1983:

291 [synonymised]. Type species: Pasites ni-

gerrimus Friese 1922 (original designation).

Pasitomachtes [sic] Bischoff; Sandhouse 1943:586

[lapsus].

The name Pasites is masculine according
to the Code, Article 30(b), which specifies

this for names with the suffix -ites. (Al-

though Jurine gave no derivation for the

name, it was probably derived from pms

(Greek, all) and the suffix -ites (Greek,

like), since he listed the ways in which the

genus was similar to four other genera.)

Jurine (1807) gave the specific epithet of

the type species {'maculata') a feminine

ending, however, indicating that he con-

sidered the name to be feminine. Accord-

ing to the Code this must be considered

an error, which was apparently first cor-

rected by Gerstaecker (1869).

Smith (1854), at the end of his original
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description of P. dichrous (as 'dichroa'),

stated that 'It is very probable that the

present species may be separated from

Pasites by a monographer of these parasit-

ic genera, in which case we would pro-

pose the name of Morgania'. According to

the Code, Article ll(d)(i), this made the

name Morgania Smith, 1854 available. Sub-

sequently, Gerstaecker (1869) described

the genus Omachthes for P. carnifex, a spe-
cies that closely resembles P. dichrous in all

respects. Thereafter the names Pasites,

Morgania and Omachthes were commonly
applied, in an inconsistent manner, to this

group of bees.

Bischoff (1923) provided the first mon-

ographic study of the Afrotropical cuckoo

bees, and clearly stated that Pasites does

not occur in the Afrotropical Region. He

placed the Afrotropical species that had

previously been placed in Pasites into Mor-

gania (which he divided into two subgen-
era, namely Morgania sensu stricto and

Omachthes) except for two species that

were previously assigned to Pasites for

which he described the genus Pasitomach-

thes. The two species are P. nigerrimiis (
=

P. barkeri (Cockerell)) and P. bicolor Friese.

The only information that Bischoff (1923)

provided on his interpretation of Pasites,

Morgania, Omachthes and Pasitomachthes

was in a key to the ammobatine genera.
The characters referred to in the key were
either poorly described, which does not al-

low for an accurate interpretation of his

ideas, or unreliable (Cockerell 1933c). Bis-

choff (1923) did not state whether he had
studied the type species of Morgania and

Omachthes, P. dichrous and O. carnifex re-

spectively, which are clearly more closely
related to one another than to any of the

other species that he placed in either Mor-

gania sensu stricto or Omachthes. The char-

acters that Bischoff (1923) used to identify
Pasites are, furthermore, clearly evident in

some of the Afrotropical species. It is,

therefore, inexplicable as to why he stated

that Pasites does not occur in Africa. It is

also not clear why he described the genus

Pasitomachthes for two species that appar-

ently conform with his interpretation of

Morgania. The current study, during
which the type species of Pasites, Morgan-
ia, Omachthes and Pasitomachthes were

studied, demonstrated that these four taxa

are synonymous.
Pasites is primarily Afrotropical. P. ma-

culatus Jurine, which is Palaearctic, is the

only species in the genus that does not oc-

cur in the Afrotropical Region. There are

15 subsaharan species, namely: P. barkeri

Cockerell, P. friesei Cockerell, P. paulyi

spec, nov., P. braiinsi Bischoff, P. humectus

spec, nov., P. gnomus spec, nov., P. carnifex

(Gerstaecker), P. dichrous (Smith), P. jen-

seni (Friese), P. namibiensis spec, nov., P.

histrio (Gerstaecker), P. jonesi (Cockerell),

P. rufipes (Friese), P. appletoni (Cockerell)
and P. somalicus spec. nov. Three species
are endemic to Madagascar: P. nilssoni

spec, nov., P. tegularis Friese and P. bicolor.

The species of Pasites are very small to

large (3.9-12.5 mm long) and their colour

varies from completely black to almost en-

tirely reddish-orange. The diagnostic fea-

tures of the genus are as follows: vertex,

frontal view, distinctly convex (Figs. 5,

42), except that of P. rufipes in which ver-

tex is flat laterally, raised between lateral

ocelli (c/. Fig. 63); face with short brown
to white or whitish vestiture, that on low-

er half of face densely plumose and that

on upper half relatively sparse and mostly

simple (Figs. 5, 42), except P. rufipes in

which entire face is sparsely clothed with

long, black, weakly plumose vestiture {cf

Fig. 63) and P. maculatus in which only
area around antennal socket has plumose
vestiture; antenna 12-segmented in both

sexes; labrum variable in length and

shape, ranging from little shorter to dis-

tinctly longer than its maximum width

and from pointed apicomedially to more
or less truncate distally (Fig. 14); mandi-

bles behind labrum in repose; scutellum

gently and evenly curved mediolongitu-

dinally, gently swollen paramedially; last

exposed metasomal tergum (T6 female, 17
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male) either with or without pygidial minalia, as described below. Males are dif-

plate; female S5 with strong conical (pos- ficult to identify, but can usually be asso-

terior apices of S5 diverging. Fig. 6) or el- ciated with conspecific females taken from

liptical concavity (posterior apices of S5 the same area, by their colour and sculp-

converging. Fig. 46), without posterome-
^''e- This, together with the fact that the

dian protuberance, border of concavity
males of three species are unknown, has

, ,, , .., c- ^^ c ^ cr u- made it difficult to produce a reliable key
clothed with fine vestiture; female Sb bi- ^ ^l i

to the males,
furcate posteriorly. ^^^ ^^^^^ ^^^ ^^^^ ^j^j^^^ .^^^^ ^^^^^
The diagnostic characters of the species ^p^^j^g g^^^p^ ^^^^ ^^ ^^ich are mono-

are diverse, ranging from their general typj^ (Appendix 1). A diagnosis of P. ma-

colour, sculpture and vestiture to the culahis has been included in order to bring
structure of the maxillary palp, pygidium this single extra-Afrotropical species into

and S5 of the female, and the male ter- context with the remainder of the group.

KEY TO SPECIES OF PASITES

(Males and Females)

1. Palaearctic; upper paraocular area distinctly swollen, resulting in it being strongly in-

curved above antennl sockets and dorsomedially P. maculatus (Jurine)
-

Afrotropical; upper paraocular area flat to slightly swollen, resulting in it being gently
curved above antennal sockets and dorsomedially 2

2. Occurring in subsaharan Africa 3

- Madagascan (ater group, part) 22

3. Head, viewed perpendicular to lower region of clypeus, with upper margin of vertex

between eye and lateral ocellus straight (cf. Fig. 63); facial vestiture weakly plumose and

black; metasoma black; pygidial plate absent (male unknown) P. nifipes (Friese)
- Vertex convex (Figs. 5, 42); facial vestiture densely plumose near antennal sockets and

usually whitish, if brown or black then metasoma orange; metasoma black, reddish black

or orange; female with well developed pygidial plate 4

4. Very small, 2.3-2.5 mm long; pygidial plate absent in both sexes, female with subpygi-
dium well developed posteriorly, about half as long as its maximum width and densely
clothed with fine brownish-yellow vestiture (Fig. 29); male S8 with two well developed
anterior lobes (Fig. 31); gonocoxite of genitalia broadly rounded posteriorly (Fig. 32) . . .

P. gnomus Eardley
- Small to large, 3.7-12.5 mm long; pygidial plate always present, but sometimes reduced;

female with subpygidial brush short, distinctly less than half as long as its maximum
width (Figs. 6, 15, 19, 20, 24, 28); male terminalia otherwise 5

5. Metasoma orange and largely naked, with a little orange vestiture; vestiture on head and

mesosoma brown to white (large, 7.0-12.5 mm long) (carnifex group) 6

- Metasoma with integument usually black or blackish, sometimes reddish to orange, al-

ways with white plumose vestiture; vestiture on head and mesosoma always pallid (small

to large, 3.7-8.8 mm long) (Males are difficult to identify and for some species are un-

known, females are usually required for a positive identification.) 7

6. First flagellomere 1.2x as long as second flagellomere; female subpygidial brush expand-
ed dorsally (Fig. 38); male S8 parallel-sided posteriorly and weakly concave posterome-

dially (Fig. 39) P. dichrous Smith
- First flagellomere 2.5x as long as second flagellomere; female subpygidial brush not

expanded dorsally (Fig. 34); male S8 tapering posteriorly and with posterior end distinctly

emarginate (Fig. 36) P. carnifex (Gerstaecker)

7. Female with posteromedian concavity on S5 conical [posterior apices diverging] (Figs. 6,
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15, 19, 20, 24, 28); male integument usually completely black to blackish, legs always
black; pygidial plate of male tapering posteriorly when viewed from above 8

- Female with posteromedian concavity on S5 elliptical [posterior apices converging] (Figs.
43, 47, 50, 51, 53, 57, 58); male integument black to orangish; pygidial plate with posterior
end more or less parallel-sided in dorsal view, except for P. appletoni in which legs and
metasoma orangish 12

8. Female with pygidial plate well developed laterally and posteriorly (Fig. 6); vestiture on

posterior margin of T2-T4 directed laterally P. barkeri (Cockerell)
- Female pygidial plate either well developed laterally and notched posteriorly or entire

plate strongly reduced (Figs. 15, 19); vestiture on posterior margin of T2-T4 directed

posteriorly (ater group, part) 9
9. Female with enhre pygidial plate strongly reduced laterally, only posterior margin clearly

visible (Fig. 20); male S7 tapering evenly towards posterior end which is distinctly emar-

ginate (Fig. 21) P. humecttis Eardley
- Female pygidial plate well developed laterally, notched posteriorly (Figs. 15, 19); male S7

otherwise 10
10. Maxillary palp five-segmented p. paulyi Eardley
-

Maxillary palp two or three-segmented 11
11. Maxillary palp two-segmented p. friesei Eardley
-

Maxillary palp three-segmented (male unknown) P. braunsi (Bischoff)
12. Metasoma with six exposed terga and five exposed sterna, excluding highly modified S6;

terminal tergum (T6) with a well developed subpygidial brush; terminal sternum (S5)

strongly concave posteromedially (female) 13
- Metasoma with seven exposed terga and six exposed sterna; terminal tergum without a

subpygidial brush; terminal sternum entire (male) 18
13. Pygidial plate distinct laterally, either notched or absent posteriorly (Figs. 53, 57) (apple-

toni group, part) 14
-

Pygidial plate never notched posteriorly, sometimes reduced laterally (Figs. 43, 47, 50)

(jenseni group, part) 15
14. Pygidial plate fully developed, except for a small notch posteromedially (Fig. 53)

P. appletoni (Cockerell)
-

Pygidial plate only visible laterally, without a distinct posterior margin (Fig. 57)

P. somalicus Eardley
15. Propodeum with mediolongitudinal region punctate and clothed with fine vestiture ... 16
- Propodeum with mediolongitudinal region glabrous and naked 17

16. Pygidial plate well developed both laterally and distally (Fig. 43); labrum tuberculate

apicomedially p. jenseni (Friese)
-

Pygidial plate reduced laterally so that it exists only as a distinct carina on posterior end
of T6 (Fig. 50); labrum with a transverse carina apically P. jonesi (Cockerell)

17. Labrum relatively long, 1.2-1.3X as long as its maximum width ... P. namibiensis Eardley
- Labrum quadrate p. histrio (Gerstaecker)

18. Head and mesosoma mostly black, with mandible, labrum, antenna, pronotal lobe, tegula
and legs orangish, and metasoma orange; scutum fairly densely covered with small, well

separated punctures; propodeum with a broad, naked, glabrous mediolongitudinal band;
S8 strongly expanded laterally and weakly emarginate posteriorly (Fig. 55) (appletoni

group, part) p. appletoni (Cockerell)
-

Generally with head, mesosoma and metasoma mostly black; if with orange coloration
similar to that described above, then with large widely spaced scutal punctures and me-

diolongitudinal region of propodeum either hisute or with glabrous area greatly expand-
ed dorsally; S8 either moderately expanded laterally and pointed posteriorly or weakly
expanded laterally and truncate posteriorly (Figs. 45, 49) (jenseni group, part) 19

19. Propodeum with mediolongitudinal region punctate and clothed with fine vestiture ... 20
-

Propodeum with mediolongitudinal region glabrous and naked 21
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20. Labrum tuberculate apicomedially P. jenseni (Friese)

- Labrum with a transverse carina apically P. jonesi (Cockerell)

21. Labrum relatively long, 1.2-1.3X as long as its maximum width ... P. namibiensis Eardley
- Labrum quadrate P. histrio (Gerstaecker)

22. Integument of head and mesosoma mostly reddish; S7 acutely pointed posteriorly and

carinate posteroventrally (Fig. 11) P. nilssoni Eardley
-

Integument of head and mesosoma black; S7 parallel-sided posterolaterally with posterior

end emarginate (Fig. 25), without a posteroventral carina (males of the following two

species are indistinguishable) 23

23. Female pygidial plate absent (Fig. 24) P. bicolor Friese

- Female pygidial plate well developed laterally and notched posteriorly (Fig. 28)

P. tegularis Friese

BARKERI SPECIES GROUP

This species group is monotypic.

Pasites barkeri (Cockerell), comb. nov.

(Figs. 5-10)

Morganin barkeri Cockerell 1919:189-190.

Pasites nigerrimus Friese 1922:39; Cockerell 1932:

115 [part].

Pnsitomachthes nigerrimiis (Friese); Bischoff 1923:

596-598.

PasitomachtJies argentatus Baker 1971:3-8. Syn.
nov.

Pasites obscurus Warncke 1983:291-292 [mm.
nov. pro Pasitomachthes iiigerrimus Bischoff nee

Pasites nigerrunus Friese].

Pasites nigerrimus was described from

two female specimer^s, one from Durban

(South Africa), the other from Kigonsera

(Tanzania). Both syntype have been stud-

ied and were found to belong to different

species, as first pointed out by Bischoff

(1923) who considered them to be generi-

cally distinct. He proposed the generic
name Pnsitomachthes for the syntype from

Durban but retained the specific epithet,

calling his new species Pasitomachthes ni-

gerrimus. The types of barkeri and Pasito-

machthes nigerrimus closely resemble one

another and are clearly conspecific, which

suggests that Friese (1922) was not aware

that the species had been described by
Cockerell (1919) (Pasites rjigerrimus Friese

is a junior synonym of friesei, q.v.). Baker

(1971) described arge)itatus in detail, and

compared it with the original description

of Pasitomachthes nigerrimus (he did not ex-

amine the type material of Pasitomachthes

nigerrimus). Although the type material of

argentatus (female holotype, in D. Baker's

private collection, Oxford, England) was

not available for study, comparison of the

detailed original description of argentatus

with the holotypes of barkeri and Pasito-

machthes nigerrimus led to the opinion that

argentatus, barkeri and Pasitomachthes niger-

rimus are synonyms. Warncke (1983)

transferred Pasitomachthes nigerrimus to the

genus Pasites making it a subjective hom-

onym of Pasites nigerrimus Friese, and con-

sequently renamed Pasitomachthes nigerri-

mus as P. obscurus.

Description.
—

Length of head 1.6-2.0 mm; scu-

tum 1.3-1.7 mm; fore wing 6.4-7.9 mm; body 6.3-8.8

mm. Integument black to reddish-black. Vestiture

mostly white, scuta! vestiture brownish-yellow; ven-

tral surfaces of tarsi yellowish; T5 of female with yel-

lowish tinge, distal region of S5 brownish-yellow; T6

with subpygidial brush brownish-orange. Vestiture

on head mostly short, dense and plumose, vertex

moderately dense and simple (Fig. 5); mesosomal

vestiture dense, short and simple on scutum, mod-

erately sparse on ventrolateral region of mesepister-

num, very sparse on trochanters and femora, very

dense on ventral surfaces of tarsi; Tl with anterior

surface and posterolateral regions with dense plu-

mose vestiture, vestiture on remainder of Tl sparse;

T2-T4 with anterior regions sparsely, distal regions

with moderately dense fringes of laterally directed

vestiture; fem;.le T5, male T5-T6 with vestiture of dis-

tal fringes directed posteriorly; female T6 with sub-

pygidial brush (Fig. 6); metasomal venter moderately

sparsely to densely pubescent, with velvety vestiture

surrounding distal concavity of S6. Labrum qiiadrate.
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18

Figs. 5-18. Pasites spp. 5-10. P. barkcri. 5. Head, front view, 9; 6. Terminalia, posterior view, 9; 7. S6, 9; 8.

S7, S; 9. S8, <5; 10. Genital capsule, left half dorsal, right half ventral, 6 (6 terminalia: anterior below, posterior

above). 11-13. P. nilssoni, S. 11. S7; 12 S8; 13. Genital capsule. 14-18. P. friesei. 14. Labrum, 9; 15. Terminalia,

posterior view, 9; 16. S7, S; S8, 6; 18. Genital capsule, 6

apex carinate with carina strongly tuberculate medi-

ally, rounded apicolaterally; maxillary palp five-seg-

mented, about twice as long as pedicel of antenna;

scutum densely punctate, punctures small and sepa-

rate; scutellum strongly convex, but only slightly

swollen paramedially; mesoplcuron generally mod-

erately densely punctate, punctures fairly large and

separate; propodeum largely punctate, narrowly gla-

brous medioposteriorly; pvgidial plate broad and

well developed in both sexes; female with subpvgi-
dial brush short and ifevoid of ventral tuft (Kig. h);

female S5 with deep, conical concavity (Fig. d), S6
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narrowly bifid (Fig. 7); male S7, 58 and genital cap-

sule as in Figs. 8-10.

Distribution.—Tropical and subtropical

regions of Africa, mostly in forest and

woodlands; known from Zaire, Uganda,
Burundi, Tanzania, Zimbabwe and east

coast of South Africa.

Discussion.—This is the only species that

is black or blackish with short simple ves-

titure on the scutum, laterally directed

vestiture on T2-T4 and a well developed

pygidial plate in the female.

It resembles certain of its congeners, the

friesei species group, P. gnomus and the

camifex species group, in that the lateral

margins of the posteromedian concavity
of the female S5 diverge (Figs. 6, 15, 29,

34). The structure of the male gonocoxite

(Fig. 10) resembles that of P. pauh/i and P.

nilssoni (Fig. 13), both of which belong to

the friesei group, more closely than to any
other species in the genus. In the cladistic

analysis (Fig. 2) it is demonstrated as the

sister species to the clade that comprises
the appletoni, camifex and jenseni groups,
P. rufipies and P. maculatus.

Cockerell (1933c) recorded the host of

this species as possibly being Nomia garua
Strand (Halictidae: Nomiinae).

Type material examined.—Morgania barken,

holotype 9: 'Durban, Natal, 9.iii.l918, C.N. Barker;

Morganm barken Ckll. Type; TYPE' (DMSA). Pasita-

machthes nigerrimus, holotype 9 & Pasites iiigerrimus,

paralectofype 9: 'Durban 10.3.1, Hayar 1219 [on re-

verse side of label]; Pasitomachthes nigerrimus Bisch.

Typ. 9; War Cotype des Omachthef nigerrimtif Fr.!,

Coll. Friese; Typus; Zool Mus Berlin' (ZMHB).

Additional material examined.—179 lid:

ZAIRE: SL Edourd, Bitshumbi (925m), Pare Nat. Al-

bert', 22.iv.1936, L. Lippens (\6 MRAC). ZIMBA-
BWE: Victoria Falls, 20.1.1927 (19 56 SAMC, \6

SANC). SOUTH AFRICA: Kosi Bay, 26,585 32.48E,

10-1 l.ii. 1990, CD. Eardley (IcJ SANC); Mfongosi, iv

& xii.1916 & iii.1917, W.E. Jones (9 9 SAMC, 19

SANC); Charters Creek, St Lucia, 28.125 32.25E, 14-

16.i.l981, R. Oberprieler (19 SANC); Durban, Bluff,

26.ii.1921, C.N. Barker (Id DMSA); Burman Bush, 8-

18.iii.l963, H. Empey (29 16 SANC); Montclair, Dur-

ban, 25.iii.1945 (1 9 DMSA, 1 9 SAMC); Port St. John,

19.iii.l969, L.C. Starke (19 SANC).

Other published distribution records.—
TANZANIA: Kigonsera (Friese 1922); ZAIRE: Dilolo

C& 50 km 5. Bukavu (Cockerell 1932); LIBERIA: Mon-

rovia, GHANA: Aburi, UGANDA: Kampala, TAN-
ZANIA: Uvira (Cockerell 1933c); CAMEROON &
GHANA (Medler 1980); and ZIMBABWE: Bulavvayo

(Baker 1971).

FRIESEI SPECIES GROUP

This species group comprises the fol-

lowing seven species: P. nilssoni, P. friesei,

P. paulyi, P. braunsi, P. humectus, P. bicolor

and P. tegularis. In most of these species
the head and mesosoma are black and the

metasoma ranges from black to reddish.

In P. nilssoni the head, mesosoma and me-
tasoma are reddish. The most useful di-

agnostic characters of the group are the

conical posteromedian concavity of the fe-

male S5 in combination with the female

subpygidial brush which is undifferentiat-

ed and either longer than wide or quad-
rate (Figs. 15, 19, 20, 24, 28). The female of

P. nilssoni is unknown. The females are

generally more distinctive and can be sep-
arated more easily than the males.

Pasites nilssoni Eardley, spec. nov.

(Figs. 11-13)

This species is named for the collector.

Prof. L.A. Nilsson, of Uppsala University,

Sweden, who recogruzed it as being new.

Description.
—Male (female unknown). Lengths:

head 1.4 mm; scutum 1.1 mm; fore wing 4.8 mm;
bodv 5.3 mm. Integument of head mostly orange
with upper region of face and posterior region of

gena partly black; mesosoma orange with mediolon-

gitudinal region of scutum, anterior and ventral areas

of pleuron, venter and propodeum black to orangish-

black; legs more or less with ventral surface of fem-

ora, most of tibia and entire tarsi black or blackish;

metasoma mostlv orangish-black anteriorlv, blackish-

orange posteriorly. Vestiture mostly white to whitish,

scutum with pale yellow tinge, ventral surfaces of tar-

si pale yellow, S6 yellowish. Vestiture generally rang-
es from strongly to weakly plumose, fairly dense; up-

per region of face, vertex, most of scutum and scu-

tellum, lower region of mesopleuron, trochanters and

femora mostly with simple vestiture; propodeum
with lateral surface and mediolongitudinal region of

posterior surface naked; Tl mostly pubescent, distal

margin naked; T2-T6 mostlv with fine vestiture an-

teriorh' and dense pubescent cross-bands posteriorly;

17 with sparse simple vestiture on pvgidial plate;

metasomal venter largelv densely pubescent, 56 with
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simple vestiture. Structure similar to P. barkeri except
as follows: labrum without distinct carina or tubercle;

maxillary palp little longer than pedicel of antenna

(1.4:1); scutellum strongly convex with distinct me-

diolongitudinal cleft; propodeum with naked areas

laterally, glabrous posteriorly; pygidial plate weakly
pointed posteriorly; posterior end of S7 pointed and

distinctly keeled ventrally (Fig. 11); S8 and genital

capsule as in Figs. 12-13.

Distribution.—Morondava, forested

west coast of Madagascar.
Discussion.—Within the group, this spe-

cies can be easily recognized by the

unique orangish integument of the male
head and mesosoma. A more precise de-

termination of the relationship between
this and the other species in the group
must await the discovery of the female.

Type material.—Holotype (5: 'MADAGASCAR:
OUEST: Toliary Morondava, Floret de Kirindy,
25.xi.1989, PL. REPR. ECOL. PRO.' (NCUS).

Pasites friesei Cockerell

(Figs. 14-18)

Pasites ater Friese 1909b:148 [nee Pasites ater Spi-
nola 1806].

Morgania (Omachthes) ater [sic.] (Friese); Bischoff

1923:588.

Pasites friesei Cockerell 1910:217. [nom. nov. pro
P. ater Friese nee Spinola].

Morgania friesei (Cockerell); Cockerell 1933c:

109-110.

Pasites nigerrirmis Friese 1922:39; Cockerell 1932:

115 [part]. Syn. nov.

Morgania (Omachthes) nigerrimus [sic.] (Friese);

Bischoff 1923:596.

Morgania nigerrimus [sic] (Friese); Cockerell

1933c:108.

Morgania chubbi Cockerell 1919:189-190. Syn.
nov.

Morgania (Omachthes) nigritula Bischoff, 1923:

588. Syn. nov.

Omachthes )iigritulus (Bischoff); Anonymous
1958:32.

Morgania peratra Cockerell 1933c:109-110. Syn.
nov.

Although P. ater Friese is a junior objec-
tive homonym of P. ater Spinola (1806),
the latter was synonymized with the Pa-

laearctic species Biastes brevicornis (Panzer

1798) by Dalla Torre (1896). Biastes brevi-

cornis is the senior synonym of Pasites uni-

color Jurine, one of the two species origi-

nally placed in Pasites by Jurine (1807).
The type material of Pasites nigerrimus

has been studied and comprises two dis-

tinct species, as originally noticed by Bis-

choff (1923) who described the Durban

syntype as Pasitomachthes nigerrimus. The

syntype from Kigonsera is designated
here as the lectotype of Pasites nigerrimus;
it is clearly conspecific with the holotype
of P. ater.

Cockerell (1919) described chubbi from a

single female from Durban. He did not

give a comparison between this species
and any of its congeners. Bischoff (1923)

separated ater and nigritula primarily on
the structure of the distal fringe on the fe-

male T5, and he did not refer to chubbi. As

nigritula closely resembles chubbi, it ap-

pears that Bischoff (1923) was not aware
of Cockerell's (1919) paper. During the

course of this study much material of this

species, from numerous localities, was
studied and the species was found to be

widely distributed and the extent of the

vestiture variable. The study, which in-

cluded the examination of the type mate-

rial, revealed that friesei, chubbi and nigri-

tula are synonyms.
The male of this species was first de-

scribed by Cockerell (1933c) as M. peratra.

The association of the sexes, by the study
of specimens of both sexes taken together
resulted in the synonymy oifriesei and per-
atra.

Morgania nigritula was described from
two females, from Sunday's River and Plat

River (eastern Cape, South Africa). The

Sunday's River specimen is the only syn-

type that was traced, and it is here desig-
nated as the lectotype.

Description.
—

Length of head 1.3-2.0 mm; scu-

tum 0.8-1.8 mm; fore wing 4.4-6.9 mm; body 4.5-7.1

mm. Integument black, except tegula, legs and me-
tasoma sometimes reddish. Vestiture mostly white,

ventral surfaces of tarsi, female T5, S5 and male T6,

S6 with pale yellow tinge; female .subpvgidial brush

brownish-orange. Head mostly densels' pubescent,

upper region of face and vertex with sparse vestiture

(cf. Fig. 5); mesosoma with pronotal collar, most of
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pronotal lobe, lateral regions of mesopleuron (exclud-

ing lower hypoepimeral area) and posterolateral

regions of propodeum densely pubescent; remainder

of mesosomal vestiture sparse; vestiture on legs

dense, except trochanters and femora sparse to very

sparse, ventral surfaces of tarsi very dense; Tl ante-

rior surface and posterolateral region with dense plu-

mose vestiture, remainder with sparse, simple vesti-

ture; T2 and sometimes T3 posterolaterally with

dense, directed, vestiture posterolaterally, anterior

regions of each tergum with sparse, simple vestiture;

female T3/T4-T5, male T3/T4-T6 with moderately
dense distal fringes of laterally directed hairs (vesti-

ture sparse and simple anteriorly); female T6 with

sparse vestiture and with weakly developed subpy-

gidial brush (Fig. 15); female S2-S4 with vestiture fair-

ly sparse anteriorly, dense posteriorly, S5 with mod-

erately dense vestiture, distal margin velutinous;

male metasomal venter moderately densely pubes-
cent. Labrum little longer than wide, weakly tuber-

culate apicomedially (Fig. 14); maxillary palp two-

segmented, less than one-half as long as pedicel (ex-

cept three-fourths as long as pedicel in one speci-

men); scutum 1.1 X as long as narrowest width, punc-
tures moderately large, often confluent; scutellum

strongly convex but only slightly swollen paramedi-

ally; propodeum distinctly glabrous mediolongitudi-

nally; mesopleuron mostly densely punctate, hypoe-

pimeral and ventral regions sparsely punctate; female

T6 without distinct pygidial plate, but with weak ca-

rina posterolaterally (Fig. 15), pygidial brush short,

devoid of ventral tuft, shallowly concave ventrally

(Fig. 15); male with well developed, broadly rounded

pygidial plate; female S5 with deep conical concavity

(Fig. 15), S6 narrowly bifurcate (cf. Fig. 7); male 57,

S8 and genital capsule as in Figs. 16-18.

Distribution.—Widespread through

greater part of subsaharan Africa, occur-

ring in a variety of different biomes from

semi-desert to rain forest.

Discussion.—Pasites friesei differs from

the other species in the group by the two-

segmented maxillary palp, female pygidi-
al plate which is well developed laterally

and notched posteriorly and subpygidial
brush which is completely brownish-or-

ange. In P. friesei the male S7 tapers grad-

ually towards the gently rounded poste-
rior end.

Floral records.—Asteraceae: Ageratutn

sp., Aspilia africana (Pers.) CD. Adams, y4s-

pilia helianthoides Benth. & Hook. f. Gsn.,

Emilia coccinea Sweet and Mikania natalen-

sis DC; Verbenaceae: Stachytaryheta angus-

tifolia Vahl; Rubiaceae: Spermacoce verticil-

lata L.; Hypericaceae: Harungana madagas-
cariensis Lam. ex Pair.

Type material examined.—Pasites ater. holo-

type 9: 'Kilimandjaro; 6 Sept.; Typiis; Pasites ater 9

Ft. 1908 Friese det.' (NHRS). Pasites iiij^ernmus, lec-

totype 9; 'D.O. Africa, Kigonsera, 1903; Pasites niger-

nniiis Ft. 9 1904 Friese det.; Type; Omachthes niger-

rimus 6 (Fr.) Typ.; Coll. Friese; Zool. Mus. Berlin'

(ZMHB). Morgania chubbi, holotype 9: 'Natal, Bellair,

E.C. Chubb, 13 Jan. 1919; Mcrgama chubbi Ckll. Type;
TYPE' (DMSA). Morgania nigritula, lectotype 9; 'Sun-

day's River, Dr Brauns, Cape Colony, 27.xii.1897; O.

iiigritiihis Bisch. Typ. 9.; Omachthes nigritulus TYPE
Bischoff; OmacJithes nigritulus 9 Type No. 564'

(TMSA). Morgania peratra, holotype 6: 'NATAL,
Weenen, iii.iv.l924, H.P. Thomasset; Morgania peratra

Ckll TYPE; Pres. by Imp. Inst. Ent. B.M. 1933-582;

B.M. TYPE HYM. 17B 81' (NHML).

Additional material examined.—539 i76:

SENEGAL: Ziguinchor, viii.1979, A. Pauly (Id

PCGB). BURKINA PASO: Sources du Kou, 13.x. 1079,

A. Pauly (39 PCGB); River Lahissa S., 5.x. 1979, A.

Pauly, on Aspilia hclianthouies (1 9 PCGB). LIBERIA:

Bakratown, x.1926 (1 9 MCZC, 1 9 MRAC). IVORY
COAST: Grand-Bereby, 18.xii.l979, A. Pauly (Id

PCGB); Tabou, 21.xii.l979, A. Pauly (19 PCGB).
TOGO: Sokode, xii.1982, A. Pauly (1 9 PCGB). CAM-
EROON: Wum, maquis d'altitude, 6.24N 10.03E,

20.viii.l987, A. Pauly, on Emilia coccinea (2 9 PCGB),
on AsptUa africana (1 9 2d PCGB) on Ageratuin sp. (1 d

PCGB); Kriegschiffsha, 15.iii.l892, Dr Brauns (Id

TMSA). CENTRAL AFRICAN REPUBLIC: Kembe,
4.29N 21.53E, 13.viii.l985, Dollfuss (19 SCAA).

EQUATORIAL GUINEA: Bioko, Sa. Jsabel,

25.iii.1900, L. Conradt S. (19 TMSA). GABON: Og.
Lolo., Paris, 1.19S 12.30E, 29.1.1986, A. Pauly (19 3d

PCGB); Og. Lolo., Pana, 700m, 29.1.1986, A. Pauly, on

Mikania cordata (Id PCGB); Og. Iv., Sassamongo,
2.V.1986, A. Pauly (2d PCGB, 2d SANC), on Stachy-

tarphcta angustifolia (Id PCGB, Id SANC); Botouala,

2. V. 1986, A. Pauly, on Stachytarpheta angustifolia (Id

PCGB); Cap, Santa Clara, 29.'ix.l985, A. Pauly (29 Id

PCGB, 1 9 SANC); Sindara, riv. Ngounie, 29.xii.1985,

A. Pauly, on Spermacoce verticiUata (1 9 PCGB); Kango,
22. ix. 1985, A. Pauly, on Harungana madagascariensis

(1 9 PCGB); Ayem W., 25.xii.19S5, A. Pauly, on Aspilia

africana (Id PCGB); Foret des Abeilles, 00.22S 11.52E,

l.ii.l986, A. Pauly, on Harungana madagascariensis (Id

PCGB); W, NT., Bile-Melen,'21.iii.l987, A. Pauly (Id

PCGB). BURUNDI: Bururi, 900m, Nyamurembe,
7.iii.l953, P. Basilewsky (Id PCGB). ZAIRE: Tshua-

pa, Bokuma, i-iii.l954, R.P. Lootens, 3 9 MRAC;
Equateur, Bokuma, ii & vii.1952, R.P. Lootens (1 9 Id

MRAC); Ubangi, Nouvelle Anvers, 9.xii.l952, P. Bas-

ilewsky (19 PCGB); Kivu, Uvira, 25-26.xii.1952, P.

Basilewsky (19 Id MRAC); Kivu, Mulungu,
5.iv.l937, H.J. Bredo (19 MRAC); Kivu, Bukavu,

26.vii.1931, J. Ogilvie (Id MRAC); Terr, de Kasongo,
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riv. Lumami, i.l960, P.L.G. Benoit {16 MRAC); Ki-

sangani [= Stanleyville] 9.iv.l928, A. Collart (Id

MRAC); Kisangani, 16.iv.l932, J. Vrydagh (26

MRAC); Kunzulu, ix.l917, R. Mayne (1<5 MRAC);
Boma, vii.1920, H. Schouteden (19 MRAC); Kisantu,

1932, R.P. Vanderyst (19 MRAC). KENYA: Karen,

Nairobi, 20. v. 1967, CD. Michener (19 SEMK).
RWANDA: Gitarama, 1850m., terr. Nyanza, i.l953, P.

Basilewsky (1 9 MRAC). ZIMBABWE: Victoria Falls,

4.i.l920 (19 TMSA); Bulawayo, 15.ii.l926, R.H.R. Ste-

venson (19 TMSA). BOTSWANA: Xugana, 19.03S

23.02E, 22-26.xi.l979, B. Lamoral (IS BCSA). NA-
MIBIA: 24 km S.E. Outjo, 23.ii.1977, J.G. & B.L. Rozen

(\6 AMNH); Gobabis, 21.xii.l974, H. Empey (16

SANC). SOUTH AFRICA: Entabeni Forest Reserve,

33.00S 30.16E, 7-11.1.1987, CD. Eardley (19 SANC);

Mogoto Nature Reserve, Zebediela, 24.15S 29.13E, 22-

25.X.1979, CD. Eardley (1 9 SANC); Nylsvley Nature

Reserve, 24.39S 28.42E, 10-ll.xii.1979, CG. Moolman

(19 SANC); Lydenburg district, 1896, P.A. Krantz

(1 9 SANC); O.T.K. Reserve, near Loskop Dam,
25.27S 29.24E, 9-ll.xii.1985, CD. Eardley (19 26

SANC); Weltevreden, 25.34S 31.10E, 24.1.1990, G.L.

Prinsloo (\6 SANC); Mogol Nature Reserve, Ellisras

district, 23.58S 27.45E, 25-26.1.1982 & 27-29.11.1984,

CD. Eardley (29 SANC); D'Nyala Nature Reserve,

23.45S 27.49E, 8-12.xii.1989, CD. Eardley (19 Id

SANC); Hope, near Ellisras, 17.xi.l962, H. Empey (1 6

SANC); Ben Alberts Nature Reserve, near Thabazim-

bi, 24.37S 27.23E, 24-28.xi.l980, CD. Eardley (\6

SANC); Schoongelegen, between Bulgeriver & Matla-

bas, 24.12S 27.45E, 14.1.1991, V.M. Uys {\6 SANC);

Rustenburg, 6.xii.l969, L.C Starke (16 SANC); Bo-

tanical Gardens, Pretoria, 25.45S 28.17E, 6.iv.l989,

CD. Eardley (19 SANC); Johannesburg, 1.1908, G.

Kobrow {16 TMSA); Strubens Valley, 31.xii.l965, H.

Empey (19 SANC); Potchefstroom, T. Ayrs (19

SAMC); Mfongosl, ill. 1916, W.E. Jones (16 SAMC);
Umlaas Road, 19 km S.E. Pietermaritzburg, 23.1.1967,

CD. Michener, D.J. Brothers (1 9 SEMK); Nagle Dam,
27 km E. Pietermaritzburg, 5.1.1967, CD. Michener,

D.J. Brothers (1 9 SEMK); Weenen, iii.1924, H.P. Tho-

masset (16 SANC); Tongaat Beach, 10-ll.iv.l971,

F.L. Farquharson (16 DMSA); Umgeni River, near

Table Mountain, 4.11.1940, L. Bevis (19 AMGS);
Amanzimtoti, 10.iv.l952, C Jacot-Guillarmod (29

AMGS); Drakensberg Botanic Gardens, near Harris-

mith, 28.17S 29.09E, 27.xii.1986, CD. Eardley (Id

SANC); Cookhouse, 14.1.1965, H. Empey (16 SANC);
Hilton, Grahamstown, 3-16.xi.l977, F.W. Gess (39
1 6 AMGS); Boesmans River, near Grahamstovi'n,

iii.1954 (Id SAMC); Hunts Drift, Fish River,

ll.xii.l960, C Jacot-Guillarmod (19 AMGS).
Other published distribution record.—

UGANDA: Kampala (Cockerell 1933c).

Pasites paulyi Eardley, spec. nov.

(Fig. 19)

This species is named for the collector,

Dr A. Pauly (PCGB).

Description.
—Similar to p. friesei. Length of

head 1.5-1.6 mm; scutum 1.1-1.3 mm; fore wing 4.5-

5.5 mm; body 5.0-6.4 mm. Integument black, except

tegula, legs and metasoma sometimes reddish. Ves-

titure mostly white, ventral surfaces of tarsi, female

T5, S5 and male T6, S6 with pale yellow tinge; female

T6 with subpygidial brush black medially, circum-

scribed by brownish-orange (Fig. 19, dense central re-

gion black, relatively sparse peripheral area brown-

ish-orange). Head mostly densely pubescent, upper

region of face and vertex with sparse vestiture
(cf. Fig.

5); mesosoma with pronotal collar, most of pronotal

lobe, lateral regions of mesopleuron (excluding lower

hypoepimeral area) and posterolateral regions of pro-

podeum densely pubescent; remainder of mesosomal

vestiture sparse; vestiture on legs dense, except tro-

chanters and femora sparse to very sparse, ventral

surfaces of tarsi very dense; Tl anterior surface and

posterolateral region with dense plumose vestiture,

remainder of Tl sparse, simple vestiture; T2 and

sometimes T3 with dense, posterolaterally directed,

vestiture posterolaterally, anterior regions of each ter-

gum with sparse, simple vestiture; female T3/T4-T5,

male T3/T4-T6 with moderately dense distal fringes

of posteriorly directed hairs (vestiture sparse and

simple anteriorly); female T6 with sparse vestiture,

weakly developed subpygidial brush (Fig. 19); female

S2-S4 with vestiture fairly sparse anteriorly and

dense posteriorly, S5 with moderately dense vestitu-

re, distal margin velutinous; male metasomal venter

moderately densely pubescent. Labrum little longer
than wide, labrum with small tubercle apicomedially;

maxillary palp five-segmented, subequal in length to

pedicel; scutum consistently 1.1 x as long as its nar-

rowest width, punctures moderately large, often con-

fluent; scutellum evenly convex, without pronounced

paramedian swelling; propodeum distinctly glabrous

mediolongitudinally; mesopleuron mostly densely

punctate, hypoepimeral and ventral regions sparsely

punctate; female pygidial plate with posterolateral

carina more strongly developed than in P. friaci (Fig.

19), subpygidial brush quadrate (Fig. 19), S5 deeply

emarginate posteromedially (Fig. 19), S6 narrowly bi-

fid; male with well developed, broadly rounded py-

gidial plate (cf. Fig. 7); male S7 and genital capsule as

in P. Imrkeri (cf. Figs. 8 & 10); male S8 similar to that

of P. friivci, except little more truncate distallv (if. Fig.

17).

Distribution.—Woodlands of northern

Cameroon.

Discussion.—In this species the maxil-

lary palp is five-segmented, female pygid-
ial plate notched posteriorly and subpy-

gidial brush brownish-orange with a black

centre. The male S7 has the lateral margins

gently concave and posterior end more or

less gently rounded
(cf. Fig. 8).
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23

27

32

Figs. 19-32. Pasites spp. 19. P. paulyi, terminalia, posterior view, 9; 20-23. P. humectus. 20. Terminalia, pos-

terior view, 9 ;
21 . S7, c? ; 22. S8, d ; 23. Genital capsule, 6 . 24-27. P. bicolor. 24. Terminalia, posterior view, 9 ;

25. S7, 6; 26. S8, d; 27. Genital capsule, cj. 28. P. tegularif, terminalia, posterior view, 9. 29-32. P. gnomus.
29. Terminalia, posterior view, 9; 30. S7, 6; 31. SB, c5; 32. Genital capsule, i.

Type material.—Holotype S, paratypes 39:

CAMEROON: Pare Nat. Waza, 11.21N 14.35E,

5.viii.l987, A. Pauly (holotype 6 19 PCGB, 19

SANC); Maga, 10.50N 14.59E, 3.viii.l987, A. Pauly, Fl.

No. 374 (1 9 PCGB).

Pasites brattnsi (Bischoff), comb. nov.

Morgania (0?7iachthes) braunsi Bischoff 1923:587.

Omachthes braunsi (Bischoff); Anonymous 1958:

31.

Description.
—Female (male unknown). Length

of head 1.4-1.9 mm; scutum 1.2-1.6 mm; fore wing
4.7-5.8 mm; body 5.0-6.5 mm. Similar to P. fricifi ex-

cept as follows: subpvgidial brush black medially, cir-

cumscribed by brownish-orange; labrum pointed,

very weakly tuberculate apicomedially; maxillary

palp three-segmented, subequal in length to antennal

pedicel; pygidial plate with posterolateral carina

more strongly developed; subpygidial brush quad-
rate.

Distribution.—Ranges from bushveld, in

Zimbabwe, Namibia and parts of South

Africa, to montane grassland in Lesotho.
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Discussion.—This species closely resem-

bles P. paulyi in the notched pygidial plate
and black central spot in the subpygidial
brush, but differs in that the maxillary

palp is three-segmented.

Type material examined.—Omachthes braunsi,

holotype 9: 'Bothaville, Oranje Fr. Sta., 13.xi.l898, Dr

Brauns; Onuichthcs braunsi Bisch. Typ.; Typus Bis-

choff; Onniditlici brniiiisi Biss. Type No. 566' (TMSA).

Additional material examined.—319: ZIM-
BABWE: Bulawayo, 21.xii.l919 (1 9 SANC). NAMIB-
IA: Regenstein 32, 2217 CA, 12.xii.l973 (2 9 SMWH).
5 km S. Okahandja, 30.iii-l.iv.l979, J.G. Rozen (3 9

AMNH); 3 km S. Windhoek, ll.iii.l976, J.G. & B.L.

Rozen (1 9 AMNH). LESOTHO: Mamathes, ii.l946 &
i.l961, C. Jacot-Guillarmod (39 AMGS); Hensley's
Dam Leribe, 29.ii.1948, C. Jacot-Guillarmod (19

AMGS). SOUTH AFRICA: Kruger National Park,

Skukuza, 24.595 31.55E, 292m, 19.1.1984, CD. Eardley

(29 SANC); same locality, 14-17.1.1985, G.L. Prinsloo

(39 SANC); Ben Alberts Nature Reserve, Thabazim-

bi, 24.37S 27.32E, 24-28.xi.l980, M.W. Mansell (19

SANC); JoJiannesburg, 4.ii.l978, H.R. Hepburn (19

SEMC); Queenstown, 16.xii.l979, H. Empey (19

SANC); Whittlesea, i.l979, CD. Eardley (19 SANC);
Hilton, GraJiamstown, 28.ii-17.iii.1978, F.W. & S.K.

Gess (7 9 AMGS); Willow Glen, Grahamstown,
24.xi.1982, D.W. Gess (1 9 AMGS); Belmont Valley,

Grahamstown, 24.xi.1982, F.W. & S.K. Gess,

24.xi.1982 (29 AMGS); Strowan, W. Grahamstown,

i.l980, D.J. Brothers, P. Hulley & C Jacot-Guillarmod

(19 BCSA).

Pasites humectus Eardley, spec. nov.

(Figs. 20-23)

This species is apparently endemic to

the humid regions of tropical Africa,

hence the name humectus.

Description.
—

length of head 1.1-1.5 mm; scu-

tum 0.8-1.2 mm; tore wing 4.0-5.6 mm; body 3.7^.5

mm. Integument of head and mesosoma black, except

labrum, mandible, antennal flagellum, tegula, pron-
otal lobe and legs (coxae excluded) which are mostly
reddish-black; metasoma black to reddish-black. Ves-

titure mostly white, ventral surfaces of tarsi pale yel-

lowish, terminal segment of metasoma brownish-or-

ange. Head mostly moderately densely pubescent,
lower half very densely pubescent (cf. Fig. 5); meso-

soma with scutum and ventrolateral region of mese-

pisternum sparsely pubescent, remainder of meso-

soma very densely pubescent; legs densely pubes-
cent, except trochanters and femora sparsely pubes-
cent; metasoma naked to very sparsely pubescent,

except Tl with anterior (subvertical) surface mostly

densely plumose, with dense posterolateral tuft;

T2-T3 with broadly medially interrupted distal fring-

es; female T4-T5, male T4-T6 with well developed
distal fringes; female T6 with distal end densely
clothed with velutinous vestiture (Fig. 20), with

weakly developed subpygidial brush (Fig. 20); male

T7 largely naked; metasomal venter with sparse ves-

titure, except distal ends of S2-S4, in female, and

S2-S5, in male, with dense distal fringes; S5 in female

and S6 in male velutinous. Labrum little longer than

wide (1.1:1), flatfish with weakly developed tubercle

apicomedially, angulate apicolaterally [cf. Fig. 14);

maxillary palp two-segmented, half as long as pedi-

cel; scutum moderately densely punctate, punctures

large, sometimes convergent; scutellum gently
curved with paramedian region gently swollen; pro-

podeum with mediolongitudinal region broadly gla-

brous; female T6 virtually devoid of pygidial plate,

but with small carina distally (Fig. 20); female S5

broadly emarginate (Fig. 20), S6 narrowly bifid pos-

teriorly; male S7, S8 and genital capsule as in Figs.

21-23.

Distribution.—Wooded areas in tropical

Africa, from Nigeria to Tanzania.

Discussion.—The pygidial plate of the

female of P. humectus is strongly reduced,

almost absent (Fig. 20). The male S7 tapers

gradually towards the gently concave pos-
terior end (Fig. 21).

Type material.—Holotype 9, paratypes 179

86: ZAIRE: Malela, 6.00S 12.40E, 8.vii.l915, Lang &
Chapin (holotype 9 AMNH); Kisangani, 25.10E

0.30N, ii & iv.l915 (19 Id AMNH). NIGERIA: La-

gos, 18.viii.l966, CD. Michener {26 SEMK). CAME-
ROON: Bambui, near Bamenda, 1400 m, 9 &
20.vii.l966, CD. Michener (12 9 1 c5 SEMK, 29

SANC); Tingoh, Menchin River, near Wum, 7100 m,

14.viii.l966, C.D. Michener {16 SEMK); Lolodorf,

10.viii.l920, A.I. Good (Id ICCM Ace 6552); same
data except 6.vii.l926 (19 ICCM). GABON:
4.xii.l909, A.I. Good (lc5 SANC Ace 4189); same data

except 23.xi.1909 (19 SANC). TANZANIA: Moro-

goro, 19.x. 1956, W.E. Kerr (Id SEMK).

Pasites bicolor Friese

(Figs. 24-27)

Pasites bicolor Friese 1900:262.

Pasitomachthes bicolor (Friese); Bischoff 1923:

597-598.

Pasites bicolorntiis Warncke 1983:291 [iiom. iioi\

pro P. bicolor Friese ncc (Lepeletier)].

Friese (1900) attributed the authorship
of this species to 'de Saussure /'/; lift.', but

the article was clearly written by Friese, as

it is in his distinct style and part of a larger

paper by him. The name should therefore
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be attributed to Friese, according to the

Code, Article 50(a). The species was de-

scribed from two ferr\ales from Nossi-Be

and Antananarivo in Madagascar. Bischoff

(1923) regarded the type series to contain

two different species, belonging to distinct

genera, and described the Antananarivo

syntype as Pasitomachthes bicolor. Both syn-

types of Pasites bicolor were originally de-

posited in the ZMHB, but the curator of

that collection, Dr F. Koch, was unable to

trace the syntype from Nossi-Be. The syn-

type from Antananarivo is here designat-

ed as the lectotype of Pasites bicolor, which

makes that name an objective senior syn-

onym of Pasitomachthes bicolor. Should the

paralectotype from Nossi-Be be found,

and prove to represent a different species,

a new name may then be required for it.

Warncke (1983) renamed P. bicolor as P.

bicoloratus because the name bicolor was

preoccupied by Ammobates bicolor Lepele-
tier and he considered Ammobates to be a

subgenus of Pasites. As bicolor Friese was

rejected after 1960 and is here not consid-

ered to be congeneric with bicolor Lepele-

tier, the replacement name is invalid ac-

cording to the Code, Article 59(d).

Description.
—

Length of head 1.5-1.9 mm; scu-

tum 1.3-1.7 mm; fore wing 5.9-7.3 mm; body 5.9-7.6

mm. Integument of head, mesosoma and legs entirely

black to mostly black or blackish with labrum, man-

dible, pronotal lobe and tegula orange to orangish,

legs blackish-orange to orange; metasoma completely

orange to reddish-black (latter with mottled appear-

ance). Vestiture mostly white, anteromedian region of

scutum with slight yellow tinge, ventral surfaces of

tarsi pale yellow, T6 and S5 mostly pale yellowish,

subpygidial brush reddish. Vestiture on lower region

of face and gena plumose, upper region of face and

vertex simple (cf. Fig. 5); mesosoma mostly pubes-

cent, dorsum and ventral region of mesopleuron with

simple to weakly plumose vestiture; vestiture on cox-

ae plumose, remainder of legs simple; propodeum

densely pubescent, except propodeal triangle which

is naked; Tl with anterior surface sparse, plumose,
remainder of vestiture fine and simple, except pos-

terolateral region which ranges from naked to sparse-

ly clothed with simple to weakly plumose vestiture

(never densely plumose); distal margin of Tl naked

and glabrous; T2 with sparse fine vestiture, except

posterolaterally where it is dense; female T3 and male

T3-T4 similar to T2, except vestiture on posteromedial

region ranges from sparse and simple to dense and

plumose (where latter occurs, vestiture forms dense

cross-band); female T4-T5, male T5-T6 with vestiture

sparse and simple anteriorly, dense and plumose pos-

teriorly; female T6 with sparse, erect, simple hairs,

except subpygidial brush which is fairly dense (Fig.

24), male T7 sparsely pubescent; metasomal venter

fairly sparsely clothed with fine, simple vestiture, ex-

cept distal margin of female S5 with fine dense ves-

titure. Labrum quadrate, apex strongly tuberculate,

rounded apicolaterally; maxillary palp three-seg-

mented, half as long as pedicel of antenna; scutum

densely punctate, punctures small, distinctly sepa-

rate; tegula weakly convex, giving the impression
that it is proportionately larger than in its congeners;

scutellum strongly convex with deep mediolongitu-

dinal cleft, appearing strongly swollen paramedially;

propodeal triangle glabrous, weakly striated in plac-

es; mesopleuron fairly densely punctate, punctures

separate; female T6 devoid of pygidial plate (Fig. 24),

male pygidial plate well developed, broadly rounded

distally; female subpygidial brush weakly defined

(Fig. 24); female S5 distinctly concave (Fig. 24); S6

narrowly bifid {cf. Fig. 7); male S7, S8 and genital

capsule as in Figs. 25-27.

Distribution.—Madagascar, forest to de-

forested and cultivated areas.

Discussion.—The females of the two

Madagascan species, P. bicolor and P. te-

gulnris, are similar, and the males are in-

distinguishable. The most salient diagnos-
tic feature of the females is the complete
loss of the pygidial plate in the former, as

opposed to the reduced pygidial plate in

the female of P. tegularis. Associated with

the loss of the pygidial plate, the T6 is dis-

tinctly more rounded in P. bicolor; the rem-

nants of the pygidial plate in P. tegularis

form two dorsolateral carinae which give

the T6 more angulate appearance. The

males of P. bicolor and P. tegularis can be

separated from the other species in the

group by the S7 which is more or less par-

allel-sided posterolaterally and emargin-
ate posteriorly (Fig. 25).

Type material examined.—Lectotype 9:'Mad-

agasc, Annanarivo [label almost illegible]; Pasites bi-

color Sau. 9. Madacascar; Typus; Pa^itoniiichthes bicol-

or Bisch. Typ. 9; Zool. Mus. Berlin' (ZMHB).

Additional material examined.—8 9 i6:

MADAGASCAR: N.E., Fampanambo, iv.l959, J. Va-

don (2 9 MRAC); Centre Province: Antananarivo, An-

gavokely, 17.ii.l992, 18.56S 47.45E, PL. REPR. ECOL.
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PROI. (59 3d NCUS); Centre Province, Angavokely,
17.iii.l988, L.A. Nilsson (1$ Id NCUS).

Pasites tegularis Friese

(Fig. 28)

Pasites tegularis Friese 1922:38-39.

Morgauia (Omachthes) tegularis (Friese); Bischoff

1923:589.

This species is most closely related to P.

bicolor, which Bischoff (1923) placed in

Pasitotnachthes.

Description.
—

Length of head 1.3-1.6 mm; scu-

tum 1.0-1.4 mm; fore wing 4.2-6.1 mm; body 5.2-6.9

mm. Integument of head and mesosoma mostly black

or blackish with labrum, mandible, pronotal lobe and

tegula orange to orangish; legs blackish-orange to or-

ange; metasoma completely orange to reddish-black

(latter with mottled appearance). Vestiture similar to

P. bicolor in colour except as follows: scutum mostly

pale yellow, sometimes white; pygidial brush brown-

ish; propodeum densely pubescent, except mediolon-

gitudinal region which is naked; Tl with posterolat-

eral region densely pubescent; female T6 with sparse,

erect, simple vestiture, except with dense subpygidial
brush. Structure similar to P. bicolor except as follows:

maxillary palp three-fourths as long as pedicel of an-

tenna; mediolongitudinal region of propodeum gla-

brous (dorsolateral region of propodeal triangle pu-

bescent, glabrous area not confined to propodeal tri-

angle mediolongitudinally), without any striations;

female pygidial plate reduced to weakly developed
dorsolateral carina on T6 (Fig. 28).

Distribution.—Madagascar, forest to de-

forested and cultivated.

Discussion.—The pygidial plate of P. te-

gularis is weakly developed laterally and

absent posteriorly. It is the only known

Madagascan species in which a pygidial

plate occurs in the female. The male is in-

distinguishable from that of P. bicolor.

Type material examined.—Holotype 9: "Nos-

si-Be, Pasites bicolor 9 var.; Pasites tef^ularis 9 Fr. 1904

Friese det.; Type; Omachthes tegularis (Fr.) 6 Typ.;

Coll. Friese, Zool. Mus. Berlin' (ZMHB).

Additional material examined.—12 9 76:

MADAGASCAR: N.E., Fampanambo, ]. Vadon,
iv.l959 (39 56 MRAC), vi.l960 (19 MRAC), xil.1962

(1 9 MRAC), 1962 (1 9 MRAC); Tamatave Province, 6

km N. Tamatave, 15.1.1985, J.W. Wenzel (29 SEMK);
Tulear Province, 45 km S. Mahabo, 20.42S 44.38E, 24-

26.xi.1986, J.W. Wenzel (29 SEMK); Tananarive Prov-

ince, 17 km W. Ambatolampy, 19.24S 47.25E, 1650m,

30.1.1985, J.W. Wenzel (Id SEMK); Rogez, vii.1937, A.

Seyrig (Id MRAC); Est. Neaux Nottes, S. St. Marie,

6.xii.l983, L.A. Nisson, L. Jonsson (19 NCUS); Est.

Soanierana Ivongo S, 27.x. 1987, L.A. Nilsson (19

NCUS).

GNOMUS SPECIES GROUP
This species group is monotypic.

Pasites gnomtis Eardley, spec. nov.

(Figs. 29-32)

The specific epithet of the name of this

tiny species is New Latin and refers to its

small size.

Description.
—

Length of head 0.7-0.8 mm; scu-

tum 0.4-0.5 mm; fore wing 2.0-2.2 mm; body 2.3-2.5

mm. Integument generally black to blackish-orange,
with mandible, antenna, distal ends of tibiae, tarsi,

basal region of Tl and metasomal venter orange to

orangish (female more extensively orange coloured

than male). Vestiture mostly white; ventral surfaces

of tarsi and female T6 and S5 pale yellow. Scutal ves-

titure largely simple; trochanters and femora sparsely

pubescent; metasoma with anterior and posterolat-

eral regions of Tl densely pubescent; T2 with broadly

interrupted distal fringe, female T3-T4, male T3-T5

with continuous distal fringes; female T6 densely pu-
bescent posteriorly (Fig. 29), with short and long ves-

titure (distal end of male metasoma damaged and

cannot be accurately described); S1-S4 sparsely pu-
bescent, female S5 with sparse vestiture which com-

prises mixture of short and long hairs. Labrum quad-
rate, generally flat, distinctly pointed apicallv: max-

illary palp absent; scutum moderately densely punc-
tate, punctures small, shallow and separate;
scutellum gently and evenly convex, devoid of any

exaggerated swelling paramedially; propodeum de-

void of mediolongitudinal glabrous area; punctation
on propodeum and mesopleuron similar to scutum;

pygidial plate absent in both sexes; female T6 flat-

tened posteromedially, this area densely clothed with

short, fine vestiture, that on subpygidial area very

short, subpygidial brush weakly developed (Fig. 29);

female S5 conically emarginate, S6 narrowlv bifid

(Fig. 29); male S7-S8 acutely pointed posteriorly, S8

with two anterior lobes (Figs. 30-31); male genital

capsule as in Fig. 32.

Distribution.—Niger, near Tahoua,
which is grassland wooded with Acacia

and deciduous shrubs.

Discussion.—Pasites gnonnis is distinct

from its congeners. It can be easily recog-
nised by its small size, absence of a pygid-
ial plate in both sexes, truncate and finely

pubescent posteromedian region of the fe-

male T6, acute apices of the male S7 & S8

and two anterior lobes of the male S8
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Fig. 33. Pasites cannfcx, habitus, dorsal view (dark shading represents black integument and lightly shaded

areas are orange), 9 .

(Figs. 29-31). In the cladistic analysis it is

grouped with P. fiiesei by the loss of the

anteromedian lobe on the male S8 (Fig.

31).

Type material.—Holotype 9, paratype 6: NI-

GER: 20km S. Tahoua, 14.45N 5.20E, 13.viii.l987, A.

Pauly (PCGB).

CARNIFEX SPECIES GROUP

Two species have been placed in the

carnifex species group: P. carnifex and P.

dichrous. These two species are large (7.0-

12.5 mm) with the head and mesosoma

black and metasoma orange. The distal

fasciae of T2-T4 are sparse, with posteri-

orly directed vestiture. The female pygid-
ial plate and subpygidial brush are well

developed, and the S5 is conically emar-

ginate posteromedially. Males resemble

females in colour, but do not have any
other obvious unique features.

Pasites carnifex (Gerstaecker), comb,

nov.

(Figs. 33-37)

Oninchthcs carnifex Gerstaecker 1869:155.

Omachthes nignpes Friese 1915:276, 296, 298.

Syn. nov.

Morganin nigripes (Friese); Cockerell 1919:190.

Morganm (Omnchthes) nigripes (Friese); Bischoff

1923:591.

Morgania forfis Cockerell 1921:207-208. Syn.

nov.

Partes mngnificus Brauns 1926:207-208.

Morgania iiingnificus [sic.] (Brauns); Cockerell

1933b:130 [lapsus].

Morgania suhfortis Cockerell 1933c:107. Syn.

nov.

Morgania {Omachthes) siordyi Cockerell 1933a:

377. Syn. nov.

Morgania (Omachthes) voiensis Cockerell 1937a:

155. Syn. nov.

Morgania (Omachthes) altior Cockerell 1937a:155.

Syn. nov.
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Figs. 34-^0. Pasites spp. 34-37. P. cannfex. 34. Terminalia, posterior view, 9; 35. S7, 6; 36. S8, 6; 37. Genital

capsule, S. 38-40. P. liichrous. 38. Terminalia, posterior view, 9; 39. S8, 6; 40. Genital capsule, 6.

Small differences in size, colour and

wing venation of this striking species led

to the description of several synonyms.
Pasites magiiificiis was synonymized with

fortis by Cockerell (1933b), and nigripes,

fortis, suhfortis, stordi/i, voiensis and altior

are here synonymized with carriifex. The

synonymy of these six species follows the

study of the type material of each species.

which was found to be within the range
of variation established for this species

during the study. Omachthes nigripes was
described from a male and female from

Eritrea, neither of which could be obtained

for study, and a female from Usambara,
Tanzania, which was studied and is here

designated as the lectotype.

Description.
—Habitus, dorsal aspect, as in Fig.
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33. Length of head 2.4-2.7 mm; scutum 2.3-2.5 mm;
fore wing 8.6-10.0 mm; body 11.1-12.5 mm. Colour

of integument, dorsal aspect, as in Fig. 33 (darkly

shaded areas illustrate black integument, light shad-

ing orange areas); head and mesosoma mostly black,

distal region of mandible and sometimes antenna and

labrum reddish, legs completely black to blackish

proximally, orange distally; metasoma orange to red-

dish-orange. Vestiture on head brown to white; me-

sosoma mostly brownish, ventral surface of hind tar-

sus always orange; metasoma mostly orange, sub-

pygidial brush mostly black, except ventral region

sometimes orange or orangish. Middle and lower

regions of face and gena, entire labrum densely pu-

bescent; upper region of face and vertex with mod-

erately dense, largely simple, vestiture; mesosoma

generally densely clothed with short vestiture, pe-

ripheral fringe of pronotal lobe, coxae, tibiae and tarsi

densely clothed with long plumose hairs; metasoma

largely clothed with short, fine, simple vestiture; sub-

pygidial brush well developed, not expanded dorsal-

ly, differentiated, dorsal region with thick hairs and

ventral region with fine vestiture (Fig. 34); S5 veluti-

nous. Labrum more or less quadrate, distal end gen-

erally rounded, sometimes slightly pointed picome-

dially; maxillary palp four-segmented, 1.4-1.7x as

long as pedicel; scutum mostly very densely punc-

tate, punctures very small and separate; scutellum

weakly to moderately tuberculate paramedially;

punctation on pleural and ventral regions of meso-

soma and entire propodeum moderately dense to

very dense; pygidial plate well developed in both

sexes (female pygidial plate, as in Fig. 34); female S6

broadly bifurcate; male S7 and S8 as in Figs. 35-36;

genital capsule (Fig. 37) more elongate than P. dt-

chrous.

Distribution.—Apparently occurring

throughout East and South-East Africa,

and from a single locality in West Africa,

mostly in forest and woodland.

Discussion.—In P. cantifex the subpygi-
dial brush is gently concave ventrally (Fig.

34), not distinctly bilobed as in P. dichrous

(Fig. 38). The males of these two species

differ in the shape of the S8, in P. carnifex

it tapers towards the distinctly concave

posterior end, whereas in P. dichrous the

posterior region is parallel-sided and the

posterior end more or less entire (notched

medially) (cf. Figs. 36, 39).

Ti/p'e material examined.—Omachtlies canufcx,

holotype 9 : Capland, Drege S., 639; Type, carnifex

Gerst. dichrous Klug i.l., Omachthes carnifex Gerst. 1907

Friese det.; Omachthes dichrous Spin.; Zool. Mus. Ber-

lin' (ZMHB). Omachthes ni^nptes, lectotype 9: "D.O.-

Africa, Usambara, 6.1903; Omachthes nigripes 9 Fr.

1914 Friese det.. Type; Omachtlies nigriptes Fr. i.l. Type
Bischoff 9; Zool. Mus. Berlin' (ZMHB). Morgania for-

tis, holotype 9: 'F.J. Kroeger, Moboki, Lydenb.
Transv.; Morgania fortis Ckll. TYPE' (SAMC). Pasitcs

magnificiis, holotype 9: "Sawmills S.R., 22.3.1919,

Rhodesia Museum; Pasites magnificiis 9 Type No. 571'

(TMSA). Morgania subfortis, holotype 9: 'Musee du

Congo, Ituri: Blukwa, 3/4.xii.l928, A. Collart; Mor-

gania subfortis Ckll. TYPE' (MRAC). Morgania stordyi,

holotype 6: "Brit E. Africa, R.J. Stordy, 1912-329; Mor-

gamastordi/i Ckll. TYPE; B.M. TYPE HYM. 17B 80'

(NHML). Morgania voiensis, holotype 6: "Brit E. Af.,

Vol., 1 800 ft. Mch. 21-23,1911, S.A. Neave, 1911-177;

Morgania voiensis Ckll. TYPE; B.M. TYPE HYM. 17B

77' (NHML). Morgania altior, holotype 6: "Brit E. Afr.,

S.E. Slopes of Kenya, 6 000 to 7 000 ft., Feb. 3-12.1911,

S.A. Neave, 1911-177; Morgania altior Ckll. TYPE; B.M.

TYPE HYM. 17B 78' (NHML).

Additional material examined.—109 26:

BURKINA FASO: riv. Volta Rouge, 15 Km Kokhol-

ogo, 22.X.1979, A. Pauly (19 PCGB). ZAIRE: 'P.N.A.

vers Rweru (Vole. Mikeno) 2400 m., (Bambous), 26 au

27.vii.1934, G.F. de Witte: 501' (19 MRAC). ZIM-
BABWE: Umtali, 26.ii.1942 (19 SAMC); Chimani-

mani, 1050 m, 25.iv.1985, J. Gusenleitner (19 SCAA);
Sawmills, 24.ii.1925, R.H.R. Stevenson (1 9 TMSA, 1 9

SANC); Bulawayo, 16.iii.l919 (1 9 SAMC). SOUTH
AFRICA: Umhlali, 14.iv.l946, R.F. Smith (1 9 AMGS);
Waterval Boven, 18.ii.l969, L.C. Starke (29 SANC);

Magoebaskloof, 23.58S 30.00E, 5.ii.l986, J.S. Donald-

son {IS SANC); Schoemanville, 26.xii.1959, H. Em-

pey (IcJ SANC).

Other published distribution records.—ER-

ITREA (Friese 1909b); UGANDA: Semliki Plain

(Cockerell 1933a); KENYA: Laikipia Escarpment;
TANZANIA: Sanje (Cockerell 1933c); UGANDA: Bu-

songora; MALAWI: Mulanje &c Blantyre (Cockerell

1937b).

Pasites dichrous Smith

(Figs. 37^0)

Pasites dichroa [sic.\ Smith 1854:253 [lapsus].

Homachthes dichrous (Smith); Dalla Torre 1896:

499.

Morgania dichroa (Smith); Cockerell 1904:207.

Omachthes dichroa [sic] (Smith); Friese 1909a:437

[laptsus].

Homachthes gerstaeckeri Schulz 1906:267 [nom.

tiov. pro P. dichrous Smith nee
'Ammobates di-

chrous' Spinola, tiomen nudum].

Morgania gerstaeckeri (Schulz); Cockerell 1910:

217.

Morgania (Morgania) gerstaeckeri (Schulz); Bis-

choff 1923:592.
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Morgnnia nigrithorax Strand 1912:310-311. Syn.
nov.

Morgnnia {Morgnnin) nigrithorax Strand; Bischoff

1923:593.

When Smith (1854) described this spe-
cies he suggested that it was probably ge-

nerically distinct, and recommended the

generic name Morgania for the taxon. Spi-
nola (1843) mentioned the existence of a

specimen in 'Mus, BeroV (= ZMHB) that

had been labelled Ammobates dichrous. Ac-

cording to the Code, Article 12(a), this

name has no standing in zoological no-

menclature, however, because the species
was not described. Schulz (1906) estab-

lished that Spinola's (1843) 'Ammobates di-

chrous' and Smith's (1854) Pasites dichrous

were congeneric, but not synonymous. He

disregarded the fact that 'Ammobates di-

chrous' had never been described and un-

justifiably renamed Smith's (1854) species,
which he considered to be a junior hom-

onym, as gerstaeckeri.

Strand (1912), in the original description
of M. nigrithorax, indicated that the type
series comprised three females. In reality

the type series consists of two females and
a male (Bischoff 1923), of which one fe-

male and the male were studied. The fe-

male that was studied is here designated
as the lectotype.

Description.
—

Length of head 1.8-2.0 mm; scu-

tum 1.5-1.6 mm; fore wing 7.1-8.0 mm; body 7.0-8.6

mm. Similar to P. carnifcx except as follows: legs with

femora, tibiae and tarsi orange; vestiture on head and

mesosoma mostly white, scutum yellowish-brown;

subpygidial brush of female mostly brownish-orange,
black dorsomedially, well developed, differentiated,

expanded dorsally, bilobed ventrally (Fig. 38); flagel-

lar segment I around 0.34 x as long as scape, 1.2X as

long as flagellar segments II; labrum distinctly point-
ed apicomedially; maxillary palp 1.0-1.2x as long as

pedicel; scutum moderately densely punctate, with

small, well separated punctures; scutellum strongly
tuberculate paramedially; punctation of area above

scrobal sulcus moderately dense; female S6 narrowly
bifid posteriorly; male S8 and genital capsule as in

Figs. 39-40 (male S7 missing from specimen studied).

Distribution.—Central Zaire, Equatorial
Guinea and northern Angola, dominant

vegetation evergreen forest.

Discussion.—The female of P. dichrous

can be separated from P. carnifex by the

dorsal expansion and two ventral lobes of

the subpygidial brush (Fig. 38). The pos-
terior region of the male S8 is parallel sid-

ed and the posterior end gently curved

with a median notch (Fig. 39).

Type material examined.—Panted dichrous, ho-

lotype c5: "dichroa Type SM.; Morgania dichroa TYPE
Smith; B.M. TYPE HYM. 17B 79' (NHML). Morgania

nigrithorax, lectotype 9: "Sp. Guinea, Uelleburg, 6-

8.1908, G. Tessmann S.G.; Morgania nigntliorax Strand

det. 9 m.; Type; Zool. Mus. Berlin' (ZMHB); paralec-

totype 6: "Span. Guinea, Uelleburg, G. Tessmann

S.G.; Morgania nigritlwrax Strand det. 9 m.; Type;

Morgania nigritliorax Strd. S Bischoff, Lectotype'

(ZMHB).

Additional material examined.—29: ZAIRE:

Kisangani (= Stanleyville), 0.30N 25.10E, 13.iv.l915,

Lang & Chapin (19 AMNH). ANGOLA: Dundo

(Distr. Lunda), ii-iv.l958 (19 BLCU).

Other published distribution records.—
ZAIRE: Kasai, Dungu & Lac Kivu (Cockerell 1933c).

JENSENI SPECIES GROUP

This species group comprises four spe-

cies, P. jenseni, P. namibiensis, P. histrio and
P. jonesi. These four species all have the

head, mesosoma and legs mostly black;

the metasoma ranges from black to or-

ange. The vestiture on the lower half of

the face is pallid, densely plumose and ap-

pressed. The most useful diagnostic fea-

tures of the females of the group are the

elliptical posteromedian concavity on S5,

in combination with the pygidial plate,

which is at least visible posteriorly (pos-
terior margin entire), and the differentiat-

ed subpygidial brush. Males can only be

identified as belonging to the group by
their association with females.

Pasites jenseni (Friese), comb. nov.

(Figs. 41-46)

Omachthes gracnicheri var. jenseni Friese 1915:

298.

Morgania gracnicheri jenseni (Friese); Cockerell

1919:190.

Morgania {Otnachthcs) jenseni (Friese); Bischoff

1923:587.

Epeolus jenseni (Friese); Friese 1941:101.
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Fig. 41. Pasites jeiiseiu, habitus, lateral view (integument black and vestiture largely white), 9.

Omachthes jenseni Friese; Anonymous 1958:32.

Omachthes (Ammobates) graenicheri Brauns;

Friese 1915:298, nomen nudum.

Morgania graenicheri (Brauns); Cockerell 1919:

190.

Morgania graenicheri Bischoff 1923:587-588. Syn.
nov.

Omachthes graenicheri Brauns; Friese 1922:38.

Pasites graenicheri (Brauns); Anonymous 1958:

31.

Omachthes alboguttatus Friese 1922:38. Syn. nov.

Morgania {Omachthes) alboguttatus [sic] (Friese);

Bischoff 1923:588 [lapsus].

Morgania alboguttata (Friese); Cockerell 1933b:

130.

Morgania nataletjsis Cockerell 1933b:129-130.

Syn. nov.

Morgania {Omachthes) ogilviei Cockerell 1935:

560-561. Syn. nov.

Friese (1915) described jenseni as a 'va-

riety' of graenicheri, which he attributed to

Brauns in. lift. But neither Brauns nor an-

ybody else had described graenicheri at

that time, so jenseni is the oldest available

name for this species, according to the

Code, Articles 12 & 23. Bischoff (1923)

provided a brief description of graenicheri

in a key and also attributed it to Brauns

1.1.', the name was thus made available

from that date.

Intraspecific variation in the colour, ves-

titure and punctation of the species led

Friese (1922) and Cockerell (1933b, 1935)

to describe three morphological variants

as distinct species. Following the study of

both the type and other material, albogut-

tata, natalensis and ogilviei were found to

fall within the range of variation oi jenseni

and are here synonymized with it.

Description.
—Habitus, lateral aspect, as in Fig.

41. Length of head 2.1-3.0 mm; scutum 1.8-2.7 mm;
fore wing 7.3-9.8 mm; body 7.8-12.5 mm. Integu-

ment, including tegula, mostly black, reddish-black in

places. Vestiture white, except mandible, ventral sur-

faces of tarsi and distal region of S5 pale yellow, sub-

pygidial brush completelv black to mostlv black with

lateral and ventral regions orangish. Middle and low-

er regions of face, labrum and gena very densely pu-

bescent, upper region of face and vertex moderately

denselv clothed with simple vestiture (Fig. 42); me-
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sosomal dorsum with moderately dense to sparse,

simple vestiture, except pronotal collar very densely

pubescent and posterolateral regions of scutum with

plumose vestiture; periphery of pronotal lobe, sub-

vertical (posterior) region of scutellum, metanotum
and propodeum (including mediolongitudinal re-

gion) densely clothed with short to long vestiture;

legs generally with coxae, most of tibiae and entire

tarsi densely pubescent, remainder of legs with long,

simple, sparse vestiture or naked; dorsal surface of

tibiae also with reddish scales; metasoma generally

with anterior and anterolateral regions of Tl moder-

ately densely pubescent, posterolateral regions very

densely pubescent; T2-T3 in females, T2-T4 in males

with lateral regions of distal margins densely pubes-
cent (T4 in female and T5 in male with distal fringe

narrowly interrupted medially or continuous); female

T5 and male T6 with densely pubescent distal fringe;

females with subpygidial brush well developed, I. IX

as long as its maximum width, differentiated, mostly
thick black hairs; metasomal venter sparsely to dense-

ly clothed with simple, white vestiture, posterolateral

regions of S3-S4 sometimes plumose, distal region of

S5 velutinous. Labrum quadrate and flatfish, pointed
and distinctly tuberculate mediodistally; maxillary

palp five-segmented, generally 2-3 x as long as an-

tennal pedicel; scutum moderately densely punctate
with large, deep punctures that occasionally merge;
scutellum with weakly developed paramedian tuber-

cle; pygidial plate well developed in both sexes; ter-

minal tergum truncate in female (Fig. 43), broad and

rounded posteriorly in male; female S5 with elliptical

concavity (Fig 43); male S7, S8 and genital capsule as

in Figs. 44-46.

Distribution.—South Africa, Lesotho and
central region of northern Namibia. Veg-
etation ranges from bushveld to montane

grassland.
Discussion.—In this species the labrum

is quadrate, propodeum completely
clothed with fine vestiture and female py-

gidial plate fully developed.

Type material examined.—Omachthes jenseui,

holotype 9; 'Transvaal, Zeerust, 1897, Jensen;

Omachthes graenicheri v jenseni 9 Fr. 1914 Friese

det.; type; O. jenseni Fr. 9; Coll. Friese; Zool. Mus.

Berlin' (ZMHB). OinacltDwi (ilboi^uttatui, holotype 6:

[locality label illegible]; Omachthes alboguttatus 6

Fr. 1914 Friese det.; type; Coll. Friese; Zool. Mus. Ber-

lin' (ZMHB.) Mcri;auin nalalcnsis, holotype 6: "Natal:

National Park, 3-15.iii.1932, A. Mackie, T.D.A. Cock-

erell Exp. to Africa 1931; Pres. by Imp. Inst. Ent. B.M.

1932-291; Morgania natalensis Ckll TYPE; B.M. TYPE
HYM. 17B 98' (NHML). Morgania ogilinet, holotype 6:

"AFRICA: Belmont, J. Ogilviei, 23.ii.1934, B.M. 1934-

157; Morgania ogilviei TYPE; B.M. TYPE HYM. 17B

91' (NHML).

Additional material examined.—189 7d: NA-
MIBIA: Okozongominja, 2017CA, 6.iii.l979, V.B.

Whitehead (16 SAMC). LESOTHO: Mamathes, Feb-

ruary-March in 1949-1954, C. Jacot-Guillarmod (39

26 AMOS); Bokong Post Office, 26.xii.1946, C. Jacot-

GuiUarmod (16 AMGS). SOUTH AFRICA: Kruger
National Park, Letaba, 2331 DC, I6.xii.l965, A.,L. &
H. Braack (19 SKNP); Woodbush Village, xii.1918,

C.J. Swierstra (19 TMSA); Wolkberg, 21 km S.W.

Tzaneen, ll.iii.l976, R.H. Watmough (19 SANC); Jo-

hannesburg, iv.l906, G. Kobrow (1 9 ZMHB ['type' of

graenicheri], 49 16 TMSA, 19 SANC); Delarey [
=

belareyvillel, 15.1.1917, H. Brauns (19 TMSA); Ca-

thedral Peak Hotel, 45 km S. Winterton, 1450 m,

16.ii.l967, CD. Michener (29 SEMK); Modderfontein,

18.iv.l920, H. Brauns (1 9 TMSA); Murraysburg dis-

trict, iii.1931 (19 SAMC, \6 SANC); Richmond dis-

trict, iii.1931 (19 SAMC); Stellenbosch, 5.iv.l927, F.

Beyers (16 SANC).

Other published distribution records.—
SOUTH AFRICA: George (Bischoff 1923); KENYA:

Morijo (Friese 1941).

Pasites namibiensis Eardley, spec. nov.

(Figs. 47-19)

This new species is known to occur only
in Namibia, and it takes its name from

that country.

Description.
—Similar to p. jenseni (habitus, lat-

eral aspect, if. Fig. 41). Length of head 2.2-2.8 mm;
scutum 1.8-2.6 mm; fore wing 7.5-8.9 mm; body 8.0-

12.0 mm. Integument mostly black, orange macula-

tion limited to ventral region of clypeus, labrum, ba-

sal region of antenna, and middle and hind femora;

metasomal venter usuallv orange or orangish. Vesti-

ture white, except mandible, ventral surfaces of tarsi

and distal region of S5 pale yellow, subpvgidial brush

completely black to mostly black with lateral and

ventral regions orangish. Middle and lower regions
of face, labrum and gena very densely pubescent, up-

per region of face and vertex moderately densely
clothed with simple vestiture

(cf. Fig. 42); mesosomal

dorsum with sparse, simple vestiture, except pronotal
collar very densely pubescent and posterolateral

regions of scutum with plumose vestiture; periphery
of pronotal lobe, subvertical (posterior) region of scu-

tellum and metanotum densely clothed with short to

long vestiture; mediolongitudinal region of propo-
deum naked; legs generally with coxae, most of tibiae

and entire tarsi densely pubescent, remainder of legs

with long, simple, sparse vestiture or naked; dorsal

surface of tibiae also with reddish scales; metasoma

generally with anterior and anterolateral regions of

Tl moderately densely pubescent, posterolateral

regions very denseU' pubescent; T2-T3 in females,

T2-T4 in males with lateral regions of distal margins

densely pubescent (14 m female and TS in male with



VoLUMK 6, Number 2, 1997 389

Figs. 42-51. Pasites spp. 42^6. P. jcnsaii. 42. Head, front view, 9; 43. Terminalia, posterior view, 9; 44. S7,

6; 45. S8, 6; 46. Genital capsule, 6. 47^9. P. mmibifii^is. 47. Terminalia, posterior view, 9; 48. S7, <J; 49. S8,

S. 50. P. jone^i. terminalia, posterior view, 9. 51. P. nifipcf. terminalia, posterior view, 9.
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distal fringe narrowly interrupted medially or contin-

uous); female T5, male T6 with densely pubescent
distal fringe; females with subpygidial brush well de-

veloped, quadrate, differentiated, mostly with thick

black hairs; metasomal venter sparsely to densely
clothed with simple, white vestiture, posterolateral

regions of S3-S4 sometimes plumose, distal region of

S5 velutinous. Labrum 1.2-1.3X as long as wide, flat-

fish, rounded distally and weakly tuberculate; max-

illary palp five-segmented, generally 2-3 x as long as

antennal pedicel; scutum sparsely punctate, glabrous
between punctures; scutellum with weakly devel-

oped paramedian tubercle; propodeum glabrous me-

diolongitudinally, this region distinctly wider above

than below; pygidial plate well developed in both

sexes; terminal tergum truncate in female, upper half

of subpygidial brush with thick black hairs and lower

half with fine vestiture (Fig. 47); female S5 with ellip-

tical concavity (Fig 47); male S7 and S8 as in Figs. 48-

49, genital capsule resembles P. jenseni (cf. Fig. 46).

Distribution.—Arid bushveld in Namib-
ia.

Discussion.—Pasites namibiensis has the

labrum a little longer than its maximum
width, posterior region of propodeum gla-

brous and impunctate and pygidial plate

fully developed.

Type material.—Holotype 9, paratypes 23:

NAMIBIA: Spitzkoppe, 8.vii.l976, R.H. Watmough
(holotype 9 SANC); Kaoko Otavi, iii.1926 (1(5

SAMC, 1 6 SANC).

Pasites histrio (Gerstaecker), comb. nov.

Omachthes histrio Gerstaecker 1869:155.

Morgania histrio (Gerstaecker); Cockerel] 1904:

208.

Morgania (Omachthes) histrio (Gerstaecker); Bis-

choff 1923:589.

Morgania (Omachthes) histrio transvaalensis Bis-

choff 1923:587-589; Rozen 1969:104-106,

1974:6-16. Syn. nov.

Morgania transvaalensis Bischoff; Cockerell

1933c: 109.

Omachthes histrio transvaalensis (Bischoff); Anon-

ymous 1958:33.

Morgania (Morgania) alivalensis Cockerell 1933a:

380. Syn. nov.

Morgania (Morgania) nifitarsis Cockerell 1937a:

155-157. Syn. nov.

Bischoff (1923) described transvaalensis

from a female and two male specimens.
The female and one male are from Delar-

eyville, in the North-West Province, and

the other male is from Willowmore, in the

Eastern Cape Province, both in South Af-

rica. A male from Willowmore was the

only specimen examined that could posi-

tively be identified as constituting part of

the type series and is here designated as

the lectotype. Morgania rufitarsis was de-

scribed from two males and a female, all

of which were taken at Swellendam

(Western Cape Province, South Africa).

Only one male syntype was available for

study and this specimen is here designat-
ed as the lectotype. The type specimens of

histrio, alivalensis, transvaalensis and rufitar-

sis are almost indistinguishable and clear-

ly conspecific.

Description.
—Similar to P. jenseni except as fol-

lows: integument generally with antenna, mandible,

labrum, tegula and legs reddish, metasoma reddish

to orange anteriorly and black posteriorly; mesoso-

mal dorsum sparsely pubescent, propodeum with

mediolongitudinal region naked and glabrous; T3

sometimes with continuous distal cross-band; labrum

quadrate, rounded distally with laterally compressed,

subapical tubercle; maxillary palp five-segmented,
2.5-3.3 X as long as pedicel; scutum usually very

sparsely punctate with large, deep, separate punc-
tures, glabrous between punctures.

Distribution.—Known from a few local-

ities in Namibia, the North-West Province

and Gauteng in South Africa (all wood-
land and bushland) and numerous locali-

ties in the Eastern and Western Cape
Provinces of South Africa (fynbos).

Discussion.—In P. histrio the labrum is

quadrate, mediolongitudinal region of the

propodeum smooth and shiny, and pygid-
ial plate well developed. The host of P. his-

trio is Tetraloniella minuta (Friese) (Apidae:

Apinae) (Rozen 1969).

Type material examined.—Morgania histrio,

holotype 9 : 'Capland, Krebs S.; histrio Gerst*. caffer

N. ant.; Type; Omachthes histrio 1907 Friese det.;

Zool. Mus. Berlin' (ZMHB). Morgania histrio Iransium-

Icnsis, lectotype S: "Capland, Willowmore, 18.2.1904,

Dr. Brauns; O. histrio transvaalensis Bisch. Typ.; Ty-

pus; Bischoff 6 ; Omachthes histrio transvaalensis Bis-

choff HOLOTYPE No: 1190' (TMSA). Morgania aliva-

lensis, holotype 9; "Aliwal North, Cape Province,

Dec. 1922, S. Africa, R.E. Turner; Brit. Mus., 1923-45;

Morgania alivalensis Ckll. TYPE; B.M. TYPE HYM
17B 93' (NHML). Mor^^ania nifitarsis, lectotype 6:
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"Cape Province, Swellendam 17-xii.31-18.i.32, S. Af-

rica, R.E. Turner; Brit. Mus., 1932-56; Morgania rufi-

tarsis Ckll. TYPE; B.M. TYPE HYM 17B 89' (NHML).

Additional material examined.—22 9 \06:

NAMIBIA: Kaoko Otavi, iii.1926 (19 SANC); Goba-

bis, 21.xii.l974, H. Empey (19 Id SANC). SOUTH
AFRICA: Delarey [= Delareyville], 15.i.l917, H.

Brauns (19 SANC); Roodeplaat, 20-25.ii.l916, Dr

Breyer {IS TMSA); Resolution, Albany district,

23.iii.1928, A. Walton (26 TMSA); Strowan, Gra-

hamstown, xi-xii.l966, C. Jacot-Guillarmod (3 9 3d

AMGS); Grahamstown, 7.xii.l966, CD. Michener (2 9

AMNH); W. Grahamstown, 27.xi.1966, J.G. Rozen,

D.J. Brothers (79 26 AMNH); Grahamstown, 6-

7.xii.l966, CD. Michener (79 Id SEMK).

Other published distribution record.—
SOUTH AFRICA: near Ceres (Cockerell 1933c).

Pasites jonesi (Cockerell), comb. nov.

(Fig. 50)

Morgania jonesi Cockerell 1921:207.

Morgania {Morgania) marshalli Cockerell 1937a:

157. Syn. nov.

As in several other cases in the genus,
unreliable characters such as metasomal

vestiture were used to separate species

(Cockerell 1921, 1937a). The differences

between the types of jonesi and marshalli

are slight and clearly fall within the range
of variation for this species; marshalli has

therefore been synonymized with jonesi.

Description.
—Similar to P. jenseni except as fol-

lows: certain specimens (from Karoo and Namaqua-
land. Western Cape Province) with metasoma mostly
to completely orange; scutum very sparsely to mod-

erately densely punctate; pygidial brush ranges from

mostly black to mostly orange; labrum round distally

with subapical carina; pygidial plate reduced to ca-

rina near top of pygidial brush (Fig. 50), subpygidial

brush as in Fig. 50.

Distribution.—South Africa, Namibia,
Zimbabwe and Kenya. Habitats range
from savanna to desert.

Discussion.—In P. jonesi the labrum is

quadrate, mediolongitudinal region of the

propodeum punctate and clothed with

fine vestiture and pygidial plate reduced

laterally, so that only the posterior end is

visible.

Type material examined.—Morgania jonesi, ho-

lotype 9: "Mfongosi, Zululand, W.E. Edwards, 1914;

Morgania jonesi Ckll. TYPE' (SAMC). Morgania mar-

shalli, holotype 9: Mazoe, Mashonal'd, Dec. 05,

G.A.K. Marshall, 1908-212; Morgania marshalli Ckll.

TYPE; B.M. TYPE HYM. 17B 90' (NHML).

Additional material examined.—79 16: KE-

NYA: Karen, Nairobi, 3 & 20.V.1967, CD. Michener

(29 SEMK). NAMIBIA: 40 km N. Omaruru,
14. ii. 1977, J.G. & B.L. Rozen (19 AMNH). SOUTH
AFRICA: Kruger National Park, Shipandani Picket,

2331CB, A., L. & H. Braack (2 9 SANC); Dikbome,

Koup, Laingsburg div., iv-v.l950, H. Zirm (29

SAMC); Vogelfontein, P. Albert div., iii-iv.l929, A.J.

Hesse (Id SAMC).

Other published distribution record.—KEN-
YA: Masai Reserve (Cockerell 1933c).

RUFIPES SPECIES GROUP

This species group is monotypic.

Pasites nifipes (Friese), comb. nov.

(Fig. 51)

Omnchthes nifipes Friese 1915:298.

Morgania nifipes (Friese); Cockerell 1919:190.

Morgania (Omachthes) nifipes (Friese); Bischoff

1923:591-592.

Pasites capensis Wamcke 1983:292 [nom. nov. pro

P. nifipes (Friese) nee (Saunders)].

Warncke (1983) renamed rufipes Friese

as capensis because the name rufipes was

preoccupied by Ammobates rufipes Saun-

ders, also placed in Pasites by Wamcke.
Since we consider Pasites and Ammobates

to be distinct, this replacement name is in-

valid according to the Code, Article 59(d).

Description.
—Female (male unknown). Length

of head 2.6 mm; scutum 2.1 mm; fore wing damaged;

body 10.2 mm. Integument mostly black, scape, man-

dible, tegula, legs and distal end of metasoma red-

dish. Vestiture mostly black, mediolongitudinal re-

gion of scutellum and metanotum partl\- white, sub-

pygidial brush orange. Vestiture on head and

mesosoma mostly moderately sparse, long and sim-

ple (similar to that which occurs in certain species of

Si>liccoiicitsis. Figs. 62-63); propodeum, including me-

diolongitudinal region, largely plumose; metasomal

vestiture sparse and simple (cf. Fig. 62), except sub-

pygidial brush dense (Fig. 51); S6 pallid, velutinous

distallv. Vertex flatfish laterallv, strongly raised be-

tween lateral ocelli {cf. Fig. 63); labrum about 1.3x as

long as wide, flattish and gently rounded distally;

maxillary palp five-segmented, 4.1 x as long as ped-

icel; scutum quadrate, fairly densely punctate, punc-
tures large, often confluent; scutellum weakly tuber-

culate paramediallv; punctation on mesopleuron sim-

ilar to scutum; pvgidial plate absent (Fig. 51); S5 with
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well developed, elliptical, concavity posteromedially

(Fig. 51); S6 widely bifurcate.

Distribution.—Known from two widely

separated localities in South Africa, name-

ly Zeerust (woodland) in the North-West

Province, and Bowesdorp, near Kamiesk-

roon (shrubland) in Namaqualand. Both

these localities are fairly arid, but Zeerust

has summer rainfall and Namaqualand
has a Mediterranean climate.

Discussion.—Pasites rufipes can be easily

recognized by the long, black, erect, weak-

ly plumose vestiture on the head and me-

sosoma in combination with the vertex

which is more or less flat laterally (cf. Fig.

63), absence of a pygidial plate and ellip-

tical concavity on the posteromedian re-

gion of the female S5 (Fig. 51). The struc-

ture of the vertex and vestiture on the

head and mesosoma of P. rufipes resem-

bles that of certain species of Sphecodopsis,
but the elliptical concavity of the female

S5 concurs with that of Pasites, and the

structure of the pygidium is unique. The
male of P. rufipes is unknown.

Ti/pe material examined.—Omachthes rufipes,

holotype 9: Transvaal, Zeerust, 1897, Jensen;

Omachthes rufipes 9 Fr. 1914 Friese det.; Type; Mor-

gania rufipes Fr. i.I.Bisch. Type 9; Zool. Mus. Berlin'

(ZMHB).

Additional material examined.—19: SOUTH
AFRICA: Bowesdorp, ix.l941 (1 9 SAMC).

APPLETONI SPECIES GROUP

Pasites appletoni and P. somalicus com-

prises this species group. The head and

mesosoma of these two species are black,

as in most of their congeners, but the legs
and metasoma are usually orange. The fe-

male S5 is elliptically concave posterome-

dially and the pygidial plate is either

notched or absent posteriorly. The most

conspicuous salient feature of the male of

P. appletoni is the simple, erect, yellowish
vestiture on the scutum in combination

with the legs that are usually orange. The
male of P. somalicus is unknown.

In the scutal vestiture and colour of the

integument, especially the orangish legs,

these two species resemble the Palaearctic

species P. maculatus in which the pygidial

plate is absent in the female and reduced

in the male.

Pasites appletoni (Cockerell), comb. nov.

(Figs. 52-56)

Morgnnia appletoni Cockerell 1910:216-217.

Omachthes abessiiiicus Friese 1915:297-298. Syn.
nov.

Morgania ahessiuica (Friese); Cockerell 1919:190.

Morgania (Omachthes) abessiuicus [sic] (Friese);

Bischoff 1923:589-590 [lapsus].

Morgnnia (Omachthes) fidviventris Bischoff 1923:

590. Syn. nov.

Morgania fidviventris Bischoff; Cockerell 1937a:

154.

Omachthes fidviventris (Bischoff); Anonymous
1958:31.

Morgania (Omachthes) rhodesianus [sic] Bischoff

1923:590 [/rt;)si(s]. Syn. nov.

Omachthes rhodesianus (Bischoff); Anonymous
1958:33.

Morgania (Omachthes) apicalis Bischoff 1923:591.

Syn. nov.

Morgania apicalis Bischoff; Cockerell 1933a:379.

Omachthes apicalis (Bischoff); Anonymous 1958:

30.

Morgania (Oniachtlies) turneri Cockerell 1933a:

378-379. Syn. nov.

Morgania (Pseudopasites) politula Cockerell

1933a:382, 384 [incorrectly given masculine

gender on p. 382]. Syn. nov.

Morgania (Omachthes) indecisa Cockerell 1936:31.

Syn. nov.

Morgania (Omachthes) niidicaiida Cockerell

1937a:153. Syn. nov.

Morgania (Omachthes) bechuanica Cockerell

1937a: 153-1 54. Syn. nov.

Morgania (Omachthes) breviceps Cockerell 1937a:

154. Syn. nov.

This species is widely distributed in

subsaharan Africa. Throughout its range it

varies greatly in size and moderately in

colour. The density of the vestiture varies

gradually and cannot be used to separate

species. However, specimens from the Ka-

roo and Namacjualand tend to have less

pilosity, especially on the metasoma, than

material from localities to the north of this

region. The large amount of variation that

is displayed, together with the species'
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Fig. 52. Pasites appkhvu, habitus, dorsal view (dark shading represents black or blackish integument and

lightly shaded areas are orange), 9 .

wide distribution, has led to the descrip-

tion of a large number of synonyms. This

was revealed through study of all the rel-

evant type material.

Description.
—Habitus, dorsal aspect, as in Fig.

52. Length of head 1.0-1.7 mm; scutum 0.8-1.3 mm;
fore wing 3.3-5.8 mm; body 3.9-7.2 mm. Colour of

integument of head mostly black, ventral margin of

clypeus sometimes orange, antenna often partly to

mostly orange or orangish, labrum and mandible

usually mostly orangish (distal end of mandible

blackish, labrum often with mediobasal, lateral and

mediodistal regions black); mesosoma ranges from

almost completely black to completely orange, most

commonly with scutum, scutellum, propodeum and

upper region of mesopleuron black or reddish-black,

lower region of mesopleuron and mesosomal venter

orange; pronotal lobe usually partly orange; tegula

translucent orange; legs mostly orange, coxae some-

times black or blackish, femora, tibiae and tarsi oc-

casionally black; metasoma generally reddish to or-

ange, sometimes with blackish tinge and /or black

distally. Vestiture on head white, except mandible

white lo yellowish; mesosoma mostly white, scutum

yellowish except lateral region which is white, dorsal

surface of scutellum concolorous with scutum; legs

largely white, ventral surfaces of tarsi yellowish, out-

er surfaces of tibiae with few reddish scales; meta-

somal vestiture mostly white, subpygidial brush usu-

ally black medially, circumscribed with orange; meta-

somal venter orange to white vestiture, except female

S5 with orange fringe surrounding posteromedian

concavity. Vestiture on head usually mostly moder-

ately dense and plumose, that on upper region of face

and vertex sparse and simple, occasionally lower re-

gion partly clothed with simple hairs; mandible with

few simple hairs; pronotal collar and lobe densely pu-

bescent; scutum with short, simple moderately dense,

vestiture, except lateral region which is densely pu-

bescent; scutellum with dorsum largely similar to

scutum, posterior (subvertical) surface plumose; pro-

podeum naked mediolongitudinally; legs with fem-

ora largely naked; metasoma with Tl naked to

sparsely pubescent anteriorly (subvertical surface),

with dense posterolateral spots; female T2-T5, males

T2-T6 with sparse to dense pubescence on posterior

margins which may be interrupted medially; female

T6 with well developed, subpygidial brush; differ-

entiation of subpygidial brush unique in that thick

hairs occur in centre and fine vestiture around edge

(Fig. 53); male T7 sparsely clothed with pale vestiture;
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Figs. 53-57. Pasites spp. 53-56. P. appletoiii. 53. Terminalia, posterior view, 9; 54. S7, 6; 55. S8, S; 56. Genital

capsule, 6 . 57. P. somalicus, terminalia, posterior view, 9 .

metasomal venter with sparse to dense vestiture, ex-

cept female S5 with fringe of short, simple hairs sur-

rounding posteromedian concavity. Labrum about

quadrate, flatfish with apex pointed and weakly tu-

berculate; maxillary palp four-segmented, 1.5-2.2X as

long as antennal pedicel; scutum fairly densely cov-

ered with small well separated punctures; scutellum

gently and evenly convex to unevenly convex with

paramedian regions weakly swollen; propodeum
with broad glabrous area mediolongitudinally; meso-

pleuron mostly densely punctate, ventrolateral and

ventral regions sparsely punctate; pygidia! plate well

developed, broadly rounded in both sexes, female

with distinct notch mediodistally (Fig. 53); female S5

with elliptical concavity (Fig. 53); male S7, S8 and

genital capsule as in Figs. 54-56.

Distribution.—Niger and Cameroon, in

the north-west, Somaha, in the north-east,

and from much of southern Africa. Habi-

tat ranges from rain forest to desert.

Discussion.—Pasites appletoni can be
identified by the female terminalia. The

pygidial plate is notched posteromedially,
the subpygidial brush is mostly orangish
with a black centre and S5 with an ellip-

tically concave posteromedially (Fig. 53).

The male can be identified by the shape of

the S7 and S8 (Figs. 54-55), and in orange
coloured specimens, by the colour of the

legs and metasoma.

Floral records.—Pedaliaceae: Sesamum

sp.; undetermined species of Boragina-
ceae.

Type material examined.—Mcrgani:! appletoni,

holotype 9: "Bohotle, Somaliland, 1903, Verty. Major
A.F. Appleton, 1907-89; Morgania appletoni Ckll.

TYPE; B.M. TYPE HYM. 17B 84.' (NHML). Omachthes

nhessinicus, holotype 9: ~NO.-Afrika, Eritrea, 08;

Omachthes abessinicus Fr. 9 1914 Friese det.; Type;
Zool. Mus. Berlin' (ZMHB). Morgania fidviventris, ho-

lotype 6: "Capland, Willowmore, 1.12.1904, Dr

Brauns; Omachthes fulviventris Bisch. 6 Typ.;
Omachthes fulviventris Biss. <J Type No. 569'

(TMSA). Morgania rlwdesiana, holotype i: "Bulawayo,
S. Rhodesia, 14.12.1919, Rhodesia Museum; Omach-
thes rhodesianus Bisch. 6 Typ.; Omachthes rhodesi-

anus Biss. S Type No. 572' (TMSA). Morgania apicalis,

holotype 6: "Capland, Willowmore, Marz 10 1919, Dr

Brauns; Omachthes apicalis Bisch. Typ.; Omachthes

apicalis Biss. d Type No. 568' (TMSA). Morgania tiir-

neri, holotype 9 : S.W.Africa, R.E. Turner, Brit. Mus.,

1928-61; Okahandja, 1-12.1.1928; Morgania tumeri

Ckll. TYPE; B.M. TYPE HYM. 17B 83' (NHML). Mor-

gania poUtitla, holotype 6: Cape Province, Little Ka-

roo, 38 m. E. of Ceres, 17-25.xi.l924, S.Africa, R.E.

Turner, Brit. Mus. 1924-518; Morgania politula Ckll.

TYPE; B.M. TYPE HYM. 17B 97' (NHML). Morgania
tnticcisa, holotype 9: "S.W.Africa, Cape of Good

Hope, Nelspoort, 5.xii.l933, J. Ogilvie, T.D.A. Cock-

erell, Exp. to Africa 1931, Pres. by Imp. Inst. Ent. B.M.

1932-291; Morgania indecisa Ckll. TYPE; B.M. TYPE
HYM. 17B 92' (NHML). Morgania niuiicaiiiln. holotype
9: "AFRICA, Belmont, J. Ogilvic, 23.ii. 19.34, B.M.

1934-157; Morgania nudicauda; B.M. TYPE HYM. 17B
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88' (NHML). Morganm hxhuimicn, holotype 9: 'AF-

RICA, Palapye, 5'iu.l934, ]. Ogilvie, B.M. 1934-172;

Morgania bechuanica Ckll. TYPE; B.M. TYPE HYM.

17B 86' (NHML). Morgania brei'icqK, holotype 9: 'AF-

RICA, Upington, J. Ogilvie, 21.ii.l934, B.M. 1934-157;

Morgania breviceps Ckll. TYPE; B.M. TYPE HYM.

17B 87' (NHML).

Additional material examined.—2109 556:

NIGER: 20 km S. Tahoua, 14.45N 05.20E, 13.viii.l987,

A. Pauly, on Boraginaceae (1 5 1 (J PCGB); Tsemaoua,

13.53N 05.20E, 13.viii.l987, A. Pauly, On Sesamum sp.

(1(? PCGB). CAMEROON: Bambui, near Bamenda,

1400 m, 5.viii.l966, CD. Michener (19 SEMK). BOT-

SWANA: Serowe, 17.x. 1923, R. Stevenson (19

TMSA); Serowe, iii.1986 (39 SANC); Palapye,

18.X.1923, R. Stevenson (1 9 SANC); V.-L. Kal. Exp.

Kuke Pan, 21-30.iii.1930 (19 TMSA). ZIMBABWE:

Sawmills, 28.xii.1919 (29 TMSA); Hillside, 17.ii.l923

(1(J TMSA); Sanyati Valley, ix-x.l925, R. Stevenson

(19 TMSA); Bulawayo, December-March, various

collectors (99 76 TMSA); Bulawayo, 23.xi.1924 (29

SEMK). SOUTH AFRICA: Kruger National Park, Pa-

furi, 22.26S 31.12E, 264m, 20-24.1.1985, G.L. Prinsloo

(539 86 SANC); 40 km N. Louis Trichardt,

24.iii.1967, CD. Michener (29 SEMK); Happy Rest

Nature Reserve, 22.59S 29.46E, 10.iii.l990, CD. Ear-

dley (29 26 SANC); D'Nyala Nature Reserve, Ellis-

ras district, 23.45S 27.49E, 19.xii.l987, M.W. Mansell,

G.L. Prinsloo, CD. Eardley (39 SANC); Mogol Na-

ture Reserve, EUisras district, 23.58S 27.45E, 27-

29.ii.1984, CD. Eardley (19 ItJ SANC); Ben Alberts

Nature Reserve, Thabazimbi, 24.37S 27.23E, 24-

28.xi.1980, M.W. Mansell, CD. Eardley (29 SANC);

Ellisras, 7.x. 1961, 3.i.l971 & 19.ii.l972, H. Empey (19

16 SANC); Soutpan, Pretoria district, 25.24S 28.06E,

29.1.1987, CD. Eardley (19 SANC); Scottburgh,

14.ii.l926, R.H.R. Stevenson (19 SAMC); Olifantsh-

oek, 24.iii.1990, W. Pulawski (19 26 CASC); Carlisle

Bridge, 14.1.1965, H. Empey (19 SANC); Graaff-Re-

inet, 3.i.l978, H. Empey {16 SANC); Willowmore, i-

ii.l911 & ii.l912, H. Brauns (19 Id TMSA, 19 26

SANC). NAMIBIA: Rundu, 10.iii.l990, W. Pulawski

(19 CASC); Otavi, iii.1926 (19 SAMC); Namakunde,

ii.l922 (19 SAMC); 61 km W. Omaruru, 22.iii.1979,

J.G. Rozen (29 AMNH); 11-46 km W. Usakos,

14.iii.l979, J.G. & B.L. Rozen (89 AMNH); 17-19 km
E. Usakos, 18.iii.l976, J.G. & B.L. Rozen (29 AMNH);
50km S.W. Usakos, 21.ii.l990, W. Pulawski (19

CASC); 11 km N. Karihib, 27.ii.1990, W. Pulawski (1 9

CSAC); 62 km E. Karibib, 20.ii.l990, W. Pulawski (2 9

CSAC); 43 km E. Karibib, 20.ii.l990, W. Pulawski (1 9

CSAC); Otjituo, i.l920, W. Tucker (1 9 SAMC); 70 km
N. Okahandja, 16.iii.l990, W. Pulawski (29 26

CASC); 5 km S. Okahandja, 13-17.iii.1979, J.G. & B.L.

Rozen (69 AMNH); 5 km S. Okahandja, 30.iii.-

I.iv.l979, J.G. Rozen (539 AMNH); 27 km S. Oka-

handja, 18.ii.l990, W. Pulawski (39 CASC): 3 km N.E.

Kalkfeld, 2.ii.l990, W. Pulawski (29 CASC); 15 km
N. Kalkrand, 13.ii.l990, W. Pulawski (29 Id CSAC);

23 km N. Rehoboth, 15.ii.l990, W. Pulawski (19 Id

CSAC); 24 km S. Kamanjab, 5.iii.l990, W. Pulawski

(Id CSAC); 20km N.E. Otjiwarongo, 13.iii.l990, W.

Pulawski (39 2d CSAC); 40 km W. Witvlei,

16.ii.l990, W. Pulawski (49 Id CSAC); 8 km W.

Windhoek Airport, ll.iii.l979, J.G. & B.L. Rozen (Id

AMNH); 36 km E. Windhoek, 16.ii.l990, W.J. Pu-

lawski (19 CSAC); 20-22 km E.S.E. Seeis, 13-

29.iii.1976, J.G. & B.L. Rozen (169 12d AMNH); 9-

36 km E.S.E. Seeis 16.ii.l977, J.G. & B.L. Rozen (59

3d AMNH).
Other published distribution records.—

ZIMBABWE: Lonely Mine (Cockerell 1933a); SU-

DAN: Cash Delta (Cockerell 1933c).

Pasites somalicus Eardley, spec. nov.

(Fig. 57)

This new species is known from a single

female from Somalia, and it is named for

that country.

Description.
—Similar to P. iipplctoni (cf. Fig. 52).

Female (male unknown). Length of head 1.9 mm; .scu-

tum 1.7 mm; fore wing 6.5 mm; body 9.4 mm. Colour

of integument of head mostly black, antenna partly

orangish, labrum orange and mandible orange, ex-

cept distal end which is blackish; mesosoma black;

legs orange, except middle and hind coxae which are

black; metasoma orange. Vestiture on head white, ex-

cept mandible white to yellowish; mesosoma mostly

white, scutum yellowish except lateral region which

is white, dorsal surface of scutellum concolorous with

scutum; legs largely white, ventral surfaces of tarsi

yellowish, outer surfaces of tibiae with few reddish

scales; metasomal vestiture mostly white, subpygidial

brush black dorsally, orange ventrally (Fig. 57); meta-

somal venter with orange to white vestiture, except

S5 with an orange fringe surrounding posteromedian

concavity. Vestiture on head dense and plumose, that

on upper region of face and vertex sparse and simple;

mandible with few simple hairs; pronotal collar and

lobe densely pubescent; scutum with short, simple

moderately dense, vestiture, except lateral region

which is densely pubescent; scutellum with dorsum

largely similar to scutum, posterior (subvertical) sur-

face plumose; propodeum naked mediolongitudinal-

ly; legs with femora largely naked; metasoma with

Tl naked to sparsely pubescent anteriorly (subverti-

cal surface), with dense posterolateral spots; T2 with

dense white pubescence posterolaterally; female

T3-T5 with dense white subapical fringes; T6 with

well developed subpygidial brush, which has thick

hairs above and fine vestiture below (Fig. 57); meta-

somal venter with sparse to dense vestiture, except

S5 with fringe of short, simple hairs surrounding pos-
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Figs. 58-61. Pasites uHiculatiis. 58. Terniinalia, posterior view, 5; 59. S7, 6; 60. SB, 6; 61. Genital capsule, 6.

teromedian concavity. Labrum about quadrate, flat-

tish vv'ith apex pointed and weakly tuberculate; max-

illary palp four-segmented, subequal in length to an-

tennal pedicel; scutum fairly densely covered with

small well separated punctures; scutellum with para-
median region distinctly swollen; propodeum nar-

rowly naked mediolongitudinally; mesopleuron
mostly densely punctate, ventrolateral regions

sparsely punctate; pygidial plate only visible poster-

olaterally (Fig. 57); S5 with elliptical concavity (Fig.

57).

Distribution.—Somalia, Acacia-Comnii-

phora woodland.

Discussion.—Pasites somalicus closely re-

sembles P. appletoni. They can be separat-
ed by the structure of the female pygidi-
um. In P. somalicus the pygidial plate is

visible as two lateral carinae only and the

subpygidial brush is black dorsally and

orangish ventrally.

Type material.—Holotype 9: SOMALIA: lo-

cality illegible, 25.11.53, Desert Locust Survey
(AMGS).

MACULATUS SPECIES GROUP

This species group is monotypic.

Pasites mactdatus Qurine)

(Figs. 58-61)

Pasites maculata Jurine 1807: 224.

Diagnosis.
—

Length of head 1.7-2.3 mm; scutum

1.2-1.5 mm; forewing 4.8-5.8 mm; body 5.8-7.3 mm.
Colour of integument of head ranges from mostly
black, ventral margin of clypeus, labrum and man-
dible orange, tci completely orange; mesosoma ranges
from almost completely black, except pronotal lobe

and tegula orange, to completelv orange, except me-

diolongitudinal region of propodeum black; legs

mostly orange, coxae, trochanters and proximal re-

gion of femora sometimes black; metasoma generally
reddish to orange, sometimes with blackish tinge

and/or black distally. Vestiture mostly white to whit-

ish, ventral surfaces of tarsi yellowish, outer surfaces

of tibiae with few reddish scales, subpygidial brush

of female mostly infuscated, black dorsomedially,
metasomal partly grange. Vestiture on head mostly
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sparse and simple, moderately dense and plumose
around antennal socket; pronotal collar densely pu-

bescent; scutum and scutellum mostly with short,

simple, sparse vestiture; propodeum naked medi-

olongitudinally; femora with sparse vestiture; Tl

with sparse vestiture; T2 with sparse to dense vesti-

ture; female T3-T5, male T3-T6 with bands of dense

pubescence on posterior region which are interrupted

medially and mediolaterally; female T6 with well de-

veloped, subpygidial brush (Fig. 58); male T7 largely

naked; metasomal venter with sparse vestiture, ex-

cept female S5 with fringe of short, simple hairs sur-

rounding posteromedian concavity. Labrum 1.3x as

long as its maximum width, flattish with apex point-

ed; without maxillary palp; scutum fairly densely

covered with large well separated punctures; scutel-

lum unevenly convex with paramedian regions dis-

tinctly swollen; propodeum with mediolongitudinal

area broad and glabrous; mesopleuron mostly dense-

ly punctate, ventrolateral and ventral regions sparse-

ly punctate; pygidial plate absent in female (Fig. 58),

reduced in male; female S5 with elliptical concavity

(Fig. 58); male S7, S8 and genital capsule as in Figs.

59-61.

Diftributioti.—North-west Africa and

Spain to Japan (Rozen 1986).

Discussion.—The synonymy of this spe-

cies is given by Warncke (1983) and as-

pects of the biology are discussed by Roz-

en (1986) where he shows that P. maculatus

parasitizes Pseudapis (Halictidae: Nomi-

inae).

Ahhough P. maculatus resembles the ap-

pletoni species group in colour, it is most

closely related to the jenseni species group.
The female can be identified by the ab-

sence of the pygidial plate and the sub-

pygidial brush which is mostly black and

dorsoventrally differentiated (Fig. 58). In

the male the elongate labrum, reduced py-

gidial plate and quadrate S8 (Fig. 60), in

combination, are diagnostic.

Material examined.—49 46-. spain: Sierra

Nevada (1300 m), 18-24.vii.1980, K.M. Guichard (19

NHML). SOUTH TUNISIA: Mareth, 30.vii.l978,

K.M. Guichard, G.R. & A.C. Else (19 NHML).
GREECE: Rhodes Ixia, 15-29.viii.1984, M.C. Day {16

NHML). ISRAEL: Lubban (500 m), 20.V.1975, K.M.

Guichard (\6 NHML). CYPRUS: Akrotiri,

16.vii.l944, G.A. Mavromoustakis (IcJ NHML); Li-

massol, 12.vi.l929, G.A. Mavromoustakis (19

NHML). AUSTRIA: N.E. Marchfeld, Oberweiden,

(Sandberge), 21.vii.l952, F. Keller (19 Id SCAA).

SPECIES OF UNCERTAIN IDENTITY

The following four species, Pasites atra-

tulus Friese, Omachthes gahonensis Vachal,

Morgania rotundiceps Bischoff and Morgan-
ia tropica Cockerell, could not be identified

from the literature alone and the type ma-

terial could not be located. Although
Omachthes and Morgania have been syn-

onymized with Pasites, it could not be es-

tablished whether the last three species re-

ally belong in Pasites.

Pasites atratulus Friese

Pasites atrntuluf Friese 1922:36 (syntypes 36).

Morgania (Omachthes) atratulus [sic] (Friese);

Bischoff 1923:588 [lapsus].

Morgania atratulus [sic] (Friese); Medler 1980:

483.

The type material of this species com-

prised three males. One was placed in the

ZMHB and two in the Zoologische Institut

und Zoologische Museum, Universitat

von Hamburg, Hamburg, Germany. The

first-mentioned type is not in the ZMHB,
and the other two were destroyed during
World War II.

Omachthes gabonensis Vachal

Omachthes gabonensis Vachal 1903:382-383 (ho-

lotype 9).

Morgania gabonensis (Vachal); Cockerell 1919:

190.

Morgania {Omachthes) gabonensis (Vachal); Bis-

choff 1923:587-588.

Omachthes gabonensis (Vachal); Medler 1980:483.

The holotype of this species was appar-

ently originally deposited in Vachal's col-

lection, now housed in the MNHN. How-

ever, it could neither be found here nor in

any of the other major European muse-

ums.

Morgania rotundiceps Bischoff

Morgania {Omachthes) rotundiceps Bischoff 1923:

588 (syntypes 26).

The species was described from two

males, both of which were taken in Tan-

zania. Although Bischoff said he deposit-
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Fig. 62. Sphecodopsis capicola, habitus, dorsal view (dark shading represents black or blackish integument and

lightly shaded areas are reddish), 9.

ed the type material in the ZMHB, it could

not be found there.

Morgania tropica Cockerell

Morgania tropica Cockerell 1933c:106-107 (holo-

type ?, MRAC).

The type material of this species is

housed in the MRAC. The material was on
loan during the course of this study and
the museum was unable to retrieve it.

GENUS SPHECODOPSIS BISCHOFF

Sphecodopsis Bischoff 1923:593. Type species:

Omnchthes capicola Strand 1911 (original des-

ignation).

Sphecodopsis {Sphecodopsis) Bischoff 1923:593.

Sphecodopsis (Pseiidopasites) Bischoff 1923:593.

Type species: Pasites pygmaeaiis Friese 1922

(subsequent designation, Sandhouse 1943).

Syn. nov.

Pseudodichroa Bischoff 1923:586, 595; Rozen
1968a:l-10. Type species: Omachthes capensis

Friese (subsequent designation, Sandhouse

1943). Syn. nov.

The following ten species comprise the

genus Sphecodopsis: S. capicola (Strand), S.

vespericena spec, nov., S. villosa Friese, S.

longipygidium spec, nov., S. namaquensis

spec, nov., S. minutissima (Cockerell), S.

aculeata (Friese), S. semirufa (Cockerell), S.

capensis (Friese) and S. fiimipennis (Bis-

choff). Of these, S. vespericena, S. longipi/-

gidinm, S. namaquensis, S. capensis and S.

fumipennis are only known from female

specimens, and S. villosa is only known
from the male. The diagnostic characters

of many of the species are sex-limited, and
in the absence of suitable material of these

species it is impossible to associate the

sexes. This led to the unassociated and un-

described males of two species, of which

material was available, being omitted

from the study. As the males of most of

the described species are unknown or can-

not be identified, a key for the identifica-

tion of the males has not been provided.
The male terminalia have the most reliable

diagnostic features of this sex and have
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been illustrated for the species of which

males are known. These illustrations, in

combination with the descriptions, should

enable the recognition of those males.

The genus is endemic to southern Afri-

ca. Five species (S. vesperkena, S. kvigipy-

gidium, S. namaquensis, S. capeiisis and S.

fiimipeimis) are known only from Nama-

qualand and the south-western region of

the Western Cape, an additional three spe-

cies (S. capicola, S. aculeata and S. semirufa)

occur in Namaqualand and the Karoo. The

distribution of one of these, namely S. acu-

leata, extends eastward to Grahamstown.

The other two species (S. villosa and S.

minutissima) apparently occur throughout
the greater part of southern Africa.

Bischoff (1923) divided Sphecodopsis into

two subgenera. The nominotypical sub-

genus comprised S. capicola and S. villosa,

while the subgenus Pseudopasites com-

prised S. minutissima and S. aculeata. Sphe-

codopsis capensis and S. fumipennis were

placed in the genus Pseudodichroa by Bis-

choff (1923). Cockerell (1919 & 1933c) con-

sistently placed the species here recogni-

sed as belonging to Sphecodopsis in the ge-

nus Morgania, and (Cockerell 1933a) con-

sidered Sphecodopsis and Pseudopasites to

be subgenera of Morgania. In the cladistic

analysis of these species, Pasites (= Mor-

gania) and Sphecodopsis form distinct

clades and are here considered to be dis-

tinct genera. The analysis did not reveal

any characteristics that supported the sub-

division of Sphecodopsis into subgenera,

nor the placement of S. capensis and S. fu-

mipennis in a separate genus. The only fea-

tures that separate Pseudodichroa from

Sphecodop'sis sensu stricto are its gutter-like

female S5 and the S6 which forms a single

posterior spine (in the latter the female S5

has a small protuberance (Figs. 65, 80, 82,

93) and a posteriorly bifid S6 (Fig. 66)).

Material of males that apparently belong
to either S. capoisis or S. fumipennis was

studied and found to be virtually indistin-

guishable from Sphecodopsis. The two sub-

genera and Pseudodichroa have therefore

been synonymized.

Sphecodopsis species are smallish (4.0-9.0

mm long), wasp-like bees in which the

head and mesosoma are black, the meta-

soma is generally reddish and /or orang-
ish anteriorly, black posteriorly; occasion-

ally the entire metasoma is black. The ge-

nus is characterized as follows: vertex,

frontal view, flat laterally, area between

lateral ocelli distinctly raised (Fig. 63); an-

tenna 12-segmented in female, 13-seg-

mented in male; labrum more or less

quadrate, pointed and weakly tuberculate

apicomedially; mandibles behind labrum

in repose; facial vestiture generally black

(Fig. 63), white in S. aculeata and S. minu-

tissima, long and weakly pubescence, ex-

cept in S. minutissima which has short,

dense facial pubescence; scutellum gently
and evenly curved; last exposed metaso-

mal tergum (T6 female, T7 male) without

pygidial plate, but with dorsum broad

and with dorsolateral region strongly in-

curved posteriorly, especially in male

where dorsum resembles a pygidial plate;

female S5 either shallowly or strongly con-

cave distally, when viewed from behind,

with weakly to strongly developed pro-

tuberance posteromedially, when viewed

from below (Figs. 65, 78, 80, 82, 93); female

S6 with distal end either simple or bifid

posteriorly (Figs. 66, 79, 81, 83, 94).

In the discussion that follows some of

the species have been placed in two spe-

cies groups, on the basis of their mor-

phology, while three species have been re-

garded as comprising three monotypic

groups. These species groups are not

clearly defined units suitable for descrip-

tion as distinct taxa. They have been used

simply to facilitate discussion on the sim-

ilarities between species. The capicola

group comprises S. capicola, S. vespericena,

S. villosa, S. longipygidium and S. nama-

quensis. The capensis group comprises S.

capensis and S. fumipennis. The three spe-

cies that have not been grouped are S.

minutissima, S. aculeata and S. semirufa.
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KEY TO SPECIES OF SPHECODOPSIS

(Females)

Metasoma with S6 simple posteriorly (capensis group) 2

S6 bifid posteriorly 3

Posterior margin of first submarginal cell in fore wing distinctly longer than in second

submarginal cell; posterior margin of S5 with area clothed with pallid vestiture distinctly

pointed anteromedially (illustrated in Rozen, 1968a) S. fumipennis (Bischoff)

Posterior margin of first and second submarginal cells in fore wing subequal in length;

posterior margin of S5 with area clothed with pallid vestiture rounded anteromedially

(illustrated in Rozen, 1968a) S. capensis (Friese)

Side of T5 notched (Fig. 75) (capicola group, part) S. longipygidium Eardley
Side of T5 gently curved (Fig. 64) 4

Facial vestiture white 5

Facial vestiture completely to mostly black 6

Vestiture on lower region of face plumose, virtually obscuring facial integument; upper

region of face with integument clearly visible through short, simple vestiture; T5 with well

developed distal fringe medially; T6 with lateral region of distal fringe long, hairs curved

outwards S. minntissima (Cockerell)

Integument of entire face visible as a result of all facial vestiture being weakly plumose;
T5-T6 devoid of clearly discernable distal fringes S. aculeata (Friese)

Median region of T5 with a well developed distal fringe of straight, posteriorly projecting
setae (capicola group, part) 7

T5 either naked and impunctate posteriorly or with a sparse subapical fringe 8

Distal fringe on T5 black to brownish; legs largely orange S. vespericena Eardley
Distal fringe on T5 white; legs black to blackish S. capicola (Strand)

T5 naked and impunctate posteriorly; vestiture on anterior region long and black

S. semirufa (Cockerell)

T5 densely punctate posteriorly and completely clothed with short white vestiture (capicola

group, part) S. namaquensis Eardley

CAPICOLA SPECIES GROUP 62. Length of head 1.4-2.0 mm; scutum 1.0-1.7 mm;
fore wing 4.3-7.0 mm; body 4.8-7.7 mm. Integument

This species group is made up of the of head black, except distal end of mandible orange;

following five species: S. capicola, S. ves- mesosoma black, except tegula, pronotal lobe, most

pericem, S. villosa, S. longipygidium and S.
"^ femora, tibiae and tarsi usually orangish; metaso-

rpi ^. iU u J ma mostly orange, distal segments black. Vestiture on
namaquensis. The vestiture on the head

, , , , ,

^
, , f

' head black; mesosoma black, except snort pubescenceand mesosoma is black, and consists most-
(described below) on scutum, scutellum and sur-

ly of fairly long, weakly plumose hairs, rounding pronotal lobe white; legs generally white,

and the female T5 has a distinct apical or femora black, dorsal surfaces of tibiae and basilars!

Subaoical fringe with black setae intermixed with white vestiture, ven-

tral surfaces of tarsi blackish-orange; metasomal ves-

c 1 1 •
1 /ci j\ titure pallid in areas where integument is orange,

Sphecoaopsts capicola (Strand) . , , i . _, , ."^ "^
.

"^ ^ ' black m regions where integument is black, except
(rigs, oj—/ I) posterior region of female T5 with white vestiture

„ , ,, , ^ , ,„,, „^. ^„,- (median region with well developed white distal
Omachthes capicola Strand 1911:224-225. I. , -r^ i^ , . . u cc -.uur

fringe), 1 6 black to brownish-orange, b5 with brown-
Morgmun cap.cola (Strand); Cockerell 1919:190,

i^h-orange tinge, especially posterolaterally; male T6
1933c:i09. white distally, T7 completely white. Face densely

Sphecodopsis (Sphecodopsis) capicola (Strand); Bis- clothed with long, weakly plumose vestiture (Fig. 63),

choff 1923:593—595. lower region of gena with short and long pubescence
intermixed; mesosoma with mixture of long, weakly

Description.
—Habitus, dorsal aspect, as in Fig. plumose vestiture and short pubescence; legs, except
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femora, generally clothed with very short, simple to

weakly plumose, vestiture, femoral vestiture sparse,

long and simple to weakly plumose, dorsal surfaces

of tibiae and basitarsi with black setae intermixed

with vestiture; metasomal vestiture very short and

simple, except median region of T5 with well devel-

oped white distal fringe. Scutum with fine, dense

punctation; propodeum largely punctate, propodeal

triangle finely sculptured; female T5 straight poste-

riorly, except for weakly developed notch postero-

medially (Fig. 64), pygidium short and devoid of sub-

pygidial brush; male T7 rounded posteriorly, strong-

ly incurved ventrolaterally (Fig. 67); female S5 broad-

ly protuberant posteromedially, with small

prominence on each side of protuberance (Fig. 65);

female S6 widely bifurcate posteriorly (Fig. 66); male

S7, S8 and genital capsule as in Figs. 68-71.

Distribution.—Karoo and Namaqualand,
in the Western and Eastern Cape Prov-

inces.

Discussion.—The female of this species

can be identified by the black to blackish

legs in combination with the posterior

fringe of white setae on T5. The male can

be identified by the gonocoxite of the gen-

italia being truncate posteriorly (Figs. 70-

71). Its closest relative is S. vespericeua, to

which it is remarkably similar. In these

two species the posteromedian protuber-

ance of the female S5 is broad with very

small posterolateral prominences (Fig. 65).

Floral Record.—Rosaceae.—Grielum hum-

ifiisum Thunb.

Type material examined.—Holotype 6: Cap-

land berg, 1774, Morgania capicola 6 Strand det.;

Type; Zool. Mus. Berlin' (ZMHB).

Additional material examined.—225 26:

SOUTH AFRICA: WiUowmore, 15.viii.l920, Dr

Brauns (19 TMSA); Ceres district, 15-30.X.1934, M.

Versfeld (1? SAMC); 8 km W. Graafwater, 3218BA,

27.ix.1978, V.B. Whitehead (39 TMSA, 1 9 SANC); 20

km N. Clanwilliam, 9.ix.l982, V.B. Whitehead, on

Grielum humifiisiim (19 SANC); Sandberg Station,

32.18BC, ll.viii.l988, V.B. Whitehead (19 SAMC);

Biedouw Valley, Clanwilliam district, 32.08S 19.14E,

5-7.ix.l987, CD. Eardley (19 Id SANC); 20 km N.

Klawer, 9.ix.l983, V.B. Whitehead (29 SAMC); 5 km

S. Niewoudville, 3119AC, 2.viii.l984, 25.viii.1988,

V.B. Whitehead (4 9 SAMC, 19 SANC); Vanrhyns-

dorp, 12.viii.l927, Dr. Brauns (19 TMSA, 19 Irf

SANC); Hester Malan Nature Reserve, Springbok,

17.ix.l983, V.B. Whitehead (19 SAMC); Springbok,

7.ix.l966, CD. Michener (39 SEMK).

Sphecodopsis vespericena Eardley, spec.

nov.

The species was only known from four

specimens before Drs F.W. & S.K. Gess

(AMGS) discovered that the bees visit

flowers in the late afternoon (after 16:00

hours). At that time they were collected in

abundance. Their habit of feeding late in

the day led to the derivation of the name

vespericena from the Latin words vesper

(evening) and cena (dinner).

A large series of specimens of S. vesper-

icena was collected together with several

specimens of Scrapter hicolor Lepeletier &
Serville (Colletidae: CoUetinae), whose

host plants and foraging time were similar

to those of S. vespericena. Parasitised nests

of this species of Scrapter have not been

found and it was not possible to ascertain

through other means whether it is the host

of S. vespericena.

Description.
—Similar to S. capicola {cf. Fig. 62).

Female (male unknown). Length of head 1.9-2.2 mm;
scutum 1.6-1.8 mm; fore wing 6.4-7.4 mm; body 7.3-

9.0 mm. Integument of head black, except distal end

of mandible orange; mesosoma black, except tegula,

pronotal lobe, most of femora, tibiae and tarsi usually

orangish; metasoma mostly orange, distal segments

black. Vestiture on head black, except lower region of

gena with a little short white pubescence intermixed

with long black veshture; mesosoma black, except

short pubescence (described below) on scutum and

scutellum white, and on pleural area, venter and pro-

podeum white to pale grey; legs generally white, fem-

ora black, dorsal surfaces of tibiae and basitarsi with

black setae intermixed with white vestiture, ventral

surfaces of tarsi blackish-orange; metasomal vestiture

pallid in areas where integument is orange, black in

regions where integument is black, except posterior re-

gion of T5-T6 black to brownish-orange (T5 with well

developed blackish distal fringe medially). Face dense-

ly clothed with long, weakly plumose vestiture (Fig.

63), lower region of gena with short and long pubes-

cence intermixed; mesosoma with mixture of long,

weakly plumose vestiture and short pubescence; legs,

except femora, generally clothed with very short, sim-

ple to weakly plumose, vestiture; femoral veshture

sparse, long, simple to weakly plumose; dorsal sur-

faces of tibiae and basitarsi with black setae intermixed

with vestiture, metasomal vestiture very short, simple,

except median region of T5 with well developed black

distal fringe. Scutum with fine, dense punctation; pro-

podeum largeK- punctate, propodeal triangle finely

sculptured; T5 straight posteriorly, except for weakly
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Figs. 63-71. Splwcodopsis capicola. 63. Head, front view, 9; 64. T5, dorsal view, 9; 65. S5, ventral view, 9; 66.

S6, ventral view, 9; 67. T7, lateral view, 6; 68. S7, 6; 69. 58, 6; 70. Genital capsule, dorsal left & ventral right,
(J. 71. Genital capsule, lateral view, 6.

developed notch posteromedially {cf. Fig. 64), pygidi-
um short, devoid of subpygidial brush; S5 broadly pro-
tuberant posteromedially, with small prominence on
each side of protuberance (cf. Fig. 65); S6 widely bifur-

cate posteriorly (cf. Fig. 66).

Distribution.—Southern region of Na-

maqualand.
Discussion.—In S. vespericena the legs are

largely orange and the distal fringe of the

female T5 is black to browrush. Otherwise

this species is remarkably similar to S. cap-
icola.

Floral records.—Rosaceae: Grielum Iiunii-

fusum; Asteraceae: Senecio probably areii-

arius Thunb. and Helichrysum sp.; Mesem-

bryanthemaceae: Herrea sp.; Scrophularia-
ceae: Hemimeris niontaim L.f.
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Figs. 72-79. Sfi/kTciiii>;»s;s spp. 72-74. S. r;7;ii.';i7, 3 . 72. S8; 73. Genital capsule, dorsal left & ventral right. 74.

Genital capsule, lateral view. 75-79. S. Umgiyygidium, 9. 75. T5, dorsal view; 76. T6, dorsal view; 77. T6, lateral

view; 78. S5, ventral view; 79. S6, ventral view.

Type material.—Holotype 9, paratypes 679:

SOUTH AFRICA: 11 km W. Clanwilliam, 32.10S

18.47E, 1.x. 1990, C. Eardley (holotype 9 249 SANG,
29 MRAG, 39 AMNH, 2 9 NHML, 29 TMSA, 29

SAMC, 3 9 SEMK, 29 MNHN, 29 DMSA, 29

ZMHB, 39 SCAA, 29 CASC); same locality, 2-

8.x. 1990, F.W. & S.K. Gess, on Grielum humifusum

(1 9 ),
Senecio prob. arenarius (1 9 ),

Herrea sp. (59 ), Hel-

khrysum sp. (19) (14 9 AMGS); Holfontein, 20 km S.

Clanwilliam, 24.viii.1983, V.B. Whitehead, on Hem\'

mcris raceinosa (1 9 SAMC); Raniskop Camp, Clan-

william, 3218BB, 30.viii.l984, V.B. Whitehead, M.

Macpherson (1 9 SAMC); Saldanha Bay, ix.l960 (1 9

SAMC); Malmesbury Road, 20.X.1923, W.C. Bales (1 9

SAMC).

Sphecodopsis villosa (Friese)

(Figs. 72-74)

Pasites villosus Friese 1909a:438-439.

Omachthes villosus (Friese); Friese 1915:297.

Mor^ania villosn (Friese); Cockerell 1919:190.

Splicaniopsis (Sphecodopsis) villosa (Friese); Bis-

choff 1923:593-594.

Description.
—Male (female unknown). Similar to
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S. capncola except as follows: head and mesosoma more

densely punctate (punctation difficult to quantify, refer

Bischoff 1923); distal region of metasoma with area in

which integument is black, clothed with black vesti-

ture; S8 and genital capsule as in Figs. 72-74.

Distribution.—Namaqualand and Zee-

rust.

Discussion.—The similarity between this

species and the male of S. capicola suggests
that they are closely related. These two

species can be separated only by the struc-

ture of the male terminalia. The most dis-

tinctive difference is in the shape of the

posterior end of the gonocoxite, which is

truncate in S. capicola (Figs. 70-71) and
somewhat pointed in S. villosa. As the

males of Sphecodopsis have not been in-

cluded in the key to species, this species
should be identified by the comparison of

the male S8 and genitalia with the illustra-

tions given in Figs. 72-74.

Type material examined.—Holotype S:

"Transvaal, Zeerust, 1897, Jensen; Pasites villosus Fr.

6 1908 Friese det.; Omachthes villosus Fr. 6 1914

Friese det.; Type; Zool. Mus. Berlin' (ZMHB).

Additional material examined.—\6: SOUTH
AFRICA: Vanrhynsdorp, 12.viii.l927, H. Brauns (Id

SANC).

Sphecodopsis longipygidium Eardley,

spec. nov.

(Figs. 75-79)

This new species is known from a single
female specimen in which the pygidial re-

gion of S5 is elongate. It is from this

unique feature that the name longipygi-
dium was derived.

Description.
—Female (male unknown). Similar

to S. capicola (cf. Fig. 62). Length of head 2.3 mm;
scutum 1.8 mm (fore wing damaged in holotype);

body 8.1 mm. Integument of head black, except distal

end of mandible orange; mesosoma black, except teg-

ula, pronotal lobe, most of femora, tibiae and tarsi

usually orangish; metasoma mostly orange, distal

segments black. Vestiture on head black; mesosoma
black with short white pubescence apparently con-

fined to scutum (scutal pubescence damaged in ho-

lotype); legs generally white, femora black, dorsal

surfaces of tibiae and basitarsi with black setae inter-

mixed with white vestiture, ventral surfaces of tarsi

blackish-orange; metasomal vestiture pallid in areas

where integument is orange, black in regions where

integument is blackish, posterior region of T5 with

well developed, black distal fringe medially, T6 black

to brownish-orange, S5 with brownish-orange tinge,

especially posterolaterally. Face densely clothed with

long, weakly plumose vestiture {cf. Fig. 63), lower re-

gion of gena with short and long pubescence inter-

mixed; mesosoma with mixture of long^ weakly plu-
mose vestiture and short pubescence; legs, except
femora, generally clothed with very short, simple to

weakly plumose, vestiture; femoral vestiture sparse,

long and simple to weakly plumose, dorsal surfaces

of tibiae and basitarsi with black setae intermixed

with vestiture; metasomal vestiture very short and

simple, except median region of T5 with well devel-

oped black distal fringe. Scutum with fine, dense

punctation; propodeum largely punctate, propodeal

triangle finely sculptured; posteromedian region of

T5 elongate, i.e., fringed area (Fig. 75); pygidium of

T6 much more strongly elongate posteriorly than in

S. capicola (Figs. 76-77); 55 without apicolateral prom-
inence (Fig. 78); S6 with relatively short disc, elongate

anterolaterally (Fig. 79).

Distribution.—Namaqualand.
Discussion.—The principal diagnostic

feature of S. longipygidium is the elonga-
tion of the terminal segments of the female

metasoma (Figs. 75-77). The T5 has a dis-

tal fringe that is similar to that of S. capi-

cola and S. vespericena, which suggests that

they are closely related. The structure of

the apex of S5 is unlike that of S. capicola

and S. vespericena, in that it does not have

apicolateral prominences, and resembles

that of S. minutissima (Fig. 82).

Type material.—Holotype 9: SOUTH AFRI-

CA: Namaqualand, Knersvlakte, Niewerust [= Nu-

werus], ix.l94r (SAMC).

Sphecodopsis namaqiiensis Eardley, spec.
nov.

(Figs. 80-81)

This new species takes its name from

the region it inhabits, Namaqualand.
Description.

—Female (male unknown). Length
of head 1.5-1.7 mm; scutum 1.3-1.5 mm; fore wing
5.1-5.5 mm; body 5.6-7.9 mm. Similar to S. capicola

except as follows: pronotal lobe black; femora largely

black, distal ends orangish; posterior margin of T2

slightly blackish, that of T3 black; mesopleuron with

little or no white pubescence; metasomal vestiture

mostly white, few black hairs occur on proximal

regions of T3-T5, on S2-S5 and on pygidium; distal

fringe on T5 subapical, weakly developed; S5 narrow

posteriorly, with well developed apicolateral promi-
nence (Fig. 80); S6 with disc long and slender, very
narrowlv bifid posteriorlv (Fig. 81).



Volume 6, Number 2, 1997 405

Distribution.—Namaqualand.
Discussion.—This species is distinct

from the other species in this group in that

it does not have a distinct distal fringe on

T5. It resembles the other species in the

posterolateral prominences on S5. The

most important diagnostic features are the

white vestiture on the female S5 and the

slender, narrowly bifid female S6 (Fig. 81).

Type material.—Holotype 9, paratypes 29:

SOUTH AFRICA: Biedouw Valley, Clanwilliam dis-

trict, 32.08S 19.14E, 5-7.ix.l987, CD. Eardley (holo-

type 9 SANC); Kleinberg, near Langebaanweg,
3218CC, 26.ix.1978, V.B. Whitehead (29 SAMC).

MINUTISSIMA SPECIES GROUP

This species group is monotypic.

Sphecodopsis minutissima (Cockerell),

comb. nov.

(Figs. 82-87)

Morgania {Omachthes) minutissima Cockerell

1933a:379.

Morgania (Pscudopasites) nifula Cockerell 1933a:

382-383. Syn. nov.

The type specimens of minutissima and

rufula are remarkably similar and clearly

conspecific. It is, therefore, unclear why
Cockerell (1933a) described them as dis-

tinct species in different subgenera in the

same article without even comparing
them with one another.

The description that follows is incom-

plete because the metasoma is missing, ex-

cept the terminal terga, sterna and geni-

talia, in the only known male specimen.

Description.
—

Length of head 1.1-1.3 mm; scu-

tum 0.9-1.1 mm; fore wing 3.2^.3 mm; body 4.6-5.8

mm. Integument of head and mesosoma black to red-

dish-black, antenna, mandible, pronotal lobe, tegula,

most of femora, tibiae and tarsi orangish; labrum or-

ange to black; metasoma orange. Vestiture white, ex-

cept ventral surfaces of tibiae and tarsi pale orangish,

female T6 and S5 pale orangish, fringe on distal end

of pygidium blackish. Lower region of face and gena

very densely pubescent; upper region of face and

gena, and vertex sparsely pubescent, vestiture short

and simple; mesosomal vestiture sparse, except pron-

otal collar, anterior region of scutum, lateral regions

of scutellum and metanotum, posterolateral region of

propodeum and most of dorsal region of mesopleu-
ron densely pubescent; legs generally with vestiture

on coxae, tibiae and tarsi dense, trochanters and fem-

ora sparse; female with vestiture on T1-T3 sparse

(T2-T3 with little white pubescence posterolaterally),

T4 sparse with weakly developed distal fringe, T5

sparse with distal fringe well developed medially, T6

generally sparsely pubescent (distal fringe short,

sometimes blackish medially). Structurally similar to

S. ciifucolii except as follows: lateral region of vertex

sloping upwards towards raised lateral ocelli, giving

vertex convex appearance; propodeum broadly gla-

brous mediolongitudinally; female S5 resembles that

of S. loiigifn/gidiiiin in that it does not have an apico-

lateral protuberance (Fig. 82); female S6 very narrow-

ly bifid, disc fairly wide, keeled mediolongitudinally

(Fig. 83); male S7, S8 and genital capsule as in Figs.

84-87.

Distribution.—Widely separated locali-

ties in Zimbabwe and South Africa. Bio-

types range from woodland to semi-des-

ert, with either summer or winter rainfall.

Discussion.—This species can be easily

identified by the gently convex vertex and

white, appressed, pubescence on the head

and mesosoma. These features are unique
to this species, being more similar to Pas-

ites, which makes it difficult to determine

its closest relative. The female S5 resem-

bles S. longipygidium in that it does not

have posterolateral prominences {cf. Figs.

78, 82).

Type material examined.—Morgania mmntis-

iima. holotype 9: "Aliwal North, Cape Province,

450ft., 1-I3'i.l923, S. Africa, R.E. Turner, Brit. Mus.,

1923-70; Morgania minutissima Ckll TYPE; B.M.

TYPE HYM. 17B 72' (NHML). Morgania nifiila, holo-

type 9 : Cape Province, Little Karoo, 38 km E. of Ce-

res, 17-25.xi.l924, S. Africa, R.E. Turner, Brit. Mus.,

1924-518; Morgania rufula Ckll TYPE; B.M. TYPE

HYM. 17B 96' (NHML).

Additional material examined.—4 9 id: ZIM-

BABWE: Victoria Falls, 3.i.l920 (19 SAMC). SOUTH
AFRICA: Farm Arkoep, 6 km N. Kamieskroon,

30.19S 17.56E, 1-2.X.1990, C. Eardley (19 SANC);
Clanwilliam Dam, 32.1 IS 18.53E, 3-7.X.1988, F.W. &
S.K. Gess (1 9 AMGS); Vanrhynsdorp, 20.X.1968, J.G.

Rozen, E. Martinez (19 Id AMNH).

ACULEATA SPECIES GROUP
This species group is monotypic.

Sphecodopsis aculeata (Friese)

(Figs. 88-91)

Pasitcs aculeatus Friese 1922:37.

Splu'codopsis (Pscudopasites) aculeata (Friese); Bis-

choff 1923:595.
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Figs. 80-91. Sphecodopsis spp. 80-81. S. namaquensis, 9. 80. S5, ventral view; 81. S6, ventral view. 82-87. S.

ininutissima. 82. S5, ventral view, 9; 83. S6, ventral view, 9; 84. S7, 6; 85. S8, 6; 86. Genital capsule, dorsal

left & ventral right, 6. 87. Genital capsule, lateral view, 6. 88-91. S. aculcata, 3. 88. S7; 89. S8; 90. Genital

capsule, dorsal left & ventral right. 91. Genital capsule, lateral view.

Morgania aciilentn (Friese); Cockerel! 1933a:383.

Pasites pygmaeus Friese 1922:37. Syn. nov.

Sphecodopsis (Pseudopasites) pf/gniaeus [sic]

(Friese); Bischoff 1923:595 [/n/'si(s].

Morgania pygmaca (Friese); Cockerell 1933a:384.

Sphecodopsis (Pseudopasites) rufescens Bischoff

1923:593-594. Syn. nov.

Sphecodopsis {Pseudopasites) algoensis Bischoff

1923:595. Syn. nov.

Morgania algoensis (Bischoff); Cockerell 1933a:

384.

Pseudopasites algoensis (Bischoff); Anonymous
1958:30.

Morgania (Pseudopasites) pcrpunctata Cockerell

1933a:382-384 [specific epithet erroneously
recorded as masculine on p. 382]. Syn. nov.

Bischoff (1923) and Cockerell (1933a)
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recognized five distinct species for what is

here considered to be a single taxon, main-

ly based on differences in the colour of the

vestiture and the metasoma. An exception
is the female paralectotype of nl;^oeusis

(which could not be found) that Bischoff

(1923) separated from aculeata, pygmaea
and rufescens by its relatively long vesti-

ture on the upper region of the head and

scutum. (Confirmation as to whether that

specimen was correctly described awaits

its discovery.) A comparative study of the

colour differences that Bischoff (1923) and

Cockerell (1933a) used to separate species
indicated that these differences could not

be used to define distinct species.

Morgania pygmaea and M. algoensis were

each described from a pair of specimens
of opposite sexes. The type series of pyg-

maea was collected in Cape Town and that

of algoensis at Algoa Bay. In each case the

female could not be located. The male syn-

types are therefore designated as the lec-

totypes of these two species.

Description.
—

Length of head 1.2-1.5 mm; scu-

tum 0.9-1.2 mm; fore wing 4.0-5.0 mm; body 4.4-6.3

mm. Integument of head and mesosoma black to

blackish, except distal end of mandible orange; pos-

terolateral region of tegula translucent; metasoma

completely black to orange anteriorly, black posteri-

orly. Pubescence white, except ventral surfaces of tar-

si pale yellow. Head and mesosoma generally mod-

erately densely pubescent, except femora sparsely

pubescent; tibiae and tarsi densely pubescent; meta-

soma with sparse vestiture, except pygidium in

which it is dense. Structurally similar to S. capncola

except as follows: scutum moderately densely punc-

tate, punctures large, mostly separate; propodeal tri-

angle weakly sculptured to glabrous; female S5 sim-

ilar to that of S. twiiinqiicnsif, except without black

setation {cf. Fig. 80); S6 narrowly bifid {cf. Fig. 81);

male S7, S8 and genital capsule as in Figs. 88-91.

Disiribution.—Southern region of South

Africa. Vegetation types fynbos and ka-

roo.

Discussion.—Spliecodopsis aculeata closely

resembles other species in the capicola

species group. This species can be recog-
nized by the pallid, simple vestiture on

the head and mesosoma, absence of distal

fringe on the female T5 and expansion of

the anterior lobe of the male S8 (Fig. 89).

The pallid, simple vestiture and the struc-

ture of the male S8 are unique, within the

genus, to this species. The absence of a

distal fringe on the female T5 suggests an

affinity with both S. namaquensis and S. se-

mirufa. The structure of the female S5 and
S6 of S. aculeata, however, resembles that

of S. namaquensis.

Type material examined.—Pnsitcs aculeatuti,

holotype 9: Cape Town, L.C. Peringuey, 1911; Pas-

ites aculeatus Fr. 5 1904 Friese del.; Type, Pseudo-

pasites; Zool. Mus. Berlin' (ZMHB). Pcnites pyginaeus,

lectotype 6: Capland; Pasites pygmaeus Fr. 3 1904

Friese det.; Coll Friese, Pseudopasites, Type; Zool.

Mus. Berlin' (ZMHB). Sphccoilopsis rufescens holotype
9; 'T. us Afr. Pseudopasites rufescens. Type; Zool.

Mus. Berlin' (ZMHB). Spliecodopsis algoensis, lectotype

6: 'Algoa bay, Capland, Dr Brauns, 20.8.96; Pseudo-

pasites algoensis Bisch. 6 Typ.; Pseudopasites al-

goensis Type S Bischoff; Pseudopasites algoensis

Biss. 6 Type No. 567' (TMSA). Morgania perpunctata,

holotype 6: 'Rapenburg, Cape Flats, 1-14.X.1920, S.

Africa, R.E. Turner, 1920-424; Morgania perpunctata,

B.M. TYPE HYM. 17B 95' (NHML).

Additional material examined.—26 9 21 d:

SOUTH AFRICA: 19 km N.W. Crahamstown,

16.xi.l970, H.V. Daly (1 9 SEMK); Crahamstown, Hil-

ton, 12.X.1977 & 26.ix.1983, F.W. & S.K. Cess (39

AMOS); same locality, 9.X.1972, 29.ix.1977 &
12.X.1977, F.W. Gess (49 AMGS); Boknes, 33.43S

26.35E, 5.iv.l984, S.K. Gess (1 9 AMGS); Willowmore,

11.x. 1904, H. Brauns (19 TMSA); Cango River, Oudt-

shoorn district, x.1937 (19 SAMC); Seven Weeks

Poort, Ladismith district, 10.ix.l948, C.J. Jacot-Guil-

larmod (2 9 AMGS); Pearly Beach, Bredasdorp,
ix.l959 (1 9 SAMC); Cape Town, vii & ix.l913 & 1915

(19 16<5 SAMC, 2c5 SANC); Hout Bay, 15.ix.l966,

CD. Michener (39 IcJ SEMK); Kommetjie, 15-

25.x. 1972, J.G. Rozen, R. McGinley, C.Thompson (29

AMNH); Kommetjie, 15.x. 1966, CD. & B.J. Michener

(49 SEMK); Stellenbosch, 1919, Lightfoot (19

AMNH); Pakhuis Pass, ix.l961 (Id SANC); Kamies-

kroonberg, near Kamieskroon, 30.32S 18.08E,

3.X.1990, CD. Eardley (1 9 Id SANC).

SEMIRUFA SPECIES GROUP

This species group is monotypic.

Sphecodopsis semirufa (Cockerell), comb,

nov.

(Figs. 92-98)

Morgania semirufa Cockerell 1933a:380-381.

Morga)iia {Sphccoctopsis) leoius Cockerell 1933a:

382, 384. Syn. nov.
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Figs. 92-98. Sphecodopsis semirufa. 92. T6, dorsal view, 9; 93. S5, ventral view, 9; 94. S6, ventral view, 9; 95.
S7, i; 96. S8, 6; 97. Genital capsule, dorsal left & ventral right, 6. 98. Genital capsule, lateral view, S.

The type specimens of leonis are consid-

erably smaller than those of semirufa, oth-

erwise they are almost indistinguishable.

Description.
—

Length of head 1.1-1.7 mm; scu-

tum 0.8-1.3 mm; fore wing 3.6-5.8 mm; body 3.9-6.1

mm. Integument of head and mesosoma mostly
black, distal half of mandible, antenna and pronotal
lobe sometimes orange to reddish-black; tegula al-

ways orange, legs black to reddish-black, often with
femur orangish; metasoma orange anteriorly, black

posteriorly. Vestiture on head black; mesosoma with

short, white and long, black vestiture intermixed; ves-

titure on coxae and trochanters largely white, femora

generally black (posterodistal region of hind femur

white), tibiae and tarsi pallid with few black setae on
dorsal surfaces (those on middle and hind legs thick

and spinose); female metasoma generally with vesti-

ture on orange areas short and pallid, black regions
long and black, except T6 and S5 mostly with mixture
of black and white vestiture, posterior region pale
brownish; male metasomal vestiture mostly black.

Vestiture on head long and moderately dense, hairs

simple to weakly plumose; mesosoma with short
white pubescence intermixed with long, black, weak-

ly plumose hairs; femora generally sparsely pubes-
cent, dense posterodistally on hind femur; black setae
on dorsal surfaces of middle and hind tibiae and tarsi

thick and spinose; female metasoma generally with
vestiture on areas in which integument is orange
short, on areas with integument black long; metaso-

ma of male with vestiture mostly long. Scutum fairly

sparsely punctate, punctures small, shallow and

mostly separate; propodeal triangle glabrous, medi-

olongitudinal region below triangle punctate; female
T6 as in Fig. 92, S5 with posteromedian protuberance
small, posterolateral prominence large and incurved,

forming a distinct concavity posteromedially (Fig.

93); female S6 very narrowly bifid, mediolongitudi-

nally carinate on ventral surface (Fig. 94); male S7, S8
and genital capsule as in Figs. 95-98, genitalia with

gonocoxite shorter than penis valve.

Distribution.—Southern and western

regions of South Africa. Vegetation types
fynbos and karoo.

Discussion.—Sphecodopsis semirufa can be

easily identified by the sparsely pubes-
cent, glabrous face; posteromedian con-

cavity and enlarged apicolateral promi-
nences of the female S5 (Fig. 93), absence
of a distinct anterior lobe on the male S8

(Fig. 96) and bowed gonocoxite of the

male genitalia (Fig. 97). These features are

all unique within the genus. The mosaic
of characters that occur in S. semirufa
makes it difficult to determine its closest

relative.

Type material examined.—Morgania ^^cminifa,
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holotype 9: 'Worcester, Cape Province, Sept. 1928, S.

Africa, R.E. Turner, Brit. Mus. 1928-457; Morgania se-

mirufa Ckll TYPE; B.M. TYPE HYM. 17B 94'

(NHML). Morgania Iconis, holotype 6: 'S. Africa, R.E.

Turner, 1920-342, Lion's Head, Cape Town, Aug.

1920; Morgania leonis Ckll., TYPE; B.M. TYPE HYM.

17B 85' (NHML).

Additional material examined.—79: SOUTH
AFRICA: Grahamstown, Hilton, 12.iv.l968, C. Jacot-

Guillarmod (19 AMGS); Willowmore, 19.V.1903 &
5.ix.l903, H. Brauns (19 TMSA, 19 SANC); Lam-

merskraal. Prince Albert District, ix.l947 (1 9 SAMC,
1 9 SANC); Kamieskroon, ix.l930 (1 9 SAMC); Lam-

bert's Bay, 32.04S 18.20E, 4.X.1974, R.H. Watmough
(19 SANC).

CAPENSIS SPECIES GROUP
This species group comprises S. capensis

and S. fiimipennis. These two species are

unique in the structure of the female ter-

minalia. The posteromedian region of S5

is gutter-Hke and the posterior end of S6

forms a single spine.

Sphecodopsis capensis (Friese), comb,

nov.

Omachthes capensis Friese 1915:296-297 (holo-

type 9, ZMHB).

Morgania capensis (Friese); Cockerell 1919:190.

Pseudodichroa capensis (Friese); Bischoff 1923:

595-596; Rozen 1968a:l-9, 1968b:3-13.

The holotype of this species was not ex-

amined during the course of the study be-

cause material that was reliably identified

by Dr J.G. Rozen (AMNH), who examined

the holotype (Rozen 1968a), was studied

together with Rozen's (1968a) outstanding

redescription.
The host of this species is Scrapter lon-

gula (Friese) (Colletidae: Colletinae) (Roz-

en 1968b).

Material examined.—262: SOUTH AFRICA:

Rapenburg, 1-14.X.1920, R.E. Turner (49 SAMC);

Kommetjie, 29.x-9.xi.1966, CD. Michener & J.G. Roz-

en (79 AMNH); Kommetjie, 14.x. 1972, J.G. Rozen, R.

McGinley & C. Thompson (109 AMNH); 25 km E.

Velddrif, 23.X.1972, J.G. Rozen, R. McGinley & C.

Thompson (59 AMNH.)

Sphecodopsis fumipennis (Bischoff),

comb. nov.

Pseudodichroa fumipennis Bischoff 1923:596; Roz-

en 1968a: 1-9, 1968b:3-13, 1974:6-8 (syntypes

2 9, ZMHB).

Bischoff (1923) described this species

from two female specimens, one from

Cape Town, and the other with Java' on

the label. Bischoff (1923) regarded the ac-

curacy of the locality label of the second

specimen as questionable, and Rozen

(1968a), who examined the specimen (the

Cape Town syntype has been lost), shared

Bischoff's (1923) sentiments. During the

course of the current study, material of

this species which was identified by Dr

J.G. Rozen was studied and compared
with his (Rozen 1968a) excellent redescrip-

tion. This species is endemic to south-

western region of South Africa. It was ad-

equately dealt with by Rozen (1968a) and

requires no further comment.

The host of S. fumipennis is Scrapter cras-

siila Cockerell (Colletidae, Colletinae)

(Rozen 1968b).

Material examined.—10 9: south AFRICA:

Kommetjie, 29.x-9.xi. 1966, CD. Michener & J.G. Roz-

en (49 AMNH); Kommetjie, 14.x. 1972, J.G. Rozen, R.

McGinley & C Thompson (2 9 AMNH); Between

Nieuwoudtville c& top Vanrhyns Pass 29-30.ix.l990,

F.W. & S.K. Gess (39 AMGS); Nieuwoudtville flower

reserve, 31.19 AC, V.B. Whitehead & M. Macpherson,

28.viii.1984 (19 SAMC.)

SPECIES OF UNCERTAIN IDENTITY

Sphecodopsis argynira (Cockerell), comb,

nov.

Morgania argyrura Cockerell 1933c:108-109 (ho-

lotype 9, NHML).

All that remains of the holotype is the

thorax and part of the legs, which allow

only for it to be recognised as belonging

to Sphecodopsis. Cockerell (1933c) de-

scribed it in the genus Morgania, but men-

tioned that it belonged to 'the genus or

subgenus Sphecodopsis' .

GENUS AMMOBATES LATREILLE

Amnwlmtcs Latreille 1809:169. Type species Am-

mobatcs rufiventris Latreille 1809 (subsequent

designation by Latreille 1810:439, Sandhouse

1943).

Philcremus Latreille 1809:169. Type species Epeo-

his punctatus Fabricius 1804 (subsequent des-



410 Journal of Hymenoitera Research

Fig. 99. Amnwlwh-s imstcr, habitus, dorsal view (dark shading represents black or blackish integument and

lightly shaded areas are reddish), 9.

ignation by Latreille 1810:439, Sandhouse

1943).

Amniobntoides Schenck 1869:349, not Radosz-

kowski 1868. Type species Ammobates bicolor

Lepeletier 1825 (= Epeolus punctatiis Fabri-

cius) (monobasic, Sandhouse 1943).

Ammobates (Caesnrca) Friese 1911d:142. Type

species Ammobates depressa Friese 1911 (sub-

sequent designation by Sandhouse 1943,

Brooks pers. comm. 1997).

A single species of Ammobates, namely
A. aiister spec, nov., was recently discov-

ered in southern Africa. Ammobates is oth-

erwise known from the Palaearctic Region

(Popov 1951), where it is particularly di-

verse in the Mediterranean basin. Because

only one species is known from the Afro-

tropical Region the subgeneric classifica-

tion is beyond the scope of this articel. As

A. auster is known only from five speci-

mens, it is difficult to speculate on the dis-

tribution of Ammobates in the Afrotropical

Region. However, several other genera of

bees, including Meliturgula Friese and Mel-

itturga Latreille (both Andrenidae) and

Ochreriades (Megachilidae), occur in south-

ern Africa and the Eremic Region and not

in the intermediate area. It is, therefore,

possible that Amrnobates does not occur in

the area between southern Africa and the

Mediterranean Basin.

Ammobates auster is a medium sized

(7.3-9.0 mm long) bee. The head and me-

sosoma are mostly black and the metaso-

ma is at least partly orangish (posterior re-

gion sometimes black). The generic diag-

nostic features are: vertex, in front view,

gently convex; antenna 12-segmented in

female, 13-segmented in male; labrum. dis-

tinctly longer than its maximum width,

truncate distally; mandibles lie over la-

brum, their apices overlap in repose; facial

vestiture white and mostly sparse, dense

pubescence occurs in vicinity of antennal

sockets, and appressed; scutellum essen-

tially gently and evenly curved; female T6

without pygidial plate, male T7 with py-

gidial plate; female with pygidial region
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Figs. 100-108. Atmnoliatcs atister. 100. Terminalia, posterior view, 9; 101. T6, dorsal view, 9; 102. T6, lateral

view, 9; 103. S5, ventral view, 9; 104. S6, ventral view, 9; 105. S7, 6; 106. S8, 6; 107. Genital capsule, dorsal

left & ventral right, 6; 108. Genital capsule, lateral view, S.

densely setose (Figs. 101-102); female S5

shallowly concave posteriorly, with fairly

well developed gutter posteromedially

(Figs. 100, 103); female S6 bifid posteriorly

(Fig. 104).

Ammobates aiister Eardley, spec. nov.

(Figs. 100-108)

This new species takes its name from

the Latin word ouster, which means south.

It is the only species of the genus known
from the southern hemisphere.

Description.
—Habitus, dorsal aspect, as in Fig.

99. Length of head 2.0-2.7 mm; scutum 1.5-2.2 mm;
fore wing 6.1-8.6 mm; body 7.3-9.0 mm. Integument
of head and mesosoma mostly black, appendages

generally reddish to orange; metasoma either mostly
reddish to orange or orangish anteriorly, black pos-

teriorly. Vestiture generally white, posterior surface

of hind tibia and ventral surfaces of all basitarsi with

den.se vellow to orange setation; female T6 orangish.
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female pygidium with blackish tinge; female S5 with

orangish velutinous vestiture suhapically, male S6

pale yellowish. Vestiture generally sparse, often

dense and pubescence around antennal sockets, on

lateral region of pronotal collar, edge of pronotal

lobe, anterior margin of scutum, posterior region of

scutellum, entire metancitum, anterodorsal region of

mesepisternum, adjacent to epimeral suture, entire

area above scrobal sulcus, dorsolateral region of pro-

podeum, posterior regions of middle and hind tibiae

and on posterolateral regions of female T1-T5 and

male T1-T6; posterior surface of hind tibia and ven-

tral surfaces of all basitarsi with dense setation; py-

gidial area with coarse, dense setation. Labrum about

1.6X as long as its maximum width, strongly in-

curved laterally, truncate distally; maxillary palp

two-segmented, subequal in length to antennal ped-

icel; scutum fairly sparsely punctate, glabrous be-

tween punctures; scutellum generally gently curved,

slightly concave medioposteriorly; virtually entire

posterior surface of propodeum naked and glabrous;

female T6 truncate posteriorly, expanded posterola-

terally (Figs. 100-102); male T7 with well developed,

broadly rounded, posteriorly concave, pygidial plate;

female S5 with well developed gutter posteromedi-

ally (Figs. 100, 103), S6 forked posteriorly (Fig. 104);

male S7, S8 and genital capsule as in Figs. 105-108.

Distribution.—Southern Namibia (des-

ert). Western Cape Province (karoo) and

Eastern Cape Province (fynbos).

Discussion.—Ammobates auster, for the

purpose of the cladistic analysis, was

grouped with A. punctatus. In spite of the

geographical separation of A. auster from

the rest of the punctatus group, it is re-

markably similar to the other species in

the group. The most important diagnostic

feature of the group is the structure of the

female pygidium, and within the group
the female of A. auster can be identified by
the shape of this structure. The pygidium
of A. auster is truncate and expanded lat-

erally (Figs. 100-102). The male can be

identified by the structure of the S8 which

narrows posteriorly (Fig. 106).

Type material.—Holotype ?, paratypes3? \6:

NAMIBIA: 40 km S. Kolmanskop, 23.x. 1974, R.H.

Watmough (holotype 9 SANC). SOUTH AFRICA:

Strowan, 27.xi.1968, F.W. Gess (29 AMGS); 29 km E.

Touwsrivier towards Hondewater, xii.1962 (19

SAMC); 77 km E. Barrydale, 13.xi.l966, CD. Miche-

ner(M SEMK).

GENUS MELANEMPIS SAUSSURE

Philereinus {Melnnempis) Saussure 1891:84. Type
species Phileremus (Mdaneiiipis) ater Saussure

1891 (monobasic) (Sandhouse 1943).

Melanempis Saussure; Michener 1944:276.

Melaiiempis is endemic to Madagascar.
The name, which means black spot, is

feminine. The genus is known from one

described species, which is the largest

known ammobatine bee. It is currently be-

ing revised by R.W. Brooks and A. Pauly,
who have material of three additional spe-
cies (Brooks, pers. comm.). Consequently,
the genus is only briefly dealt with here.

During the course of this study only the

type species was available for examina-

tion.

Melanempis atra is a large bee (11.2-15.8

mm long). The head, mesosoma and me-

tasoma are blackish-brown in colour. The

genus is characterized as follows: vertex,

frontal view, weakly and unevenly con-

vex; antenna 12-segmented in both sexes;

labrum 1.4X as long as its maximum
width and truncate distally; mandibles lie

over labrum and their apices overlap in

repose; vestiture mostly brownish-orange
and sparse, fairly dense on lower region
of face and distal end of metasoma; scu-

tellum gently and evenly curved medi-

olongitudinally, and distinctly tuberculate

paramedially; hind wing without jugal

lobe; last exposed metasomal tergum (T6

female, T7 male) devoid of pygidial plate;

female T6 distinctly truncate, pygidial re-

gion naked and circumscribed by small

carina; male T7 abruptly curved under lat-

erally and posterolaterally, forming pseu-

dopygidial plate; female S5 with well de-

veloped gutter posteromedially; female S6

bifid posteriorly.
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APPENDIX 1

Species studied and their groupings. Following
each species name are: genera to which species were

assigned before this study, for genera synonymized
here; number of specimens studied; whether the ho-

lotype or lectotype was studied, indicated by a T';

and general distribution. The zoogeographic region
in which each species occurs is indicated as follows:

P = Palaearctic, A =
Afrotropical, Na = Nearctic and

Nt =
Neotropical.

Pasites

barker! group
P. barken (Cockerell) |199 llcf; T; A: tropical &

subtropical Africa]

ater group
P. friesei Cockerell (579 49d; T; A: widespread in

Africa]

P. nilssoni spec. nov. [Id; T; A: Madagascar]
P. paulyi spec. nov. [39 Id; T; A: Cameroon|
P. braunsi (Bischoff) [329; A: Southern Africa]

/'. humectus spec. nov. [189 8d; T; A: equatorial

Africa]
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P. hicolor Friese [Pasitomachthes; 95 4d; T; A: Mad-

agascar]
P. tegularis Friese [139 76; T; A: Madagascar]

gnomus group
P. gnomus spec. nov. [19 IcJ; T; A: Niger]

camifex group
P. carnifex (Gerstaecker) [159 5d; T; A: East &

southern Africa]

P. dichivus Smith [4 9 26; T; A; equatorial West Af-

rica]

jenseni group
P. jenseni (Friese) [199 \06; T; A: southern Africa]
P. namihiensis spec. nov. [19 26; T; A: southern

Africa]

P. histrio (Gerstaecker) [24 9 126; T; A; southern

Africa]

P.
jo/it's; (Cockerell) [9 9 Id; T; A: East & southern

Africa]

rufipes group
P. rufipes (Friese) [2 9; T; A: southern Africa]

appletoni group
P. appletoni (Cockerell) [2179 596; T; A; wide-

spread in Africa]

P. somalicus spec. nov. [1 9; T; A: Somalia]
maculatus group

P. maculatus Jurine (59 i6; P: Morocco to Japan]

Sphecodopsis

capicola group
S. capicola (Strand) [229 36; T; A: southern Africa]
S. vespericena spec. nov. [689; T; A: southern Afri-

ca]

S. villosa (Friese) [2c5; T; A: southern Africa]
S. longipygidium spec. nov. [1 9; T; A: southern Af-

rica]

S. namaquensis spec. nov. [39; T; A: southern Af-

rica]

minutissima group
S. minutissima (Cockerell) [6 9 Id; T; A: southern

Africa]

aculeata group
S. aculeata (Friese) [28 9 24d; T; A: southern Africa]

semirufa group
S. semirufa (Cockerell) [8 9 Id; T; A: southern Af-

rica)

capensis group
S. capjcnsis (Friese) [Pseudodichroa; 299; A: southern

Africa]

S. fumipennis (Bischoff) [Pseudodichroa; 119; A:

southern Africa]

Melanempis

M. atra (Saussure) [29 Id; A: Madagascar]

Spinopasites

S. spinotus (Warncke) [19; P: Tunisia]

Ammobates

orientanus group
A. orientanus (Warncke) [1 9 Id; P: Mediterranean)
A. aegyptiacus (Warncke) [Id; P; Mediterranean]

minutus group
A. minutus (Mocsary) [49 5d; P: East Europe]

muticus group
A. muticus Spinola 145 9 28d; P: North Africa]
A. oraniensis (Lepeletier) [5 9 6d; P: South-east Eu-

rope]
A. latitarsis Friese [2 9 2d; P: East Mediterranean)

biastoides group
A. biastoides Friese [29 Id; P: Mediterranean]

unctatus group
A. punctatus (Fabricius) [59 4d; P: Mediterranean]
A. ancylae (Warncke) [1 9 Id; P: Mediterranean)
A. solitarius Nurse [19 Id; P: Pakistan]
A. vinctus Gerstaecker [69 6d; P: Mediterranean]
A. auster spec. nov. [49 Id; A: southern Africa]
A. similis Mocsary [19 Id; P: Mediterranean)
A. rufixvntris Latreilie [39 2d; P: Algeria]
A. iranicus (Warncke) [19 Id; P: Iran to Turkey]
A. dubius Benoist [19 Id; P: Egypt & Sudan]
A. niveatus (Spinola) [19 2d; P: Mediterranean]
A. assimilis (Warncke) [Id; P: Tunisia]
A. syriacus Friese 119; P: Mediterranean]
A. opacus Popov [19; P: Bulgaria]
A. armeniacus Morawitz [19 Id; P: Turkey]
A. sanguineus Friese [19 Id; P: Turkey & Greece]

rostratus group
A. rostratus Friese [39 3d; P: Mediterranean]
A. robustus Friese [19 Id; P: Turkey)
A. teheranicus Mavromoustakis [Id; P: Iran]

A. hipponensis Perez [2d; P: Algeria)
A. baueri (Warncke) [19; P: Mediterranean]
A. mai'romoustakisi Popov [2 9 2d; P: Mediterra-

nean]
A. handlirschi Friese [Id; P: Algeria)
A. depressus Friese [19; P: Turkey)

verhoeffi group
A. verhoeffi Mavromoustakis [19 Id; P: North Af-

rica]

persicus group
A. persicus Mavromoustakis [19 Id; P: Iran]

oxianus group
A. oxianus Popov [19 Id; P; Turkey]
A. lebederi Popo\' [I 9; P; Turkev]

Oreopasites

vanduzeei group
O. vanduzeei Cockerell [19 Id; Na: western U.S.A.]
O. linsleyi Rozen (19 Id; Na: western U.S.A.]

Ciienoftrosopis

C. crabronma Holmberg [19 Id; Nt: Argentina, Par-

aguay & south-eastern Brazil]
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APPENDIX 2

Adult morphological characters used in the cladis-

tic analysis and their states. The states assigned to

taxa are recorded in Tables 1, 2, & 4. Characters are

treated as additive. Polarity was determined with ref-

erence to Neolarrini as the out group, except for char-

acter 50.

1. Vertex contour, when viewed perpendicular to

lower region of inner eye margins: strongly con-

vex laterally, lateral ocelli distinctly below vertex

(Fig. 42) (0); gently convex, lateral ocellus slightly

protuberant above vertex or a little below vertex

(Fig. 5) (1); straight, lateral ocellus mostly protu-

berant above lateral region of vertex (Fig. 63) (2).

2. Vertex length: relatively short, less than twice di-

ameter of lateral ocellus (0); elongate, at least

twice as long as diameter of lateral ocellus (1).

3. Vertex profile: curved gently downwards to oc-

ciput (0); extending more or less straight behind

lateral ocellus, curved abruptly downwards pos-

teriorly (1).

4. Position of antennal socket: on lower half of face,

much closer to ventral edge of clypeus than to

lateral ocellus (0): near middle of face, usually

closer to lateral ocellus than to ventral edge of

clypeus (Fig. 5) (1).

5. Length of subantennal suture: much shorter than

clypeus (0); subequal in length to clypeus (Fig. 5)

(1).

6. Facial vestiture, hair structure: densely plumose,
at least in area surrounding antennal sockets (0);

simple to weakly plumose (1).

7. Facial vestiture, hair posture: appressed <0); erect

(1).

8. Facial vestiture, hair density: dense, at least on

lower region of face (Fig. 5) (0): sparse over entire

face (Fig. 63) (1).

9. Segmentation of male antennal flagellum: 11-seg-

mented <0); 10-segmented (1).

10. Length of labrum: distinctly shorter than its max-

imum width (0); quadrate (1): clearly longer than

wide, about 1,2-1,9 times as long as its basal

width (2).

11. Shape of labrum, apical truncation: apex gently

rounded (or pointed) (0); truncate, distal end

straight to weakly concave medially (1).

12. Shape of labrum, apex pointed: apex gently

rounded (or truncate) (0); pointed apicomedially

(1).

13. Shape of apex of labrum: unmodified (0); spatu-

late (1).

14. Maxillary palp: present (0); absent (1). The num-

ber of segments in the maxillary palp is highly

variable in several species groups, and sometimes

within a single species. However, what appeared
to be of significance is that some species have lost

the maxillary palp.

15.

16.

17.

19.

20.

21.

23.

24.

25.

26.

27.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Length of segments of labial palp: segment 2

about twice as long as segment 3 (0); segment 2

at least four times as long as segment 3 (1).

Paraocular carina: absent (0); present (1).

Occipital carina: absent (0); present and short (1);

long, extending down posterior edge of gena (2).

Angle of mandibles, in repose: directed postero-

laterally so that they clearly cross one another,

and their apices do not overlap (illustrated by
Rozen 1968a) (0); directed mesad so that their dis-

tal ends overlap in repose (1).

Position of mandibles, when in repose, in relation

to labrum: mandibles close behind labium (0);

close over or in front of distal edge of labrum (1).

Pronotum: curved distinctly upwards postero-

medially, but not declivous (0); declivous with

vertical surface usually gently concave and gla-

brous (1).

Lateral region of pronotal collar: rounded (0); car-

inate (1).

Lateral edge of axilla: curved gently downward
to wing base (0); carinate (1).

Scutal vestiture, hair structure: densely plumose
(0); with weakly plumose and densely plumose
vestiture intermixed (1); simple (2).

Scutal vestiture, hair posture: strongly appressed

(0): weakly appressed (1): mostly erect (2).

Scutal vestiture, hair density: dense (0); sparse (1).

Mesepisternal vestiture, hair structure: densely

plumose (0); mostly weakly plumose (1)

Ventrolateral region of mesepisternum: vestiture

similar to remainder of sclerite (0); sparsely pu-
bescent to naked, in strong contrast to densely

pubescent upper region of mesepisternum (1).

Pre-episternal groove: extending from near wing
base to scrobal groove (0); extending below scro-

bal groove (1).

Mediolongitudinal region of scutellum: unmodi-

fied or weakly raised (0); strongly swollen (1).

Dorsolateral edge of scutellum: rounded (0); car-

inate (1).

Shape of median region of metanotum: swollen

or tuberculate (0); flat (1).

Setae on hind tibia of female: all setae fine, not

thickened and spine-like (0); fine setae mixed

with greatly thickened, spine-like, setae (1).

Anterior region of SI: flat to gently curved (0);

strongly swollen (1).

Posterior region of SI: more or less in same plane

as S2 (0); strongly declivous (1).

Mediolongitudinal region of SI: gently rounded

(0); carinate anteriorly (1).

Mediolongitudinal region of propodeum: gently

and evenly curved (0); declivous (1).

Dorsal surface of female T6: flat to gently convex

(0); carinate mediolongitudinally (1).

Posterior end of female pygidial plate: fully de-
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veloped (Fig. 6) or absent (0); reduced, including

posteromedian notch (1).

39. Female T6 truncate, following loss of pygidial

plate: Pygidial plate present, fully developed or

reduced (or absent with distal end of T6 spatu-

late) (0); absent, posterior end of T6 truncate and

setose (1); absent, posterior end of T6 truncate

and naked, circumscribed by a small carina (2).

40. Female T6 spatulate, following loss of pygidial

plate: pygidial plate present, either fully devel-

oped or reduced (or absent with distal end of T6

truncate) (0); pygidial plate absent, posterior end

of T6 spatulate (1).

41. Posterior fringe on female T6: absent (0); present

(1).

42. Female subpygidial brush: absent (0); present, but

not differentiated (Fig. 6) (1); well developed and

differentiated dorsoventrally (Figs. 34, 38, 43, 47,

50, 51, 53, 57) (2).

43. Posterior margin of female S5: posteromedian re-

gion naked (0); clothed with fine vestiture (1).

44. Posteromedian elongation of naked posterior

margin of female S5: naked posterior margin
short and of unifcirm length (or elongate and

more or less of uniform length throughout its

width) (0); elongate posteromedially only, due to

the apparent recession of the vestiture, more or

less pointed anteromedially (1).

45. Posterior elongation of naked posterior margin of

female S5: naked posterior margin short and of

uniform length (or elongate posteromedially) (0);

naked posterior margin widely elongate due to

an apparent elongation of naked posterior mar-

gin, of uniform length (1).

46. Posteromedian concavity of female S5 in species
in which the posterior margin is clothed with fine

vestiture, when viewed from behind: broadly and

moderately concave (or variable with posterior

margin naked) (0); with a well developed, conical

concavity (Figs. 6, 15, 19, 20, 28, 29, 34) (1); con-

cavity well developed and elliptical (Figs. 43, 47,

50, 51, 53, 57) (2) (see character 47).

47. Posteromedian concavity of female S5 in species
in which the posterior margin is naked, when
viewed from behind: broadly and moderately
concave (or strongly concave with posterior mar-

gin clothed with fine vestiture) (0); with a well

developed, conical concavity (1); concavity well

developed and more or less elliptical (2). The
structure of the posterior margin of the female S5

differs between those bees in which this structure

is naked and those in which it is clothed with fine

vestiture. Apparently the posteromedian concav-

ity evolved independently in these two groups of

bees in response to similar requirements associ-

ated with the laying of the eggs in the cell wall

of the host's nest.

48. Posteromedian protuberance of female S5: pos-
terior edge entire or concave and without a pos-
teromedian protuberance (0); with a very small

posteromedian protuberance (Figs. 65, 78, 82) (1);

protuberance distinct (Fig. 80) (2); protuberance

gutter-like (illustrated by Rozen 1968a) (3).

49. Carina on female S5: absent (0); present (1).

50. Structure of female S6: external (0); mostly inter-

nal, not longitudinally separated (Fig. 7) (1);

mostly internal and longitudinally separated (il-

lustrated by Roig-Alsina 1987) <2). Polarity deter-

mined with Townsendiellini as the out group.
51. Posterior edge or apex of female S6: entire (0);

forming two sclerotized spines (Fig. 7) (1); form-

ing a single sclerotized spine (2).

52. Reduction of male pygidial plate: pygidial plate

present, sometimes reduced and confined to dis-

tal end of tergum (0); absent (1).

53. Structure of male pygidial plate: pygidial plate

simple, reduced or absent (0); well developed and

bilobed (illustrated by Roig-Alsina 1987) (1).

54. Loss of anteromedian lobe of male SB: antero-

median lobe short (Fig. 9) (or long) (0); lobe ab-

sent (Fig. 12) (1).

55. Elongation of anteromedian lobe of male S8: an-

teromedian lobe short (or absent) (Fig. 9) (0);

elongate (1).

56. Anterolateral lobes of male 58: very small and

unmodified or absent (Figs. 9, 12, 69) (0); well

developed (Fig. 31) (1).

57. Relative width of posterior region of male S8: nar-

rower than anterior region (Fig. 9) (0); with an-

terior and posterior regions of more or less equal
width (Fig. 96) (1); posterior region wider than

anterior region (illustrated by Warncke 1983) (2).

58. Expansion of anterolateral region of male S8:

weakly expanded (Fig. 9) (0); strongly expanded
(illustrated by Roig-Alsina 1987) (1).
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NOTE

Compsobraconoides (Braconidae: Braconinae), the First Hymenopteran
Ectoparasitoid of Adult Azteca Ants (Hymenoptera: Formicidae)

Douglas W. Yu and Donald L. J. Quicke

(DWY) Department of Organismic and Evolutionary Biology, Harvard University, Cambridge,
MA 02138-2902, USA; (DLJQ) Department of Biology, Imperial College at Silwood Park, Ascot,

Berkshire SL5 7PY, U.K.

Azteca ants (Dolichoderinae) are an im-

portant group of plant symbionts in the

Neotropics (Davidson & McKey 1993).

The ant queens colonize bulb-like domatia

in ant-plants (Davidson et al. 1989, Yu &
Davidson in press). Work on three species

of Azteca that colonize the ant-plant Cordia

nodosa Lam. (Boraginaceae) in the Madre

de Dios area of Peru has revealed that the

queens of all three species are subject to

parasitism by a braconid v^asp, which

may be important for regulating ant pop-
ulations (Yu & Pierce in preparation). One
of the Azteca species has been identified as

A. iilei, but the other two species are un-

described and are here referred to as A.

depnlisl and A. depilisl. The wasp, a species

of Compsobraconoides (Braconinae), is a

principally solitary, idiobiont ectoparasi-

toid of Azteca queens. The host record has

been confirmed by rearing an adult wasp
from a larva found feeding on a paralysed
A. depilisl queen in a domatium (coll. #

DY727.2), and by collections of wasp pu-

pae, larvae, and host remains.

Colonizing Azteca queens were collected

from both planted and naturally occurring

saplings at Cocha Cashu Biological Station

in Manu National Park, Madre de Dios,

Peru, and from naturally occurring sap-

lings at two other sites in Manu Park; the

Tayakome and Yomybato indigenous
communities. All three sites are located in

lowland, moist-to-seasonal tropical rain-

forest (annual rainfall = 2100 mm) (Ter-

borgh 1983). Of 46 dead Azteca queens col-

lected, eight were found with larvae of

Compsobraconoides, nine with cocooned pu-

pae and 29 with empty cocoons. The

Compsobraconoides larvae were found feed-

ing on both the mesosoma and the meta-

soma of Azteca queens. Pupating larvae

weave both a cocoon and a protective tent,

usually located at the distal end of the

domatium. The adult wasp emerges by

boring a small hole in the domatium wall.

The hole is circular and very smooth, and

is located directly below the cocoon /silk

tent. This is probably an adaptation to

avoiding entering the domatium which by
the time of emergence might be colonized

by another queen and her brood. The car-

casses found with the empty cocoons ap-

pear to have been almost completely
cleaned out by the wasp larvae: their scle-

rites were largely separated, and there

was very little or no fungus present. Six

of the ants collected with larvae were

found alone in separate domatia, each

with a single larva; the other two ants

were found together in a single domatium

with two larvae feeding on each of them.

Rearing was unsuccessful in the latter

case, perhaps due in part to inadequate
food for the larvae. This was the only case

in which more than a single wasp was as-

sociated with a single ant. In addition,

seven pupae and one empty cocoon were

found without host carcasses but with live

Azteca queens. It is possible that these
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newly colonizing queens had removed the

previous queen's remains from the dom-
atia. In another case, an empty cocoon was
found with a dead, eaten queen of Myr-
melachista sp., which also nests in C. no-

dosa, but is exceedingly rare (Yu & Pierce

in preparation). However, we cannot con-

clude that the Myrmelachista queen was a

host of the wasp. No adult wasps or co-

coons were found associated with hosts of

any other taxa.

Azteca queens lay eggs fairly soon after

colonizing a domatium. Unfortunately, we
cannot tell whether the parasitized queen
had started to produce broods at the time

of the attack. Although there was never

any brood in the domatium with a para-
sitized queen, this could either be because

the wasp larva had eaten the brood, or be-

cause the brood rots quickly when left un-

attended. It seems likely that wasp attack

can take place at any time before workers

appear.
The host record is remarkable for three

reasons. Firstly, it is the first record of an

adult ant being the host of an hymenop-
teran ectoparasitoid, though neoneurine

braconids are probably endoparasitic in

worker adults (Shaw & Huddleston 1991,

Shaw 1993). Secondly, it is the first record

of a member of the Braconinae attacking
aculeate Hymenoptera and, thirdly, it is

the first record of a braconine attacking

any adult insect. Most braconines are idio-

biont ectoparasitoids of concealed Cole-

optera and Lepidoptera larvae, though a

few species attack Diptera and symphytan
Hymenoptera larvae (Shaw & Huddleston

1991). Further, this is the first host record

for any member of the genus Compsobra-
conoides. The related genera Compsobmcon
and Ci/claulacidea have been reared as par-
asitoids of concealed Lepidoptera and

bruchid beetle larvae respectively (Quicke
1989, Quicke & Delobel 1995). Compsobra-
conoides is a moderately large, principally

Neotropical genus much in need of revi-

sion; the species reported on here is prob-

ably undescribed. It seems certain that

some other Compsobraconoides species at-

tack other hosts since Azteca ants are ab-

sent from the southern USA (Texas and

Florida) where the type species of Comp-
sobraconoides occurs (Quicke & Sharkey
1989).

The wasp may play an important role

in the ecology of the Azteca-C. nodosa sym-
biosis. C. nodosa associates not only with

the three Azteca species but also with Al-

lomerus cf. demerarae (Myrmicinae), and,

more rarely, with Myrmelachista sp. (For-

micinae). At Cocha Cashu, the most abun-

dant associate is Allomerus, inhabiting
77.9% of the plants (1024 plants in total

were examined). Workers of Allomerus at-

tack and destroy floral buds of their host

plants, acting as a castration parasite (Yu
& Pierce in preparation). As a result, fruit

and pollen production are drastically re-

duced. The majority of fruit and pollen are

apparently produced by the 10.5% percent
of the plants inhabited by Azteca spp.
As in other ant-plant systems (Yu & Da-

vidson 1997) the identity of the ant sym-
biont is determined at the colonization

stage. The first queen to produce full-size

workers is able to take over the plant kill-

ing off any other founding queens in the

process. Compsobraconoides wasps, by
preying on colonizing Azteca queens, in-

crease the probability of successful estab-

lishment by the parasitic Allomerus

queens.
Thus, the collections of Compsobracono-

ides wasps on Azteca ant queens are inter-

esting both for the extreme host-range
shift they represent, and also for the eco-

logical problems that the Compsobracono-
ides-Azteca interaction poses. What is the

role of Compsobraconoides in allowing Al-

lomerus and Azteca species to coexist on

the hostplant C. nodosa? What prevents

Compsobraconoides sp. from driving Azteca

queens and therefore, C. nodosa, extinct?

That is, how is the host-parasitoid inter-

action stabilized? And finally, how do the

three species of Azteca coexist, given that

they appear to be engaged in 'apparent
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compeHtion' (Holt & Lawton 1993)? Stud-

ies of the colonization dynamics of ants

and wasps are being undertaken to an-

swer these questions (Yu & Pierce in prep-

aration).

Vouchers of wasps and host carcasses

have been deposited at The Natural His-

tory Museum, London, and at the Muse-

um of Comparative Zoology at Harvard

University.
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NOTE

Blue Pan Traps as a Potential Method for Collecting Stephanidae

(Hymenoptera)

Alexandre Fires Aguiar and Andrey Sharkov

Department of Entomology, Museum of Biological Diversity, The Ohio State University,

1315 Kinnear Road, Columbus, Ohio 43212-1192 USA

Stephanids are usually rare in collec-

tions. However, this may be related to the

lack of efficient collecting techniques for

the group. Sweeping, Malaise traps, and

light traps usually yield a low number of

stephanids, even in areas where they are

known to be abundant (pers. obs. and

pers. comm. with collectors). Neither the

literature nor the labels of 3000 museum

specimens examined by the senior author,

have any record of Stephanidae collected

with yellow pan traps, an effective trap-

ping method for many Hymenoptera
(Masner 1976, Noyes 1989).

During a collection trip to St. Catherines

Island (Georgia, USA), September 18-25,

1996, we set 155 yellow pan traps and 39

blue pan traps (Solo® party plates and

bowls), on ground level, with water /de-

tergent as a collecting medium. The traps
were used for three days, in two sites: (1)

an open area (oak savanna) with grassy

vegetation, surrounded by oak-pine forest

(112 yellow, 15 blue), and (2) a shaded

area at the edge of oak-pine forest, with

many fallen branches and dead trees scat-

tered around (43 yellow, 24 blue). Site 2

was chosen as a probable habitat for Ste-

phanidae, usually found on or around

dead standing and fallen trees (Gauld

1995, and pers. obs.). On the first day,
three females of Megischus bicolor (West-

wood) (Stephanidae) were collected in

blue pans on site 2. After that, the 15 blue

traps from site 1 were transferred to site

2, resulting in a total of 43 yellow and 39

blue pan traps. No stephanids were

caught on the second day, and four more
female M. bicolor were collected in blue

pans on the third day.
The fact that all stephanids were col-

lected only in blue traps strongly suggests
a preference of that color to yellow, and

that the use of blue pan traps can be an

effective trapping technique for these in-

sects. This is in agreement with Kirk's

(1984) observation that white or blue pan

traps work as well as, or better than yel-

low in attracting predators and parasit-

oids not associated with foliage. Prefer-

ence for white and blue was also observed

in Encyrtidae and Pompilidae (Weseloh
1986; Berglind 1993), and in females of An-

drena limimnthis Timberlake (Andrenidae)

(Leong & Thorp 1995).
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EDITOR'S NOTE

Important Instructions to Authors

From November 1997 to April 1998 I

am requesting that authors send manu-

scripts directly to the appropriate Subject

Editor and not to the Editor. I will be out

of the country part of this time. In order

to keep the Jour)ial of Hymenoptera Research

on schedule, it will be necessary for au-

thors to send their manuscripts as follows:

Biology of Symphyta and Parasitica (in-

cluding Biological Control) to Dr. Mark

Shaw, Department of Natural History,

Royal Museum of Scotland, Chambers

Street, Edinburgh EHl IJE, Scotland

[Fax: [Oil] [44] 131 2204819; email: mrs@

nms.ac.uk]

Systematics of Symphyta and Parasitica

to Dr. Donald Quicke, Department of

Biology, Imperial College at Silwood

Park, Ascot, Berks. SL5 7PY, England,
UK [Fax: [Oil] [44] 344 294339; email:

d.quicke@ic.ac.uk]

Biology of Aculeata to Dr. Sydney A.

Cameron, Department of Entomology,
321 Agriculture, University of Arkansas,

Fayetteville AR 72701 USA [Fax: (501)

575-2452; email: scameron@comp.
uark.edu]

Systematics of Aculeata to Dr. Wojciech ].

Pulawski, Department of Entomology,
California Academy of Sciences, Golden

Gate Park, San Francisco, CA 94118-

4599 USA [Fax: (415) 750-7228; email:

wpulawski@calacademy.org].

During the above dates, authors will

conduct all manuscript-related activities

directly with the Subject Editors.
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