
Virginia Museum of

NATURAL HISTORY
PUBLICATIONS

JEFFERSONIANA
Contributionsfrom the

Virginia Museum ofNatural History

Number 26 6 October 2011

Potential impacts of the invasive herb garlic mustard

(Alliaria petiolata) on local ant (Hymenoptera: Formicidae)

communities in northern temperate forests.

Kaloyan Ivanov and Joe Keiper

ISSN 1061-1878 (print)

ISSN 2163-8020 (online)



Virginia Museum of Natural History

Scientific Publications Series

The Virginia Museum of Natural History produces five scientific publication series, with each issue

published as suitable material becomes available and each numbered consecutively within its series. Topics

consist of original research conducted by museum staff or affiliated investigators based on the museum’s

collections or on subjects relevant to the museum’s areas of interest. All are distributed to other museums

and libraries through our exchange program and are available for purchase by individual consumers.

Memoirs are typically larger productions: individual monographs on a single subject such as a regional

survey or comprehensive treatment of an entire group. The standardized format is an 8.5 x 11 inch page

with two columns.

Jeffersoniana is an outlet for relatively short studies treating a single subject, allowing for expeditious

publication. The standardized format is a single column on a 6 x 9 inch page.

Guidebooks are publications, often semi-popular, designed to assist readers on a particular subject in a

particular region. They may be produced to accompany members of an excursion or may serve as a field

guide for a specific geographic area.

Special Publications consist of unique contributions, usually book length, either single-subject or the

proceedings of a symposium or multi-disciplinary project in which the papers refiect a common theme.

Appearance and format are customized to accommodate specific needs; page size and layout varies

accordingly.

The Insects of Virginia is a series of bulletins emphasizing identification, distribution, and biology of

individual taxa (usually a family) of insects as represented in the Virginia fauna. Originally produced at

VPI & SU in a 6 X 9 inch page size, the series was adopted by VMNH in 1993 and issued in a redesigned

8.5 X 11 inch, double column format.

Copyright 2011 by the Virginia Museum of Natural History

Printed in the United States ofAmerica

ISSN 1061-1878 (print)

ISSN 2163-8020 (online)



Jeffersoniana, Number 26 pp. 1-14

Virginia Museum ofNatural History

Potential impacts of the invasive herb garlic mustard

(Alliaria petiolata) on local ant (Hymenoptera: Formicidae)

communities in northern temperate forests.

Kaloyan Ivanov^’* and Joe Keiper^

ABSTRACT

Garlic mustard, an invasive shade-tolerant species introduced to NorthAmerica from Eurasia in the late

1860s, now is widely distributed throughout the US and Canada. The presence of garlic mustard results in

displacement of understory species and subsequent deeline in native plant diversity. By displaeing native

plants, garlie mustard can affect resource availability and habitat quality, and thereby affect animals across

different trophie levels. However, these impaets have been doeumented infrequently. Our study foeused

on the small-seale effects of garlic mustard invasion on an abundant and important group of forest-floor

arthropods. We evaluated the effeets of garlie mustard on forest ant assemblages in invaded and non-

invaded areas of two mesophytie forest fragments of northeastern Ohio. Plots invaded by garlie mustard

showed redueed leaf litter depth, and an inereased abundanee ofnonnative Amynthas earthworms. Sample-

based rarefaetion and similarity analyses revealed that the presenee of garlic mustard, and the assoeiated

deerease in leaf litter depth, had no deteetable effeet on the observed and expeeted ant speeies riehness and

eommunity eomposition. Rank-abundanee distributions also were largely unchanged in garlic mustard

invaded plots. Our results suggest that regional sylvan ant eommunities are unaffeeted by the generally

presumed negative effects of garlic mustard invasions, or these effects may be more subtle or confounded

by other dominating faetors.

Keywords: Ohio, speeies riehness, abundanee, eommunity eomposition, leaf-litter, exotie earthworms

INTRODUCTION

Invasion of alien plant speeies is eonsidered

among the most signifieant threats to biodiversity

(Blossey 1999). Non-native speeies ean displaee

native plants, change trophie strueture and alter

eeosystem proeesses (Maek et al. 2000; Ehrenfeld

2003). Problems assoeiated with invasive plant

speeies have inereased greatly in reeent times due

to inereased species exehange between geographie

areas, largely as a result of human-aided dispersal

(Vitousek et al. 1997; Chapin et al. 2000). In

addition, human-mediated habitat disturbanees ean

aeeelerate the ineidenee of sueeessful biologieal

invasions by enhaneing the establishment of exotie

speeies (Eiebhold et al. 1995; King and Tsehinkel

2006). Despite the inereased awareness of the

negative impaets of invasive plants, there is little

quantitative evidence for the ecological impacts

they pose (Blossey 1999). The widespread invasive

garlie mustard {Alliaria petiolata [Bieb.] Cavara

and Grande) is no exception, and its eeologieal

impaets though eommonly suspeeted have been

poorly doeumented (Blossey et al. 2001; Davalos
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and Blossey 2004).

Garlic mustard (Brassicaceae) is a shade-

tolerant, short-lived, obligate biennial herb native

to western Eurasia (WeIk et al. 2002). It was

introdueed to North Ameriea from Europe in 1868

when it was hrst reeorded in Eong Island, NY
(Nuzzo 1993), and has quiekly spread throughout

the US and Canada. It is most abundant in the

northeastern and midwestern US (WeIk et al. 2002;

Blossey et al. 2002). Garlie mustard produees hrst

year rosettes that over-winter, it howers early in the

following year, and plants die after seed produetion.

A single plant ean produee hundreds of seeds, with

maximum yields of 7900 seeds (Nuzzo 1993).

Garlie mustard spreads exelusively by seeds, whieh

require a dormaney period of 8 to 22 months to

germinate and ean remain viable for up to hve years

(Nuzzo 1999; Blossey et al. 2002). Alliariapetiolata

typieally oeeupies disturbed habitats and often is

most abundant in urban forest fragments and forest

edges, although it has the unusual eapaeity to invade

and proliferate within intaet forest eommunities

(Nuzzo 1999; Davalos and Blossey 2004; Rodgers

et al. 2008).

Garlie mustard is one of the most problematie

invaders in North Ameriean forest eommunities

where it beeomes a permanent member upon

introduetion (Rodgers et al. 2008). Among the most

often reported negative impaets are the displaeement

of native understory plants and deelines in the

diversity of native plant communities (MeCarthy

1997; Meekins and MeCarthy 1999; Stinson et

al. 2007), although quantitative evidenee often is

ineonelusive (Blossey et al. 2001). Garlie mustard

deereases the abundanee of myeorrhizal fungi in

the soil and on plant roots (Stinson et al. 2006),

whieh may reduee the eompetitive ability of many
native plant speeies (Roberts and Anderson 2001).

The disruption of myeorrhizal assoeiations within

understory plant eommunities has been related

to the produetion of seeondary eompounds by A.

petiolata used to deter herbivory and to suppress

the growth of plant and fungal speeies (Eahey et

al. 2001; Cipollini and Gruner 2007; Rodgers et al.

2008).

Given garlie mustard’s impaets on loeal

forest flora, arthropod diversity may deeline, as it

eommonly is thought to be positively eorrelated with

floristie and struetural plant diversity (Siemann et

al. 1998). Arthropod herbivore riehness is generally

greatest in areas of highest plant riehness, primarily

as a result of greater availability of resourees

(Siemann 1998; Knops et al. 1999). This in turn

results in a greater diversity of arthropod predators

and parasitoids (Hunter and Priee 1992; Siemann

1998). Inereased plant diversity also may direetly

inerease diversity of higher trophie levels through

an inerease in floral resourees (Jervis et al. 1993).

Plant invasions and the assoeiated deerease in plant

diversity and homogenization of loeal flora ean alter

invertebrate assemblages. Changes in invertebrate

abundanee, riehness and community composition

have been reported for a variety of arthropod groups

in areas invaded by non-native plants (Standish

2004; Gratton and Denno 2005; Wilkie et al. 2007;

Bultman and DeWitt 2008).

The presenee of garlie mustard has been

shown to interfere with the development of the

native butterflies Pieris napi oleracea Harris and

P. virginiensis Edwards (Eepidoptera: Pieridae).

Females of these speeies oviposit on garlie mustard

plants, instead on their native toothwort hosts,

but garlie mustard inereases the time required for

larval development, larvae take longer to pupate,

and exhibit redueed pupal mass and pupation

rates (Porter 1994; Huang et al. 1995; Keeler and

Chew 2008). Davalos and Blossey (2004) reported

no effeet of garlie mustard presenee on ground

earabid beetle eaptures and speeies riehness, and

on overall invertebrate abundanee in New York

deeiduous forests. However, the authors were

able to doeument a signifleant deerease in leaf

litter depth at garlie mustard invaded plots whieh

was assoeiated with the presenee of non-native

earthworms. A positive eorrelation between garlie

mustard eover and non-native earthworm biomass,

and a negative eorrelation with leaf litter depth also

have been reported by Nuzzo et al. (2009) in New
York and Pennsylvania. Garlie mustard invasions

therefore also may be symptomatie of invasions by

non-native earthworms.

The displaeement of native understory plant
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species associated with the presence of garlic

mustard and the creation of near-monospecific

stands in the areas where this species occurs are

likely to alter resource availability, habitat quality

and microclimate and thus alfect organisms from

different trophic levels. In addition, areas invaded

by garlic mustard may suffer reduction in the leaf

litter layer as a direct result from the activity of

non-native earthworms. This is likely to negatively

affect forest dwelling invertebrates that rely on leaf

litter as nesting and foraging resource.

Ourresearch focused onthe small-scale effects of

garlic mustard invasions on ground dwelling forest

ant communities. Ants are important and nearly

ubiquitous members of terrestrial ecosystems. They

play major ecological roles as predators, scavengers,

mutualists, seed gatherers and dispersers (Holldobler

and Wilson 1990). Ants participate in a variety of

mutualistic relationships with plants, fungi and

animals, and also are an important prey item for

both vertebrates and invertebrates (Holldobler

and Wilson 1990; Folgarait 1998). Their ease of

sampling, stationary colonies, and responsiveness

to environmental disturbances have made them

an attractive monitoring tool for tracking changes

in ecosystem conditions (Andersen 1990, 1993,

1997; Alonso 2000; Kaspari and Majer 2000).

The changes initiated by garlic mustard invasions

could affect local ant communities both directly

and indirectly and result in changes in local species

richness, community composition and structure.

Direct impacts can result from changes in habitat

quality and resource availability associated with

the presence of garlic mustard. In addition, the

changes in local plant diversity may give rise to

indirect impacts through disruption of mutualistic

interactions between ants and honeydew-producing

‘Homoptera’ and/or between ants and ant-dispersed

(myrmecochorous) plants. Although not obligately

dependent on their mutualistic partners, the food

resources in the form of honeydew or elaiosomes

are an important part ofthe diet ofmany ant species

in temperate deciduous forests. Changes in the

species richness and composition of the local ant

communities may lead to modifications of species

interactions (competition, predation, parasitism.

pollination, and seed dispersal), and alteration

of ecosystem processes (Holldobler and Wilson

1990; Murcia 1995; Folgarait 1998; Laurence et al.

2002).

To our knowledge, no study has explored

the impacts of garlic mustard invasions on ant

communities. Here we report the results of a

study designed to evaluate the potential impacts

of garlic mustard invasions on local temperate-

forest ant communities. We investigated whether

ant communities dilfer in abundance, species

richness, and composition between sites invaded or

not invaded by garlic mustard. We expected lower

species richness and abundance of ants in areas

invaded by garlic mustard as a result of alterations

in habitat quality, resource availability, and/or

disruption of important mutualistic interactions.

MATERIALS AND METHODS

Study sites

We established two study sites in temperate

mixed deciduous forest fragments part of the

Cleveland Metroparks in the Cleveland area of

northeastern Ohio. One site was located at Bedford

Reservation (BED; 890 ha; 41° 22’ N, 81° 33’ W),

and a second one at Brecksville Reservation (BRE;

1406 ha; 41° 18’ N, 81° 36’ W). At each site we
established 10 plots, of which five were invaded by

garlic mustard and five were reference plots. Invaded

plots were selected on the basis of visual estimates

of the presence ofthe target species in 30% or more

ofthe cover in the plots. Garlic mustard was present

at all of the invaded plots and in none of the non-

invaded plots. A few garlic mustard rosettes were

present near the edges of some reference plots, but

none occurred within the plots. Each plot covered

an area of 25m x 25m, and plots within sites were

separated by a minimum distance of approximately

150m. The elevation of all plots ranged between

200 and 285m a.s.l.

Both research sites were located within mixed

deciduous forest types, dominated by mixtures of

red and white oak (Querciis rubra E. and Q. alba E. ),

sugar and red maple {Acer saccharum Marshall and
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A. rubrum L.), American beech (Fagus grandifolia

Ehrh.), tulip tree (Liriodendron tidipifera L.), and

hickories {Cary

a

spp.), supplemented to varying

degrees by black cherry (Prunus serotina Ehrh.),

cucumber tree {Magnolia accuminata (E.)), and

basswood {Tilia americana E.). The understory

is characterized by seedlings and saplings of the

canopy trees; the shrubs Lindera benzoin E.,

Hammamelis virginiana E., and Viburnum spp.; the

vines Toxicodendron radicans (E.), Parthenocissus

quinquefolia (E.); and various herbs and graminoids.

Plant nomenclature follows Gleason and Cronquist

(1991).

Sample collecting and processing

Ants were collected via Winkler litter extraction

in the period June-July during the peak of annual

ant activity in the region. Eitter collection was

conducted between 10.00 and 16.00h, and at least

a day after a heavy rain as ants are extracted less

effectively from wet litter (Eisher 1998).

Eive Im^ quadrats were placed in a dice

pattern within each plot, with the center of the dice

corresponding to the center of the research plot.

The closest quadrats (diagonal from center to rest

of quadrats) were separated by 7m, and all quadrats

were more than 6m away from the edges ofthe plot to

increase the likelihood that foragers originated from

within the study plot. We collected the leaf litter and

the top layer of loose soil within each quadrat and

sifted the collected material through a sifter with a

mesh opening of approximately 10mm to exclude

larger leaves, twigs and stones. In the laboratory,

we loaded the sifted litter into Winkler extractors

and left them to operate at room temperature for

72h. Three days are sufficient to extract nearly all

ant species and the majority of individuals from the

collected samples (Ivanov et al. 2010). At the end

ofthe extraction time, we rinsed the content of each

collecting container into a labeled vial containing

95% ethanol.

We sorted, counted and identified all individuals

to species using the taxonomic keys in Smith

(1957), Convert (2005), and Francoeur (2007). We
consulted the ongoing work ofA. Francoeur, who is

revising the North American Myrmica, to account

for the presence of a yet undescribed species in

our samples. Vouchers will be deposited at the

Cleveland Museum of Natural History, Department

ofInvertebrate Zoology, and the remaining materials

are in the first author’s collection. Ant nomenclature

follows Bolton et al. (2007).

We measured garlic mustard density by counting

the number of stems present in two 0.25m^ quadrats

placed within each invaded plot. These quadrats were

positioned 5m away, on each side, from the central

ant-sampling quadrat. In addition, we recorded the

depth of the litter layer, to the nearest mm, at the

four corners and the center ofeach sampling quadrat

and averaged the five measurements for a single

value for each sampling quadrat. In cases of large

discrepancies between the individual measurements

(>25%), caused by uneven litter accumulation or

unevenness in the surface profile of the underlying

soil, we discarded the lowest and highest values and

took two additional measurements.

At the onset of our sampling at BED, we
observed high numbers ofearthworms present in the

leaf litter layer of the garlic mustard invaded plots

and we decided to include an estimate ofthe density

of the earthworms present at the research plots in

our study. As we did not record the earthworm

abundance in the initial plots sampled we limited our

earthworm counts to the plots located at BRE. We
counted all earthworms present in the leaf-litter layer

and on the soil surface within each of the five one

square meter samples, and identified representative

specimens using the keys in Hale (2009). We did not

use earthworm-specific extraction techniques, such

as application of mustard solution or formalin, as

temperate Amynthas typically are epigeic (residing

in the leaf litter layer), or epi-endogeic (surface soil;

Hendrix and Bohlen 2002). Our approach therefore

allows for a valid estimation of only the surface

density of Amynthas earthworms at the research

plots.

Data analysis

We compared density betweenBED and

BRE invaded plots using a two-sample t-test; leaf-

litter depth using a two-way Analysis of Variance

(ANOVA), with garlic mustard presence and site
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as main factors; and Amynthas density between

BRE invaded and reference plots using the non-

parametric Mann-Whitney U test. Normality and

homoscedasticity of the data were evaluated prior

to the analyses with a Kolmogorov-Smirnov (K-S)

test and Levene’s test, respectively.

We used a two-way ANOVA to compare ant

abundance and species density, with garlic mustard

presence and site identity as main factors. We used

sample-based rarefaction to calculate and compare

the observed and expected species richness across

the pooled invaded and non-invaded plots, and

across sites (rarefaction curves were scaled to

number of occurrences; Gotelli and Colwell

2001). Using incidence and not abundance data

is necessary as the sociality of ants often leads to

clumping of individuals within samples that can

skew species-richness comparisons and species-

abundance relationships (King and Porter 2005).

We created all sample-based rarefaction curves

using the analytical method of Colwell et al. (2004),

implemented in Estimates 8.2 (Colwell 2009). To

estimate the asymptotic (total) species richness we
calculated the Chao2 (Chao 1987) estimator, using

100 randomizations of sample accumulation order.

This estimator relies only on presence/absence data,

and has been found to be one ofthe least biased and

the most precise estimation methods (Colwell and

Codington 1994; Walter and Moore 2005; Hortal

et al. 2006). For the analyses, data were pooled

for all replicate samples within the invaded and

non-invaded plots and compared using the 95%
confidence intervals provided in the Estimates

output. In addition, we used the calculated measures

of expected species richness to assess the degree of

sampling completeness in our study.

We used hierarchical clustering (group-average

linking algorithm with Bray-Curtis similarity

measure) to identify natural groupings among the

study plots according to similarities in their ant

species composition. We used a nonparametric

two-way Analysis of Similarity (ANOSIM, Clarke

1993), with garlic mustard and site as main factors,

to test for differences in species composition

between the invaded and non-invaded plots. Both

analyses were performed with the software package

PAST (version 1.97, Hammer et al. 2001).

We constructed rank-abundance plots

and compared them with the nonparametric

Kolmogorov-Smirnov test to assess any differences

in the structure of the ant communities between the

invaded and non-invaded plots (Gotelli and Ellison

2004; Ellison et al. 2007). We used SPSS 16.0 (SPSS

Inc, Chicago, Illinois) for all statistical analyses,

unless otherwise noted in the text.

RESULTS

The average number of garlic mustard stems

per quadrat was similar in the invaded plots at the

two study sites (98.7 ± 14.6SE at BRE, and 146.3 ±

29.3SE at BED; t = 1.45; df = 18; P = 0.16).

We collected a total of 9922 ant workers

representing 25 species from 12 genera (Table 1).

Of these, 4470 ants were collected at BRE and 5452

at BED, with 4639 ants collected at the reference

plots, and 5283 at the invaded plots. Ant abundance

per sample was higher for the non-invaded plots

at BED, but exhibited the opposite trend at BRE,

being higher at the invaded plots (Fig. 1). A two-

factor analysis of variance showed no significant

Fig. 1 Average ant abundance at garlic mustard invaded and

non-invaded plots. Error bars are ± ISE.
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Table 1. Ant species, with corresponding abundances, collected in garlic mustard invaded and non-invaded plots at Bedford and

Brecksville.

BEDFORD BRECKSVILLE TOTAL

Species
non-

invaded
invaded

non-

invaded
invaded

non-

invaded
invaded

Amblyoponinae

Amblyopone pallipes (Haldeman, 1 844) 44 12 15 13 59 25

Ponerinae

Ponera pennsylvanica Buckley, 1 866 132 290 66 21 198 311

Myrmicinae

Myrmica punctiventris Roger, 1 863 389 132 509 270 898 402

Myrmica semiparasitica Francoeur, 2007 3 0 0 11 3 11

Myrmica sp. 0 19 0 0 0 19

Stenamma brevicorne (Mayr, 1886) 154 232 6 32 160 264

Stenamma impar Foroi, 1901 124 152 10 76 134 228

Stenamma schmitti W.M. Wheeler, 1903 142 13 1 9 143 22

Aphaenogasterpicea (W.M. Wheeler, 1908) 387 457 301 859 688 1316

Aphaenogaster tennesseensis (Mayr, 1 862) 0 1 0 0 0 1

Temnothorax curvispinosus (Mayr, 1 866) 177 53 141 42 318 95

Temnothorax longispinosus (Roger, 1 863) 1 6 3 2 4 8

Temnothorax schaumii (Roger, 1 863) 0 1 0 1 0 2

Myrmecina americana Emery, 1 895 663 489 150 575 813 1064

Dolichoderinae

Tapinoma sessile (Say, 1836) 12 1 4 0 16 1

Formicinae

Prenolepis imparis (Say, 1 836) 18 47 0 4 18 51

Lasius alienus (ToQXSiQX, 1850) 590 605 347 795 937 1400

Lasius nearcticus W.M. Wheeler, 1906 0 0 0 1 0 1

Lasius umbratus (Nylander, 1 846) 0 19 33 0 33 19

Formica neogagates Emery, 1893 0 0 98 0 98 0

Formica subsericea Say, 1 836 33 0 45 10 78 10

Camponotus chromaiodes Bolton, 1 995 3 7 12 1 15 8

Camponotuspennsylvanicus (De Geer, 1773) 14 16 1 4 15 20

Camponotus nearcticus Emery, 1 893 6 1 1 1 7 2

Camponotus subbarbatus Emery, 1 893 4 3 0 0 4 3
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effect of garlic mustard presence = 0.74, P
= 0.39), and site identity = 1.72, P = 0.19)

on ant abundance, with no interaction between

the main factors = 3.13, P = 0.08; Fig. 1).

Similar results were obtained when abundances

were compared at the plot, rather than the sample

level.

At BRE, we collected a total of 22 species of

which 1 8 were recorded from the non-invaded and

19 species from the invaded plots, with 15 species

being common to both plots. At BED, we recorded

a similar number of species (23), of which 19 were

present at the non-invaded plots, and 21 at the

invaded plots. Seventeen species were common to

both plots at BED (Table 1). The most abundant

species in our samples were Lasius alienus (Foerster,

\S50), Aphaenogasterpicea (W.M. Wheeler, 1908),

Myrmecina americana Emery, 1895, and Myrmica

punctiventris Roger, 1863 comprising 68% and 85%
of the total captures at BED and BRE, respectively

(Table 1). No non-native ant species occurred in

the collected samples. Both observed and expected

species richness were higher at the invaded plots, but

the differences were not significant. Our rarefaction

analyses showed no significant difference in

observed species richness between the invaded and

non-invaded plots (Fig. 2). In addition, there was

no difference in observed species richness between

the invaded and non-invaded plots when compared

across sites. The expected number of species was

estimated at 28.7 and 21.7 species for the invaded

Number of occurrences

Fig. 2 Rarefaction curves for pooled invaded and non-invaded

plots. For clarity the 95% confidence intervals (lighter dotted

lines) are shown only for the invaded plots.

Fig. 3 Species density at garlic mustard invaded and non-

invaded plots. Error bars are ± ISE.

and non-invaded plots, respectively. The difference

was not significant as evidenced by the overlap

of the 95% confidence intervals. Based on these

estimates, we were able to sample an estimated

84% and 97% of the local ant fauna in invaded

and non-invaded plots, respectively. Small scale

species richness (i.e., species density per sample)

was higher at BED than at BRE (two-way ANOVA:

F(i
= 47.88, P < 0.001), but not different across

the invaded and reference plots within a site (F^^

= 0.13, P = 0.72), with no interaction between the

main factors (F^^ = 2.78, P = 0.10; Fig. 3).

The captures of some species differed between

the non-invaded and the invaded plots (Table 1),

however these patterns were often inconsistent

across sites. For example, Myrmica semiparasitica

Francoeur, 2007 was found only at the reference

plots at BED, but was found only at the invaded

plots at BRE. A reversed pattern was observed for

Lasius umbratus (Nylander, 1846). Four species

occurred only at the invaded plots, but three of

those were restricted to only one of the two study

sites. All four of these species showed very low

frequency of occurrence, being present in only

one or two samples (Table 1). Formica neogagates

Emery, 1 893 was the only species that occurred at

just non-invaded plots, however it was only found
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at BRE and represented only 1% of the total of all

ants eolleeted.

Our hierarehieal eluster analysis did not reveal

elear separation of plots, based on either presenee

of garlie mustard or site (Fig. 4). A two-way

ANOSIM revealed no signiheant differenee in ant

speeies eomposition between invaded and non-

invaded plots (R = 0.006, P = 0.47) and between

sites (R = 0.056, P = 0.26). Our analyses thus show

no evidenee for differenees in loeal ant eommunity

eomposition between sites invaded and not invaded

by garlie mustard. In addition, we found no ehanges

in the strueture ofthe loeal ant eommunities between

the invaded and non-invaded plots (Kolmogorov-

Smirnov two-sample test: Z = 0.707, P = 0.70;

Fig. 5).

Leaf-litter depth was signiheantly lower in the

invaded plots at both sites (two-wayANOVA:
= 40.76, P < 0.001), with no signiheant effeet of site

(F(i
= 1.32, P = 0.25), and no interaetion between

the main faetors (F^j = 2.81, P = 0.10; Fig. 6).

At BRE, we found a signiheantly higher number of

Amynthas earthworms present at the invaded plots

(64.4 ± 20.6SD; Mann Whitney U test: Z = -5.63, P

< 0.001), as eompared to the non-invaded plots (0.6

± 1.7SD).

DISCUSSION

At the loeal seale at whieh we eondueted our

study, and eontrary to our expeetations, we were

unable to deteet impaets of garlie mustard presenee

on native forest ant assemblages. The presenee of

garlie mustard was not assoeiated with deteetable

ehanges in the ant eommunities at the study sites,

and our results showed no signiheant differenees in

terms ofabundanee, speeies riehness or eomposition
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Fig. 5 Rank abundance plots for garlic mustard invaded and

non-invaded plots

Fig. 4 Dendrogram for hierarchical clustering of invaded and

non-invaded plots according to similarities in ant species

composition. Invaded plots are presented in black bold type,

and reference plots are shown in grey

Fig. 6 Average leaf-litter depth at garlic mustard invaded and

non-invaded plots. Error bars are ± ISE
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between the invaded and non-invaded plots.

Although ants have been shown to be good

indieators of environmental perturbations and

habitat disturbanee (Alonso 2000; Kaspari and

Majer 2000), the eeologieal effeets ofgarlie mustard

may be too subtle for them to respond, or these

effeets may be masked by other more potent faetors.

Site eharaeteristies are important in affeeting the

outeome of the presenee and therefore the impaets

of invasive weeds (Samways et al. 1996; Yeates

and Williams 2001). The loeal ant assemblages, at

our study sites, likely have been affeeted by faetors

related to urbanization and habitat modiheation

prior to the establishment of garlie mustard.

Urban forests typieally eonsist of isolated patehes

with redueed area and high proportion of edges.

Anthropogenie habitat alterations sueh as elearing

of native vegetation, fragmentation and destruetion

of natural habitats and the assoeiated ereation of

habitat edges operate on large spatial seales and

are among the key environmental features of urban

landseapes that are known to affeet loeal diversity

(Bolger et al. 2000; Gibb and Honehuli 2002). These

environmental disturbanees are among the major

forees shaping the physieal and biologieal ehanges

oeeurring in urban landseapes (Halme and Niemela

1993; Mureia 1995; Ewers et al. 2007). Generalist

and opportunistie ant speeies are known to respond

more sueeessfully to environmental disturbanees

than speeialist speeies (Didham et al. 1996; Gibb

and Hoehuli 2002), and ehanges in the proportion

of opportunistie ant speeies have been eorrelated

with levels of disturbanee (Andersen 1990). Urban

forest fragments typieally are eharaeterized by a

large proportion of generalist speeies and disturbed-

habitat speeialists that have adapted to these, often

degraded, environments (King and Tsehinkel 2006;

Clarke et al. 2008). Thus the absenee of signiheant

responses from the loeal ant eommunities to garlie

mustard presenee may be a result of the eommon
oeeurrenee, at our study sites, of speeies eapable of

tolerating high levels of disturbanee. The impaets

assoeiated with garlie mustard presenee may not

be strong enough to elieit further ehanges in the

abundanee, riehness, and eomposition of these

eommunities.

Another reason for a laek of deteetable

differenees between the invaded and non- invaded

plots may be the relatively reeent deteetion of garlie

mustard in the Cleveland area, and in northeast Ohio

in general. Although garlie mustard has been present

in parts of the US for over a eentury, it was hrst

deteeted in ‘natural’ settings in the Cleveland area in

the early 1980s (C. Thomas, pers. eommunieation).

This speeies was likely present earlier in gardens

and other human habitations, however it was not a

prominent part of the loeal flora until the late 1980s.

Older settlements in Berea, Chagrin Falls, Bedford

and Breeksville likely were epieenters for the plant’s

establishment from whieh it naturalized urban green

spaees (C. Thomas pers. eommunieation).

A few ant speeies responded to the presenee of

garlie mustard with ehanges in their frequeney of

oeeurrenee and/or abundanee but these speeies were

rather uneommon and their responses often were

ineonsistent aeross sites. These differenees may be

a result of patehy distributions and low probability

of deteetion rather than a funetion of garlie mustard

presenee. Formica neogagates was the only speeies

in our study that showed preferenees to areas not

invaded by garlie mustard. This woodland speeies is

rare in Ohio, and in the Cleveland region where it is

eurrently known only from Breeksville Reservation

(Ivanov unpublished). It is possible that this speeies

is negatively affeeted by the presenee of garlie

mustard, but the faet that it only oeeurred in three

samples from a single plot prevents us from making

any definitive eonelusions about its response to

garlie mustard presenee. The laek of signiheant

differenee in terms of eommunity eomposition and

strueture suggest that the presenee of garlie mustard

did not lead to alterations of loeal speeies makeup

and eommunity strueture.

We were able to doeument a deerease in the leaf-

litter layer at the garlie mustard invaded plots whieh

was eorrelated with inereased abundanee of non-

native Amynthas earthworms. Our results thus are

eonsistent with the findings ofDavalos and Blossey

(2004) and Nuzzo et al. (2009). Garlie mustard

presenee thus may be indieative of underground

invasions by non-native Amynthas earthworms.

These earthworms were more abundant at the garlie
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mustard plots, butwere also present at afew referenee

plots. A deerease in the leaf-litter layer has been

assoeiated with redueed invertebrate abundanee

and ehanges in eommunity strueture (Koivula

et al. 1999), likely as a direet result of deereased

mierohabitat and resouree heterogeneity. Although

we found signifieant reduetion in the leaf-litter layer

at the garlie mustard invaded plots, the deerease

was small (3.2mm at BED and 5.5mm at BRE) and

may not be sufheient to translate into ehanges in

the loeal forest ant eommunities. Exotie Amynthas

have been deteeted in the region only reeently (M.

Walton, pers. eommunieation) and it may be that

more time is neeessary before the impaets assoeiated

with their presenee are translated into ehanges in

the loeal leaf-litter arthropod assemblages.

Despite our findings and the similar results

reported by Davalos and Blossey (2004), it is likely

that garlie mustard has negative eeologieal impaets,

but the biennial nature ofthe plant and the pattern of

spread may produee subtle effeets that are diffieult

to deteet. Moreover, these impaets may be masked

by stronger faetors sueh as land use history and

habitat disturbanee assoeiated with urbanization.

Sueh faetors operate at larger spatial seales and

may obseure the loealized impaet of an invasive

plant. Future studies foeusing on the effeets of

garlie mustard on loeal invertebrate eommunities

may benefit by targeting ‘undisturbed’ natural

areas in whieh garlie mustard is present. Sueh an

approaeh may help to diseriminate between the

impaets assoeiated with anthropogenie habitat

disturbanee and those related to the presenee of

this invasive speeies. In addition, the eeologieal

impaets of garlie mustard in temperate deeiduous

forest may be undeteetable when using ants (our

study), or ground-dwelling earabid beetles (Davalos

and Blossey 2004) as indieators. The effeets of

invasive plants on loeal animal eommunities have

been shown previously to be strongly dependent

on the taxonomie group investigated (de Groot et

al. 2007). Eong-term investigations, experimental

manipulations of garlie mustard densities and use

of other animal indieators are neeessary to more

fully reveal the impaets assoeiated with^. petiolata

invasions (Blossey 1999).

ACKNOWLEDGMENTS

We thank the Cleveland Metroparks for aeeess

to the study sites and permission to eolleet samples.

We also thank J. Milligan for help with various

eomponents of the field work. Comments and

suggestions from R. Gibson, R. Krebs, J. Milligan,

O. Eoekhart, and two reviewers improved the

manuseript.

REFERENCES

Alonso, E.E. 2000. Ants as indieators of diversity. In:

D. Agosti, J.D. Majer, E.E. Alonso, andT. Sehultz

(eds) Ants: standard methods for measuring and

monitoring biodiversity. Smithsonian Institution

Press, Washington, D.C., pp. 80-88.

Andersen, A.N. 1990. The use of ant eommunities

to evaluate ehange in Australian terrestrial

eeosystems: a review and a reeipe. The

Proeeedings of the Eeologieal Soeiety of

Australia 16:347-357.

Andersen, A.N. 1993. Ants as indieators of

restoration sueeess at a uranium mine in tropieal

Australia. Restoration Eeology 1:156-167.

Andersen, A.N. 1997. Using ants as bioindieators:

multiseale issues in ant eommunity eeology.

Conservation Eeology 1:1-8.

Blossey, B. 1999. Before, during and after: the

need for long-term monitoring in invasive plant

speeies management. Biologieal Invasions

1:301-311.

Blossey, B., V. Nuzzo, H. Hinz, and E. Gerber.

2001. Developing biologieal eontrol of Alliaria

petiolata (M. Bieb) Cavara and Grande (garlie

mustard). Natural Areas Journal 21:357-367.

Blossey, B., V.A. Nuzzo, H.E. Hinz, E. Gerber.

2002. Garlie mustard. In: R. Van Driesehe, B.

Blossey, M. Hoodie, S. Eyon, and R. Reardon

(eds) Biologieal eontrol of invasive plants in

the eastern United States, USDA Forest Serviee

Publieation, pp. 365-372.

Bolger, D.T., A.V. Suarez, K.R. Crooks, S.A.

Morrison, and T.J. Case. 2000. Arthropods in



Ivanov, Keiper: Impacts of invasive gareic mustard on eocae ant communities II

urban habitat fragments in southern California:

area, age, and edge effeets. Eeologieal

Applieations 10:1230-1248.

Bolton, B., G. Alpert, RS. Ward, and R Naskreeki.

2007. Bolton’s eatalogue of ants of the

world: 1758-2005. Harvard University Rress,

Cambridge, MA, CD-ROM
Bultman, T.L., and D.J. DeWitt. 2008. Effeet of an

invasive ground eover plant on the abundanee

and diversity of a forest floor spider assemblage.

Biologieal Invasions 10:749-756.

Chao, A. 1987. Estimating the population size for

eapture-reeapture data with unequal eatehability.

Biometries 43:783-791.

Chapin, F.S. Ill, E.S. Zavaleta, V.T. Eviner, R.E.

Naylor, R.M. Vitousek, H.E. Reynolds, D.U.

Hooper, S. Eavorel, O.E. Sala, S.E. Hobbie,

M.C. Maek, and S. Diaz. 2000. Consequenees

of ehanging biodiversity. Nature 405:234-242.

Cipollini, D., and B. Gruner. 2007. Cyanide in the

ehemieal arsenal of garlie mustard, Alliaria

petiolata. Journal of Chemieal Eeology 33:85-

94.

Clarke, K.R. 1993. Non-parametrie multivariate

analysis of ehanges in eommunity strueture.

Australian Journal of Eeology 18:117-143.

Clarke, K.M., B.E. Fisher, and G. EeBuhn. 2008.

The influenee of urban park eharaeteristies on

ant (Hymenoptera, Formieidae) eommunities.

Urban Eeosystems 1 1 :3 17-334.

Colwell, R.K. 2009. Estimates: statistieal estimation

of speeies riehness and shared speeies from

samples. Version 8.2. User’s guide and

applieation published at: <http://purl.oele.org/

estimates> [Cited 1 Oetober 2010]

Colwell, R.K., and J.A. Coddington. 1994.

Estimating terrestrial biodiversity through

extrapolation. Rhilosophieal Transaetions of the

Royal Soeiety ofEondon Series B. 345:101-118.

Colwell, R.K., C.X. Mao, and J. Chang. 2004.

Interpolating, extrapolating and eomparing

ineidenee-based speeies aeeumulation eurves.

Eeology 85:2717-2727.

Coovert, G. A. 2005. The ants of Ohio. Bulletin of

the Ohio Biologieal Survey New Series 15:1-

196.

Davalos, A., and B. Blossey. 2004. Influenee of the

invasive herb garlie mustard {Alliaria petiolata)

on ground beetle (Coleoptera: Carabidae)

assemblages. Environmental Entomology

33:564-576.

de Groot, M., D. Kleijn, and N. Jogan. 2007.

Speeies groups oeeupying different trophie

levels respond differently to the invasion of

semi-natural vegetation by Solidago canadensis.

Biologieal Conservation 136:612-617.

Didham, R.K., J. Ghazoul, N.E. Stork, and A.J.

Davis. 1996. Inseets in fragmented forests: a

funetional approaeh. Trends in Eeology and

Evolution 11:255-260.

Ehrenfeld, J.G. 2003. Effeets of exotie plant

invasions on soil nutrient eyeling proeesses.

Eeosystems 6:503-523.

Ellison, A.M., S. Reeord, A. Arguello, and N.J.

Gotelli. 2007. Rapid inventory of the ant

assemblage in a temperate hardwood forest:

speeies eomposition and assessment of sampling

methods. Environmental Entomology 36:766-

775.

Ewers, R.M., S. Thorpe, and R.K. Didham. 2007.

Synergistie interaetions between edge and area

effeets in a heavily fragmented landseape.

Eeology 88:96-106.

Fahey, J.W., A.T. Zalemann, and R. Talalay. 2001.

The ehemieal diversity and distribution of

glueosinolates and isothioeyanates among

plants. Rhytoehemistry 56:5-51.

Fisher, B.E. 1998. Ant diversity patterns along an

elevational gradient in the Reserve Speeiale

d’Anjanaharibe-Sud and on the western Masoala

Reninsula, Madagasear. Fieldiana (Zook) 90:39-

67.

Folgarait, R.J. 1998. Ant biodiversity and its

relationship to eeosystem funetioning: a review.

Biodiversity and Conservation 7:1221-1244.

Franeoeur, A. 2007. The Myrmica punctiventris and

M. crassirugis speeies groups in the Nearetie

region. In: R.R. Snelling, B.E. Fisher, and

F.S. Ward (eds): Advances in ant systematics

(Hymenoptera: Formieidae): homage to E. O.

Wilson - 50 years of contributions. Memoirs of

the American Entomological Institute 80, pp.



12 Jeffersoniana

153-185.

Gibb, H., and D.E. Hochuli. 2002. Habitat

fragmentation in an urban environment: large

and small fragments support different arthropod

assemblages. Biologieal Conservation 106:91-

100.

Gleason, H.A., and A.Cronquist. 1991. Manual of

vaseular plants of northeastern United Sates and

adjaeent Canada. New York Botanieal Garden,

Bronx, NY.

Gotelli, N., and R.K. Colwell. 2001. Quantifying

biodiversity: proeedures and pitfalls in the

measurement and eomparison of speeies

riehness. Eeology Eetters 4:379-391.

Gotelli, N.J., and A.M. Ellison. 2004. A primer of

eeologieal statisties. Sinauer, Sunderland, MA.
Gratton, C., and R.E. Denno. 2005. restoration

of arthropod assemblages in a Spartina salt

marsh following removal of the invasive plant

Phragmites australis. Restoration Eeology

13:358-372.

Hale, C. 2009. Great Eakes worm wateh. Key

to exotie earthworm speeies eommon in the

Great Eakes region, <http://www.nrri.umn.edu/

worms/identiheation/index.html> [Aeeessed 14

August 2009]

Halme, E., and J. Niemela. 1993. Carabid beetles

in fragments of eoniferous forest. Annales

Zoologiei Eenniei 30:17-30.

Hammer, O., D.A.T. Harper, and RD. Ryan. 2001.

PAST: Paleontologieal Statisties software

paekage for edueation and data analysis.

Paleontologia Eleetroniea 4:1-9.

Hendrix, P.P., and PJ. Bohlen. 2002. Exotie

earthworm invasions in North Ameriea:

eeologieal and poliey implieations. Bioseienee

52:801-811.

Holldobler, B., and E.O. Wilson. 1990. The ants.

Belknap Press, Cambridge, MA.
Hortal, J., P.A.V. Borges, and C. Caspar. 2006.

Evaluating the performanee of speeies riehness

estimators: sensitivity to sample grain size.

Journal ofAnimal Eeology 75:274-287.

Huang, X.R, J.A.A. Renwiek, and E.S. Chew. 1995.

Oviposition stimulants and deterrents eontrol

aeeeptanee of Alliaria petiolata by Pieris rapae

andP napi oleracea. Chemoeeology 2:79-87.

Hunter, M.D., and P.W. Priee. 1992. Playing ehutes

and ladders: heterogeneity and the relative roles

of bottom-up and top-down forees in natural

eommunities. Eeology 73:724-732.

Ivanov, K., J. Milligan, and J. Keiper. 2010.

Efheieney of the Winkler method for extraeting

ants (Hymenoptera: Formieidae) from

temperate-forest litter. Myrmeeologieal News
13:73-79.

Jervis, M.S., M.A.C. Kidd, M.D. Fitton, T.

Huddleston, and H.A. Dawah. 1993. Flower-

visiting by hymenopteran parasitoids. Journal of

Natural History 27:67-105.

Kaspari, M., and J.D. Majer. 2000. Using ants to

monitor environmental ehange. In: D. Agosti,

J.D. Majer, E.E. Alonso, and T. Sehultz (eds)

Ants: standard methods for measuring and

monitoring biodiversity. Smithsonian Institution

Press, Washington, D.C., pp. 89-98.

Keeler, M.S., and E.S. Chew. 2008. Eseaping the

evolutionary trap: preferenee and performanee

of a native inseet on an exotie invasive host.

Oeeologia 156:559-568.

King, J.R., and S.D. Porter. 2005. Evaluation

of sampling methods and speeies riehness

estimators for ants in upland eeosystems in

Florida. Environmental Entomology 34:1566-

1578.

King, J.R., and WR. Tsehinkel. 2006. Experimental

evidenee that the introdueed hre ant, Solenopsis

invicta, does not eompetitively suppress eo-

oeeurring ants in a disturbed habitat. Journal of

Animal Eeology 75:1370-1378.

Knops, J.M.H., D. Tilman, N.M. Haddad, S. Naeem,

C.E. Mitehell, J. Haarsta, M.E. Ritehie, K.M.

Howe, PB. Reieh, E. Siemann, and J. Groth.

1 999. effeets ofplant speeies riehness on invasion

dynamies, disease outbreaks, inseet abundanees

and diversity. Eeology Eetters 2:286-293.

Koivula, M., P. Punttila, Y. Haila, J. Niemela. 1999.

Eeaf litter and the small-seale distribution of

earabid beetles (Coleoptera, Carabidae) in the

boreal forest. Eeography 22:424-435.

Eauranee, WR, T.E. Eovejoy, H.E. Vaseoneelos,

E.M. Bruna, R.K. Didham, PC. Stouffer, C.



Ivanov, Keiper: Impacts of invasive gareic mustard on eocae ant communities 13

Gascon, R.O. Bierregaard, S.G. Laurance, andE.

Sampaio. 2002. Ecosystem decay ofAmazonian

forest fragments: a 22-year investigation.

Conservation Biology 16:605-618.

Eiebhold, A.M., W.E. Maedonald, D. Bergdahl, and

V.C. Mastro. 1995. Invasion by exotie forest

pests: a threat to forest eeosystems. Eorest

Seienee Monographs 30:1-49.

Maek, R.N., D. Simberloff, W.M. Eonsdale, H.

Evans, M. Clout, and E.A. Bazzaz. 2000.

Biotie invasions: eauses, epidemiology,

global eonsequenees and eontrol. Eeologieal

Applieations 10:689-710.

MeCarthy, B. 1997. Response of a forest understory

eommunity to experimental removal of an

invasive nonindigenous plant {Alliariapetiolata,

Brassieaeeae) In: J.O. Euken, and J.W. Thieret

(eds) Assessment and management of plant

invasions. Springer, New York, pp. 117-130.

Meekins, J.E., and B. MeCarthy. 1999. Competitive

ability of Alliaria petiolata (garlie mustard,

Brassieaeeae), an invasive, Nonindigenous

forest herb. International Journal of Plant

Seienee 160:743-752.

Mureia, C. 1995. Edge effeets in fragmented forests:

implieations for eonservation. Trends in Eeology

and Evolution 10:58-62.

Nuzzo, V. 1993. Distribution and spread of the

invasive biennial Alliaria petiolata (garlie

mustard) in North Ameriea. In: B.N. MeNight

(ed.) Biologieal pollution, the eontrol and impaet

of invasive exotie speeies. Indiana Aeademy of

Seienees, Indianapolis, IN, pp. 137-145.

Nuzzo, V. 1999. Invasion pattern of the herb garlie

mustard {Alliaria petiolata) in high quality

forests. Biologieal Invasions 1:169-179.

Nuzzo, V.A., J.C. Maerz, and B. Blossey. 2009.

Earthworm invasion as the driving foree

behind plant invasion and eommunity ehange

in northeastern North Ameriean forests.

Conservation Biology 23:966-974.

Porter, A. 1994. Implieations of introdueed garlie

mustard {Alliaria petiolata) in the habitat of

Pieris virginiensis (Pieridae). Journal of the

Eepidopterist’s Soeiety 48:171-172.

Roberts, K.J., and R.C. Anderson. 2001. Effeet of

garlie mustard [Alliaria petiolata (Bieb. Cavara

& Grande)] extraets on plants and arbuseular

myeorrhizal (AM) fungi. Ameriean Midland

Naturalist 146:146-152.

Rodgers, V.E., B.E. Wolfe, E.K. Werden, and A.C.

Einzi. 2008. The invasive speeies Alliaria

petiolata (garlie mustard) inereases soil nutrient

availability in northern hardwood-eonifer

forests. Oeeologia 157:459-471.

Samways, M.J., P.M. Caldwell, and R. Osborn.

1996. Ground-living invertebrate assemblages

in native, planted and invasive vegetation in

South Afriea. Agrieulture, Eeosystems, and

Environment 59:19-32.

Siemann, E. 1998. Experimental tests of effeets of

plant produetivity and diversity on grassland

arthropod diversity. Eeology 79:2057-2070.

Siemann, E., D. Tilman, J. Haarstad, and M. Ritehie.

1998. Experimental tests of the dependenee

of arthropod diversity on plant diversity. The

Ameriean Naturalist 152:738-750.

Smith, M. R. 1957. Revision ofthe genus Stenamma

Westwood in Ameriea north of Mexieo

(Hymenoptera: Eormieidae). The Ameriean

Midland Naturalist 57:133-174.

Standish, R. J. 2004. Impaet ofan invasive elonal herb

on epigaeie invertebrates in forest remnanats in

New Zealand. Biologieal Conservation 116:49-

58.

Stinson, K.A., S.A. Campbell, J.R. Powell,

B.E.Wolfe, R.M. Callaway, G.C. Thelen, S.G.

Hallet, D. Prati, and J.N. Klironomos. 2006.

Invasive plant suppresses the growth of native

tree seedlings by disrupting belowground

mutualisms. PloS Biology 4:727-731.

Stinson, K.A., S. Kaufman, E. Durbin, and E.

Eowenstein. 2007. Impaets of garlie mustard

on a forest understory eommunity. Northeastern

Naturalist 14:73-88.

Vitousek, P.M., H.A. Mooney, J. Eubeheneo, and

J.M. Melillo. 1997. Human domination of

Earth’s eeosystems. Seienee 277:494-499.

Walter, B.A., and J.E. Moore. 2005. The eoneepts

of bias, preeision and aeeuraey, and their use

in testing the performanee of speeies riehness

estimators, with a literature review of estimator



14 Jeffersoniana

performance. Ecography 28:815-829.

Welk, E., K. Schubert, and M.H. Hoffmann. 2002.

Present and potential distribution of invasive

garlic mustard (Alliaria petiolata) in North

America. Diversity and Distributions 8:219-233.

Wilkie, E., G. Cassis, and M. Gray. 2007. the effects

on terrestrial arthropod communities of invasion

of a coastal heath ecosystem by the exotic weed

bitou bush (Chrysanthemoides monilifera ssp.

rotundata E.). Biological Invasions 9:477-498.

Yeates, G.W., and P.A. Williams. 2001. Influence

of three invasive weeds and site factors on

soil microfauna in New Zealand. Pedobiologia

45:367-383.



Parts published to date

1 . On the taxonomy ofthe milliped genevdiPseiidojulus

Bollman, 1887, and Georgiulus, gen. nov., of

southeastern United States. Richard L. Hoffman.

Pp. 1-19, figs. 1-22. 1992.

2. A striking new genus and species of bryocorine

plant bug (Heteroptera: Miridae) from eastern

North America. Thomas J. Henry. Pp. 1-9, figs.

1-9. 1993.

3. The American species of Escaryus, a genus

of Holarctic centipeds (Geophilo-morpha:

Schendylidae). Tuis A. Pereira & Richard L.

Hoffman. Pp. 1-72, figs. 1-154, maps 1-3. 1993.

4. Anew species ofPuto and a preliminary analysis of

the phylogenetic position ofthe Puto Group within

the Coccoidea (Homoptera: Pseudococcidae).

Douglass R. Miller & Gary L. Miller. Pp. 1-35,

figs. 1-7. 1993.

5. Cambarus (Cambarus) angularis, a new crayfish

(Decapoda: Cambaridae) from the Temiessee

River Basin of northeastern Tennessee and

Virginia. Horton H. Hobbs, Jr., & Raymond W.
Bouchard. Pp. 1-13, figs, la-ln. 1994.

6. Three unusual new epigaean species of Klepto-

chthonlus (Pseudoscorpionida: Chthoniidae).

William B. TsJuchmore. Pp. 1-13, figs. 1-9. 1994.

7. A new dinosauromorph ichnogenus from the

Triassic ofVirginia. Nicholas C. Fraser & Paul E.

Olsen. Pp. 1-17, figs. 1-3. 1996.

8. “Double-headed” ribs in a Miocene whale. Alton

C. Dooley, Jr. Pp. 1-8, figs. 1-5. 2000.

9. An outline of the pre-Clovis Archeology of SV-2,

Saltville, Virginia, with special attention to a bone

tool dated 14,510 yr BP. Jerry N. McDonald. Pp.

1-60, figs. 1-19. 2000.

10. First confirmed New World record ofApocyclops

dengiziciis (Lepislikin), with a key to the species of

Apocyclops in North America and the Caribbean

region (Crustacea: Copepoda: Cyclopidae). Janet

W. Reid, Robert Hamilton, & Richard M. Duffield.

Pp. 1-23, figs. 1-3.2002.

11. A review of the eastern North American

Squalodontidae (Mammalia: Cetacea). Alton C.

Dooley, Jr. Pp. 1-26, figs. 1-6. 2003.

12. New records and new species of the genus

Diacyclops (Crustacea: Copepoda) from

subterranean habitats in southern Indiana, U.S.A.

Janet W. Reid. Pp. 1-65, figs. 1-22. 2004.

13. Acroneuria yuchi (Plecoptera: Perlidae), a new
stonefly from Virginia, U.S.A. Bill P. Stark & B.

C. Kondratieff Pp. 1-6, figs. 1-6. 2004.

14. A new species of woodland salamander of the

Plethodon cinereus Group from the Blue Ridge

Mountains of Virginia. Richard Highton. Pp.

1-22. 2005.

15. Additional drepanosaur elements from the Triassic

infills of Cromhall Quarry, England. Nicholas C.

Fraser & S. Renesto. Pp. 1—16, figs. 1-9. 2005.

16. A Miocene cetacean vertebra showing partially

healed compression fracture, the result of

convulsions or failed predation by the giant

white shark, Carcharodon megalodon. Stephen J.

Godfrey & Jeremy Altmann. Pp. 1-12. 2005.

17. A new Crataegus-feeding plant bug of the

genus Neolygiis from the eastern United States

(Hemiptera: Heteroptera: Miridae). Thomas J.

Henry. Pp. 1-10. 2007.

18. Barstovian (middle Miocene) Eand Mammals from

the Carmel Church Quarry, Caroline Co.,Virginia.

Alton C. Dooley, Jr. Pp. 1-17. 2007.

19. Unusual Cambrian Thrombolites from the Boxley

Blue Ridge Quany, Bedford County, Virginia.

Alton C. Dooley, Jr. Pp 1-12, figs. 1-8, 2009.

20. Injuries in a Mysticete Skeleton from the Miocene

of Virginia, With a Discussion of Buoyancy and

the Primitive Feeding Mode in the Chaeomysticeti.

Brian F. Beatty & Alton C. Dooley, Jr., Pp. 1-28,

2009.

21. Morphometric and Allozymic Variation in the

Southeastern Slirew {Sorex longirostris). Wm.
David Webster, Nancy D. Moncrief, Becky E.

Gurshaw, Janet F. Foxterman, Robert K. Rose,

John F. Pagels, and Sandra Y. Erdle. Pp. 1-13.
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22. Karyotype designation and habitat description

of the northern short-tailed shrew {Blarina

brevicauda. Say) from the type locality. Cody W.
Thompson and Justin D. Hoffman, Pp. 1-5. 2009.

23. Diatom biostratigraphy and paleoecology of

vertebrate-bearing Miocene localities in Virginia.

Anna R. Trochim and Alton C. Dooley, Jr. Pp.

1- 11 . 2010 .

24. A middle Miocene beaked whale tooth Caroline

County, Virginia (Cetacea: Ziphiidae) from the

Carmel Church Quarry, Virginia, and implications

for the evolution of sexual dimorphism in ziphiids.

Alton C. Dooley, Jr. Pp. 1-11. 2010.

25. Reconnaissance Mineralogy of the Eocene Mole
Hill Diatreme, Rockingham County, Virginia.

James S. Beard. Ppl-16. 2010.

26. Potential impacts of the invasive herb garlic

mustard (Alliaria petiolatd) on local ant

(Hymenoptera: Formicidae) coimnunities in

northern temperate forests. Kaloyan Ivanov, Joe

Keiper.Pp 1-14, 2011.
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