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THE FIRST ASIAN PLESIADAPOIDS
(MAMMALIA: PRIMATOMORPHA)

K. Christopher Beard
Associate Curator, Section of Vertebrate Paleontology

Jingwen Wang 1

Abstract

Two new genera and species of carpolestid plesiadapoids are described from early Eocene coal beds

of the Wutu Formation, Wutu Basin, Shandong Province, People’s Republic of China. Chronolestes

simul, n. gen. and sp., possesses a reduced P 3 and hypertrophied P4 as do all carpolestids, but contrasts

with other members of this family in lacking a bladelike, polycuspidate P4 . P3-4 of Chronolestes are

structurally simpler, and almost certainly more primitive, than those of any other plesiadapoid.

Chronolestes is interpreted as the sister group of all other carpolestids and forms the basis for the new,

monotypic subfamily Chronolestinae. Carpocristes oriens, n. gen. and sp., is a dentally derived car-

polestine characterized by triple median crests on P3 4 and an S-shaped blade on P4 . The closely related

North American species
“
Carpodaptes” hobackensis and “

Carpodaptes” cygneus are transferred here

to the new genus Carpocristes. Relationships among species of Carpocristes are reconstructed as (C.

cygneus (C. hobackensis, C. oriens)). Potential dental synapomorphies for Plesiadapoidea, including

Plesiadapidae, Saxonellidae, and Carpolestidae, are identified for the first time. Within Plesiadapoidea,

available evidence weakly supports the monophyly of a Plesiadapidae + Saxonellidae clade. Altanius

orlovi from the early Eocene of Mongolia is unlikely to be either a plesiadapoid or a basal carpolestid.

The fossil record ofNorth American and Asian Carpolestidae suggests at least two episodes oftrans-

Beringian dispersal for members of this clade during the Paleocene. The timing of these dispersal

episodes is weakly constrained, but middle Torrejonian (Chronolestes clade) and latest Tiffanian or

earliest Clarkforkian (Carpocristes clade) dispersal events conform with inferences regarding trans-

Beringian dispersal of other groups of Paleocene mammals. The recent hypothesis that competitive

exclusion by rodents may have been a causal factor underlying carpolestid extinction in North America
is called into question by the co-occurrence of two carpolestids and ctenodactyloid, alagomyid, and
paramyid rodents at Wutu, together with the high probability that both carpolestids and rodents

coexisted in Asia through much of the Paleocene.

Introduction

Fossil placental mammals that are often referred to as “plesiadapiforms” are

well known from early Cenozoic localities in North America and Europe (e.g.,

Russell, 1964; Rose, 1975; Gingerich, 1976; Szalay and Delson, 1979; Gunnell,

1989; Fox, 1991). Given the clear evidence for biogeographic links among early

Cenozoic holarctic mammalian faunas, particularly near the Paleocene-Eocene
boundary (e.g., Simpson, 1 947; Dashzeveg and McKenna, 1 977; Zhai, 1978; Rose,

1981; Dashzeveg, 1982, 1988; Russell and Zhai, 1987; Gingerich, 1989; Krause
and Maas, 1990), the apparent absence of these forms in early Cenozoic Asian
localities has been paradoxical. This absence has been particularly difficult to

reconcile with phylogenetic reconstructions that ally various “plesiadapiforms”

with extant colugos or dermopterans (Beard, 1993a, 1993Z?), which are currently

endemic to parts of mainland Southeast Asia and certain islands of the southern
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Fig. 1.—Map illustrating geographic location of the Wutu Basin (star) in Shandong Province, east-

central People’s Republic of China.

Philippines and Sunda Shelf. Here, we partly fill a longstanding gap in the early

Cenozoic fossil record of Asia by describing the first unequivocal plesiadapoids

to be discovered on that continent. The specimens were collected from early

Eocene coal beds belonging to the Wutu Formation in the Wutu Basin, Changle
County, Shandong Province, People’s Republic of China (Fig. 1).

The initial discovery of Paleogene mammals in the Wutu Basin was reported

by Chow and Li (1963, 1965), who described the isectolophid perissodactyl Horn

-

ogalax wutuensis and indeterminate pantodont remains from surface exposures

of the Wutu Formation. Renewed efforts in the Wutu Basin by field crews from
the Institute of Vertebrate Paleontology and Paleoanthropology (IVPP) under the

leadership of Tong Yongsheng and Wang Jingwen have led to the recovery of a

diversified new mammalian fauna, which includes the two carpolestid plesiada-

poids described here. The new fauna is derived from coal beds that lie strati-

graphically above the surface exposures that yielded the Homogalax fossils re-

ported by Chow and Li (1963, 1965). The soricomorph lipotyphlan Changlelestes

dissetiformis (Tong and Wang, 1993), Homogalax, a new genus and species of

artiodactyl, and a diversity of rodents (Tong and Dawson, 1995), among many
other taxa, are associated with the carpolestids in this new fauna.

Systematic Paleontology

Class Mammalia Linnaeus, 1758
Mirorder Primatomorpha Beard, 1991

Superfamily Plesiadapoidea Trouessart, 1897
Family Carpolestidae Simpson, 1935b

Subfamily Chronolestinae, new subfamily

Type Genus. — Chronolestes, n. gen.

Diagnosis. — Differs from Carpolestinae in having simpler I
1

,
without disto-

apical or mesio-basal cusps; P3-4 morphologically simple, each with only one labial

cusp and lacking median crest; upper molars with little or no development of

hypocone; dentary relatively longer than in Carpolestinae, especially in region of



1995 Beard and Wang—First Asian Plesiadapoids 3

Fig. 2.— Chronolestes simul, n. gen. and sp., holotype (part), IVPP VI 0695-1. Crushed skull preserving

left P'-M 3 and right P2-M 2
. Scale = 5 mm.

Ij-P^ P4 hypertrophied as in Carpolestinae, but without proliferation of apical

cusps forming bladelike, plagiaulacoid structure.

Chronolestes, new genus

Type Species. — Chronolestes simul, n. sp.

Diagnosis.—As for the subfamily (currently monotypic).

Etymology.—Greek chronos, time; and Greek testes, robber.

Chronolestes simul, new species

(Fig. 2-8; Table 1)

Holotype. —IVPP VI 0695-1 (Fig. 2), crushed skull preserving left P'-M 3
,
right

P2-M2 (M 3
is probably also preserved on the right side, in which case it is currently

obscured by matrix), and IVPP VI 0695-2 (Fig. 3, 4A), associated left dentary

preserving I 2-P2 and P4-M 3 . The crushed skull and dentary were recovered from
the same small block of matrix and are thought to represent the same individual,

although the upper and lower jaws were not preserved in occlusion.

Hypodigm.—The holotype; IVPP VI 0696. 1-1, left dentary preserving P4-M 3 ,

and IVPP VI 0696. 1-2, associated right dentary preserving P3-M 3 (M2_3 damaged);
IVPP V10696.2-1, left dentary preserving I,_2 (I2 broken), P2-M 2 (M2 broken),

IVPP VI 0696.2-2 (Fig. 6C-D), associated right premaxilla/maxilla(?) preserving

I
1 and ?I 3

,
and IVPP V10696.2-3, associated right dentary preserving (Fig.

4B, 5); IVPP VI 0696.3-1 (Fig. 7), right maxilla preserving P2-M3
,
IVPP V10696.3-2

(Fig. 6A-B), associated left premaxilla/maxilla(?) preserving F-?I 3
(I

2 broken);

IVPP VI 0696.4-1, left dentary preserving P4-M 3 ;
IVPP VI 0696.4-2, left dentary

preserving P4-Mj; IVPP V10696.5-1, left dentary preserving (Q broken),

and IVPP VI 0696.5-2, associated left 1^ IVPP VI 0696.6, left dentary preserving

P2^; IVPP VI 0696.7, right dentary preserving M2_3 ;
IVPP 10696.8-1, left dentary
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Fig. 3 .— Chronolestes simul, n. gen. and sp., holotype (part), IVPP V10695-2. Left dentary preserving

I2-P2 ,
P,-M, in lingual (A) and buccal (B) views (stereopairs). Scale = 5 mm.

preserving P2-M2 ;
IVPP VI 0696.8-2, isolated left M 1

;
IVPP VI 0696.9, right

dentary preserving P4 (broken); IVPP VI 0696. 10, isolated left I
1

;
IVPP VI 0696. 1

1

(Fig. 8), left maxilla preserving P2-M 3 and associated left premaxilla/maxilla(?)

preserving P-?P; IVPP VI 0696. 12, left dentary preserving I,-M3 ;
IVPP V10696. 1 3,

right maxilla preserving P2-M 3 and associated left M 3
. Ambiguities concerning

the homologies of anterior upper dental loci in the available sample are discussed

below.

Type Locality. —County Mine, Changle County, Shandong Province, People’s

Republic of China. A detailed map showing the location of the County Mine with

respect to the modem village of Wutu was published by Russell and Zhai (1987:

fig. 36).
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Fig. 4 .— Chronolestes simul, n. gen. and sp. (A) IVPP VI 0695-2, holotype left dentary preserving I 2
-

P2 ,
P4-M 3 in occlusal view. (B) IVPP VI 0696.2-3, right dentary preserving complete lower dentition

in occlusal view. Both views are stereopairs. Scale = 5 mm.

Known Distribution. — Early Eocene, Wutu Formation, Wutu Basin, Shandong
Province, People’s Republic of China.

Diagnosis.—As for the genus (currently monotypic).

Etymology. — Latin simul, at the same time; in allusion to the temporal coexistence of two species

of carpolestids at this locality.

Description.—The current hypodigm of this species includes several specimens that are extraordi-

narily complete, so that the entire lower dentition and possibly all of the loci comprising the upper

dentition are known and identifiable. Remaining ambiguity concerning the upper dental formula of

Chronolestes simul stems from the fact that no single specimen preserves the entire upper dentition

in serial association. Dental measurements for this sample are provided in Table 1

.

The lower dental formula of Chronolestes simul can be reasonably inferred, since all loci are rep-

resented by their crowns in IVPP VI 0696.2-3 and IVPP VI 0696. 12 (Fig. 3-5). Here, the lower dental



6 Annals of Carnegie Museum

Fig. 5 .— Chronolestes simul, n. gen. and sp., IVPP V10696.2-3. Right dentary preserving complete

lower dentition in lingual (A) and buccal (B) views (stereopairs). Scale = 5 mm.

formula of Chronolestes simul is interpreted as 2- 1-3-3, the same as that proposed by Rose (1975) for

the primitive carpolestine Elphidotarsius, based on specimens of Elphidotarsius sp., cf. E. florencae.

A second species ofElphidotarsius, E. shotgunensis, appears to have possessed a more primitive lower

dental formula of 3- 1-3-3 (Gazin, 1971; Fox, 1993). If so, the similarly derived lower dental formula

in Chronolestes simul and Elphidotarsius sp., cf. E. florencae is the product of convergence.

As in all plesiadapoids, I, in Chronolestes simul is an enlarged, procumbent tooth. Its crown is

elongated and relatively slender, resembling I, in Carpodaptes and Carpolestes more than the shorter

and stouter I, found in Elphidotarsius (see Rose, 1975:fig. 5). As is the case in most carpolestids, there

is no development of a basal cusp on the lingual cingulid of I, in Chronolestes, in contrast to the

condition in Elphidotarsius mghtoni and plesiadapids.

Prior to this report, the crown of I 2 has not been described in any carpolestid. In Chronolestes this

tooth resembles I, in being procumbent and in having an elliptical, semilanceolate crown. Nevertheless,

as would be expected from alveoli for these teeth in other carpolestid taxa, I 2 is much smaller than I,.

The smallest of the lower teeth in Chronolestes is interpreted as C,, in contrast to the situation in

Elphidotarsius sp., cf. E. florencae, in which P2 is likely smaller than Q (as judged from their alveoli).
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Fig. 6.—Chronolestes simul, n. gen. and sp. (A-B) IVPP V10696.3-2, left premaxilla/maxilla(?) pre-

serving r-?F (I
2 broken) in lingual (A) and labial (B) views. Note that the ostensible presence of two

basal cusps on P in this specimen is an artifact caused by breakage; see the undistorted crown preserved

in IVPP V10696.2-2. (C-D) IVPP V10696.2-2, right premaxilla/maxilla(?) preserving I
1 and ?F in

lingual (C) and labial (D) views. All views are stereopairs. Scale = 5 mm.

Fig. 7.— Chronolestes simul, n. gen. and sp., IVPP V 1 0696.3- 1 . Left maxilla preserving P2-M 3 in buccal

(A) and occlusal (B) views. Occlusal view is stereopair. Scale = 5 mm.
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Fig. 8 .— Chronolestes simul, n. gen. and sp., IVPP V10696.1 1. Left premaxilla/maxilla(?) preserving

I'-?I 3 in lingual view (stereopair). Scale = 5 mm.

The crown of C, is very simple or even vestigial in morphology, consisting solely of an anteriorly

canting cusp. In overall morphology, this tooth closely resembles C, in Elphidotarsius wightoni and
Pronothodectes matthewi.

The crown of P 2 has not been described previously in any carpolestid. As noted earlier, P2 is larger

than 'C i, from which it also differs in having a weakly defined talonid heel in addition to the anteriorly

canting protoconid. P 2 in Chronolestes is very similar in overall morphology to that ofPronothodectes

matthewi, thus providing further evidence for the plesiadapoid affinities of the Carpolestidae.

P 3 is single-rooted in all specimens of Chronolestes in which the crown of this tooth is preserved (n
= 6). This derived feature was apparently attained convergently in Chronolestes and advanced car-

polestines, because Elphidotarsius sp., cf. E.florencae retains two closely appressed roots on this tooth

and is relatively larger (Rose, 1 975). In structure, P 3 closely resembles P2 ,
from which it differs primarily

in being slightly larger (except in IVPP VI 0696.6, in which P2 > P3 ) and relatively wider, with a more
robust root. As is the case in all carpolestids for which this tooth is known, P3 is greatly reduced in

comparison with P4 .

Because of the unique specializations of P4 in carpolestids, the anatomy of this tooth has proven
especially useful in assessing relationships within the group (e.g., Rose, 1975; Krause, 1978; Fox,

1984b). This is particularly true in the case of Chronolestes. P4 in Chronolestes is hypertrophied as in

other carpolestids, yet it lacks development of a polycuspidate, plagiaulacoid or bladelike crown
morphology (Fig. 9). The trigonid bears only two cusps, the protoconid and metaconid. The protoconid

occupies the apex of the crown. The leading or anterior margin of the crown is marked by a weak
crest that runs anteriorly and inferiorly from the apex of the protoconid to near the base of the crown,

where it is lingually continuous with a variably developed cingulid. The metaconid is much smaller

than the protoconid and is positioned lingual and posterior to it. A crest unites the apices of the

metaconid and protoconid. A second crest runs inferiorly from the metaconid to join an anteriorly

directed crest from the single talonid cusp. The talonid heel is anteroposteriorly longer and more
prominently developed than in carpolestines. Its labial border is marked by a relatively deeply in-

vaginated hypoflexid. P4 in Chronolestes is moderately exodaenodont, with swollen bulges of enamel
overlapping its roots labially.

The lower molars of Chronolestes generally resemble those of primitive carpolestines, especially

ElphidotarsiusJlorencae. Nevertheless, in several respects the lower molars of Chronolestes differ from
those of most or all other carpolestids. In practically all of these cases, Chronolestes appears to have

retained more primitive lower molar characters than did carpolestines, because the lower molars of

Chronolestes more closely approximate conditions seen in other primitive plesiadapoids, such as

Pronothodectes and Saxonella.

The paraconid of M, in Chronolestes is situated lingually and is not strongly splayed anteriorly with

respect to the metaconid. In this primitive feature Chronolestes resembles E. jlorencae but differs from
other species of Elphidotarsius and more advanced carpolestines. In contrast to all carpolestines, the
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Table 1.—Summary of dental measurements (in mm) for the sample ofChronolestes sirnul reported

here. Abbreviations: n, sample size; OR, observed range; SD, standard deviation; CV, coefficient of
variation.

Tooth n OR Mean SD cv

I,, length 4 2.75-3.10 2.94 0.14 4.89

I,, width 4 0.65-0.85 0.80 0.10 12.50

I2 ,
length 3 0.85-0.95 0.90 0.05 5.56

I,, width 3 0.40-0.45 0.43 0.03 6.66

C,, length 3 0.50-0.55 0.53 0.03 5.41

C,, width 3 0.40 0.40 0 0

P,, length 7 0.60-0.75 0.66 0.06 8.38

P2 ,
width 7 0.35-0.50 0.43 0.06 14.84

P 3 ,
length 7 0.50-0.70 0.61 0.07 12.18

P 3 ,
width 7 0.45-0.65 0.54 0.07 12.88

P4 ,
length 11 1.45-1.80 1.67 0.10 6.18

P4 ,
width 11 0.90-1.15 1.02 0.08 7.69

M 1? length 10 1.30-1.55 1.42 0.07 5.28

M,, width 10 1.10-1.30 1.22 0.07 5.53

M 2 ,
length 8 1.30-1.50 1.41 0.07 5.18

M 2 ,
width 8 1.20-1.45 1.30 0.08 6.50

M 3 ,
length 7 1.70-1.90 1.77 0.08 4.27

M , , width 7 1.15-1.30 1.21 0.04 3.73

I
1

,
length 3 1.10-1.25 1.17 0.08 6.55

I
1

,
width 3 0.75-0.85 0.78 0.06 7.37

I
2

,
length 1 0.75 0.75 — -

I
2

,
width 1 0.40 0.40 — —

I
3

,
length 2 0.50-0.60 0.55 — —

I
3

,
width 2 0.25-0.35 0.30 — —

P\ length 1 0.75 0.75 — —
P 1

,
width 1 0.45 0.45 — __

P2
,
length 4 0.55-0.70 0.63 0.06 10.33

P2
,
width 4 0.40-0.50 0.46 0.05 10.35

P3
,
length 4 1.05-1.30 1.16 0.13 11.31

P3
,
width 4 1.10-1.40 1.25 0.12 9.80

P4
,
length 4 1.10-1.35 1.24 0.11 8.96

P4
,
width 4 1.85-2.05 1.93 0.10 4.97

M 1

,
length 5 1.30-1.40 1.34 0.04 3.12

M 1

,
width 5 1.80-2.20 2.04 0.16 7.63

M 2
,
length 4 1.10-1.35 1.23 0.12 9.72

M 2
,
width 4 2.05-2.20 2.11 0.08 3.55

M 3
,
length 5 1.10-1.20 1.17 0.04 3.82

M\ width 5 1.80-1.95 1.85 0.07 3.82

metaconid of M, is situated only slightly posterior to the level of the protoconid, the M, talonid is

relatively unreduced in its anteroposterior dimension, and a comparatively well-developed hypocon-
ulid occurs on the central part of the postcristid. The cristid obliqua runs anterolingually up the

postvallid to join the metaconid, as is typical for carpolestids. The talonid notch is less apparent than

is the case in carpolestines, and the ectocingulid is variably, but always weakly, developed.

M 2_3 in Chronolestes more closely resemble these teeth in carpolestines than does M,, but some
fairly subtle differences remain. The talonid ofM 2 is relatively longer, and the crown as a whole leans

less in the lingual direction than is the case in many carpolestines (e.g., Elphidotarsius sp., cf. E.

Jlorencae, E. wightoni, E. russelli). As in M,, M 2 bears a conspicuous hypoconulid and lacks the

strongly developed talonid notch found in most carpolestines. The talonid ofM3 is relatively wider
than is typical in Elphidotarsius.

As noted in the subfamilial diagnosis, the dentary of Chronolestes is unique among carpolestids in

showing greater anterior elongation than occurs in carpolestines. In conjunction with progressive

hypertrophy of I, and P4 ,
loss of P2 ,

and reduction in size of P3 ,
the dentary became increasingly

foreshortened in advanced carpolestines (Rose, 1975). Accordingly, the anterior elongation of the
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Fig. 9.—Lower cheek teeth of selected carpolestids in buccal view, drawn at the same scale (modified

after Rose, 1 975:fig. 34). (A) Chronolestes simul\ (B) Elphidotarsius sp., cf. E.florencae; (C) Carpodaptes

hazelae\ (D) Carpolestes dubius. The sequence from A- D likely corresponds to a morphocline in terms

of(a) progressive hypertrophy ofP4 ;
(b) development ofpolycuspidate, bladelike P4 crown morphology;

and (c) mesiodistal splaying of M, trigonid so that M, paraconid, paracristid, and protoconid become
functionally incorporated into P4 shearing blade.
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dentary in Chronolestes can be identified as a primitive retention, reflecting its relatively unspecialized

degree of anterior dental reduction and plagiaulacoid adaptations (Simpson, 1933). Also in contrast

to advanced carpolestines, in which the dentary became progressively deeper to accommodate the

large, bladelike P4 ,
the dentary of Chronolestes is relatively shallow (2.55 mm beneath P4 in IVPP

VI 0696. 1-1). In other respects the dentary of Chronolestes does not depart from conditions described

in other carpolestids by Rose (1975:54).

Parts of the anterior upper dentition of Chronolestes simul are preserved in three specimens, IVPP
V10696.2-2, IVPP V10696.3-2, and IVPP V10696.1 1 (Fig. 6, 8). The most nearly complete of these

is IVPP VI 0696.1 1, a fragment of left premaxilla and (possibly) maxilla bearing the crowns of the

three anteriormost teeth. The three anteriormost crowns preserved in IVPP VI 0696. 11 generally

resemble the teeth occupying the same positions in Carpolestes nigridens, which is the only other

carpolestid in which these teeth have been described or illustrated in situ (see Rose, 1981:62-63;

Gingerich, 1987:fig. 6). Traditionally, the homologies of these loci in Carpolestes nigridens have been

interpreted as I
1

,

1

2
,
and C 1

(e.g., Rose, 1981), but Fox (19846, 1993) has made a compelling case that

the posteriormost of these loci actually represents I
3 rather than C 1

. If Fox’s interpretation is correct,

it is likely that the three anteriormost crowns preserved in IVPP VI 0696. 11 also represent I
1-3

.

Knowledge of the position of the premaxillary-maxillary suture in Chronolestes simul is necessary to

confirm its upper dental formula, but available specimens are not sufficiently preserved to show this

feature.

1
1 is an enlarged and highly diagnostic tooth in all plesiadapoids and their close relatives (e.g., Rose

et al., 1993), and there can be no doubt that the anteriormost crown preserved in IVPP VI 0696.1 1,

IVPP V10696.2-2, and IVPP V10696.3-2 represents this locus (also preserved in IVPP V10696.10).

I
1 in Chronolestes simul is most notable for its simplicity. In this respect the tooth contrasts markedly

with I
1 in carpolestines (currently known in Carpodaptes hazelae, “Carpodaptes” cygneus and Car-

polestes sp., cf. C. nigridens
;
see Krause, 1978; Fox, 19846, 1993; Gingerich, 1987). The crown as a

whole is recurved and dominated by a single apical cusp, which apparently corresponds with the

mesio-apical cusp or anterocone on I
1 in carpolestines. A mesial crest connects the apex of the

anterocone with a well-developed and continuous lingual cingulum. Neither a laterocone nor a me-
diocone is present. A distal crest unites the apex of the anterocone with a much smaller basal cusp,

which seems to be homologous with the disto-basal cusp or posterocone on I
1 in carpolestines. There

is no mesio-basal cusp.

The simple I
1 morphology found in Chronolestes exceeds that seen in the micromomyid Tinimomys

(Rose et al., 1993), but is structurally very close to an isolated I
1 (University of Minnesota 2194) from

the late Puercan of Montana which forms part of the hypodigm of a new genus and species of

plesiadapoid being described by Van Valen (in press). The similar I
1 structure found in Chronolestes

and Van Valen’s new Puercan plesiadapoid likely reflects the morphotypic condition for Plesiada-

poidea, on the basis of (1) the great age of Van Valen’s new genus; (2) the simple (and thus plausibly

primitive) structure of I
1 in Chronolestes and Van Valen’s new plesiadapoid; (3) the relatively basal

phylogenetic positions of Chronolestes and Van Valen’s new plesiadapoid with respect to the plesia-

dapoid radiation; and (4) the slightly more complicated I
1 morphology found in Tinimomys, a genus

that seems to lie outside of Plesiadapoidea (Beard, 1993a, 19936), but which may have retained a

relatively simple I
1 that was altered little from the plesiadapoid morphotype. If the simple structure

of I
1 shared by Chronolestes, Van Valen’s new plesiadapoid, and Tinimomys is the result of symple-

siomorphy (as seems likely), it follows that the more complicated I
1 crowns found in many plesiadapid,

carpolestid, saxonellid, and paromomyid genera are not entirely homologous, especially from family

to family (contra Gingerich, 1976:89; Krause, 1978:1255; Rose et al., 1993). A similar conclusion

was reached by Fox (1991:340-341) on the basis of his reconstruction of the evolution of the upper
and lower central incisors of saxonellids. Krause’s (1978:1255) hypothesis that the disto-apical cusp
ofcarpolestine I's is “probably homologous” with the laterocone of plesiadapid I's (see also Gingerich,

1976; Rose et al., 1993) is incompatible with our reconstruction of the evolution of I's among Ple-

siadapoidea and can be refuted if our character walk ultimately proves to be accurate.

1
2
is preserved in IVPP V 1 0696. 1 1 . This tooth in Chronolestes simul is morphologically very similar

to I
2 in Carpolestes nigridens, which is the only other carpolestid for which this crown has been

described or illustrated [Rose, 198 1 :fig. 27; Gingerich, 1 987:fig. 6 (the specimen illustrated by Gingerich

was referred by him to Carpolestes sp., cf. C. nigridens)]. The crown is dominated by a single mesially-

canted cusp showing only slight apical wear. The light wear on I
2
is remarkable because I

1 in the same
specimen shows very heavy apical wear, with no remaining trace of the anterocone as a distinct cusp.

As a whole, I
2

is notably asymmetrical. The primary cusp possesses a short, weakly inclined mesial

surface that contrasts with its longer, more steeply sloped distal surface. There is variable development
of a secondary, distobasal cusp on I

2 in Chronolestes simul (absent in IVPP VI 0696.1 1, conspicuous
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in IVPP V10696.3-2). The root of I
2

is strongly elliptical in cross section, being longer mesiodistally

than labiolingually.

I
3
(?) is much smaller and morphologically simpler than I

2
. As in Carpolestes nigridens, I

3 in Chron-

olestes simul bears a single cusp that is slightly canted mesially. Overall, the crown is more symmetrical

than that of I
2

,
and the tooth bears a root that is nearly circular in cross section.

The most nearly complete, serially associated upper dentition currently known for Chronolestes

simul is preserved in the holotype crushed skull, IVPP V10695-1 (Fig. 2). This specimen preserves

the crowns of seven maxillary teeth on the left side, interpreted here as P'-M 3
. Anterior to the crown

interpreted as P 1 the maxilla is badly fractured and distorted, precluding determination of whether or

not an additional maxillary alveolus (for O) was present. Nevertheless, it appears that the maxilla

would have extended an appreciable distance anterior to the level of P 1

. This observation and those

of Fox (19846, 1993) concerning the upper dental formula in primitive carpolestines support identi-

fication of the anteriormost crown on the left side of IVPP VI 0695-1 as P 1 rather than C 1

.

P 1 in Chronolestes simul is simple in morphology, being dominated by a single, anteriorly-placed

cusp, which is broken in IVPP VI 0695-1, followed by a weak heel. The crown as a whole is more
elongated anteroposteriorly and is supported by a root having a much more elliptical cross section

than is the case in Elphidotarsius wightoni and Carpodaptes hazelae, the only other carpolestids for

which this tooth has been described (Simpson, 1937; Fox, 19846). Also in contrast to both of the

latter species, P 1 lacks a lingual cingulum in Chronolestes simul.

P 2
is separated from P 1 by a short diastema, in contrast to the condition in such primitive carpo-

lestines as Elphidotarsius wightoni and Carpodaptes hazelae, in which this diastema is absent (Fox,

19846). In the holotype skull, P2 appears to be double-rooted, but in other specimens (e.g., IVPP
V10696.ll) these roots seem to have coalesced. A double-rooted P2 has never been described in

carpolestines, but this condition is known to occur in certain other plesiadapoids, such as Saxonella

naylori (Fox, 1991) and Pronothodectes matthewi (Gingerich, 1976). Like that of P 1

,
the crown of P2

in Chronolestes is simple, bearing a single primary cusp followed by a low heel. The primary cusp is

more centrally positioned on P2 than on P 1

,
giving the crown a more symmetrical appearance in

occlusal view. Lingually, there is only weak development of a cingulum.

P3-4 show striking morphologic specializations among carpolestines (Rose, 1975; also see below)

that contrast markedly with the simpler, more primitive conditions found in Chronolestes. P3 in

Chronolestes simul is roughly triangular in occlusal outline, being much longer labially than lingually.

Its crown bears only two cusps: a relatively large paracone positioned about midway along the labial

border ofthe tooth, and a much smaller protocone occupying the anterior margin of the modest lingual

lobe. The anterior border of the paracone is smoothly convex, but the posterior border is marked by
a prominent crest that runs from the apex of the paracone to the posterolabial margin of the tooth.

The posterior part of the latter structure shows only slight swelling in the region where a distinct

metacone occurs in Elphidotarsius sp., cf. E. jlorencae and all other carpolestines (Rose, 1975). A
simple valley or crease separates the bases of the paracone and protocone. There is no development
of an intervening conule or its associated median crest, in contrast to conditions in Saxonellidae,

Plesiadapidae, and Carpolestinae. Modest pre- and postcingula line the anterior and posterior margins

of the tooth.

Overall, P 3 in Chronolestes simul is structurally more primitive than that of any other plesiadapoid:

a distinct metacone and paraconule occur on P3 in Pronothodectes and the P3 of Saxonella, while also

bearing these structures, is dramatically specialized in its own way (Fox, 1991). Among carpolestines,

P3
is uniformly more specialized than is the case in Chronolestes simul. The most primitive carpolestine

for which P3 has been described is Elphidotarsius sp., cf. E. jlorencae, but even in this species P3 bears

a well-developed metacone and possesses a median crest and associated cusp. The simpler structure

of P 3 in Chronolestes simul therefore lends credence to Rose’s view concerning the primitive nature

of P3 in Elphidotarsius sp., cf. E. jlorencae, relative to that of Pronothodectes: “P 3 in the former

[Elphidotarsius sp., cf. E. jlorencae], however, is not divided into three longitudinal parts, as in

Pronothodectes (and later carpolestids). The simpler P 3
,
like that of Elphidotarsius, was probably the

ancestral condition” (Rose, 1975:63).

P4 in Chronolestes, like P 3
,
is morphologically simpler than that ofany other plesiadapoid. Its crown

is nearly trapezoidal in occlusal view, being much wider (transversely) than long. The labial border

of the tooth is marked by a single cusp, the paracone, which is the largest cusp on P4
. Anterior and

posterior crests run from the apex of the paracone toward the base of the crown. Ofthese, the posterior

crest is the more trenchant and terminates higher on the crown. As in P 3
,
there is no development of

a metacone on the posterior crest. Immediately lingual and slightly anterior to the midline of the

paracone is a distinct paraconule. A preparaconule crista arcs anteriorly from the paraconule to become
continuous with the anterior crest from the paracone at the anterolabial border of the tooth. The
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smallest cusp on P4
is the protocone, which lies directly lingual to the paraconule. A short precingulum

lines the base ofthe crown anterior to the paraconule and protocone. A much more extensive postcing-

ulum runs continuously from the base of the protocone to the posterolabial comer of the tooth. A
weak swelling occurs at the lingual end of the postcingulum, but this structure is too weak to be called

a small hypocone.

In overall structure, P4 in Chronolestes simul closely resembles that in Pronothodectes matthewi,

from which it differs in lacking development of a metacone and in having a protocone that is smaller

and less projecting relative to the paraconule. In the most primitive carpolestine for which P4 has

been described, Elphidotarsius sp., cf. E. jlorencae, this tooth is considerably more specialized than

that of Chronolestes simul in bearing four labial cusps, a well-developed median crest consisting of

pre- and postparaconule cristae as well as the paraconule, and more elaborate pre- and postcingula.

The upper molars of Chronolestes do not differ markedly from those of carpolestines, especially

those of such primitive taxa as Elphidotarsius sp., cf. E. jlorencae. The upper molars of Chronolestes

differ modestly from those ofcarpolestines in lacking distinct hypocones and in having less pronounced
development of conules and their associated crests. The upper molars of Chronolestes further differ

from those of Elphidotarsius sp., cf. E. jlorencae and other primitive carpolestines in being less

transverse and in having the paracone and metacone more widely separated. Interestingly, the upper

molars of the derived carpolestine Carpolestes approach those of Chronolestes in this respect. Outside

ofthe Carpolestidae, a particularly close approximation ofthe upper molar morphology ofChronolestes

is found in Saxonella.

Discussion.—

G

iven its relatively late temporal occurrence, Chronolestes simul
retains a surprisingly primitive dental morphology in conjunction with relatively

few species-specific autapomorphies. In only two minor characters is Chronolestes

derived with respect to conditions observed in primitive carpolestines (i.e., El-

phidotarsius spp.): loss of I3 (if E. shotgunensis did indeed retain this tooth; see

Gazin, 1971; Fox, 1993) and presence ofa single-rooted P3 . Despite these relatively

trivial autapomorphies, the dentition as a whole of Chronolestes (particularly P4 ,

I
1

,
and P3-4

) is most notable for its simple morphology, which apparently reflects

its retention of numerous primitive character states. For example, P4 in Chron-
olestes possesses only two trigonid cusps, identified above as protoconid and
metaconid. In ElphidotarsiusJlorencae

,

the most primitive carpolestine discovered

to date, P4 bears four trigonid cusps, the two anteriormost ofwhich are seemingly

lacking in Chronolestes. Rose (1975:16) considered the two anterior cusps on the

trigonid ofP4 in ElphidotarsiusJlorencae as probable homologues ofthe paraconid
and an accessory, neomorphic cusp (from distal to mesial, respectively), but the

absence of these cusps on the P4 of Chronolestes suggests that both cusps are likely

to be neomorphic in Elphidotarsius and other carpolestines. Outgroup compari-
sons reinforce our conclusion that paraconids were absent on P4 in basal carpo-

lestids (and probably in basal plesiadapoids), because this cusp is also absent on
P4 in Pronothodectes, Paromomys, Micromomys, and (variably) Saxonella, among
other taxa.

In light of its distinctly primitive dental morphology, it is safe to conclude that

discovery of Chronolestes in strata of middle Torrejonian or earlier age (or their

Asian equivalents) would have conformed more with the pattern of stratigraphic

distribution of carpolestids seen in North America (e.g., Rose, 1975, 1977; Ar-
chibald et al, 1987). The fact that Chronolestes and carpolestines cannot have
shared common ancestry more recently than the middle Torrejonian reveals the

existence of a hitherto unknown clade of primitive carpolestids, the Chronoles-
tinae, from at least the middle Paleocene to the early Eocene, an interval ofperhaps
7 Ma (Archibald et al., 1987). Recognition of this clade at the level of subfamily
is justified on the basis of its basal phylogenetic position within the family and
its long, yet poorly documented, temporal persistence.
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Subfamily Carpolestinae Simpson, 1935&

Type Genus. — Carpolestes Simpson, 1928.

Included Genera. — Carpodaptes Matthew and Granger, 1921; Elphidotarsius

Gidley, 1923; Carpolestes Simpson, 1928; Carpocristes, n. gen.

Emended Diagnosis. — Differs from Chronolestinae in having more complicated

I
1

,
with distinct cusps occupying at least mesio-apical, disto-apical, mesio-basal,

and disto-basal positions; P3 with at least two buccal cusps and a median crest

confluent with paraconule; P4 with at least four buccal cusps and complete median
crest; M 1-2 with at least weak development of hypocone; dentary relatively shorter

than in Chronolestinae, especially in region of Ij-P^ P4 hypertrophied, polycus-

pidate, and plagiaulacoid.

Discussion. — Aside from the addition ofthe new genus Carpocristes, the content

of the subfamily Carpolestinae of this paper is equivalent to that of the family

Carpolestidae ofmost previous authors (e.g., Simpson, 1935 b\ Rose, 1975; Szalay

and Delson, 1979). Notably, Russell (1964: 127) used the subfamily Carpolestinae

to accommodate the same assemblage of taxa (minus Carpocristes, which was
unknown at the time) advocated here, in order to distinguish this clade from
Saxonella, which he also referred to the Carpolestidae. Subsequent workers have
generally agreed that Saxonella should be classified in a family distinct from the

Carpolestidae (Van Valen, 1969; Szalay, 1972; Rose, 1975; Szalay and Delson,

1979; Fox, 1991), often citing the likelihood of a closer relationship between
Saxonella and plesiadapids than between the former genus and carpolestids. For
reasons parallel to those of Russell (1964), we revive his concept of the Carpo-
lestinae here, in order to distinguish this clade from the basal carpolestid Chron-
olestes.

Carpocristes, new genus

Type Species. — Carpocristes oriens, n. sp.

Included Species. — Carpocristes oriens, n. sp.; Carpocristes hobackensis (Dorr,

1952), n. comb.; Carpocristes cygneus (Russell, 1967), n. comb.
Diagnosis. — Differs from other carpolestines in having greater proliferation of

crests comprising the median row on P3^, in having smaller molars, and in having

posterior apical cusp on P4 more posterior in position (roughly equidistant between
penultimate apical cusp and talonid cusp). Further differs from Carpolestes in

lacking pronounced anterolabial spur on P3
,
and in having P3-4 subequal in size.

Further differs from carpolestines other than Carpolestes dubius in having pro-

nounced posterolingual excavation on P4 .

Etymology.—Greek karpos, fruit; and Latin cristatus, crested.

Carpocristes oriens, new species

(Fig. 10-12)

Holotype. —IVPP V10697.1-1, left dentary fragment preserving P4-M 3 and al-

veoli for anterior teeth (Fig. 10), and IVPP VI 0697. 1-2, associated, crushed snout

Fig. 10.— Carpocristes oriens, n. gen. and sp., holotype (part), IVPP VI 0697. 1-1. Left dentary fragment
preserving P4“M 3 and alveoli for anterior teeth in (A) lingual and (B) occlusal views. Both views are

stereopairs. Scale = 5 mm. The holotype dentary is preserved on the same small block and in near
occlusion with the left maxilla and other elements representing the same individual; see Fig. 1 1

.
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Fig. 12 .— Carpocristes oriens, n. gen. and sp., IVPP VI 0697.2. Right maxilla preserving P3-M 3 (an-

terolabial comer ofP3 and lingual parts ofM 1 -2 missing) in (A) buccal and (B) occlusal views. Occlusal

view is stereopair. Scale = 5 mm.

preserving left P3-M 3 (P3 broken), complete right P3
,
and unidentifiable right upper

molars (Fig. 11). The dentary and snout are preserved in near occlusion and
certainly represent a single individual.

Hypodigm. —The holotype; IYPP VI 0697.2, right maxilla fragment preserving

P3-M 3 (anterolabial comer of P3 and lingual parts ofM 1-2 broken; Fig. 12); and
IVPP VI 0697.3, right maxilla fragment preserving damaged P3^.

Type Locality.—County Mine, Changle County, Shandong Province, People’s

Republic of China. For detailed information concerning the geographic position

of the County Mine, see Russell and Zhai (1987:fig. 36).

Known Distribution. — Early Eocene, Wutu Formation, Wutu Basin, Shandong
Province, People’s Republic of China.

Diagnosis. — Slightly smaller than C. cygneus and C. hobackensis. Dentary with

four, rather than three, alveoli between C and P4 ,
in contrast to C. cygneus and

C. hobackensis. P4 differs from those of C. cygneus and C. hobackensis in having

seven apical cusps on primary shearing blade and in lacking distinct posterior

apical cusp on crest uniting main blade with talonid heel. P3-4 further differ from
those of C. cygneus in having triple, rather than dual, median crests (upper teeth

are unknown for C. hobackensis).

Etymology.— Latin oriens, the rising sun, east; in allusion to the complicated pattern of cusps and
crests on P3^, which vaguely recalls the rising sun, and to the discovery of this species on the Asian

continent.

Description.—

A

partial lower dentition is preserved in near occlusion with an associated, crushed

snout in the holotype, and the following description is based on this specimen unless otherwise noted

(Fig. 10, 11). Although the anterior part of the dentary has suffered postmortem deformation, all

mandibular tooth loci are represented, either by their crowns (P4-M 3 ) or by their alveoli (loci anterior

to P4 ). The anteriormost alveolus is by far the largest. It clearly held the hypertrophied and procumbent
I, in life. Between the alveolus for I, and the crown of P4 there are four small alveoli, all showing

Fig. 1

1

.— Carpocristes oriens, n. gen. and sp., holotype (part), IVPP VI 0697. 1-2. Crushed snout

preserving complete right P3 (A), left P3-M 3 (P3 broken) (B), and unidentifiable right upper molars.

Both views are occlusal stereopairs. Scale = 5 mm. Note inferior part of left dentary of holotype (see

Fig. 10), which is visible lingual to the left maxillary tooth row in (B).



18 Annals of Carnegie Museum vol. 64

roughly the same dimensions. Presumably, C. oriens retained P2 ,
a tooth that was seemingly lost

(perhaps in parallel— see below) in both C. cygneus and C. hobackensis (Rose, 1975; Krause, 1978).

In labial outline, P4 (L, 2.05 mm; W, 1.10 mm) is relatively low-crowned, elongated, and gently

rounded, as in C. hobackensis and C. cygneus but in contrast to Carpodaptes and Carpolestes (see

Rose, 1975:fig. 11). The main shearing blade supports seven small apical cusps, more than occur here

in C. cygneus and C. hobackensis. As in C. hobackensis but in contrast to C. cygneus, there is only

inconsequential development of vertical ribs beneath the apical cusps on the lingual side of P4 . The
posterior apical cusp ofP4 ,

which is well differentiated in C. cygneus and weakly so in C. hobackensis,

is indistinguishable from the strong crest uniting the main blade with the talonid cusp in C. oriens.

As in both C. cygneus and C. hobackensis, there is a well-defined posterolingual excavation on P4 ,

which results in the S-shaped occlusal pattern characteristic of the shearing blade of P4 in Carpocristes.

The posterolingual excavation is not smoothly concave in C. oriens, because a vertically oriented bulge

of enamel reinforces the base of P4 in this region. A comparable swelling of enamel occurs in the

posterolingual excavation on P4 in C. cygneus, in which this structure clearly constitutes the base of

the well-differentiated posterior apical cusp. The presence ofa similar structure in C. oriens is probably

a vestige of the posterior apical cusp of P4 in this species.

The lower molars of C. oriens differ little from those of C. cygneus and C. hobackensis and will not

be described in detail here. M, in C. oriens differs subtly from its homologue in North American
Carpocristes in having a relatively shorter trigonid, although the paraconid and metaconid are as

widely splayed as in the latter species. Measurements ofthe lower molars preserved in IVPPV 1 0697. 1 -

1

are as follows: M,L, 1.05 mm; M,W, 1.10 mm; M 2L, 0.95 mm; M 2W, 1.05 mm; M 3W, 0.95 mm
(M 3L cannot be reliably measured due to breakage).

P3
is complete but slightly worn in IVPP VI 0697. 1-2 (L, 1.60 mm; W, 1.45 mm); this tooth is

unworn but missing its anterolabial moiety in IVPP VI 0697.2. The labial side of P 3 bears five cusps,

the first of which is displaced anteriorly and occurs in a lower occlusal plane than the remainder. In

contrast, in C. cygneus the labial row ofP 3 bears only four cusps, the anteriormost ofwhich is relatively

larger than in C. oriens and lies in roughly the same occlusal plane as the other labial cusps. In C.

oriens the posterior four labial cusps decrease in size posteriorly, as is the case in C. cygneus (in which
only three cusps occupy the same positions). A strong median cusp, probably homologous with the

paraconule, is situated immediately lingual to the second labial cusp. Running in a posterolabial

direction from the vicinity of the primary median cusp to the posterior margin of the tooth are three

roughly parallel crests. Between these three median crests and the two subequal lingual cusps is a

marked depression. A similar condition exists in Carpodaptes and Carpolestes.

P4 (IVPP VI 0697. 1-2: L, 1.50 mm; W, 1.40 mm; IVPP V10697.2: L, 1.40 mm; W, 1.40 mm) bears

five labial cusps, the third and fourth of which are the largest and likely represent paracone and
metacone, respectively. The two anteriormost labial cusps lie in a lower occlusal plane and are separated

somewhat anteriorly from the remainder of the labial cusps. Between the labial and lingual rows of

cusps on P4
is a complicated system of crests and small cusps, which is similar to but more elaborate

and symmetrical than that on P3
. Directly lingual to the cusp that is thought to represent the paracone

is a relatively prominent median cusp that may represent a paraconule. Crests run anterolabially and
posterolabially from this primary median cusp to the anterior and posterior borders of the tooth. A
second, smaller median cuspule occurs immediately posterior to the putative paraconule, on the

posterior crest that emanates from it. This second median cuspule lies directly lingual to the fourth

labial cusp, and may represent a small metaconule. Two further, tiny median cuspules lie on the

anterior crest that stems from the putative paraconule in IVPP V 1 0697.2. Only one ofthese diminutive

median cuspules is apparent on the holotype, in which the other small cuspule may have been obscured

by wear. Both anteriorly and posteriorly, two supplementary median crests run lingual and roughly

parallel to the main crests that originate from the paraconule, producing an intricate network of triple

median crests on each side of the midline of P4
. The lingual row is dominated by the central cusp,

which is probably homologous with the protocone. Accessory cuspules adorn the base of the central,

lingual cusp both anteriorly and posteriorly, and both of these cuspules are situated somewhat lingual

to this central cusp, as occurs variably in Carpodaptes (Rose, 1975:fig. 18).

The upper molars of Carpocristes oriens are smaller than those of any other carpolestid, but show
the typical carpolestine morphology. Measurements of these teeth in IVPP VI 0697. 1-2 are as follows:

M'L, 0.95 mm; M'W, 1.35 mm; M 2L, 0.90 mm; M 2W, 1.45 mm; M 3L, 0.90 mm; M 3W, 1.40 mm.
For the more fragmentary IVPP V10697.2 the same measurements are: M'L, 1.00 mm; M2L, 0.95

mm; M 3L, 0.85 mm; M 3W, 1.35 mm.

Discussion. — Carpocristes oriens obviously represents a much more advanced
carpolestid than does Chronolestes simul. Indeed, its highly derived P4 and P3-4

readily identify it as a nested member of the carpolestine radiation, a clade that
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E

Fig. 1 3.—Upper cheek teeth ofselected carpolestids in occlusal view, drawn at the same scale (modified

after Rose, 1 975:fig. 34). (A) Chronolestes simul\ (B) Elphidotarsius sp., cf. E.florencae\ (C) Carpodaptes

hazelae; (D) Carpolestes dubius\ (E) Carpocristes oriens. The sequence from A-C likely corresponds

to a morphocline in terms of progressive elaboration of P3-4
. The alternative autapomorphous con-

ditions exhibited by P 3-4 in Carpolestes (D) and Carpocristes (E) may each be rooted in the more
primitive conditions shown by Carpodaptes (C).

is otherwise restricted to North America in terms of its known geographic range

(e.g., Rose, 1975; Krause, 1978; Szalay and Delson, 1979; Fox, 1984b).

Although it is now clear that the evolution of North American Carpolestinae

was more complex than earlier views maintained (Fox, 19846), P3 4 do show a

general pattern of progressive morphologic complication through time among
North American carpolestines. This progressive elaboration of P3”4 primarily en-

tailed an increase in size associated with multiplication of cusps comprising the

labial, median, and lingual rows (Rose, 1975:fig. 34). Hence, the derived and late-

occurring Carpolestes differs from the earlier and more primitive Elphidotarsius

chiefly in having larger P3 4 that bear a greater number of cusps along the labial,

median, and lingual rows. A different pattern ofcomplication ofP3-4
,
characterized

by proliferation in the number of crests comprising the median row, distinguishes

Carpocristes oriens from most North American carpolestines (Fig. 1 3). Accord-
ingly, the most extreme, but morphologically divergent, specializations in P3^

among carpolestids occur in Carpolestes and Carpocristes. Each of these auta-

pomorphous conditions can be linked with more primitive character states found
in species that are usually included in Carpodaptes.

As the genus was defined by Rose (1975), at least five species of Carpodaptes
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existed during Tiffanian time in western North America. The upper dentition

remains unknown in three of these five species, Carpodaptes aulacodon (the type

species ofthe genus), Carpodaptesjepseni, and “Carpodaptes” hobackensis [upper

dentitions referred by Holtzman (1978) to
“
Carpodaptes” hobackensis are not

accepted as pertaining to this species here; see below]. However, variation in the

morphology of P3-4 among the other species attributed to Carpodaptes is marked
enough to suggest, along with aspects ofP4 morphology, that these species comprise
a highly paraphyletic assemblage. Certain species, such as Carpodaptes jepseni,

appear to share close common ancestry with Carpolestes (Rose, 1975), while

others, particularly
“
Carpodaptes” hobackensis and “

Carpodaptes” cygneus, seem
to share more recent common ancestry with Carpocristes.

Unlike those of other species of North American carpolestines, P3-4
in “Car-

podaptes” cygneus possess a second median crest, located lingual to the primary
median crest found in all carpolestines. This derived pattern is especially apparent

on the well-preserved specimens of“Carpodaptes” cygneus from the Roche Percee

local fauna of southeastern Saskatchewan described by Krause (1978:fig. 2h-i, 3).

On P3 in “Carpodaptes” cygneus the neomorphic second crest runs parallel to the

main median crest over approximately the posterior third of its course. In Car-

pocristes oriens three crests form the median row, but in both taxa the accessory

median crests are limited to the posterior part ofP3
. P4 in “Carpodaptes” cygneus

possesses dual median crests both anteriorly and posteriorly, whereas triple crests

occupy these positions in Carpocristes oriens. The distinctive and derived elab-

oration ofmedian crests on P3"4 in “Carpodaptes” cygneus suggests that this species

is closely related to Carpocristes oriens. This conclusion is corroborated by the

structure ofP4 in Carpocristes oriens, “Carpodaptes” cygneus, and “Carpodaptes”
hobackensis.

P4 in Carpocristes oriens, “Carpodaptes” hobackensis, and “Carpodaptes” cyg-

neus differs in several respects from its homologue in other carpolestines. In all

of these species P4 is relatively low-crowned and gently rounded in labial view,

in contrast to the higher-crowned P4 found in Carpodaptes aulacodon, Carpodaptes

jepseni, Carpolestes, and, to a lesser extent, Carpodaptes hazelae. This aspect of

P4 morphology is plausibly interpreted as a primitive retention in C. oriens, C.

cygneus, and C. hobackensis (derived in Carpolestes and Carpodaptes sensu stricto)

because it resembles conditions found in Elphidotarsius. However, several other

aspects ofP4 morphology are best interpreted as derived in species attributed here

to Carpocristes. These include: (1) posterior displacement of posterior apical cusp

of P4 ,
so that this cusp is more nearly equidistant between talonid cusp and

penultimate apical cusp; (2) presence of posterolingual excavation on P4 crown,

yielding S-shaped shearing blade in occlusal view; and (3) presence ofmore strong-

ly defined crest uniting main shearing blade with talonid cusp. Here, these char-

acters are interpreted as synapomorphies supporting the monophyly of Carpocris-

tes (including C. oriens, C. hobackensis, and C. cygneus). Within Carpocristes,

two derived P4 characters are shared by C. oriens and C. hobackensis to the

exclusion of C. cygneus. These include: (1) reduced development of vertical ribs

beneath the apical cusps on the lingual side of P4 ; (2) reduced expression of

posterior apical cusp on P4 ,
so that it is barely distinguishable (C. hobackensis)

or indistinguishable (C. oriens) from the crest uniting the main shearing blade

with the talonid cusp on P4 . These characters are interpreted here as evidence

that C. hobackensis and C. oriens are sister taxa. Carpocristes cygneus appears to

be the sister group of the C. oriens + C. hobackensis clade.
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Given these hypothesized relationships, it is necessary to transfer the species
“Carpodaptes” cygneus and

“
Carpodaptes” hobackensis from Carpodaptes to Car-

pocristes.

Carpocristes hobackensis (Dorr, 1952), new combination

Carpodaptes hobackensis: Dorr, 1952:82; Rose, 1975:30; Holtzman, 1978:47 (part).

Discussion. —Confusion regarding the content, morphology, and distribution of

this species stems from the misallocation of several specimens to this taxon by
Holtzman (1978). These specimens, all of which are from the Tongue River

Formation of western North Dakota, include the only upper dentitions ever re-

ferred to C. hobackensis (see Holtzman, 1978:fig. 9.4). While we agree with Holtz-

man that two species of carpolestids are likely to be represented by the sample
from the Tongue River Formation, neither of these species appears to be Car-

pocristes hobackensis (they more likely represent Carpocristes cygneus and Car-

podaptes hazelae). Accordingly, we restrict the hypodigm of C. hobackensis to

Dorr’s (1952) original sample from Dell Creek Quarry in the Hoback Basin,

western Wyoming, among which specimens preserving aspects of the upper den-

tition are lacking. We predict that when the upper dentition of C. hobackensis is

finally recovered, it will possess at least as many characters in common with C.

oriens as does C. cygneus.

Dell Creek Quarry is latest Tiffanian (Ti5) in age, significantly younger than the

Judson and Brisbane localities in the Tongue River Formation (both of which
are middle Tiffanian or Ti3; see Archibald et al., 1987) that yielded the carpolestid

fossils referred by Holtzman (1978) to C. hobackensis. Carpocristes hobackensis

is apparently restricted to younger strata than those bearing C. cygneus, which
accords well with the slightly more derived P4 anatomy of the former species.

Carpocristes cygneus (Russell, 1967), new combination

Carpolestes cygneus: Russell, 1967:19.

Carpodaptes cygneus: Rose, 1975:32; Krause, 1978:1253.

Carpodaptes hobackensis: Holtzman, 1978:47 (part).

Known Distribution. — Late Paleocene, middle-late Tiffanian (Ti3-Ti4) of Al-

berta, Saskatchewan, and North Dakota.

Discussion. —The anatomy of this species was described in detail by Krause

(1978); additional records were reported by Holtzman (1978) and Fox (1990a).

Carpocristes cygneus was apparently widely distributed in western Canada during

the middle and late Tiffanian (Fox, 1990a).

Discussion

Plesiadapoid Phytogeny

Many authors have noted the apparent closeness of relationship among the

Plesiadapidae, Saxonellidae, and Carpolestidae (e.g., Van Valen, 1969, in press;

Szalay, 1972; Rose, 1975; Szalay and Delson, 1979), and these families are often

classified together as the Plesiadapoidea (Rose, 1975; Szalay and Delson, 1979;

Beard, 1993a, 1 993Z?; Van Valen, in press). However, potential synapomorphies
for Plesiadapoidea have never been explicitly proposed. At least to some extent,

this poor level ofsupport for plesiadapoid monophyly may reflect our very limited

knowledge of carpolestid and (especially) saxonellid anatomy. In contrast to pie-
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siadapids, both skulls and postcrania of which have been known for some time
(Simpson, 1935a; Russell, 1964; Szalay et al., 1975; Gingerich, 1976; MacPhee
and Cartmill, 1986; Beard, 1993a), anatomical data for carpolestids and saxo-

nellids is limited primarily to the dentition. Accordingly, morphological support

for plesiadapoid monophyly must be restricted to dental characters at present.

Within this limitation, however, certain dental characters do appear to bolster

the hypothesis of plesiadapoid monophyly.
Szalay and Delson (1979:72), in listing dental characters that distinguish ple-

siadapoids from “paromomyoids,” cited differences in the shape and position of

the protocone on the upper molars as diagnostic for Plesiadapoidea. In plesia-

dapoids the upper molar protocones are nearly central in position and are weakly
canted mesially, in contrast to the condition in paromomyids, micromomyids,
palaechthonids, and Purgatorius (Kielan-Jaworowska et al., 1979:fig. 12-21; Sza-

lay and Delson, 1979; Fox, 1984a; Beard and Houde, 1989; Gunnell, 1989). The
taxonomic distribution of alternative character states suggests that the condition

in plesiadapoids is derived, and we propose that centrally placed, weakly canted

upper molar protocones is a synapomorphy for Plesiadapoidea. In addition, all

plesiadapoids possess a distinct paraconule on P4
. This structure is absent on P4

in paromomyids, micromomyids, palaechthonids, and Purgatorius, and is there-

fore a second potential dental synapomorphy for Plesiadapoidea.

Relationships within Plesiadapoidea are more hotly contested than the mono-
phyly of the group at present. Russell (1964) originally described Saxonella as a

member of the Carpolestidae, but, as recently summarized by Fox (1991), few

subsequent authors have favored a special relationship between carpolestids and
saxonellids to the exclusion of plesiadapids. Instead, many workers have viewed
saxonellids and carpolestids as independently autapomorphous descendants of

relatively unspecialized plesiadapids. Van Valen (1969) expressed this viewpoint

as follows:

As shown by all the known anatomy of Elphidotarsius and Saxonella, sup-

plemented by that of later carpolestids, the Carpolestinae and Saxonellinae

of Russell (1964) were derived from the Plesiadapidae. It is furthermore

evident from the non-homology of the slicing teeth in the Carpolestinae and
Saxonellinae that they had separate origins from Pronothodectes or just pos-

sibly some unknown more primitive plesiadapid. The carpolestids are here

given family rank only because they became sufficiently specialized, more so

than Saxonella, before their extinction (Van Valen, 1969:295).

Hence, Van Valen’ s attribution of Saxonella to the Plesiadapidae reflected his

view that Saxonella is phenetically less distant from plesiadapids than are car-

polestids. Importantly, Van Valen (1969) made no claim regarding the relative

recency of common ancestry among carpolestids, plesiadapids, and saxonellids.

Szalay and Delson (1979:91) went beyond Van Valen (1969) in arguing for a sister

group relationship between saxonellids and plesiadapids, exclusive ofcarpolestids.

However, Szalay and Delson (1979) failed to discuss potential synapomorphies
for their Saxonellidae + Plesiadapidae clade, and other workers have doubted its

validity (e.g., Gingerich, 1976; Fox, 1991; Van Valen, in press).

Chronolestes provides new insight into the relationships among plesiadapoid

families because it significantly alters our conception of dental morphology in

primitive carpolestids. If we are correct in interpreting Chronolestes as a basal

carpolestid (see below), the dentition of early carpolestids must have been more
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primitive in several respects than that ofany plesiadapid or saxonellid discovered

to date. Accordingly, several characters that were previously thought to be uni-

versally distributed among plesiadapoids now appear to be more readily inter-

preted as synapomorphies of a Plesiadapidae + Saxonellidae clade. These char-

acters include: (1) presence of distinct metacone on P3^, (2) presence of distinct

paraconule on P3
, (3) P3 protocone higher and more conical than in Chronolestes,

and (4) presence of at least a weak parastyle on P3^ (autapomorphously enlarged

on P3 in Saxonella ). As Fox (1993) has recently demonstrated, primitive carpo-

lestids further differ from known plesiadapids and saxonellids in retaining a more
primitive dental formula, and it is possible that the reduced dental formulae of

plesiadapids and saxonellids are also partly homologous.

Carpolestid Phylogeny

Chronolestes simul differs rather dramatically from carpolestines in lacking a

polycuspidate, bladelike P4 and in having much simpler I
1 and P3-4

. Given that

the plagiaulacoid structure of P4 and correlated specializations of P3-4 in carpo-

lestids have often been portrayed as the defining characteristics of the family

(Simpson, 1935Z?; Szalay, 1972; Rose, 1975; Szalay and Delson, 1979), our reasons

for assigning Chronolestes to the Carpolestidae must be spelled out explicitly.

As in all plesiadapoids, the upper molars of Chronolestes possess protocones

that are nearly central in position and weakly canted mesially. P4 in Chronolestes

possesses a distinct paraconule, as do those of all other plesiadapoids. Hence,

Chronolestes possesses both of the dental synapomorphies cited previously as

supporting the monophyly ofplesiadapoids, and its attribution to this clade seems
beyond reasonable doubt. Further derived features ofthe dentition of Chronolestes

strongly point toward carpolestid affinities for this taxon, because all ofthese traits

also occur in carpolestines (although sometimes in a more highly transformed

state) and because crossing synapomorphies are as yet unknown. The following

dental traits are shared by Chronolestes and carpolestines to the exclusion of

plesiadapids and saxonellids, and appear to be synapomorphies of the Carpoles-

tidae as the taxon is used in this paper: (1) P3 highly reduced, (2) P4 strongly

hypertrophied (both in terms of crown height and mesiodistal elongation), (3) P4

exodaenodont, and (4) P4 with distinct metaconid. Dental synapomorphies char-

acterizing carpolestids other than Chronolestes were listed in the subfamilial di-

agnosis for Carpolestinae above.

A reconstruction of phylogenetic relationships among selected plesiadapoids

based on a cladistic analysis of dental characters is depicted in Fig. 14 (also see

appendices 1-2).

Relationships ofAltanius orlovi

Altanius orlovi is an interesting ?primate of uncertain phylogenetic position,

known only from the Bumban Member of the Naran Bulak Formation in the

Nemegt Basin of southern Mongolia (Dashzeveg and McKenna, 1977; Gingerich

et al., 1991). The associated mammalian fauna suggests an early Eocene (Bum-
banian) age for Altanius (Russell and Zhai, 1987). Hence, Altanius seems to be
very close in age to Chronolestes simul and Carpocristes oriens from Wutu (see

also Tong and Dawson, 1995).

Altanius was initially described as an anaptomorphine omomyid most closely

similar to the North American early Eocene genera Anemorhysis, Tetonius, and
Pseudotetonius, although similarities to the primitive carpolestine Elphidotarsius
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Plesiadapidae

Saxonellidae

Chronolestes simul

Elphidotarsiusflorencae

Elphidotarsius wightoni

Carpodaptes hazelae

Carpodaptesjepseni

Carpolestes

Carpocristes cygneus

Carpocristes hobackensis

Carpocristes oriens

Fig. 14.— Hypothesis of phylogenetic relationships among selected plesiadapoids based on dental

characters (see Appendices 1-2). Trees were rooted by designating a hypothetical ancestor (in which
all characters were scored as “0”) as the outgroup to all plesiadapoid taxa. Using the branch-and-

bound algorithm in PAUP 3.0s (Swofford, 1990), the taxon-character matrix shown in Appendix 2

yielded a single most parsimonious tree, which is illustrated here (tree length = 46, consistency index
= 0.848).

Synapomorphies supporting each node are as follows (unambiguous synapomorphies, or those that

support a node regardless of optimization algorithm, are indicated by the abbreviation U; ambiguous
synapomorphies, which support a node only under certain optimization algorithms, are identified as

AD and AA to distinguish ambiguous synapomorphies collected under DELTRAN or ACCTRAN
optimizations, respectively): Node 1 (Plesiadapoidea), U26 0»1, U27 0»1, AA10 0»1; Node 2

(Plesiadapidae + Saxonella), U1 0» 1, U2 0» 1, U3 0» 1, U4 0» 1, U5 0» 1, AD10 0» 1; Node
3 (Carpolestidae), U6 0»1, U7 0»1, U8 0»1, U9 0»1; Node 4 (Carpolestinae), U4 0»2, AA1

1

0» 1, U12 0» 1, U13 0» 1, U14 0» 1, U23 0» 1; Node 5 {Elphidotarsius wightoni + Carpodaptes

+ Carpolestes + Carpocristes), U12 1»2, U25 0» 1; Node 6 {Carpodaptes + Carpolestes + Car-

pocristes), AD 10 0» 1, ADI 1 0»1,U12 2»3, U14 1»2, U15 0»1,U23 1 » 2; Node 7 {Car-

podaptes + Carpolestes), U22 0»1, U24 0»1; Node 8 {Carpodaptes jepseni + Carpolestes), U22
1»2, AD23 2»3; Node 9 {Carpocristes), U13 1»2, U16 0»1, U17 0»1, U18 0»1, U21 0»1,
AD23 2»3; Node 10 {Carpocristes hobackensis + Carpocristes oriens), AA12 3»4, AA13 2»3,
U190»1,U20 0»1.

were also noted (Dashzeveg and McKenna, 1977). Subsequently, Rose and Krause

(1984) reassessed the relationships ofAltanius, concluding that “The comparisons
presented here, rather than confirming omomyid affinity, suggest an alternative

possibility— that Altanius may be a conservative, archaic plesiadapiform derived

from a form similar or ancestral to Elphidotarsius, but with a more primitive P4

that had not achieved the hypertrophy and polycuspidation characteristic of El-

phidotarsius” (Rose and Krause, 1984:725). This interpretation of the phyloge-

netic position of Altanius has not been widely accepted (Szalay and Li, 1986;

Gingerich et al., 1991), however, and more nearly complete fossils led Gingerich

et al. (199 1) to interpret Altanius as a basal euprimate (i.e., lying outside the clade

including Cantius and Teilhardina).
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The discovery of Chronolestes permits further appraisal of the Rose/Krause
hypothesis concerning the phylogenetic position ofAltanius, because Chronolestes

is considerably more primitive than Elphidotarsius in ways that should approx-

imate conditions in Altanius if the Rose/Krause hypothesis is correct. In our

opinion, the dentition of Chronolestes provides no evidence to support a special

relationship between carpolestids and Altanius. In contrast to Altanius, Chrono-

lestes possesses characteristically carpolestid-like specializations of the lower pre-

molars (albeit in rudimentary form): P3 is highly reduced and P4 is hypertrophied

and exodaenodont. The anterior lower dentition of Altanius, as inferred from
alveoli (see Gingerich et al., 1991:fig. 1C-D), also contrasts strongly with that in

Chronolestes : I,_2 in Altanius are small (much smaller than Q) and nearly vertically

implanted, P, is primitively retained, and P2 is primitively double-rooted, all in

contrast to more derived conditions in Chronolestes. Indeed, Altanius lacks the

synapomorphies characteristic of all plesiadapoids (centrally placed upper molar
protocones that are weakly canted mesially, paraconule on P4

), which strongly

implies that Altanius lies outside the plesiadapoid clade. Accordingly, dental sim-

ilarities between Altanius and carpolestids cited by Rose and Krause (1984) are

most plausibly interpreted as convergences. We concur with Gingerich et al. (1 99 1)

that Altanius is likely to be a basal euprimate.

Carpolestid Biogeography and Dispersal

The unexpected discovery of carpolestids in Asia forces us to reconsider aspects

ofintercontinental mammalian dispersal between Asia and North America during

the Paleocene, because the North American record of Carpolestidae is restricted

to this epoch (Rose, 1975, 1977, 1981; Archibald et al., 1987). Relevant issues

include the timing of episodes of intercontinental mammalian dispersal between
North America and Asia during the Paleocene, and the direction(s) whereby such

dispersal occurred. It is assumed on paleogeographic criteria that dispersal of

Paleocene mammals between Asia and North America took place across Beringia,

with a less likely alternative corridor corresponding to the modem Aleutian island

chain (e.g., McKenna, 1983).

The timing of episodes of intercontinental mammalian dispersal between Asia

and North America during the Paleocene remains poorly constrained, primarily

because of difficulties in precisely correlating Paleocene faunas on the two con-

tinents (Archibald et al., 1987; Russell and Zhai, 1987). Sloan (1987) suggested

that mammalian dispersal between Asia and North America occurred at frequent

(and strictly delimited) intervals during the Paleocene, but in some cases his

interpretations are based on inadequately corroborated hypotheses ofphylogenetic
relationships and/or poorly documented assessments of age. Despite Sloan’s as-

sertions, there is little consensus at present concerning the exact timing of mam-
malian dispersal between Asia and North America during the Paleocene. Perhaps
the only exception to this rule relates to the apparently synchronous appearance
in North America of several higher-level taxa of mammals, including the orders

Rodentia and Tillodontia and the pantodont family Coryphodontidae, at the

beginning of the Clarkforkian Land Mammal Age. This major episode of mam-
malian immigration into North America is widely interpreted as the result of
dispersal of rodents, tillodonts, and coryphodontids across Beringia from Asia
(Rose, 1981; Krause and Maas, 1990).

Although evidence is less conclusive than for the basal Clarkforkian, it is clear

that earlier episodes oftrans-Beringian mammalian dispersal also occurred during

the Paleocene. Interestingly, a significant episode of trans-Beringian dispersal
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seems to have only slightly preceded the well-documented basal Clarkforkian

event, occurring in latest Tiffanian zone Ti5. In North America this interval is

marked by the first appearance of the order Dinocerata (e.g., Thewissen and
Gingerich, 1987) and the family Arctostylopidae (Cifelli et al., 1989), both of

which were likely immigrants from Asia at this time (Schoch and Lucas, 1985;

Cifelli et al., 1989; contra Gingerich, 1985). A considerably earlier interval of

trans-Beringian dispersal, corresponding to middle Torrejonian or earlier time, is

marked by the first appearance (To3) of the order Pantodonta (Pantolambda

)

in

North America (probably as an immigrant from Asia; but see de Muizon and
Marshall, 1992) and by dispersal of the Sphenopsalis + Prionessus + Lambdop-
salis clade of taeniolabidid multituberculates to Asia from North America (Sim-

mons and Miao, 1986). Other intervals of trans-Beringian dispersal of mammals
during the Paleocene are also possible (Sloan, 1987), but these remain poorly

documented at present.

How does the newly discovered carpolestid record of Asia compare with this

pattern of trans-Beringian mammalian dispersal during the Paleocene? The phy-

logenetic positions of the Wutu carpolestids constrain the timing of carpolestid

dispersal events across Beringia, but these constraints are dependent on assump-
tions concerning the relative completeness ofthe North American and Asian fossil

records.

For example, the first appearance of Elphidotarsius (and of the subfamily Car-

polestinae) in North America occurs in late Torrejonian zone To3 (Archibald et

al., 1987). Accordingly, the cladistic branching between Chronolestinae and Car-

polestinae antedates zone To3 by some unknown interval of time. Dispersal of

ancestral chronolestines to Asia from North America prior to zone To3 is con-

sistent with the absence of Chronolestinae in the North American fossil record,

but implies that this clade has a long, undocumented fossil record in Asia spanning

the interval from middle Paleocene to early Eocene time. Alternatively, one could

minimize the inferred incompleteness of the Asian fossil record by positing a

much younger date of dispersal for chronolestines to Asia from North America,

but this has the disadvantage of implying that chronolestines inhabited North
America for a significant part of the Paleocene without leaving behind a fossil

record. Most authorities would probably agree that the North American Paleocene

fossil record is currently much more nearly complete than its Asian counterpart,

so we hypothesize that Chronolestinae likely dispersed to Asia from North Amer-
ica prior to zone To3. This timing conforms remarkably well with the earlier

interval of trans-Beringian Paleocene mammalian dispersal discussed above (Fig.

15). We favor dispersal of Chronolestinae to Asia from North America over

dispersal of Carpolestinae in the opposite direction because outgroups to Car-

polestidae (Plesiadapidae, Saxonellidae, Eudermoptera) are known in North
America but have not yet been found in Asia.

Carpocristes cygneus, the oldest species currently attributed to this genus, first

appears in the fossil record in middle Tiffanian zone Ti3 in Alberta (Fox, 1990a),

but is known best from slightly younger (Ti4) localities in Alberta, Saskatchewan,

and North Dakota (Krause, 1978; Holtzman, 1978; Fox, 1990a). The dentally

more advanced species Carpocristes hobackensis is known with certainty only

from the latest Tiffanian (Ti5) Dell Creek Quarry, Hoback Basin, Sublette County,

Wyoming (Dorr, 1952). Both North American species of Carpocristes are appar-

ently older than Carpocristes oriens from Wutu, which accords well with their

more primitive dental morphology. Consequently, we favor dispersal of the Car-



Late

Dispersal

Event:

latest

Tiffanian

(Ti5)-basai

Clarkforkian

(Cfl)

North

America

to

Asia:

Carpocristes

oriens

Asia

to

North

America:

Dinocerata,

Arctostylopidae

(Ti5)

Kodentia,

Tillodontia,

Coryphodontidae

(Cfl)

1995 Beard and Wang— First Asian Plesiadapoids 27



28 Annals of Carnegie Museum vol. 64

pocristes oriens lineage from North America to Asia no earlier than zone Ti5. The
timing of this hypothesized dispersal event compares favorably with both the Ti5
and the basal Clarkforkian mammalian interchanges across Beringia noted above.

Given the weak temporal constraints provided by the current paleontological

data, we make no attempt to endorse either of these intervals as the more likely

time for trans-Beringian dispersal of the Carpocristes lineage (Fig. 1 5).

Obviously, our preferred hypotheses for trans-Beringian dispersal of carpoles-

tids may be refuted or refined by future paleontological discoveries in Paleocene

strata of Asia and North America. One factor that must be borne in mind in this

regard is the paucity ofdata regarding higher latitude Paleocene mammal localities

on both continents. For example, Fox’s (19846, 19906, 1991) recent discoveries

ofcarpolestids and other plesiadapoids in Alberta suggest that at least some species

were restricted to more northerly regions in North America. This strong potential

for geographical bias in fossil preservation and/or recovery may well have skewed
current concepts regarding the true spatiotemporal distributions of carpolestids

and their close relatives.

Carpolestid Extinction

Chronolestes simul and Carpocristes oriens are associated with the perissodactyl

Homogalax and a new genus and species of artiodactyl at Wutu. These taxonomic
associations have never been encountered in the North American fossil record,

where carpolestids became extinct by the end of Clarkforkian time and perisso-

dactyls and artiodactyls first appeared at the base of the Wasatchian (Rose, 1975,

1980, 1981; Maas et al., 1988; Gingerich, 1989; Krause and Maas, 1990). Cor-

relation offaunas representing the Bumbanian Land Mammal Age in Asia (among
which the Wutu fauna must now be considered a primary example) relative to

the Clarkforkian-Wasatchian boundary in North America has only been estimated

via biostratigraphy based on the fossil mammals themselves (e.g., Rose, 1980,

1981; Dashzeveg, 1982, 1988; Krause and Maas, 1990), leading to obvious prob-

lems of circularity if one’s goal is to assess the relative ages of the mammalian
faunas (e.g., Wing, 1984; Krause and Maas, 1990). The unique taxonomic asso-

ciation of carpolestids, perissodactyls, and artiodactyls at Wutu can be interpreted

in either of two ways: (1) the Wutu carpolestids are the youngest carpolestids in

the fossil record, having persisted into the early Eocene; or (2) the Wutu carpo-

lestids are no younger than North American carpolestids, but the associated ar-

tiodactyl and Homogalax are older (i.e., Paleocene) than all records of these taxa

in North America and Europe. Until more convincing evidence is available that

at least some early Asian perissodactyls and artiodactyls are older than the basal

Wasatchian/Spamacian, we tentatively interpret the Wutu carpolestids as the

youngest representatives of that clade. The problem of correlating Bumbanian
faunas in Asia with Wasatchian/Spamacian faunas in North America and Europe
deserves a great deal of additional study, but this is obviously beyond the scope

of this paper.

In North America the extinction of carpolestids occurred soon after the suc-

cessful colonization of the continent by rodents. Citing several different lines of

evidence, Maas et al. (1988) suggested that the extinction of North American
carpolestids may have resulted from competitive displacement by rodents. Prom-
inent among the lines of evidence marshalled by Maas et al. (1988) in support of

this hypothesis were the patterns of paleobiogeographic distribution then known
for carpolestids and rodents. That is, rodents were acknowledged as having orig-
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inated in Asia (e.g., Li et al., 1987; Dashzeveg and Russell, 1988), developing

competitively superior adaptations allopatrically from North American carpoles-

tids that allowed competitive displacement of carpolestids by rodents after dis-

persal of the latter across Beringia at the beginning of Clarkforkian time.

The new evidence regarding early Cenozoic Asian carpolestids reported here

calls this hypothesis into question. At Wutu, Chronolestes simul and Carpocristes

oriens occur in association with a surprising diversity of rodents, including rep-

resentatives of Paramyidae, Alagomyidae, and Ctenodactyloidea (Tong and Daw-
son, 1995). Furthermore, if the hypotheses for trans-Beringian carpolestid dis-

persal discussed previously are accurate, carpolestids were present in Asia for a

large part of Paleocene time (perhaps since the middle Torrejonian). Over this

interval Asian carpolestids would likely have coexisted with at least some early

rodents and their close relatives, since Asia seems to have been the continent on
which this order originated. If rodents caused the extinction of North American
carpolestids through competitive exclusion, the same pattern should hold in Asia.

That two clades of carpolestids were able to successfully colonize Asia at the same
time that rodents were undergoing their initial evolutionary radiation there forces

us to reconsider the causes of carpolestid extinction on both continents.
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Appendix 1

Character Descriptions

The following dental characters formed the basis for a cladistic analysis, the

results of which are illustrated in Fig. 14. Characters were polarized using Pur-

gatorius, Paromomys, and Micromomys as outgroups. Primitive states for each

character are coded as “0”, while derived states are coded as positive integers.

Multistate characters were treated as “unordered” for purposes of parsimony
analysis, unless otherwise noted.

1. P3 metacone absent (0), or present (l).
a

2. P3 paraconule absent (0), or present (l).
a

3. P4 metacone absent (0), or present (l).
a

4. P3 protocone weak (0), higher and more bulbous (1), or weak and closely

followed by a crest or second lingual cusp (2).

5. P3 parastyle absent (0), or present (l).
a

6. P3 unreduced (0), or reduced (1).

7. P4 not hypertrophied (0), or hypertrophied in terms of both mesiodistal

elongation and enhanced crown height (1).

8. P4 not exodaenodont (0), or exodaenodont (1).

9. P4 metaconid absent (0), or present (1).

10. I
1 “laterocone” or “disto-apical cusp” absent (0), or present (1).

11. I
1 mesio-basal cusp absent (0), or present (1).

12. Number of cusps in buccal row of P3 = one (0), two (1), three (2), four (3),

or five (4).
bc

13. Number of median crests on P3^ = none (0), one (1), two (2), or three (3).
b c

14. Number of cusps in buccal row of P4 = one (0), four (1), or five (2).
b c

15. Number of cusps in lingual row of P4 = one (0), or three (1).

16. Size of upper and lower molars larger than in Carpocristes spp. (0), or as

in Carpocristes spp. (1).

17. Posterolingual excavation on P4 absent (0), or present (1).

18. Posterior apical cusp of P4 near penultimate apical cusp (0), or more pos-

terior in position, lying roughly equidistant between penultimate apical cusp and
talonid cusp (l).

c

19. Posterior apical cusp of P4 cuspate (0), or indistinct/absent, being incor-

porated within crest uniting main shearing blade of P4 with talonid cusp (l).
c

20. Vertical ribs beneath apical cusps on lingual side of P4 strong (0), or weak
(l). c
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2 1 . Crest uniting main shearing blade with talonid cusp ofP4 weak (0), or strong

d).
c

22. Outline of P4 in labial view relatively low-crowned and gently rounded (0),

higher-crowned but still gently rounded (1), or very high-crowned and more point-

ed (2).
b ’c

23. Number of apical cusps on P4 = two (0), four (1), five (2), six (3), seven

(4), or eight (5).
bc

24. P2 present (0), or absent (l).
d

25. Mj paraconid not widely splayed anteriorly with respect to metaconid (0),

or widely splayed (1).

26. Upper molar protocones mesial in position and strongly canted mesially

(0), or central in position and weakly canted mesially (1).

27. P4 paraconule absent (0), or present (1).

a Character scored as missing data (?) in some or all carpolestines to reflect their highly transformed

anatomy, thus assuming no homology with derived conditions; see Appendix 2.

b Multistate character treated as “ordered” for purposes of parsimony analysis.
c Character scored as missing data (?) in some or all non-carpolestine taxa to reflect the highly trans-

formed anatomy of carpolestines, thus assuming no homology with derived conditions; see Appendix
2 .

d Character treated as irreversible for purposes of parsimony analysis.

Appendix 2

Taxon-character Matrix Used in Parsimony Analysis

Ancestor 00000 00000 00000 00000 00000 00
Plesiadapidae 11111 00001 0???0 00??? ???00 11

Saxonella 11111 00001 o???o 00??? ???10 11

Chronolestes simul 00000 11110 00000 0000? 0?000 11

Elphidotarsius sp.,

cf. E. florencae ???20 1111? ?1110 00000 00100 11

Elphidotarsius

wightoni ???2? 1111? ?2110 00000 00111 11

Carpodaptes haze-

lae ???2? 11111 13121 00000 01211 11

Carpodaptes jepseni 99999 ?111? 99999 00000 023?1 ??

Carpolestes ???2? 1111? ?3121 00000 02511 11

Carpocristes cyg-

neus 9992? 11111 13221 11100 10311 11

Carpocristes hob-

ackensis 99999 1111? 99999 11111 10311 ??

Carpocristes oriens ???2? 1111? ?4321 11111 10401 11
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Abstract

Unique pseudomorphs after azurite from the Rose mine in Grant County, New Mexico, were studied

to establish their mineralogy, structure, and possible mode of formation. Results show that azurite

(Cu3(C03 )2(0H) 2 ) has been completely replaced by a combination ofnative copper (Cu), cuprite (Cu20),

and calcite (CaC0 3 ) in a matrix of kaolinite (Al2Si20 5(0H)4) with minor quartz (Si02 ) and calcite

(Cac03 ). Minor malachite (Cu2(C03 ) (OH)2 ) and tenorite (CuO) were observed with cuprite in the

pseudomorphs. A supergene origin is proposed. This contrasts with previously published reports of

chalcocite (Cu2S) or mixtures of copper and clay as the replacing minerals and the interaction of

volcanic gases and preexisting azurite as a mode of pseudomorph formation.

Introduction

Copper pseudomorphs after azurite (Fig. 1) from New Mexico are considered

by many to be among the classic mineral specimens of North America, having

enjoyed international renown with professional and lay mineralogists alike for

over a century. Representative specimens are usually present in major museum
and private collections. Until recently, however, little scientific investigation has

been conducted to determined the exact mineralogy and mode of formation of

the pseudomorphs. The present study grew from collaborative work with Timothy
A. Hanson (Hanson, 1994) but expands upon pseudomorph mineralogy and struc-

ture, corrects erroneous initial results, clarifies conclusions, and supports a su-

pergene origin as reported by Hanson (1994).

In 1889, W. S. Yeates reported a unique occurrence of native copper pseudo-
morphs after azurite from the New Mexico Territory. Specimens were described

as azurite single crystals and rosette crystal clusters to 5 cm in diameter replaced

by spongy copper with clays filling pore spaces. The observed brittle character of

the pseudomorphs was attributed to the finely divided nature of the copper as

viewed through a hand lens. In 1893, C. H. Snow proposed the reduction of

preexisting azurite to native copper by upward percolating volcanic gases as the

mechanism of origin for the pseudomorphs.
The site, known alternatively as the Rose mine or the Copper Rose mine,

consists of the old Copper Glance and Potosi claims, filed in 1887, located ap-

proximately 5 km southwest of the village of San Lorenzo in the Georgetown
mining district, also known as the Membres, Mimbres, or San Lorenzo district,

of Grant County, New Mexico (Fig. 2) (File and Northrop, 1966). The workings
are typical of small mining ventures of the late 1800s with a few shallow shafts,

pits, and dumps scattered along the strike ofa minor fault hosting localized copper
mineralization (Fig. 3). The author collected samples for analysis at the site in

1990 and 1992 with Robert W. Eveleth, Senior Mining Engineer for the New
Mexico Bureau of Mines and Mineral Resources, and Ron Gibbs, Senior Mine

Submitted 14 April 1994.
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Fig. 1.—Copper pseudomorph after azurite rosette, 3.5 x 4.0 cm, on limestone matrix, 5.0 x 8.0 cm.
CM27315. Photograph by Ron Gibbs.

Planning Engineer, Phelps Dodge Mining Company, Tyrone Branch, respectively

(Fig. 4). Shortly after the 1992 visit, the site was remediated and the underground
workings, which had fallen into a potentially dangerous state of disrepair, were

filled. The property is controlled by the Chino Mines Company, a subsidiary of

Phelps Dodge Mining Company, and unauthorized visits to the site are prohibited.

Materials and Methods

Twenty-eight pseudomorphs, collected from the dumps and underground work-
ings of the Rose mine, and two pseudomorphs loaned to the project by Mr.
Hanson, were each divided using a diamond trim saw. Where possible, both

portions of each specimen were polished on a horizontal lap table, yielding a total

of 55 sections for analysis. Each polished section was examined under a Nikon
binocular microscope using reflected light for details of the mineralogy and pseu-

domorph structure. One sample of limestone hosting copper mineralization was
sawed into six sections and examined using transmitted and reflected light mi-

croscopy. One polished thin section and one polished epoxy mount were prepared

from this limestone specimen, and mineral identifications determined micro-

scopically were confirmed using a scanning electron microscope. Clay mineralogy

was established by X-ray diffraction anaylsis. All polished samples have been
deposited with The Carnegie Museum of Natural History (CMNH) for future

reference with the exception of two specimens, numbers 20 and 2 1 ,
which were

returned to Mr. Hanson.
Observations on the mineral species, morphology, and matrix relationships of

over 200 pseudomorph specimens examined macroscopically by the author from
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Fig. 2.-Map showing location of the Rose mine in Grant County, New Mexico.
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Fig. 3 . —Site of the Rose mine with dumps in the center background. The shafts and pits lie on the

slope immediately beyond the dumps.

Fig. 4.— Ron Gibbs, Senior Mine Planning Engineer for Phelps Dodge Mining Company, Tyrone

Branch, in front of one of several small openings to isolated underground workings as it appeared in

1992. The underground workings have since been filled.
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1986 through 1994 have been intergrated into this study. These specimens were

collected at the site or were studied in the collections of the A. E. Seaman Min-
eralogical Museum, the Exhibit Museum of the University of Michigan, the New
Mexico Bureau of Mines and Mineral Resources Mineral Museum, CMNH, and
private individuals.

Forms of replaced azurite crystals were determined using contact goniometric

techniques on suitable specimens in the collections of the New Mexico Bureau of

Mines and Mineral Resources and CMNH. Forms of the copper crystals were
determined from two specimens collected on the dumps.
Pseudomorph specimens prepared by the common practice of acid soaking and

wire brushing were excluded from this study. Although yielding an aesthetic, but

artificial, bright copper color, such treatment chemically attacks the calcite and
cuprite components ofthe pseudomorphs and results in pitted surfaces and round-

ed edges on the replaced crystals.

Geology

Alminas and Watts (1978) characterize the regional mineralization as porphyry

copper-type and cite anomalously high base metal oxide and sulfide values

throughout the area. Silicic intrusive and extrusive units of mid-Tertiary age are

superposed on Upper Paleozoic carbonates and shales and faults of northwest or

east-west trend are numerous (Hedlund, 1975; Richter and Lawrence, 1983). The
Santa Rita Porphyry system is located approximately 8 km west ofthe Rose mine.

The workings ofthe Rose mine lie on an east-west trending fault which dropped
limestone ofthe Upper Pennsylvanian Magdalena Group to the south into contact

with the Lower Mississippian Lake Valley Limestone to the north. The Lake
Valley Limestone bears abundant crinoid columnals that are rarely observed

attached to the pseudomorphs.
Snow (1893) reported mineralization at the site to be in the limestone north of

an east-west trending ‘"eruptive dyke.” Hedlund (1975) did not report an intrusive

dike, a conclusion confirmed by the author, Robert Eveleth (personal commu-
nication, 1990) and Ron Gibbs (personal communication, 1991). Snow (1893)
also reported that the pseudomorphs of copper after azurite, or “copper roses,”

occur in a kaolinized vein 6 to 7 ft in width and approximately 1 200 ft in length.

Underground investigation by the author and Ron Gibbs in 1 992 has revealed

the “vein” to consist of a fault breccia with rounded cobble- to boulder-size

limestone blocks cemented with massive clay.

Mineralogy

Native copper within the pseudomorphs occurs as discrete arborescent crystal

masses in a matrix of interlocked, anhedral calcite grains (Fig. 5). Individual

subhedral copper crystals range from less than 2.5 to 60 yt and form arborescent

groupings, or dendrites, in excess of 3 mm in length. Copper crystals increase in

size from the edges to the centers of replaced crystals in seven specimens. Five
specimens exhibit preferred orientation of copper dendrites perpendicular to the

edges of replaced crystals, with an apparent dendritic growth direction towards
the interior (Fig. 6). One specimen has a similar orientation of copper dendrites

along an interior fracture transecting crystal boundaries. Nine specimens show no
apparent size gradation or dendrite orientation, and results from the remaining
specimens are inconclusive. Solid masses of copper are rare within the replaced
azurite crystals. Longitudinal “calcite-filled channels,” as reported by Hanson
(1994), were not observed.
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Fig. 5.— Reflected light photomicrograph of the interior of a replaced azurite crystal showing typical

details of arborescent crystal groupings (bright copper) with minor cuprite alteration (light gray) in a

matrix of anhedral calcite grains (dark gray). Copper grains range in size from minute, individual

crystals 3 n in diameter to small multiple crystal dendrites 160 /u in length. CM27332.
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Fig. 7.— Polished section showing radiating growth patterns in clay (white and cream) occurring as

open-space fillings in the center of a copper and cuprite pseudomorph after azurite. Field of view is

2.2 cm. CM27344. Photograph by Debra Wilson.

Minute anhedral to euhedral quartz grains as large as 21 ^ occur as rare, isolated

inclusions in copper and cuprite in four specimens. Three euhedral quartz crystals

as large as 1 . 1 mm in diameter were observed on one of two small specimens of

copper crystals collected from the dumps.
Clays, which Yeates (1889) reported as fillings between copper grains, were

observed only as minor open-space fillings within pseudomorphs and as matrix

around and between former azurite blades. Varying amounts of clays adhere to

the surfaces of all specimens, which renders the accurate determination of pseu-

domorph specific gravities doubtful. The clays are very well-crystallized kaolinite

with minor quartz and calcite, and trace illite and mixed-layer clays (G. Austin,

personal communication, 1991). In one specimen clays exhibit well-developed

radiating growth patterns as open-space fillings in the center of a replaced azurite

rosette (Fig. 7).

Copper is consistently coated by alteration rims of cuprite, which range in

thickness from barely detectable to 50% or more of the copper grain. Alteration

is carried to near completion in many instances, with copper forming only rare

remnants in otherwise solid cuprite masses (Fig. 8). Cuprite also occurs as pseu-

Fig. 6.— Reflected light photomicrograph of a single replaced azurite blade, 4 mm in length, showing
rare development of a nearly solid copper rim (bright copper) with a center of interlocking, anhedral

calcite grains (dark gray). Note orientation of individual copper dendrites perpendicular to edges with

growth direction towards the center of the former azurite crystal and cuprite (light gray) alteration of

copper progressing inwards from edges. CM27342.
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Fig. 8. —Reflected light photomicrographs ofa 0.2 mm, anhedral grain ofcuprite replacement ofcopper

from the edge of a replaced azurite crystal. Top, normal light image showing cuprite (light gray) with

remanent copper specks to 5 m (bright copper) in a matrix of calcite and clay (medium grays). Bottom,

Polarized light image showing malachite (green) alteration of cuprite (dark red and black) extending

into clay matrix (white) abutting the edge of the pseudomorphed azurite crystal CM27333.
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Fig. 9.— Polished slab of mineralized, fossiliferous limestone, 6.9 x 4.9 cm, showing silicified crinoid

columnal, 3.0 cm in length, barren, brown calcite veinlets to 3.0 mm in width, and later, copper-

bearing, white calcite veinlets to 2.2 mm in width. CM27355. Photograph by Debra Wilson.

domorphs of the dendritic copper growths and as diffusions from copper grains

into the surrounding calcite. Tenorite as a minor phase with cuprite is rare.

Pseudomorphs with high cuprite content frequently show malachite staining of

the adjacent clays and coatings on the pseudomorphs themselves.

Azurite was observed only rarely as minor surficial stains and minute blebs on
limestone and clays. There is no evidence of azurite replacement of native copper
within pseudomorph specimens, contra Hanson (1994).

DeMark (1991) reported chalcocite as forming pseudomorphs after azurite ro-

settes from the Rose mine based on sight identification of macroscopic specimens
(DeMark, written communication to T. Hanson, 1991). No chalcocite was ob-

served during the present study and it is likely that cuprite, which is typically fine

grained and dark gray in hand samples from this locality, was mistakenly identified

as chalcocite. Also, there is, contra Hanson’s (1994) conclusion, no evidence of

native copper replacement of malachite.

Mineralization in the limestone sample is remarkably similar to that within the

pseudomorphs. Copper-bearing white calcite veinlets from 0.1 to 2.2 mm in

thickness occur in the medium-gray, unaltered, fossiliferous limestone and cross-

cut earlier, barren, brown calcite veinlets that range up to 3.0 mm in thickness

(Fig. 9). Copper occurs as delicate dendritic growths within the white calcite matrix

ofthe larger veinlets and, in places, completely fills smaller veinlets. Copper grains

exhibit alteration rims of cuprite and malachite identical to those ofcopper grains

in the pseudomorphs (Fig. 10). Semiquantitative scanning electron microscrope
energy dispersive analysis revealed minute amounts of sulfur within the copper.
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Fig. 10.— Reflected light photomicrographs of polished thin section of limestone showing details of

copper mineralization in white calcite veinlets. Top, Normal light image showing copper grains (bright

copper) with cuprite alteration (light gray) in calcite vein (medium gray) in limestone (black- speckled

gray). Bottom, Polarized light image showing alteration of copper (dark, striated, copper-brown) to

cuprite (red and black) and cuprite alteration to malachite (green) visible through clear calcite. Field

of view is 0.88 mm. CM2? 35

C
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Alteration or recrystallization of the limestone adjacent to mineralized veinlets

was not observed.

Crystallography

Azurite crystallizes in the monoclinic crystal class 2/m. Contact measurements
confirmed an original monoclinic crystal habit for the replaced crystals with in-

terfacial angles corresponding to the “c” (001), “d” (123) and “a” (100) faces

reported for azurite (Palache et al, 1951). The crystal forms are simple and
consistent for all specimens studied. The habit consists of tabular crystals with

“c” and “d” well developed and ‘"a” as a minor modifying form present in some
instances (Fig. 11). The crystals are euhedral and show no evidence of “stress

fractures” or distortion associated with volume increase as reported by Hanson
(1994).

Copper crystals within the pseudomorphs were too rounded and poorly devel-

oped to measure interfacial angles. Two small specimens ofarborescent groupings,

7.8 mm and 1.78 cm in length, of relatively sharp copper crystals up to 1 mm in

diameter were found encased in calcite on the dump. Calcite was removed by
acid, revealing the general shape of the dodecahedron for the copper crystals (Fig.

12). However, crystal faces were not well developed enough to determine with

certainty that the dodecahedral shape observed was not that ofa tetrahexahedron.

As tetrahexahedral crystals of roughly dodecahedral shape are very common in

arborescent copper crystal groupings (Wilson and Dyl, 1992), and copper min-
eralization within the country rock is virtually identical to that within the pseu-

domorphs, it is reasonable to surmise a tetrahexahedral habit for copper crystals

within the pseudomorphs.

Discussion

The matrix clay of samples from the fault zone consists ofvery well-crystallized

kaolinite with minor amounts of quartz and calcite (G. Austin, personal com-
munication, 1991). In one instance, kaolinite within the pseudomorphs has ra-

diating growth patterns, possibly suggestive of recrystallization or replacement.

Kaolinite is often formed through the weathering of silicic intrusives or impure
limestones under acidic conditions and low temperatures (Deer et al., 1 976). Relict

minerals, typical of what might be expected in a kaolinized intrusive dike, were
not observed in the clay matrix. Although minor amounts of quartz are present

within the pseudomorphs and in the mineralized limestone, the euhedral nature

ofmany of the quartz grains may be evidence of crystallization contemporaneous
with that of copper and calcite.

The deposit formed in a kaolinized fault gouge in carbonate rocks. Such an
occurrence would be similar to that of the Hanover #2 mine, approximately 7.2

km north of the old town of Santa Rita in Grant County (Graeme, 1991). Here,

azurite occurs as single crystals and rosette clusters in a kaolinized fault gouge in

the Lake Valley limestone footwall of the Barringer fault (Richter and Lawrence,

1983). X-ray diffraction analysis ofmaterial collected from the underground work-
ings at the Hanover #2 site by the author and Robert Eveleth in 1989 shows the

clay matrix to be composed of poorly cystallized halloysite, a low temperature,

monoclinic polymorph of kaolinite, with traces of quartz (G. Austin, personal

communication, 1991). This is similar to the clay at the Rose mine site, and
mineralization of the Hanover #2 deposit represents the best model for the Rose
mine deposit prior to the alteration of azurite to copper and calcite.
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Fig. 1 1.—Orthographic line drawings, generated by the SHAPE computer program from azurite struc-

tural parameters of Palache et al. (195 1), of replaced azurite crystal morphology observed in specimens

from the Rose mine. Crystals are consistently simple, tabular with “c” (001) and “d” (1 23) predom-
inating and “a” (100) as a minor modifying form.

Azurite is a basic carbonate of copper, which can be formed by the interaction

of copper sulfate- or copper chloride-bearing solutions with limestones (Palache

et al., 1951). The formation of azurite is favored over malachite under conditions

of high carbon dioxide availability, as would exist in a carbonate environment,

especially at moderately low pH (Garrels and Christ, 1990). Consequently, it is

probable that azurite at the Rose mine formed as a result of slightly acidic, copper

sulfate-bearing solutions interacting with limestone in the fault gouge and wall
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Fig. 12.—Copper crystal cluster, 7.8 mm in length, etched from calcite collected from the dumps near

a shaft of the Rose mine. Individual crystals reach 1 mm and exhibit dodecahedral or tetrahexahedral

development.

rocks. These solutions were probably supergene in nature, originating from the

oxidation of chalcopyrite formed during the regional porphyry copper-type min-
eralization (Aliminas and Watts, 1978). Lack of hydrothermal-type alteration or

recrystallization oflimestone adjacent to mineralized veinlets indicates a very low
temperature of mineralization and subsequent alteration which is consistent with

a supergene origin. Excess sulfuric acid would be buffered by calcium carbonate

in the limestones and may have contributed to the formation of kaolinite. Azurite

crystals grew in clay matrix and upon limestone blocks suspended by the clays

within the fault zone (Snow, 1893).

Native copper is stable under slightly reducing conditions corresponding to the

transitional environment found in typical ground waters below the water table

(Brookins, 1988). A possible scenario for the replacement of azurite by copper
and calcite would thus begin with a relative rise in the water table above the

azurite zone, saturating the interval with reducing ground waters, and favoring

the alteration of azurite to native copper and calcite. Subsequent lowering of the

water table would expose the pseudomorphs to an oxidizing environment dom-
inated by downward percolating meteoric waters, resulting in the successive al-

teration of copper to cuprite, plus or minus tenorite, and cuprite to malachite.

No evidence in support of Hanson’s (1994) theory of an azurite phase in his

“retrograde pseudomorphs” was observed.

Dendritic copper crystal growth within the pseudomorphs, euhedral copper
crystals exclusive of the pseudomorphs, and fillings of minute cracks in unaltered

limestone with dendritic copper crystals and calcite identical to that observed in
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Fig. 13.— Polished section of a copper and calcite pseudomorph after azurite with minor cuprite.

Malachite-stained clay matrix adheres to the cystal faces. Specimen is 2.8 cm in length. CM27327.
Photograph by Debra Wilson.

Fig. 14.— Polished section of a cuprite pseudomorph after azurite with minor copper and malachite

in clay matrix, 3.5 cm in length. CM27346. Photograph by Debra Wilson.
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the pseudomorphs, indicates that copper, calcium, and C02 were mobile during

the replacement of azurite. This, in conjunction with the euhedral nature of the

pseudomorphs, indicates that copper and calcite precipitated in voids created

within the clay matrix as solution of the azurite progressed.

Alteration of azurite apparently proceeded from the exterior to the interior of

the crystals, but not preferentially along internal fractures. This is documented
by an increase in copper grain sizes and development of dendritic growth from
the edges of the pseudomorphed crystals to the centers in many of the specimens

studied. Alteration of copper to cuprite and cuprite to malachite largely followed

the same pattern. This contrasts with Hanson’s (1994) interpretation that longi-

tudinal “calcite-filled channels” within replaced azurite crystals served as path-

ways for altering solutions, with inferred progression ofalteration from the interior

to the exterior of individual crystals.

The pseudomorphs at the Rose mine are thus best described as: copper and
calcite (Fig. 13); copper, calcite, and cuprite; cuprite (Fig. 14); or cuprite and
malachite pseudomorphs after azurite. Following the classification of pseudo-

morphs proposed by Dana (Dana and Ford, 1932), they represent both pseudo-

morphs by alteration with partial exchange of constituents and by deposition

through infiltration.

Acknowledgments

This study was initiated at the New Mexico Bureau ofMines and Mineral Resources (NMBM&MR),
where Chris McKee kindly provided X-ray analyses, and Robert Bolton prepared the polished samples

for study. Clay analyses were provided by the NMBM&MR Clay Lab, under the supervision of Dr.

George S. Austin, Senior Industrial Minerals Geologist. Dr. Robert L. Oscarson, United States Geo-
logical Survey provided SEM analyses. Thanks are also extended to Robert Eveleth, NMBM&MR,
for his help and advice in locating historical records, and to Timothy Hanson for sharing two research

samples and information concerning reported chalcocite at the site. Robert Eveleth and Ron Gibbs,

Phelps Dodge Corporation, graciously arranged field trips to the site, and D. P. Milovich, Phelps

Dodge Mining Company, kindly allowed access to the site. Crystal drawings were generated by the

“SHAPE” program on computer facilities ofCMNH. Ron Gibbs and anonymous reviewers provided

helpful comments and advice on the manuscript.

Literature Cited

Alminas, H. V., and K. C. Watts. 1978. Interpretive geochemical map of the Hillsboro and San
Lorenzo quadrangles exclusive ofthe Black Range primitive area. United States Geological Survey
Miscellaneous Field Studies Map MF-900G.

Brookins, D. G. 1988. Pp. 60-63, in Eh-pH Diagrams for Geochemistry. Springer-Verlag, Berlin.

Dana, E. S., and W. E. Ford. 1932. Pp. 357-358, in A Textbook of Mineralogy, 4th Edition. John
Wiley and Sons, Inc., New York.

Deer, W. A., R. A. Howie, and J. Zussman. 1 976. Pp. 1 94-209, in Rock-forming Minerals. Volume
3. Sheet Silicates. Longman Group Limited, London.

DeMark, R. S. 1991. New Mexico azurite (abstract). The Mineralogical Record, 22:68-69.

File, L., and S. A. Northrop. 1966. County, Township, and Range Locations of New Mexico’s
Mining Districts Including Subdistricts, Camps, Synonyms, and Selected Prospect Regions. State

Bureau of Mines and Mineral Resources, New Mexico Institute of Mining and Technology,
Campus Station, Socorro, New Mexico, iv + 66 pp.

Garrels, R. M., and C. L. Christ. 1990. Pp. 240, 373-375, in Solutions, Minerals, and Equilibria.

Bartlett Publishers, Boston.

Graeme, R. W. 1991. Azurite roses: A comparison of morphologies at Bisbee, Arizona and Grant
County, New Mexico (abstract). The Mineralogical Record, 22:68.

Hanson, A. H. 1994. Copper roses from the Rose mine, near San Lorenzo, New Mexico. The
Mineralogical Record, 25:195-202.

Hedlund, D. C. 1975. Geologic Map of the San Lorenzo Quadrangle, Grant and Sierra Counties,

New Mexico. United States Geological Survey Open-File Report 75-109.



50 Annals of Carnegie Museum vol. 64

Palache, C., H. Berman, and C. Frondel. 1951. Pp. 264-269, in The System of Mineralogy of

James Dwight Dana and Edward Salisbury Dana, 7th Edition. Volume 2. John Wiley and Sons,

Inc., London.
Richter, D. H., and V. A. Lawrence. 1983. Mineral Deposit Map of the Silver City T x 2°

Quadrangle, New Mexico and Arizona. United States Geological Survey Miscellaneous Investi-

gations Series Map I- 1 3 1 0-B.

Snow C. H. 1893. Copper crystallizations at the Copper Glance and Potosi Mine, Grant County,

New Mexico. American Institute of Mining Engineering Transactions, 21:303-313.

Wilson, M. L., and S. J. Dyl II. 1992. The Michigan copper country. The Mineralogical Record,

23:1-76.

Yeates, W. G. 1889. Pseudomorphs of native copper after azurite, from Grant County, New Mexico.

American Journal of Science, 38:405-407.



ANNALS OF CARNEGIE MUSEUM
Vol. 64, Number 1, Pp. 51-63 21 February 1995

EARLY EOCENE RODENTS (MAMMALIA) FROM
SHANDONG PROVINCE, PEOPLE'S REPUBLIC OF CHINA

Yongsheng Tong 1

Mary R. Dawson
Curator, Section of Vertebrate Paleontology

Abstract

Early Eocene deposits in the County Mine locality of the Wutu Basin, Shandong Province, People’s

Republic of China, have yielded a varied mammalian fauna that includes three families of rodents.

The family Alagomyidae, previously named for taxa from Mongolia, is represented by a new species.

The Ctenodactyloidea, becoming well known in eastern Asia, are represented by a new genus and
species. The first occurrence of the family Paramyidae in the Early Eocene of Asia is recorded by a

new genus and two new species.

Introduction

The fossil record of eastern and central Asia is now considered to hold the key

to the origin and early evolution of the order Rodentia, based both on presence

of relatively primitive rodents in the record and on the affinities of rodents with

middle and late Paleocene Asian eurymyloids or mixodonts (Li, 1977; Dashzeveg
and Russell, 1988). Excluding the rodent-like (or rodent) Asian middle and late

Paleocene Heomys, the Asian fossil record for the order Rodentia dates from the

Early Eocene. Two distinctly different Asian endemic families, Cocomyidae and
Alagomyidae, have been recognized previously as coming from deposits ofearliest

Eocene, or Bumbanian, age (Dawson et al., 1984; Dashzeveg, 1990b). Recently

discovered fossils from the Wutu Basin of Shandong Province in eastern People’s

Republic of China document the presence of the Alagomyidae, and add a rodent

questionably referred to the ctenodactyloid family Yuomyidae and the first record

of the Holarctic family Paramyidae in the Early Eocene of Asia.

The Wutu Locality

The first mention of early Cenozoic fossil-bearing deposits in the Wutu Basin

of the Changle District, Shandong Province (Fig. 1), was by Chow and Li (1963)
of the Institute of Vertebrate Paleontology and Paleoanthropology (IVPP), who
reported the presence of the isectolophid genus Homogalax and mentioned its

close similarity to the Early Eocene North American Homogalax protapirinus.

Later they named the new species Homogalax wutuensis for this perissodactyl,

which came from the middle of the Wutu Formation (Chow and Li, 1965).

Indeterminate remains of members of the order Pantodonta were also reported.

In 1 98 1 work was begun by Y. Li ofthe Chinese Geological Ministry, who collected

the pantodont Heterocoryphodon. In 1990 Y. Tong and J. Wang of the IVPP
initiated new investigations, concentrating their collecting in the County Mine

1 Institute of Vertebrate Paleontology and Paleoanthropology, Academia Sinica, Beijing, People’s

Republic of China.
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Fig. 1.—Map of People’s Republic of China (left) with Shandong Province (stipple), and enlargement

of Shandong (right) showing location of the Wutu Basin.

locality. Recently, the new soricomorph family Changlelestidae was named from
this Early Eocene locality (Tong and Wang, 1993) and two new genera of the

mammalian family Carpolestidae were added to the fauna (Beard and Wang,
1995). This locality also produced the rodents reported here.

The coals of the County Mine locality contain rodent and carpolestid assem-
blages that include the geologically oldest records of both paramyids and carpo-

lestids in Asia. An interesting taphonomic parallel to the County Mine locality

occurs in the earliest Clarkforkian Eagle Coal Mine, Bear Creek, Montana (Simp-

son, 1929; Jepsen, 1937). In this Montana site, fossils from a carbonaceous clay

above a coal seam include North America’s oldest rodent, Acritoparamys atavus,

as well as relatively abundant carpolestids. The parallel occurrences suggest that

these mammals had a preference for swampy habitats, which are relatively rarely

sampled in the fossil record.

Abbreviations

Collections mentioned in the text include those of the Institute of Vertebrate

Paleontology and Paleoanthropology, Academia Sinica, Beijing (IVPP); the De-
partment of Paleontology and Stratigraphy, Institute of Geology, Academy of

Sciences of the Mongolian People’s Republic, Ulan Bator (PSS); and the Pale-

ontological Institute of the Russian Academy of Sciences (PIN). Measurements
are in millimeters (mm).

Systematic Paleontology

Order Rodentia Bowdich, 1821

Family Alagomyidae Dashzeveg, 1990
Alagomys Dashzeveg, 1990

The unusual Paleogene rodent Alagomys was described by Dashzeveg (199Ob)

from Tsagan Khushu, Quarry 1, low in the Lower Eocene Bumban Member of

the Naran-bulak Formation located in the central part of the Nemegt Basin,
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Table 1 .—Measurements (in mm) of rodentsfrom the Wutu Basin.

Alagomys oriensis

IVPP 10693

Bandaomys
zhonghuaensis
IVPP 10689

Taishanomys
changlensis
IVPP 10691

Acritoparamys?
wutui

IVPP 10692

P4 length — 1.14 — __

width __ 1.51 — __

M 1 length — 1.44 — —
width — 1.68 — __

M 2 length — 1.60 — _
width __ 1.60 — __

M 3 length 0.77 — — __

width 0.84

Left Right

P4 length 0.77 1.24 — — —
width trigonid 0.54 0.94 — - —
width talonid 0.71 1.01 — — —

M, length 0.71 1.60 1.60 2.71 2.58

width trigonid 0.60 1.24 1.14 1.97 1.97

width talonid 0.81 1.31 1.27 2.37 2.24

M 2 length 0.81 — 1.68 2.92 2.58

width trigonid 0.71 — 1.34 2.51 2.24

width talonid 0.84 — 1.41 2.85 2.51

M 3 length 0.97 1.71 1.60 3.39 —
width trigonid 0.74 1.40 1.40 2.44 —
width talonid 0.81 1.27 1.18 2.71 —

Mongolian People’s Republic. Alagomys was named on the basis of PSS No. 20-

176, described as a maxilla with P4~M2
,
and PSS No. 20-177, a mandibular

fragment with Its ordinal affinities are shown by such rodent character-

istics as the enlarged, ever-growing incisor separated by a diastema from the cheek
teeth, and the structure of the lower molars, which lack a paraconid and are

quadrate to rhomboidal in shape with prominent metaconid, well-developed ec-

tolophid, and hypoconulid on the posterolophid. Alagomys is a tiny rodent. Its

specific name, A. inopinatus, was coined in reference to the “unexpected” upper
molars, which are unusual for a rodent in their triangular shape and complete
lack of a hypocone. The P4 of A. inopinatus was described as having two trans-

versely oriented cusps and roots, as in early ctenodactyloid rodents. The upper
molars are primitive also in having well-developed conules.

Another new rodent named by Dashzeveg (1990Z?) from the same locality,

Quarry 1 of Tsagan Khushu, is Orogomys obscurus, the type of which, PSS No.
20- 1 74, is an upper molar that has many features in common with that ofCocomys
lingchaensis and other early Eocene ctenodactyloids. A lower jaw referred to

Orogomys by Dashzeveg, PSS No. 20-175, appears to be Alagomys, although

Dashzeveg discussed a few differences that it has from the type material of Ala-

gomys . Our comparisons of the material from China described here are with

published figures of the Mongolian type material of Alagomys, rather than to

original material or casts. Nonetheless, the lowerjaw referred to Orogomys appears
from the figure and measurements to be a specimen of Alagomys inopinatus.

A new species of Alagomys from the Wutu Formation in Shandong Province
ofeastern China is here added to the family Alagomyidae. It expands the diversity

and geographic range of the family, and contributes new evidence on the mor-
phology of early Rodentia.
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Fig. 2.—Alagomys oriensis, new species, IVPP 10693, holotype. A. Occlusal view of lower incisor and
right P4-M 3 . B. Lateral view of right mandible.

Alagomys oriensis, new species

Holotype. —IVPP 10693, right mandible with I, P4-M 3 ,
left mandible with I,

M 3 ,
and separate left M 1-3

,
all associated in a piece of coal.

Referred Specimen, — IVPP 10694, left mandible with I, M,_2 ,
right lower incisor.

Horizon and Locality.—Wutu Formation, Lower Eocene, County Mine, Wutu
Basin, Changle District, Shandong Province, People’s Republic of China.

Diagnosis. — Differs from Alagomys inopinatus in having lower molars with

protoconid relatively more anterior in position, so that the trigonid is short an-

teroposteriorly; more distinct buccal cingulum on M 1-2
.

Etymology.— oriens, Latin—east; -ensis

,

Latin suffix denoting locality.

Description.—The holotype materials were associated in a small block of coal, and so are considered

to represent one individual. The right mandible, nearly complete from incisor to condyloid process

(Fig. 2 ), is the most complete currently known for the genus. It is sciurognathous, with the incisor and
angle in the same plane. The diastema is short and dorsally concave. The masseteric fossa is distinctly

indented but extends forward only to below the posterior edge ofM2 or anterior edge ofM 3 . The well-

developed coronoid process rises well above the posteriorly sloping condyloid process, and has a

slightly thickened dorsal tip.
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1mm
Fig. 3.—Alagomys oriensis, new species, IVPP 10693, occlusal views ofholotype. A. Left M 1 overlying

M 2
. B. Left M 3

.

The lower dentition of this tiny rodent is completely represented. The incisor is narrow transversely.

Basically, each of the brachydont lower cheek teeth is rhomboidal in outline, with a high metaconid

and small cuspate protoconid that is crowded to the anterior edge of the tooth. The lingual part of

the anterior edge is formed by a loph from the metaconid. As a result ofthe configuration ofprotoconid

and metaconid, the trigonid is very short anteroposteriorly. The ectolophid is distinctive, extending

as a narrow ridge from the posterior side ofthe protoconid, curving buccally and posteriorly to intersect

the hypoconid. The posterior cingulum-hypoconulid-entoconid are narrow anteroposteriorly, crowded
behind a widely open basin, which extends obliquely from the middle of the lingual side to a groove

between hypoconid and posterior cingulum. Occlusion in this animal clearly had a strongly oblique

component. The molariform P4 differs from M,_2 ,
mainly in its dimensions and its relatively longer

trigonid. M 3 has a posteriorly expanded talonid with a prominent hypoconulid.

Ofthe upper dentition, only the molars are known (Fig. 3). M 1

,
which is broken in the only specimen,

is preserved overlying M 2
. These teeth resemble those of A. inopinatus in being narrow anteropos-

teriorly, elongate transversely, and in lacking a hypocone. Differences from A. inopinatus include a

more nearly continuous buccal cingulum (ectoloph of Dashzeveg) and absence of a mesostyle. M 3
,

not represented in the Mongolian material, differs from the anterior molars in having a quadrate

shape, centrally situated protocone on the lingual side, and relatively prominent metaconule. The
dimensions ofM 3 relative to those of the anterior molars indicate that the tooth row tapered in width

posteriorly.

Discussion. — Incomplete material of both the genotype, Alagomys inopinatus,

and the Chinese species, A. oriensis, makes comparisons and interpretations of

phylogenetic position tenuous. Thus, the full extent of the differences between
these species cannot be assessed. For example, P4 has been described for the

former species but is unknown in the latter; P4 is unknown in the former, known
in the latter. Alagomys inopinatus was described as having a nonmolariform P4

,

with two transverse cusps and roots. In A. oriensis, P4 is molariform, which would
not be expected were its P4 to resemble that of A. inopinatus. Such problems
remain to be resolved once more complete material becomes available.

Alagomys and the approximately contemporary ?alagomyid Tribosphenomys
(Meng et al., 1994) have opened questions regarding the primitive characters for

rodents and their relationships to the many Asian Paleocene “mixodonts” now
known (Dasheveg and Russell, 1988). The upper cheek teeth, lacking a hypocone
or hypocone shelf, combined with the anteroposterior compression ofthe trigonids

differentiate the alagomyids not only from early paramyid rodents but also from
mixodonts.

There is no trace ofa paraconid in the cheek teeth ofAlagomys, and the trigonid
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is compressed anteroposteriorly. This compression plus absence of the hypocone
on the upper cheek teeth produces an appearance that is somewhat like that of

modem ground squirrels. In the latter, however, there is a very well-developed

anterior cingular shelf on the upper cheek teeth. Occlusion appears to have had
a strongly oblique component, shown most clearly in morphology of the talonid

basin.

Another rodent in the size range of Alagomys from the Bumban Member at

Tsagan Khushu was described by Shevyreva (1989) as Ivanantonia efremovi and
assigned to a new family Ivanantoniidae. Although known only by lower jaw
fragments, Ivanantonia was described as having an hystricomorphous skull, a leap

of faith that is difficult to accept. According to the diagnosis for this taxon, P4 is

absent, which would differentiate it from all other Early Eocene rodents. However,
another problem arises in that the holotype specimen, PIN 4040-27, is described

as being a fragmentary left lower jaw with alveoli for P4-M2 . This internal in-

consistency in the original description leaves the status of Ivanantonia dubious
at best. As described and figured, Ivanantonia differs from Alagomys in having a

wide lower incisor and, on the lower molars, intersecting crests from protoconid

and metaconid and a completely closed talonid basin.

Superfamily Ctenodactyloidea Simpson, 1945

At present, study of Eocene ctenodactyloids is best described as in a state of

flux. Ten genera distributed among five families have been described from the

Bumban Member at the Tsagan Khushu locality in Mongolia alone (Shevyreva,

1989; Dashzeveg, 1990tf). Unfortunately, some of them are inadequately known,
making comparisons difficult and affinities obscure. These rodents are currently

being revised (J.-L. Hartenberger, personal communication, 1993). It may seem
irresponsible to add to this diversity a new genus for the ctenodactyloid from
Wutu, but this course is taken here because of apparent distinctions of the Wutu
species from the plethora of other Early Eocene ctenodactyloid taxa, based on
published descriptions and figures.

?Family Yuomyidae Dawson, Li, and Qi, 1984

The ctenodactyloid families Yuomyidae and Cocomyidae differ most impor-
tantly in the structure of the fourth upper and lower premolars. In the Yuomyidae
these teeth are submolariform, with metacone on P4 and hypoconulid on P4 ,

whereas in the Cocomyidae they are nonmolariform and apparently more prim-

itive (Dawson et al., 1984). The new ctenodactyloid rodent in the Wutu fauna

shares many features with cocomyids, but is referred questionably to the Yu-
omyidae because it is closer to the yuomyids in premolar morphology.

Bandaomys zhonghuaensis, new genus and species

Holotype. —IVPP 10689, left maxilla with incisor, P4-M2
,
right M 1

,
M 3

;
left

mandible with P4-M 1? M3 ,
right mandible with M 1? isolated P4 ,

M2 ,
M3 .

Horizon and Locality.—Wutu Formation, Lower Eocene, County Mine, Wutu
Basin, Changle District, Shandong Province, People’s Republic of China.

Diagnosis. —Differs from other Early Eocene ctenodactyloids by the following

combination of characters: rudimentary metacone and no protoconule on P4
;
no

“protoparastyle” (Shevyreva, 1989) on the upper molars; weakly developed hy-

poconulids on lower cheek teeth; P4 talonid wider than trigonid, entoconid much
larger than hypoconid; M, trigonid and talonid about equal in width; small me-
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Fig. A.—Bandaomys zhonghuaensis, new genus and species, IVPP 10689, holotype, oblique view of

skull fragment with incisor, P4-M 2
. Stereo pair. Scale bar = 1 mm.

soconid, much smaller than other main cusps of lower cheek teeth; only slightly

increase in size of lower cheek teeth toward posterior.

Etymology.—bandao, Chinese— peninsula, and mys, Greek— mouse; zhonghua, Chinese— China,
and -ensis, Latin suffix denoting locality.

Description.—The left maxillary fragment is somewhat crushed and provides no clear evidence on
the zygomasseteric structure (Fig. 4), an important character in determining familial affinities in the

early ctenodactyloids. P3
,
not preserved in IVPP 10689 (Fig. 5A), has a single alveolus. P4 has two

major cusps oriented transversely. A small cuspule on the posterior side of the paracone is probably

a rudimentary metacone. The metaconule is strong. Both anterior and posterior cingula are prominent.

The number of roots is not entirely clear but it appears that only one buccal root was present. M‘ has

a strong anterior cingulum and well-developed conules. The mesostyle blocks the central valley. On
M 2 the anterior cingulum has a relatively smaller anterobuccal shelf and the conules are somewhat
smaller.

On P4 (Fig. 5B) the trigonid has distinct protoconid and metaconid, of which the latter is larger.

The talonid is slightly wider than the trigonid, and the hypoconid is smaller and less cuspate than the

entoconid. A tiny cuspule, reminiscent of a rudimentary paraconid, is on the anterior wall, in front

of the metaconid. On M,_2 the swollen buccal ridge of the metaconid extends into the valley between
the protoconid and the anterior cingulum. The ectolophid is weak with a swollen mesoconid. The
hypoconulid is slightly enlarged. M 3 is similar to M 2 but differs in having the hypoconulid expanded
somewhat more posteriorly, although it is not as pronounced as in many ctenodactyloids.

Discussion. —The fossil record now shows that by the Early Eocene some di-

versity was present within the ctenodactyloid rodents. In this group, Bandaomys
has several features that differentiate it from Cocomys, including presence of a

tiny metacone on P4
,
the wider talonid on P4 ,

the lack of pronounced increase in
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Fig. 5.—Bandaomys zhonghuaensis, new genus and species, IVPP 10689, holotype, occlusal views.

A. Left maxilla with P4-M 2
. B. Left mandible with P4-M,. Stereo pairs. Scale bar = 1 mm.

size posteriorly of the lower cheek teeth, and the relatively poorly developed

hypoconulid. These characters suggest that Bandaomys may be near the base of

the ctenodactyloid family Yuomyidae, which has a metacone on P4 and a well-

developed hypoconid on P4 . A slightly younger yuomyid, Advenimus hubeiensis,

has been reported from the late early or early middle Eocene of Hubei Province

(Dawson et ah, 1984).

Known Eocene ctenodactyloids are limited to Asia, where their diversity and
abundance mirrors that of the paramyids in the Eocene of North America.

Family Paramyidae Miller and Gidley, 1918

The record of paramyid rodents in China and Mongolia contrasts strongly with

that ofNorth America. In the Clarkforkian through Wasatchian ofwestern North
America, 12 genera have been reported (Korth, 1984; Ivy, 1990). In the approx-
imately comparable late Paleocene through early Eocene of China and Mongolia,
however, none were previously reported. Europe also accommodated only a few
paramyids, three genera having been reported from the Early Eocene. The Middle
Eocene Arshanto fauna, Irdin Manha Formation, of Inner Mongolia includes the

paramyid Asiomys (Qi, 1987), and a few incompletely known paramyids have
been reported from deposits of similar age in Kazakhstan (Shevyreva, 1984).

Paramyids apparently never dominated rodent faunas ofthe Asian Eocene as they
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did in North America. Two genera of primitive paramyid rodents occur in the

Wutu fauna.

Taishanomys changlensis, new genus and species

Holotype. —IVPP 10691, left jaw with M
t_3 . (County Mine, 1991.10.22).

Horizon and Locality.—Wutu Formation, Lower Eocene, County Mine, Wutu
Basin, Changle District, Shandong Province, People’s Republic of China.

Diagnosis. —Paramyid rodent having mandible with short diastema, masseteric

fossa extending forward to belowM 3 . Lower molars brachydont, with transversely

long anterior cingulum, cuspate metaconid most prominent cusp; trigonid basin

bracketed posteriorly by protoconid arm. Trigonid of M, relatively long antero-

posteriorly.

Etymology.— Taishan, one of the five holy mountains of the People’s Republic of China, in western

Shandong Province; mys, Greek— mouse; changle, the district in which the fossils were found; -ensis,

Latin suffix denoting locality.

Description

.

—The only known specimen is a well-preservedjaw ofa large rodent, with M,_3 preserved

(Fig. 6). The jaw is deep and has a short diastema, with a marked dorsal crest below the diastema.

Two mental foramina are situated below the alveolus for P4 ,
the ventral larger than the dorsal. The

masseteric fossa extends forward only to a line below the trigonid ofM 3 ,
far back for a rodent. The

jaw appears to have been sciurognathous.

The incisor is narrow transversely, and the enamel of its anterior face extends about one-third of

the way up the lateral surface. P4 is not preserved; its alveolus shows that the tooth was two-rooted.

The molars are brachydont, with rounded cusps. The metaconid, the most prominent cusp, is cuspate,

not lophate on its buccal side, and slopes into the trigonid basin. M, and M 2 are similar in having the

trigonid narrower than the talonid, but otherwise differ in morphology. On M, the trigonid is relatively

long anteroposteriorly. The anterior cingulum extends lingually in front of the metaconid but does

not reach to the lingual wall. A stout posterior arm of the protoconid forms the posterior margin of

a distinct trigonid basin. The weak ectolophid, well set-in lingually, has a mesostylid that is convex
buccally. There is no hypolophid. The posterior cingulum is thick, forming the complete back wall of

the tooth.

On M 2 the anterior cingulum is longer, extending nearly to the lingual wall. The posterior arm of

the protoconid is straighter, defining a less rounded trigonid basin; the ectolophid is not complete,

not connecting to the protoconid, and the mesoconid is more rounded. There is a distinct hypoconulid

on the posterior cingulum.

On M 3 the anterior cingulum resembles that of M,. The trigonid basin is not completely closed

posteriorly by the posterior protoconid arm. The talonid is expanded posteriorly, bordered by the

posterior cingulum with a swollen hypoconulid.

Discussion. — Taishanomys appears to be a primitive rodent on the basis of the

following plesiomorphous characters: the posterior position of the masseteric

fossa; the long anterior cingulum, which may be a remnant of a paraconid, free

lingually from the metaconid; and the short diastema. Assignment to the family

Paramyidae is based on the cuspate molars with the trigonid slightly compressed
anteroposteriorly and a large talonid basin, with a poorly developed hypoconulid.

Differences from the primitive family Alagomyidae include less compression of

the molar trigonid, straighter ectolophid, and strong anterior cingulum. From the

ctenodactyloids, Taishanomys differs in having essentially no development of
lophids, hypoconulid small or absent, and trigonid narrower than talonid. The
relationships of Taishanomys within the family Paramyidae cannot be clearly

established on the basis of presently known characters, limited as they are to the

mandible and lower molars. The paramyid rodent Asiomys from the middle
Eocene Arshanto fauna is also incompletely known (Qi, 1987). It differs from
Taishanomys in its larger size and having the anterior cingulum and posterior

arm of the protoconid converging on the metaconid.
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Fig. 6 .— Taishanomys changlensis, new genus and species, IVPP 10691, holotype, left mandible. A.

Occlusal view with stereo pair. B. Lateral view. Scale bar = 5 mm.

Acritoparamys'? wutui, new species

Holotype. —IVPP 10692, right mandibular fragment with Mj_2 .

Diagnosis.— Larger than Acritoparamys atwateri. Differs from other species of

Acritoparamys in having lower molars with trigonids more compressed antero-

posteriorly.

Description.—The very simple M, and M 2 (Fig. 7B) of this rodent resemble those ofAcritoparamys

atwateri in many features. On both teeth the metaconid is the most prominent cusp, and the entoconid

is separated from the posterior cingulum by a slight groove, a character of Acritoparamys. The two
known molars of A.? wutui differ from one another in the structure of the trigonid. On M, the small
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Fig. 7.—A. Rodent family indet., IVPP 10690, left jaw fragment with P4 or dP4 . B. Acritoparamysl

wutui, new species, IVPP 10692, holotype, right jaw fragment with M,_2 . Stereo pairs. Scale bar =

1 mm.

trigonid basin is closed posteriorly by a short posterior arm of the protoconid extending to a ridge

from the posterobuccal flank of the metaconid. The anterior cingulum is short. On M2 ,
in contrast,

the trigonid basin is more compressed anteroposteriorly, bounded posteriorly by the posterior arm of

the protoconid that extends anterolingually to the posterior slope of the metaconid. The metaconid
is situated at the anterolingual comer of the tooth, against the back of M,. The hypoconulid is more
distinct on M 2 .

Discussion. — This rodent is so incompletely known that it offers little except

an indication of some diversity among Asian Eocene paramyids. Like the larger

Taishanomys, it is a relatively primitive paramyid. Its similarities to some species

referred to the North American genus Acritoparamys are used as the basis for its

questionable reference to that genus. The species currently included in Acrito-

paramys are in need of revision, especially because the genotype, A. francesi,

differs considerably from the referred species. In addition, the questionable ref-

erence for this Asian paramyid should serve to avoid paleogeographic conclusions

that are not warranted by the material.

Rodent, family indet.

Specimen. —IVPP 10690. Left mandibular fragment with incisor and P4 or dP4 .

This fragment of rodent jaw cannot be assigned with certainty to family. The
incisor is narrow transversely. The only cheek tooth, P4 or dP4 (length 1.71 mm,
width of trigonid 0.90 mm, width of talonid 1.38 mm), has a wide talonid with

a well-developed basin and an entoconid separated from the posterior cingulum



62 Annals of Carnegie Museum vol. 64

by a slight groove. The trigonid has three cusps (Fig. 7A), ofwhich the metaconid
is largest, and the anterior cusp (“paraconid”), smallest. This type of morphology,
with a very small anterior cusp, has been described for dP4 in other paramyids
(Ivy, 1990:53). The only other character that might be used, size, does not match
this rodent with any other described in the fauna. This fragmentary specimen
may represent still another taxon.

Summary

The rodent assemblage from the County Mine locality of the Wutu Formation
exhibits a diversity at the family level not known from other Asian Early Eocene
sites. The range of morphological diversity between the Alagomyidae, ?family

Yuomyidae, and Paramyidae is greater than exists within contemporary, or ap-

proximately contemporary, faunas in North America or Europe. This adds to the

probability that rodents originated in and experienced their first radiations within

Asia, and also that the order had its origins well into the Paleocene.
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Abstract

A phylogenetic analysis of the eight species of whistling-duck (Dendrocygna) and the White-backed
Duck ( Thalassornis leuconotus) was performed using 68 characters of the skeleton, trachea, and natal

and definitive integument. Three shortest trees were found, each having a length of9 1 and a consistency

index of 0.766 (excluding uninformative characters). Monophyly ofDendrocygna + Thalassornis was
supported by three unambiguous synapomorphies, and monophyly of Dendrocygna by eight unam-
biguous synapomorphies. The three shortest trees supported two major clades within Dendrocygna,

each supported by three synapomorphies: (1) D. autumnalis + D. viduata\ and (2) the other six species

of Dendrocygna. Within the latter, the three shortest trees defined two groups: (1) D. guttata + D.

arborea (supported by three synapomorphies); and (2) an unresolved trichotomy (supported by one
unambiguous synapomorphy) involving D. eytoni, D. bicolor, and the clade D. arcuata + D. javanica

(the last two united by three synapomorphies). A majority-rule consensus tree of 1000 bootstrapped

replicates confirmed all of the branches common to the three equally parsimonious trees. All species

of Dendrocygna and (especially) Thalassornis were highly autapomorphic. Mapping of selected eco-

morphological parameters on the trees revealed evolutionary patterns in body mass, egg mass, relative

clutch mass, and diving habit, with lesser trends in preferred nest site, perching habit, and diel activity

pattern. A phylogenetic classification ofthe group is presented and related systematic and biogeographic

issues are discussed.

Introduction

The whistling or tree ducks of the genus Dendrocygna represent one of the most
distinctive genera of the Anatidae; erect posture, relatively elongated necks and
legs, and (in most species) conspicuous habit of perching in trees distinguish the

members ofthe genus from most other waterfowl (Phillips, 1922; Delacour, 1954;

Bolen and Rylander, 1983). Early taxonomists differed on whether the available

anatomical evidence favored placement of the genus nearer the Anserinae or with

the more typical ducks (Salvadori, 1895; Phillips, 1922; Peters, 1931), although

a consensus supporting the former position was achieved by the middle of the

twentieth century (Boetticher, 1942, 1952; Delacour and Mayr, 1945; Verheyen,

1953; Delacour, 1954; Woolfenden, 1961). Recent phylogenetic analyses using

morphological characters corroborate the view that the group diverged from other

Anatidae at least as early as the geese and swans (Anserinae), rendering the ver-

nacular term “duck” of only descriptive utility in reference to the smaller (poly-

phyletic) members ofthe order Anseriformes (Livezey, 1986; Livezey and Martin,

1988). Phenetic patterns of molecular similarity also are consistent with an early

divergence of the whistling-ducks (Jacob and Glaser, 1975; Brush, 1976; Jacob,

1 982; Numachi et al, 1 983; Scherer and Sontag, 1 986; Madsen et al., 1 988; Sibley

et al., 1988; Sibley and Ahlquist, 1990).

Relationships within Dendrocygna have received substantial speculation but
have not been subjected to phylogenetic analysis, resulting in the adoption of no
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widely accepted groupings within the genus and varying sequences of species in

published taxonomic arrangements (Salvadori, 1895; Phillips, 1922; Peters, 1931;
Delacour and Mayr, 1945; Delacour, 1954; Johnsgard, 1978). Delacour (1954:

29) concluded: “No completely satisfactory system can be devised for classifying

the different species with their many and sometimes divergent features.” Delacour
(1954:30) also commented: “We have adopted different sequences in the past,

and others have been proposed by various authors. Indeed, we must admit that

almost any is equally acceptable.” Johnsgard (1961a:fig. 1) depicted the only

species-level diagram of “evolutionary relationships” among the species of Den-
drocygna, a “tree” derived using no explicit inferential algorithm and based prin-

cipally on similarities of behavior and natal plumage. Behavioral patterns de-

scribed by Johnsgard (1961 a) lacked polarities and the taxonomic groupings

supported by some behaviors were only vaguely defined, but he proposed close

relationships between the following groups of species ofDendrocygna : (1) guttata

and eytoni
; (2) arborea and autumnalis, in turn closely related to viduata

;
and (3)

bicolor and arcuata, in turn linked to javanica (the last group being depicted in

his figure 1 but apparently contradicted in text). These groupings evidently gave

rise to a species sequence used in subsequent works by Johnsgard (1965, 1978,

1979), which apparently formed the basis for the subgeneric groupings given by
Wolters (1976), and the species sequence was adopted by several other authors

in descriptive and comparative works (Madge and Bum, 1988; Rohwer, 1988;

Scott and Clutton-Brock, 1989; Sibley and Monroe, 1990; McNeil et al, 1992).

The White-backed Duck (Thalassornis leuconotus) traditionally was classified

among the stiff-tailed ducks (Oxyurini), principally on superficial similarities re-

lated to specialization for diving (Peters, 1931; Boetticher, 1942, 1952; Delacour

and Mayr, 1945; Delacour, 1959, 1964; Johnsgard, 1961a, 1965). Closer exam-
ination ofbehavioral and anatomical characters by Johnsgard ( 1 967), Kear ( 1 967),

and Raikow (1971) revealed several primitive characters that Thalassornis shared

with the geese, swans, and Dendrocygna that were lacking in the comparatively

derived Oxyurini and other Anatinae. Johnsgard (1978:xviii) clarified his opinion

on the position of Thalassornis by depicting it as the sister-group ofDendrocygna
in an intuitive evolutionary tree. Johnsgard (1979) incorporated this view taxo-

nomically through the inclusion of Thalassornis within the Dendrocygninae . The
phylogenetic analysis by Livezey (1986) confirmed an early divergence of Thal-

assornis within the Anatidae and contradicted the inclusion of the genus among
the Oxyurini. However, the phylogenetic analyses by Livezey (1986), Livezey and
Martin, 1988, and Livezey (1989) failed to document a sister-group status of

Thalassornis with Dendrocygna, and discovered several equally parsimonious

relationships among Thalassornis, Dendrocygna, and the Anserinae. In addition,

no support for a close relationship between Dendrocygna and Coscoroba, suggested

by Delacour and Mayr (1945) and Delacour (1954), was found in the osteological

study by Woolfenden (1961), the behavioral comparisons by Johnsgard (1961a,

1965), or the phylogenetic analyses by Livezey (1986, 1989) and Livezey and
Martin (1988).

This paper describes a species-level phylogenetic analysis ofthe whistling-ducks

and the enigmatic White-backed Duck based on characters ofthe skeleton, trachea,

natal plumage, and definitive plumages and soft parts. The objectives of the

phylogenetic analysis were to test the proposed monophyly of the genera Den-
drocygna and Thalassornis, to resolve relationships among species of Dendrocyg-
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na, and to examine evolutionary patterns in selected ecomorphological charac-

teristics within the context of the inferred phylogenetic tree(s).

Materials and Methods

Taxonomy

For purposes of analysis, I adopted the species-level taxonomy used by most twentieth-century

systematists (e.g., Delacour and Mayr, 1945; Delacour, 1954; Johnsgard, 1978, 1979) and recognized

eight species of Dendrocygna and one species of Thalassornis. Geographic variation within species is

minimal within these two genera (although variation evident in D. viduata may warrant further study),

and subspecific taxa generally are recognized in only three species (Delacour, 1954; Madge and Bum,
1988). Three poorly differentiated subspecies of Dendrocygna arcuata are recognized on mensural

grounds, listed in order of decreasing size: widespread D. a. australis (Australia and New Guinea),

nominate D. a. arcuata (East Indies), and insular D. a. pygmaea (New Britain and formerly Fiji). Two
subspecies of D. autumnalis are recognized on the basis of size and modest, possibly clinal differences

in plumage coloration: northern and comparatively large D. a. autumnalis (Panama north to southern

Texas), and southern and comparatively small D. a. discolor (Panama south to northern Argentina

and Amazonian Pem). The latter differs from the nominate form in the presence of gray on the

otherwise chestnut color of the mantle and lower breast. Finally, two subspecies of Thalassornis

leuconotus are recognized: comparatively pale, slightly larger T. 1. leuconotus of tropical continental

Africa; and comparatively dark, coarsely marked, and slightly smaller T. 1. insularis of Madagascar.

Ofthese, only Dendrocgyna (<autumnalis) discolor even approached a level ofqualitative differentiation

to be considered specifically distinct for purposes of analysis, and this form was clearly monophyletic

with the nominate form and therefore did not alter any phylogenetic inferences within the genus.

Therefore questions concerning evolutionary units or “phylogenetic species” (Cracraft, 1983, 1988;

McKitrick and Zink, 1988) were not of practical consequence in this analysis. In the text and proposed

classification, hyphenation and capitalization of the English names of species follow the conventions

of Parkes (1978).

Specimens

Plumage patterns of adults were compared using series of study skins in the collections of several

major museums, most importantly the National Museum of Natural History and American Museum
ofNatural History. Colors ofthe irides, bill, tarsi, and feet ofadults were characterized using published

descriptions (e.g., Phillips, 1922; Delacour, 1954; Johnsgard, 1978; Madge and Bum, 1988), notes on
specimen labels, and photographs of living individuals. Patterns of natal plumage were ascertained

by comparisons of study skins and (rarely) fluid-preserved specimens of downy young. Skeletal spec-

imens of adults, generally five or more specimens of each species, were included in osteological

comparisons. Tracheal characters were confirmed using ossified elements in skeletal specimens (prin-

cipally those in which the trachea remained intact) and complete tracheae removed from fluid-pre-

served specimens (some previously mounted and dried).

Definition of Characters

Definition of morphological characters was based on a survey of the literature on plumage pattern,

skeletal and tracheal anatomy (Shufeldt, 1909, 1914; Phillips, 1 922; Delacour, 1954, 1964; Johnsgard,

1961a, 19616, 1962, 1965, 1967, 1978; Woolfenden, 1961; Humphrey and Clark, 1964; Raikow,

1971; Bolen and Rylander, 1974, 1983; Womack et al., 1977; Rylander et al., 1980; Madge and Bum,
1988; King, 1989; Marchant and Higgins, 1990; Hoyo et al., 1992; Nelson, 1993), as well as direct

study of specimens. A total of68 morphological characters were defined for this analysis: 1 3 characters

of the skeleton, two of the trachea and syrinx, eight of the natal plumage, and 45 of the definitive

plumage and soft parts (Appendix 1). Most skeletal characters were adapted from those described by
Livezey (1986, 1989). Each character (identified by number) comprised two or more states (distin-

guished by letters), one of which was hypothesized as the primitive or plesiomorphic state based on
outgroup comparisons (generally designated as “a”). These 68 characters, coded for each of the nine

members of the ingroup and an “ancestral” vector (see below), produced a data matrix of dimension
9 x 68 (Appendix 2). Three of the 6 1 2 matrix entries were coded as missing or indeterminate because
of unknown polarity (one, in the ancestral vector) or problematic comparability of states (two, within

ingroup taxa). Eleven of 68 characters were “multistate,” i.e., included two or more derived or
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apomorphic states in addition to the single primitive state. Of these, only one character (character 1 9)

was analyzed as ordered (i.e., a particular ordination ofderived states was assumed). Autapomorphies,

character changes that are unique to a single species, cannot contribute to the resolution of interspecific

relationships (Wiley, 1981). However, autapomorphies were included in this analysis in order to

quantify interspecific differentiation, because such phenetic differences traditionally have been ac-

corded considerable weight in previous attempts at phylogenetic inference (e.g., Delacour, 1954;

Johnsgard, 1 961*2, 1965, 1978) and such character divergence can be depicted in phylogenetic trees

independently of inferred topologies and summary statistics.

Character Polarities and the Hypothetical Ancestor

Use ofa hypothetical ancestor, a vector ofprimitive character states based on outgroup comparisons,
was used to root the phylogenetic tree(s). This method provided a single, simple root for the ingroup

without ancillary analytical digressions concerning relationships among outgroups in the present anal-

ysis, and was used in previous phylogenetic analyses of the order (Livezey, 1986, 1989; Livezey and
Martin, 1988). The selection of outgroups studied in the determination of polarities was based on the

intergeneric relationships inferred in earlier works (Livezey, 1986, 1989) and ongoing analyses of

primitive Anseriformes (Anhimidae, Anseranatidae) and the geese and swans (Anserinae). Outgroups

selected for comparisons were Anseranas, Cereopsis, Anser, Branta, and Stictonetta. Using the hy-

pothetical ancestor, monophyly of the ingroup in the present analysis is supported if one or more
unambiguous synapomorphies for the taxa exclusive of the hypothetical ancestor are discovered (i.e.,

if the basal branch has positive length). In addition, in a larger analysis (Livezey, in preparation) of

the phylogenetic relationships ofDendrocygna, Thalassornis, all modem species of the Anserinae, and
other subfamilies of Anatidae, the monophyly of Dendrocygna + Thalassornis is supported as the

shortest topology. This contrasts with the poor resolution achieved in previous phylogenetic analyses

of this part of the Anseriformes (Livezey, 1986, 1989; Livezey and Martin, 1988).

Derivation of Trees

Phylogenetic trees were derived from the character matrix by the criterion of parsimony (minimi-

zation of number of changes in character states necessitated by the tree), using the vector of inferred

ancestral states as a root (Wiley, 1981). All characters were assigned unit weight. The character-state

optimization used was accelerated transformation (option ACCTRAN); employment ofdelayed trans-

formation (DELTRAN) did not affect the solution set. The shortest (most parsimonious) trees were
found using the branch-and-bound algorithm of the software package PAUP 3.1 (Swoffbrd, 1993), a

method guaranteed to find the shortest tree(s) representative of a given character set and ancillary

restrictions (rooting vector, ordering and weighting ofcharacters). Several summary statistics (Swoffbrd,

1993) were used to describe the inferred tree(s): tree length; consistency index, excluding uninformative

characters; homoplasy index, excluding uninformative characters; retention index; and rescaled con-

sistency index.

A bootstrapping procedure using the branch-and-bound method was employed to generate 1000
topological replications in which single characters were deleted from the analysis. Stability of branches

within the final tree was summarized by a 50% majority-rule consensus tree of these 1000 replicate

trees. The resultant consensus tree reflects comparatively well-supported or “robust” clades by de-

picting only those supported by one or more character changes (synapomorphies) in a majority of the

1000 bootstrapped replications; clades supported by only one synapomorphy in a majority of the

replications were collapsed into the least-inclusive, adequately supported polytomies including those

terminal lineages. Because of the distributional assumptions necessary in associated statistical infer-

ences (Felsenstein, 1985; Sanderson, 1989), the bootstrapping procedure is intended to provide an
index to the empirical support for the branches in the tree(s) and is not used for formal statistical

inference of confidence limits.

Phylogenetic Classification

A Linnean classification based on the inferred phylogenetic tree was prepared using the methods
described by Wiley (1981). These conventions include optimal preservation ofhierarchical information

provided by the phylogenetic tree in the classification, and the indication of poorly resolved sections

of the tree through standardized annotation of the classification at the appropriate taxonomic ranks

(e.g., use of sedis mutabilis to indicate a series of taxa included in a polytomy).
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Comparative Analyses

A number of attributes of considerable ecological importance that are not amenable to discrete

coding and determination of homology were compiled and mapped a posteriori onto the phylogenetic

tree(s) hypothesized using the characters defined above (using the same character optimization used

in the actual tree). Such mappings permit comparative study of convergence and adaptation within a

historical context (Brooks and McLennan, 1991; Harvey and Pagel, 1991), and were employed in

ongoing analyses of other anseriform tribes (Livezey, in press a, in press b). These attributes include

body mass (unweighted mean of sexes), mean clutch size, mean egg mass, relative clutch mass (mean
mass of clutch divided by mean female body mass), preferred nest site (terrestrial or cavity), perching

habit, relative frequency of diving, and period of activity (diurnal, crepuscular, or nocturnal), as well

as geographic distribution; data for these characters were taken from specimen labels, unpublished

data, and the literature (Phillips, 1922; Delacour, 1954; Johnsgard, 1960a, 1960b, 1961a, 1962, 1963,

1965, 1967, 1978; Schonwetter, 1961; Weller, 1964a, 1964b, 1964c, 1964d; Frith, 1967; Madge and
Bum, 1988; Rohwer, 1988; Marchant and Higgins, 1990; McNeil et al., 1992). Distributions of these

attributes on the phylogenetic tree(s) were examined and illustrated using the software MacClade 3.01

(Maddison and Maddison, 1992). Both PAUP and MacClade were implemented on a Macintosh

Quadra 800.

Results

Shortest Trees

Three trees of minimal length 9 1 were found using the data described in Ap-
pendix 1 and given in Appendix 2. Each tree was completely dichotomous, and
had a consistency index of 0.879 (0.766 excluding autapomorphies), a homoplasy
index of 0.121, a retention index of 0.750, and a rescaled consistency index of

0.659 (Fig. 1). Monophyly of the Dendrocygninae (i.e., a sister-group relationship

between Thalassornis and Dendrocygnd) is supported by three characters.

One of the characters supportive of subfamilial monophyly—a feature of the

natal plumage pattern (characters 19)—proved to be difficult to code for Thal-

assornis (Fig. 2; Appendices 1, 2). An alternative interpretation of this character

and a related character ofthe unique natal facial pattern for Thalassornis (character

23) was apparent and also was analyzed for possible topological effect. In this

alternative coding scheme, character 1 9 is simplified to a binary character (merging

states “b” and “c” into a single derived state) in which Thalassornis retains the

primitive state, thereby deleting one synapomorphy for the subfamily. This change,

however, leads to an alternative interpretation for character 23 in which Thal-

assornis is judged to possess the derived state (obscured by the absence of a pale,

dorsal boundary), adding a new synapomorphy for the subfamily. Taken together,

these two alternative codings are mutually compensatory in their support for the

monophyly of Thalassornis and Dendrocygna, have no topological impact on the

analysis, and are not considered further.

Monophyly ofDendrocygna is supported by eight unambiguous character changes

(Fig. 1, 2). The three most-parsimonious trees confirm two moderately well-

supported clades (Fig. 1): (1) D. autumnalis + D. viduata, and (2) the other six

species of Dendrocygna. Within the latter, the three shortest trees defined two
groups: (1) D. guttata + D. arborea (supported by three synapomorphies), and

(2) an unresolved trichotomy (supported by one unambiguous synapomorphy)
involving D. eytoni, D. bicolor, and the clade D. arcuata + D. javanica (the last

two united by three synapomorphies).
Monophyly of each of the species in the ingroup was confirmed by a number

of autapomorphies, reflecting a diversity of unique, species-specific characters (at

least in the context ofthis subfamily). Thalassornis was the most divergent, having
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Fig. 1. (Left, and above)—Three shortest phylogenetic trees (A-C) for Dendrocygna and Thalassornis

based on a branch-and-bound analysis of 68 morphological characters. Numbers of unambiguous
character changes supporting each branch are shown in adjacent boxes.

22 unambiguous autapomorphies of which 1 2 were skeletal characters. Each spe-

cies of Dendrocygna had between two and six unambiguous autapomorphies in

the present data set, with the most divergent species being D. eytoni (Fig. 1).

Identities of unambiguous characters supportive of branches in the three shortest

trees are shown in Fig. 2.

Topological Robustness

A consensus tree of 1000 bootstrapped replications (Fig. 3) confirmed the mono-
phyly of Dendrocygna and all elements common to the three most-parsimonious
trees (Fig. 1, 2). Percentages of replicates in which each branch was conserved
varied from 65% (for Dendrocygna exclusive of viduata and autumnalis) to 100%
(for the genus Dendrocygna).

Consistencies of Characters

Fifty-nine of the 68 characters used in the phylogenetic analyses had unit con-

sistency in the inferred shortest tree; i.e., each character was hypothesized to have
changed only once per derived state defined (Appendix 1). Eight binary (two-

state) characters had consistency indices of 0.50, i.e., each was hypothesized to

have undergone one instance of reversal or convergence in the inferred tree: two
natal (characters 18 and 20) and seven definitive (characters 28, 41, 53, 54, 57,

and 67). One three-state character of the definitive integument (characters 24 and
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52) had consistency indices of 0.667, i.e., one instance of reversal or convergence
involving one of the two derived states was hypothesized. Only one character

(caudal darkness of nuchal stripe of adults, character 49) was hypothesized to

have undergone two instances of convergence (i.e., three separate changes from
a primitive to a derived state), and each was inferred to have been an autapo-

morphic loss (in Thalassornis, Dendrocygna eytoni, and D. javanica).

Phylogenetic Classification

A classification of the species of Dendrocygna and Thalassornis, which reflects

the phylogenetic inferences made here (Fig. 1-3), is presented in Appendix 3. The
sister relationship between Dendrocygna and Thalassornis is supported by only

three characters, one of which is interpretable in at least two ways. Under the

hypothesis of a monophyletic, bigeneric Dendrocygninae, the genera are distin-

guished (redundantly) at tribal level; recognition of tribes is consistent with the

classificatory ranks employed in other subfamilies of Anatidae (Livezey, 1986,

1989) and permits the inclusion of several fossil species related to Dendrocygna
(e.g., Dendrochen, Mionetta) within the Dendrocygnini should further analysis

provide needed resolution (Livezey and Martin, 1988). Within the genus Den-
drocygna, the primary bifurcation is represented at the subgeneric level; in the

larger of the two subgenera, two multispecific groups are indicated. Because of

the included unresolved trichotomy and only modest robustness ofincluded clades,

the four species included in Infragenus Dendrocygna are considered to be of

uncertain sequence (sedis mutabilis).

Mapping ofAttributes on Trees

Eight ecomorphological attributes showing variation within the ingroup were
mapped onto the first of the three shortest phylogenetic trees (Fig. 1), noting any
differences in interpretation indicated by the other two equally parsimonious trees

(Fig. 1). Comparison with outgroups (Anseranas

,

Anserinae) indicates that the

entire clade ( Thalassornis and Dendrocygna) has undergone a substantial decrease

in body mass, followed by one further autapomorphic decrease in size in Den-
drocygna javanica and two autapomorphic (partial) reversals in size (i.e., derived

increases) in D. arborea and D. autumnalis (Fig. 4). Clutch size appears to have
undergone an increase in the ancestor of the subfamily, with three further auta-

pomorphic increases hypothesized in Dendrocygna guttata, D. eytoni, and D.

autumnalis (Fig. 4). Egg mass shows an opposite trend, evidently having undergone
an initial decrease in the common ancestor of the subfamily, followed by a further

decrease in Dendrocygna, with three additional, independent decreases in D. vi-

duata, D. eytoni, and the sister-species D, arcuata and D. javanica (Fig. 4). One
of the other two equally parsimonious trees, in which D. bicolor is placed as the

sister species to the other three members of that clade (Fig. 1), requires only two
changes in egg mass within Dendrocygna . Relative clutch mass, which represents

clutch size and egg mass relative to female body mass, shows a complicated

Fig. 2.—Tree detailing unambiguous character changes supporting branches of shortest phylogenetic
trees for Dendrocygna and Thalassornis based on a branch-and-bound analysis of 68 morphological
characters (Fig. 1). Characters (numbered) and associated state changes (letters) are shown beside
respective branches (see Appendix 1 for explanation).
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solution set (Fig. 1). Percentages of replications in which each branch was conserved are indicated.
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evolutionary pattern in the subfamily, and the states ofthe majority ofthe ancestral

stems of the ingroup remain in doubt. Available data indicate, however, that

relative clutch mass: (1) underwent a substantial increase in Thalassornis, (2)

underwent modest independent decreases in Dendrocygna arhorea and D. eytoni,

and (3) underwent modest autapomorphic increases in D. hicolor and D. autum-
nalis (Fig. 4).

The primitive preference for nest sites was inferred to be terrestrial, and the

present phylogenetic tree and available data on preferences indicates that shifts

to cavity nesting occurred independently in Dendrocygna autumnalis and D. ja~

vanica, and synapomorphically in the sister-species D. arborea and (especially)

D. guttata (Fig. 4). Perching habit, evidently only weakly associated with nesting

preferences (Livezey, 1986, 1991), was hypothesized to be the primitive state for

the Dendrocygninae, with apparent reversals (secondary losses) independently in

D. viduata, D. arcuata, and the sister-species D. eytoni and D. bicolor (Fig. 4).

Diving habit showed a distinct evolutionary pattern in the Dendrocygninae;
the primitive lack of diving behavior evidently underwent a profound, derived

specialization in Thalassornis, with less marked, independent shifts to moderate
use ofdiving in D. viduata and (synapomorphically) in the sister-species D. arcuata

and D. javanica (Fig. 4). Variation in diel activity pattern revealed less clear

evolutionary trends, and the states hypothesized for basal stems remain indeter-

minate. However, the present analysis indicates: (1) that the primitive state of
diurnal activity changed to crepuscular activity in the ancestor of the Dendro-
cygninae; (2) possibly independent, subsequent shifts to noctumality in D. viduata

+ D. autumnalis, D. eytoni + D. bicolor, and D. arborea
;
and (3) a reversal to

diumality in D. arcuata (Fig. 4).

Discussion

Phylogenetic Hypothesis and Previous Classifications

Summary ofInferences

.

—The present analysis provides only moderate support

for the monophyly of the genera Thalassornis and Dendrocygna (three synapo-

morphies uniting the two genera exclusive of all outgroups compared), but doc-

uments substantial evidence for monophyly ofthe diverse species ofDendrocygna
(Fig. 1-3). Evidence is presented in support ofa basal bifurcation in Dendrocygna,

in which two species (D. viduata and D. autumnalis) are considered to be the

sister-group to other Dendrocygna (also monophyletic). Within the latter clade,

three branches were supported and one unresolved trichotomy was found (Fig.

1-3); the two species-pairs were D. arcuata + D. javanica and D. guttata + D.

arborea. All species of Dendrocygna and (especially) Thalassornis show consid-

erable autapomorphic divergence (Fig. 1 , 2).

Early Taxonomic Arrangements within Dendrocygna.—Much of the early tax-

onomic literature that treated Dendrocygna concerned the diagnosis of species

and delimitation of geographic distributions, and several new generic taxa were

erected without the benefit of broad comparative work (e.g., Eyton, 1838; Sclater,

1864; Salvadori, 1895). A few general classifications and monographs, however,

attempted systematic arrangements of species within the genus, although in large

part the intuitions of these workers are reflected only by the sequence of species

they adopted and the basis for these decisions remains obscure. For example,

Salvadori (1895) listed, without justification, the species of Dendrocygna in the

following order: viduata, bicolor (asfulva ), arcuata, javanica, autumnalis (followed

by discolor, here provisionally merged), arborea, guttata, and eytoni. Phillips
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(1922) followed this sequence exactly. Peters (1931) also adopted this sequence,

with the exception that discolor was treated as a subspecies of D. autumnalis
, a

practice followed in subsequent classifications (e.g., Boetticher, 1942, 1952; De-
lacour and Mayr, 1945; Delacour, 1954; Johnsgard, 1961a, 1965, 1978, 1979;

Wolters, 1976; Sibley and Monroe, 1990; Hoyo et al., 1992).

Classifications by Delacour and Johnsgard. — In their classic systematic revision

of the Anatidae, Delacour and Mayr (1945:1 1) divided Dendrocygna into three

groups: (1) a “primitive” group consisting of D. arborea and D. guttata
; (2) the

“somewhat isolated” species D. autumnalis
;
and (3) the remaining five “closely

related” species in the genus, within which D. bicolor and D. arcuata were termed
a “superspecies” and D. viduata was described as “specialized.” Accordingly,

these authors (1945:37) proposed the following taxonomic sequence for the species

ofDendrocygna : arborea, guttata, autumnalis, javanica, bicolor + arcuata (brack-

eted together), eytoni, and viduata. Delacour (1954:27-30), however, admitted to

considerable indecision as to the appropriate classification of species within Den-
drocygna, and presented apparently contradictory evidence and groupings of the

constituent species. Delacour (1954:29-30) decided to adopt the following se-

quence for Dendrocygna, explicitly citing only similarities of the natal plumage
as justification: guttata and eytoni at the beginning and considered primitive;

followed by arcuata, bicolor, and arborea
;
and ending with the “more isolated”

species javanica, viduata, and autumnalis.

Johnsgard (1961a) also presented the conflicting evidence for groupings within

Dendrocygna, primarily emphasizing behavioral similarities (especially courtship

displays), natal patterns, and geographical distributions. Johnsgard (1961a:fig. 1)

summarized his assessment of this information in an intuitive evolutionary tree

that depicted the following subgeneric groups of Dendrocygna: (1) guttata and
eytoni', (2) arborea and autumnalis, together joined with viduata; and (3) bicolor

and arcuata, in turn united with javanica. However, Johnsgard (1965) later pre-

sented the following sequence for Dendrocygna, which contradicts the groupings

he had defined previously: guttata, eytoni, bicolor + arcuata (united as a super-

species), javanica, viduata, arborea, and autumnalis. This sequence was followed

in later works by Johnsgard (1978, 1979) as well as in recent monographs (Sibley

and Monroe, 1990; Hoyo et al., 1992).

The empirical basis for the groupings and sequence proposed by Johnsgard

(1961a, 1965, 1978, 1979) consists of a narrative of similarities and differences

of plumage and behavior (many not comparably discussed or described for all

species), as well as consideration of geographical proximities of species, and as

such does not lend itselfto quantitative analysis or incorporation into phylogenetic

analyses. However, one comparison of the tree presented by Johnsgard (1961a:

fig. 1) can be made through the calculation of the total length of his tree using the

characters analyzed in the present study (Appendices 1 , 2) with that for the shortest

tree for the same data (Fig. 1). Using the software MacClade 3.0 (Maddison and
Maddison, 1992), the tree proposed by Johnsgard (1961a) requires an additional

1 2 character changes relative to the shortest tree for the same data matrix, a 1 3%
increase in length.

Ancient Divergences and Phylogenetic Reconstruction

Autapomorphies, Distinctness, and Perceptions ofRelationships. —In light ofthe
relative abundance of plumage characters in the nine species of the ingroup, the

incomplete resolution and only modest support for several of the included clades
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is disappointing (Fig. 1=3). However, all lineages within the Dendrocygninae show
considerable autapomorphic (generally unique) character evolution; this is par-

ticularly true of Thalassornis (Fig. 1, 2). The combination of the heterogeneous

distribution of synapomorphies and the prevalence of autapomorphy results in a

clade of uniquely divergent species without clear evidence of natural subgroups,

corroborating the suggestion by Delacour (1954:30) that: “The present species of

Whistling Ducks have, no doubt, been fixed for a very long time and their common
ancestor is far away in the past.”

A strong tradition of “intuitive phenetics” has dominated the systematics of

waterfowl until recent years, in which simple assessments of similarity using

changing and inconsistently applied suites of characters constitute the foundation

ofmost classifications (e.g., Delacour and Mayr, 1945; Delacour, 1954; Johnsgard,

1961 #, 1965, 1978). Most such assessments involve vague and nonstandardized

terminology that is not conducive to the elucidation of any specific phylogenetic

hypothesis. For example, Johnsgard (1978:10) wrote: “This species [D. eytoni]

appears to be generally intermediate in its evolutionary affinities between the

extreme represented by the spotted whistling duck [D. guttata

]

and the central

group represented by the wandering [D. arcuata ], fulvous [D. bicolor], and lesser

whistling ducks [D. javanica] . . . ,
with somewhat closer affinities to the latter

than to the former.” Also, Johnsgard (1978:12) suggested that D. bicolor “.
.

.

might well be regarded as the core of the genus Dendrocygna, with its nearest

relatives being the wandering [D. arcuata

]

and lesser whistling ducks [D. javan-

ica].” A common confusion between distinctness and phylogenetic relationship

is illustrated by the discussion of D. viduata by Johnsgard (1978:19): “.
. . [it]

appears to be relatively isolated from the other species of Dendrocygna. Probably

its nearest, if not extremely close, relative is the black-bellied whistling duck [D.

autumnalis].” Capricious favoring of one suite of characters (often inadequately

described) over another source of evidence is exemplified by the following dis-

cussion by Johnsgard (1961#: 73): “Adult plumage patterns are of little value in

showing relationships in this genus [Dendrocygna], and it is of interest that two
species (D. guttata and D. arborea) which have outwardly similar adult plumages
are probably not at all closely related. Both are island species (<arborea West Indies,

guttata East Indies) which are allopatric with nearly all other whistling ducks, and
I believe that this dull, spotted adult plumage is a secondary, convergent, [sic]

derivation.”

This obfuscation of phylogenetic relationships within Dendrocygna has been
worsened by two traditional methods of taxonomic inference. The first is the

grouping of species by symplesiomorphy, in which the presence of a primitive

character (i.e., the absence of a derived character) is used as a grouping criterion,

leading to the recognition of paraphyletic or polyphyletic taxa (Wiley, 1981). The
shared retention of plesiomorphies was the primary justification for the inclusion

ofDendrocygna with the geese and swans in the same subfamily by Delacour and
Mayr (1945), Delacour (1954), and Johnsgard (1965, 1978). An example of a

symplesiomorphically defined group within Dendrocygna is the placing of D.

guttata with D. eytoni by Delacour (1954) and followed, at least by adjacent

placements in sequence of species, by Johnsgard (1961#, 1965, 1978, 1979). The
second major misleading practice has been the idea that simple distinctness or

phenetic differences (typically the accumulation ofautapomorphies) indicates dis-

tant relationship to other species under study. An example ofthis kind ofinference
in Dendrocygna is the adjacent, terminal sequencing by Delacour (1954:29-30)
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of three species considered to be “more isolated”— Z>. javanica, D. viduata, and
D. autumnalis—an instance exacerbated by the additional implication (perhaps

unintended) that mutually unique divergences somehow phylogenetically unite

these species.

Fossil Radiations and “Missing” Lineages. —Weak support for the monophyly
of the Dendrocygninae and poor resolution of phylogenetic relationships within

Dendrocygna may reflect, in part, the absence by extinction of analytically im-
portant, transitional lineages in the group. The likelihood that modem members
of the Dendrocygninae represent but a small vestige of a past radiation of species

is suggested also by the geographical distribution and diversity of fossil ducks of

comparable grade (Wetmore, 1924; Miller, 1944; Brodkorb, 1964; Howard, 1964;

Livezey and Martin, 1988). Unfortunately, inclusion of these forms in the present

analysis is not feasible given the heavy use of characters of the integument, char-

acters which are not available for study in fossil species.

Reproductive Isolation. — Although interspecific hybridization is known among
species of Dendrocygna , there are no confirmed records of hybridization between
members of the genus and those of any other in the Anatidae (Johnsgard, 1960b,

1963; Scherer and Hilsberg, 1982). Moreover, most interspecific hybrids within

Dendrocygna involved captive birds and undetermined fertility of offspring

(Johnsgard, 1 960b). Traditionally, the absence ofinterfertility has been interpreted

as the adaptive product of selection against interspecific hybridization and as

evidence of distant phylogenetic relationship (Sibley, 1957; Johnsgard, 1960Z?,

1963; Scherer and Hilsberg, 1982). Even if the phylogenetic interpretation is

assumed to be valid, inferences concerning phylogenetic relationships are not

possible in a group like the Dendrocygninae, in which interspecific hybridization

is rare or nonexistent for most or all members. Alternatively, reproductive iso-

lation can be interpreted as the accumulation of genetic, karyotypic, behavioral,

or morphological factors that deter mating and successful reproduction (Livezey,

1991). Viewed in this way, such incompatibilities would be expected to arise in

comparatively ancient, conspicuously autapomorphic lineages such as those that

compose the Dendrocygninae; whether such “barriers” were the subject of natural

selection against hybridization cannot be assessed, at least not in this taxonomic
group.

Evolutionary Patterns

Sexual Dimorphism.— Like the screamers (Anhimidae), Magpie Goose (An-

seranatidae), geese and swans (Anserinae), and the Freckled Duck (Stictonettinae),

the Dendrocygninae retain the plesiomorphy of sexual monochromatism with a

single molt and plumage per annual cycle (Delacour, 1954, 1959; Johnsgard, 1 962;

Kear, 1970). In addition, the Dendrocygninae lack any significant sexual size

dimorphism; examination of mean body masses (Livezey and Humphrey, 1984)

in the context of the generic phylogenetic tree presented by Livezey (1986) in-

dicates that this character also is probably primitive for the Anatidae. This re-

tention of plesiomorphies obviates any discussion of the possible selective ad-

vantages of sexual dimorphism in the Dendrocygninae (Sibley, 1957;

Sigurjonsdottir, 1981; Scott and Clutton-Brock, 1989).

Social Behavior. — Species ofDendrocygna are nearly identical in precopulatory

and postcopulatory displays and share a number of behavioral characteristics

(Johnsgard, 1961a, 1962): precopulatory “head-dipping,” mutual postcopulatory

displays, the absence of a true “triumph ceremony,” highly developed aggressive
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behavior, “head-back” and “head-low-and-forward” threat postures, and flight-

intention movements consisting of lateral head-shaking. Thalassornis shares a

number ofthese behavioral characters with Dendrocygna (Johnsgard, 1 967, 1 978),

but the absence of polarities for these behavioral characters renders a phylogenetic

interpretation problematic. Detailed ethological data are not available for several

species of Dendrocygna, precluding a phylogenetic assessment of potentially in-

formative interspecific differences in voice and relative frequencies of threat dis-

plays noted by Johnsgard (1961a). Given that Anseranas and the Anserinae reach

sexual maturity at 2-3 years ofage (Kear, 1 970), it seems likely that the attainment

of sexual maturity at one year ofage in the Dendrocygninae is a derived condition,

one possibly related in part to reduced body size.

Parameters ofReproduction. —The pervasive primitiveness of the Dendrocyg-
ninae also characterizes a number of reproductive parameters, including monog-
amy, protracted pair-bonds, and participation by males in nest construction and
brood-rearing and (at least in some species) incubation (Delacour and Mayr, 1945;

Delacour, 1954, 1959; Johnsgard, 1961a, 1962, 1965, 1978; Weller, 19646; Kear,

1970; Murton and Kear, 1975; Scott and Clutton-Brock, 1989). Like most Anat-

idae, most or all members of the Dendrocygninae participate in intraspecific and
interspecific nest parasitism, another evidently primitive habit (Eadie et al., 1988;

Rohwer and Freeman, 1989). However, formation of brood amalgamations or

creches, a behavior of undetermined polarity in the Anatidae, has not been re-

ported for Dendrocygna or Thalassornis (Eadie et al., 1988).

The entire Dendrocygninae are united by several pronounced, evidently derived

ecomorphological attributes, including a decrease in body mass, an increase in

clutch size, and a decrease in egg mass (Fig. 4). Considered together, however, a

distinctly different evolutionary pattern in relative investment in reproduction in

the Dendrocygninae emerges, in which a variable and modest increase charac-

terizes the subfamily generally, and Thalassornis attains a marked, autapomorphic
extreme (Fig. 4). Preferred nest sites and perching habit show less clear evolu-

tionary patterns (Fig. 4); in both attributes, however, the present phylogenetic

hypothesis indicates that cavity-nesting and terrestrial roosting are the apomor-
phic states in the Dendrocygninae, and that both have been derived independently

more than once within Dendrocygna.

Foraging and Activity Patterns. — Both Dendrocygna and Thalassornis are pri-

marily vegetarian in feeding habit, a presumably primitive condition shared with

the Anhimidae, Anseranas, the Anserinae, and most other Anatidae (Delacour,

1954, 1959; Johnsgard, 1978; McNeil et al., 1992). Species of Dendrocygna gen-

erally employ surface feeding and upending to reach their food, although members
of all species occasionally dive (Weller, 1964a; Johnsgard, 1978; McNeil et al.,

1992). Comparatively heavy reliance on diving during foraging, evidently a re-

peatedly derived condition in the Anatidae (Johnsgard, 1962; Livezey, 1986), is

hypothesized here to have evolved three times independently in the Dendrocyg-
ninae (Fig. 4). Frequency ofdiving may be associated with interspecific differences

in relative foot size within Dendrocygna (Rylander and Bolen, 1970; Bolen and
Rylander, 1974, 1983; Siegfried, 1973). Moreover, reliance on diving, with con-

comitant morphological specialization for underwater propulsion (Woolfenden,

1961; Raikow, 1971; Livezey, 1986), underlies many of the autapomorphies in

Thalassornis (Fig. 1). Many of the diving-related skeletal apomorphies in Thal-

assornis are convergent with those of diving ducks in other tribes of the Anatidae,

especially the Oxyurini (Livezey, 1986; Faith, 1989). A derived trend toward



84 Annals of Carnegie Museum vol. 64

crepuscular and nocturnal activity also characterizes the Dendrocygninae (Fig. 4),

with a majority of the species of Dendrocygna best described as nocturnal (De-

lacour, 1954, 1959; Johnsgard, 1978; McNeil et al., 1992). Possible selective

advantages of nocturnal foraging in the vegetarian, largely tropical Dendrocyg-
ninae are not obvious, but avoidance of high temperatures and diurnal predators

are among the most plausible candidates (McNeil et al., 1992). Any proximate
explanation of noctumality in Dendrocygninae should take into account the re-

versal to predominantly diurnal activity shown by D. arcuata (Fig. 4).

Biogeography

Distributional Patterns. —The phylogenetic relationships for the Dendrocygni-
nae (Fig. 1) indicates a biogeographical pattern not explainable by a simple hy-

pothesis of historical vicariance (Delacour, 1954, 1959; Weller, 1964d; Bolen and
Rylander, 1983). The subfamily is almost completely limited to a circumglobal,

equatorial band, and member species are strictly tropical and subtropical in hab-

itat. Seven ofnine species are limited in distribution to single, variably overlapping

geographical regions within this equatorial belt. Dendrocygna bicolor and D. vi-

duata, however, are distributed in two or more disjunct continental areas and are

extensively sympatric in South America and Africa; the transatlantic distribution

of D. viduata prompted Sclater (1864) to speculate erroneously that the species

had been introduced into the Neotropics from Africa by slavers. Within the

subfamily (Fig. 1), few clear biogeographic patterns can be discerned. The sister-

species D. viduata and D. autumnalis both occur (at least in part) in South America,
and perhaps can be characterized as sharing an “Atlantic” distribution. The re-

maining six species of Dendrocygna, with the exception of the West Indian D.

arborea, share variably overlapping distributions in India, Indonesia, New Guin-
ea, and Australia. Within this larger clade, the sister-species D. arcuata and D.

javanica occupy virtually parapatric distributions, being sympatric only in Java
and southern Borneo.

Biogeography and Perceived Relationships. — In light of the antiquity of the

Dendrocygninae, the vagility ofmost waterfowl, and evidence for dispersal-related

partitioning of lineages in Dendrocygna and other Anseriformes, assumptions
concerning vicariance events and likely distributions of suspected sister-species

in the group may be misleading. Unfortunately, geographical distributions have
been used to infer phylogenetic relationships among selected species of Dendro-
cygna, and these interpretations have been made in sharply contradictory ways.

For example, Johnsgard (1978:15) cited “their nonoverlapping distributions” as

evidence supporting a close relationship between D. bicolor and D. arcuata, ap-

parently assuming that sister-species should be allopatric. However, Johnsgard

(1978: 1 7) later judged that D. javanica probably had “somewhat closer affinities”

with D. arcuata than with D. bicolor in part because of the close proximity of the

distributional ranges of D. javanica and D. arcuata.

Tropical Habitats and Anseriform Origins.—The geographical distributions of

the basal lineages of Anseriformes (e.g., Anhimidae, Anseranas, Cnemiornis, Cor-

eopsis, Coscoroba, and Stictonetta ), as well as the southern distributions of most
members of the Dendrocygninae, indicate a southern-hemispheric origin of the

Anseriformes (Livezey, 1986, 1989). Northern hemisphere distributions of fossil

species related to the Dendrocygninae, however, necessitate caution in the nar-

rower hypothesis ofsouthern-hemispheric origins ofthe Dendrocygninae (Livezey

and Martin, 1988). The confinement of the Dendrocygninae to tropical and sub-
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tropical zones (Weller, 1 964c), together with the tropical habitats ofthe Anhimidae
and Anseranas, suggest the additional hypothesis that early Anseriformes were

not only southern but tropical in distribution (Murton and Kear, 1975). Support

for this idea must await a critical phylogenetic analysis of several northern-hemi-

spheric fossils considered by some to represent basal Anseriformes or transitional

forms related to the Anseriformes, including Romainvillia, Paranyroca, Pres-

byornis, and as yet undescribed, screamer-like birds from the western United

States (Brodkorb, 1964; Howard, 1964; Livezey, 1986; Olson and Feduccia, 1980;

P. Houde, in preparation).
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Appendix 1

Character Descriptions

Characters analyzed as unordered unless indicated otherwise. Plesiomorphous
state is designated “a” unless indicated otherwise in boldface. Osteological char-

acters based on those of Livezey (1986) are identified parenthetically. Consistency

indices (Cl) for characters in the shortest tree (Fig. 1 , 2) follow each description.

Asterisks indicate characters ofundetermined polarity. Anatomical nomenclature
follows Baumel (1979), Lucas (1979), and Baumel and Witmer (1993).

Skeleton

1 . Os prefrontale, processus orbitalis: (a) terminates only slightly posterior to

anterior margin of orbit; (b) extends posteriorly, typically fused to processus

postorbitalis of squamosal by tendo ossificans, forming arcus suborbitalis (Fig. 5;

Shufeldt, 1914; Schioler, 1926). (Livezey, 1986:character 10, revised.) Cl = 1.00.

2. Sternum, corpus stemi, facies visceralis stemi, foramen pneumaticum: (a)

open, ovoid; (b) absent. (Livezey, 1986:character 78, revised.) Cl = 1.00.

3. Humerus, extremitas distalis humeri, tuberculum supracondylare ventrale:

(a) prominent, coplanar with corpus humeri, facies cranialis; (b) prominent, angled

distally. (Livezey, 1986:character 26.) Cl = LOO.
4. Humerus, extremitas proximalis humeri, incisura capitis: (a) short, oriented
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Fig. 5.— Dorsolateral view of cranium and maxilla of Dendrocygna autumnalis (KUMNH 37725),

showing generic synapomorphy of arcus suborbitalis (character 1).

proximodistally; (b) long, extended ventrally, undercutting caput humeri. (Live-

zey, 1986:character 23.) Cl = 1.00.

5. Humerus, extremitas proximalis humeri, tuberculum ventrale: (a) proximal,

exposing fossa pneumotricipitalis in caudal view; (b) distal, largely concealing

fossa pneumotricipitalis in caudal view. (Livezey, 1986:character 27.) Cl = 1.00.

6. Humerus, extremitas proximalis humeri, fossa pneumotricipitalis, foramen
pneumaticum: (a) present, highly pneumatic; (b) completely occluded. (Livezey,

1986:character 28, revised.) Cl = 1.00.

7. Humerus, extremitas proximalis humeri, tuberculum dorsale: (a) not prom-
inent, impressio m. supracoracoidei sloping with crista pectoralis, facies caudalis;

(b) prominent, impressio m. supracoracoidei raised from crista pectoralis, facies

caudalis by “buttress.” (Livezey, 1986:character 32, revised.) Cl = 1.00.

8. Pelvis, ala ilii, medial fusion with synsacrum, crista dorsalis, relative to

acetabula: (a) cranial; (b) opposite. (Livezey, 1986:character 119, revised.) Cl =
1 .00 .

9. Femur, extremitas proximalis femoris, trochanter femoris, cranial promi-
nence relative to craniocaudal depth of caput femoris: (a) substantially greater;

(b) equal. (Livezey, 198 6 [character 52.) Cl = 1.00.

10. Femur, corpus femoris, craniocaudal curvature (lateral perspective): (a)

absent; (b) moderate. (Livezey, 1986:character 55, revised.) Cl = 1.00.

1 1 . Tibiotarsus, extremitas distalis tibiotarsi, condylus medialis, cranial prom-
inence relative to condylus lateralis: (a) greater; (b) equal. (Livezey, 1986:character

64.) Cl =1.00.
1 2. Tibiotarsus, extremitas proximalis tibiotarsi, crista cnemialis cranialis, dis-

tinct ridge continuing on corpus tibiotarsis, facies cranialis distal to terminus of

crista fibularis: (a) absent; (b) present. (Livezey, 1986:character 65.) Cl = 1.00.



90 Annals of Carnegie Museum vol. 64

Trachea

Syrinx

Bronchi

I CM

M. cleidotrachealis

Cartilagines troche ales

-— M. tracheolateralis

M. sternotra chea I i s

Fenestra
tracheosyringea Ms

—Membrana
tr acheosyringealis

Tympanum

Foramen
interbronchiale

Li ga me n t u m

interbronchiale

Fig. 6. —Trachea of Dendrocygna viduata, female (USNM 227118), ventral view of caudal segment,

showing generic synapomorphy of fenestra tracheosyringealis (character 14).

13. Tarsometatarsus, corpus tarsometatarsi, facies dorsalis, margo medialis,

dorsal prominence relative to margo lateralis: (a) essentially equal; (b) significantly

less, associated with pronounced torsion of corpus around long axis. (Livezey,

1986:character 75, revised.) Cl = 1.00.
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Fig. 7. —Symmetrically enlarged bulla syringealis (character 1 5) ofDendrocygna arcuata, male (KUMNH
85349): A— dorsal view; B— ventral view.

Trachea and Syrinx

14. Trachea, fenestra et membrana tracheosyringealis ventralis (females): (a)

absent; (b) present (Fig. 6). Cl = 1.00.

15. Syrinx, tympanum, symmetrical inflation without fenestrae (males): (a)

absent; (b) present (Fig. 7). (Livezey, 1986:character 6, revised.) Cl = 1.00.

Natal Plumage {Fig. 8 , 9)

(Dusky breast band intraspecifically

variable, excluded [Fig. 8].)

16. Ground color: (a) yellow; (b) whitish. Cl = 1.00.

17. Scapular and rump spots: (a) present; (b) absent. Cl = 1.00.

18. Scapular and rump spots: (a) separate; (b) confluent; (x) noncomparable.
Cl - 0.50.

19. Pale suborbital stripe (ordered): (a) terminating at dark nape; (b) ventrally

displaced by broad orbital stripe, separated dorsally by narrow nuchal stripe; (c)

meeting across nape. Cl = 1.00. (State for Thalassornis [Fig. 9] problematic; see

character 23 and text.)

20. Pale supraorbital stripe: (a) broad; (b) narrow or absent. Cl = 0.50.

21. General dorsal color: (a) sharply darker than ventrum; (b) pale. Cl = 1.00.

22. Contrastingly dusky thighs: (a) absent; (b) present. Cl = 1 .00.

23. Broad dark stripe from base of nape to auricular region: (a) absent; (b)

present. Cl = 1.00. (State for Thalassornis [Fig. 9] problematic; see character 19

and text.)

Definitive Plumage and Soft Parts

24. Leg, ground color: (a) black or gray {guttata with reddish mottling); (b) flesh

(in juveniles and adults); (c) deep pink (adults only). Cl = 1 .00.

25. Sides and flanks: (a) feathers not having white medial stripe and dark
margins; (b) feathers with white medial stripe and dark margins (tending to tri-
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Fig. 9.— Natal pattern of Thalassornis leuconotus (AMNH 410826), lateral view (see characters 16-

23).

lobate shape in arborea ); (c) feathers with three white, semielliptical medial spots.

Cl -1.00.
26. Wing, upper lesser coverts: (a) not chestnut; (b) chestnut, extensive; (c)

chestnut, comparatively restricted. Cl - 1.00.

27. Contrasting rump patches or band: (a) absent; (b) present, spotted, variably

complete; (c) present, broad, complete; (d) present, medially divided. Cl - 1 .00.

28. Feathers of sides and flanks, chestnut ventral margins: (a) absent; (b) pres-

ent. Cl - 0.50.

29. Lower breast and belly, distinct tawny color: (a) absent; (b) present. Cl -
1 .00 .

30. Breast, golden-olive cast, variably distinct from ventrum: (a) absent; (b)

present. Cl - 1.00.

3 1 . Belly, flanks, undertail coverts: (a) not black; (b) black throughout, variably

mottled with white {autumnalis) or black medially (viduata). Cl = 1 .00.

32. Upper back, chestnut color: (a) absent; (b) present (nominate autumnalis
comparatively extensive). Cl = 1.00.

33. Blurred, whitish marks (typically two) on feathers of lower neck, breast:

(a) absent; (b) present. Cl = 1.00.

34. Base of bill: (a) colored like rest of bill; (b) contrastingly flesh-colored. Cl
- 1 .00 .

35. Broad, black-and-chestnut barring on belly, sides: (a) absent; (b) present.

Cl -1.00.
36. Entirely fulvous ventrum: (a) absent; (b) present. Cl = 1.00.

37. Blackish spotting on breast, upper belly: (a) absent; (b) present. Cl = 1.00.

38. Rump band (if present): (a) white; (b) chestnut. Cl - 1.00.

39. Contrastingly white crown, face, throat: (a) absent; (b) present. Cl = 1.00.
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40. Ground color of bill: (a) dark gray; (b) pink (with grayish mottling); (c)

bright red. Cl = 1 .00.

4 1 . Greater upper coverts of primary and secondary remiges, contrasting pale

stripe: (a) absent; (b) present, white (autumnalis) or pale gray (arborea). Cl = 0.50.

42. Dorsal wing coverts, sharp black spotting: (a) absent; (b) present. Cl = 1 .00.

43. Distinct wash of chestnut across lower neck: (a) absent; (b) present. Cl =
1 .00 .

44. Pale subterminal band of maxilla: (a) absent; (b) present. Cl = 1 .00.

45. Dark craniocaudal striations on side of neck: (a) absent; (b) present. Cl =
1 .00 .

46. Iris color: (a) dark brown; (b) yellow. Cl = 1.00.

47. Contrastingly pale eye ring: (a) absent; (b) present, inconspicuous, buffy;

(c) present, conspicuous, white. Cl = 1 .00.

48. Dark nuchal stripe: (a) absent; (b) present from crown to mantle (compar-
atively spotted in Thalassornis); (c) present, but markedly narrowing caudally

(arcuata) or truncated at occiput (javanica ). Cl = 1.00.

49. Nuchal stripe (if present), caudal segment: (a) distinctly darker than mantle;

(b) not distinctly darker than mantle. Cl = 0.33.

50. Dark breast band: (a) absent; (b) present, spotted and diffuse; (c) present,

distinct. Cl = 1.00.

51. Feathers of dorsum with pale terminal margins: (a) absent; (b) present

(Thalassornis also having subterminal brown bar; Dendrocygna autumnalis weak).

Cl - 1.00.

52. LJndertail coverts, ground color*: (a) white; (b) brownish; (c) black. Cl =
0.67.

53. Black, bilateral spotting on undertail coverts: (a) absent; (b) present. Cl =

0.50.

54. Face, ground color: (a) variably brownish; (b) distinctly gray (comparatively

restricted in arborea ); (x) noncomparable. Cl = 0.50.

55. Sides and flanks, narrow black-and-white barring: (a) absent; (b) present.

Cl = 1.00.

56. Undertail coverts, broad, black transverse barring: (a) absent; (b) present.

Note— In Thalassornis, feathers interpreted as dark brown with white bars. Cl =
1.00.

57. Elongated plumes of flanks (if present), tips: (a) rounded; (b) pointed. Cl
= 0.50.

58. Plumage of body, feathers dark brown transversely marked with 2-3 vari-

ably broad, sometimes medially incomplete bars of buff: (a) absent; (b) present.

Cl -1.00.
59. Mentum, contrastingly black: (a) absent; (b) present. Cl = 1.00.

60. Small, lateral white patches at sides of bill: (a) absent; (b) present. Cl -
1.00.

61. Lower back, contrasting white patch: (a) absent; (b) present. Cl = 1.00.

62. Rectrices, shape: (a) broad, comparatively rounded; (b) narrow, pointed.

Cl =1.00.
63. Hallux, cutaneous lobation: (a) absent; (b) present. Cl = 1.00.

64. Face, orange-buff coloration with black spotting: (a) absent; (b) present. Cl
= 1 .00 .

65. Dertrum, broad, thick, and strongly hooked: (a) absent; (b) present. Cl =
1.00.
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66. Webbing between pedal digits: (a) complete; (b) moderately incised. Cl =
1 .00 .

67. Claws on pedal digits: (a) comparatively short; (b) comparatively long. Cl
= 0.50.

68. Hallux, relative length: (a) not great, hallux barely extending to bases of

other digits; (b) great, hallux extending beyond bases of other digits (javanica

comparatively short). Cl = 1.00.

Mapped Attributes (Primitive States in Boldface)

A. Mean body mass (g; ordered): (a) <600; (b) 600=800; (c) 800-1200; (d)

> 1200 .

B. Mean clutch size (ordered): (a) <8; (b) 8-10; (c) > 10.

C. Mean egg mass (g; ordered): (a) <40; (b) 40-50; (c) 50-100; (d) >100.
D. Relative clutch mass (percentage of mean female body mass; ordered): (a)

40-50; (b) 50-60; (c) 60-70; (d) 70-80; (e) >80.
E. Preferred nest site (ordered): (a) terrestrial; (b) variable; (c) cavity.

F. Perching habit: (a) developed; (b) not developed.

G. Diving habit (ordered): (a) absent; (b) moderate; (c) pronounced.

H. Period of activity (ordered): (a) diurnal; (b) crepuscular; (c) nocturnal.
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Appendix 2

Data Matrix

Matrix of 68 morphological characters (described in Appendix 1) used in the phylogenetic analysis

of the Dendrocygninae, rooted using a hypothetical ancestor, followed by eight attributes mapped a
posteriori (lettered A-H). Skeletal characters are labelled “si” to “si 3,” tracheal characters “tl” to

“t2,” natal characters “nl” to “n8,” and those of definitive integument “dl” to “d45.” States are

coded as lowercase letters, and question marks signify undetermined states.

Character

1 2 3 4 5 6 7 8 9 10 li 12 13 14 15 16 17 18 19
Taxon si s2 s3 s4 s5 s6 s7 s8 s9 slO sll s 1

2

s 1

3

tl t2 ni n2 n3 n4

1 Ancestor a a a a a a a a a a a a a a a a a a a

2 T. leuconotus a b b b b b b b b b b b b a a a a a b
3 D. viduata b a a a a a a a a a a a a b b a a a c

4 D. autumnalis b a a a a a a a a a a a a b b a a a c

5 D. eytoni b a a a a a a a a a a a a b b b a b c

6 D. bicolor b a a a a a a a a a a a a b b b a a c

7 D. guttata b a a a a a a a a a a a a b b b a b c

8 D. arborea b a a a a a a a a a a a a b b b a a c

9 D. arcuata b a a a a a a a a a a a a b b b b ? c

10 D. javanica b a a a a a a a a a a a a b b b a a c

Character

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
Taxon n5 n6 n7 n8 dl d2 d3 d4 d5 d6 d7 d8 d9 dlO dll d 1

2

d 1

3

dl4 d 1

5

1 Ancestor a a a a a a a a a a a a a a a a a a a

2 T. leuconotus b a a a a a a a a a a a a a a a a a a

3 D. viduata a a a b a a c a a a a b b a a a a a a

4 D. autumnalis a a a b c a a a a a a c b a a a a a a

5 D. eytoni a a a b b b a c a b b a a a a b a a a

6 D. bicolor b b a b a b a c b b b a a a a a b a a

7 D. guttata a a a b a c a b a a b a a b b a a a a

8 D. arborea a a a b a b a a a a b a a b a a a a a

9 D. arcuata a a b b a b b d b b b a a a a a a b a

10 D. javanica a a a b a b b d a b b a a a a a a a b

Character

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57
Taxon d 1

6

d 1

7

dl8 dl9 d20 d21 d22 d23 d24 d25 d26 d27 d28 d29 d30 d31 d32 d33 d34

1 Ancestor a a a a a a a a a a a a a ? a a a a a

2 T. leuconotus a a a a a a a a a b b a b b a a a a a

3 D. viduata b a a a b b a a a b a c b c a ? b a a

4 D. autumnalis a c b a b a a a c b a c b a b b a a a

5 D. eytoni a b a a a a a b a b b a b a a a a a b

6 D. bicolor a a a a a a b a a b a a b a a a a a b
7 D. guttata a a a a a a a a a b a b b a b b a b a

8 D. arborea a a b b a a a a a b a b b a b b a a a

9 D. arcuata a a a a a a a a a c a a b b a a a a b
10 D. javanica a a a a a a a a b c b a b b a a a a a

Character

58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76
Taxon d35 d36 d37 d38 d39 d40 d41 d42 d43 d44 d45 A B C D E F G H

1 Ancestor a a a a a a a a a a a d a d a a a a a

2 T. leuconotus b b b b b b b b a a a b b c e a b c b

3 D. viduata a a a a a a a a b b b b b a c a b b c

4 D. autumnalis a a a a a a a a b b b c c b d b a a c

5 D. eytoni a a a a a a a a b b b b c a a a b a c

6 D. bicolor a a a a a a a a b b b b b b d a b a c

7 D. guttata a a a a a a a a b b b b c b b c a ? b

8 D. arborea a a a a a a a a b b b c b b a b a a c

9 D. arcuata a a a a a a a a b b b b b a b a b b a

10 D. javanica a a a a a a a a b a b a b a c b a b b
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Appendix 3

Taxonomy of Dendrocygninae

Conventions for hyphenation and capitalization of English names follows Parkes

(1978). Tribe Thalassomithini replaces Subfamily Thlassomithinae Livezey, 1989,

an emendation of etymologically incorrect taxon Thalassominae Livezey, 1986.

Order Anseriformes (Wagler, 1831).

Suborder Anseres Wagler, 1831.

Family Anatidae Vigors, 1825.

Subfamily Dendrocygninae Reichenbach, “1850”. -Proto-ducks.

Tribe Dendrocygnini Delacour and Mayr, 1945.— Whistling-ducks.
Genus Dendrocygna Swainson, 1837.

Subgenus Lamprocygna (> Prosopocygna

)

Boetticher, 1949.

Dendrocygna viduata (Linnaeus, 1766). -White-faced Whistling-Duck.

Dendrocygna autumnalis (Linnaeus, 1758).— Black-bellied Whistling-Duck.

Subgenus Dendrocygna Swainson, 1837.

Infragenus Nesocygna (> Stagonocygna) Boetticher, 1949.

Dendrocygna guttata Schlegel, 1866.— Spotted Whistling-Duck.

Dendrocygna arborea (Linnaeus, 1758).—West Indian Whistling-Duck.

Infragenus Dendrocygna Swainson, 1837 (> Leptotarsus Eyton, 1838); sedis mutabilis.

Dendrocygna arcuata (Horsfield, 1824).— Wandering Whistling-Duck.

Dendrocygna javanica (Horsfield, 1821).— Lesser Whistling-Duck.
Dendrocygna eytoni (Eyton, 1838).— Plumed Whistling-Duck.

Dendrocygna bicolor (Vieillot, 1816).— Fulvous Whistling-Duck.

Tribe Thalassomithini, new taxon.

Genus Thalassornis Eyton, 1838.

Thalassornis leuconotus Eyton, 1838.— White-backed Duck.
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THE CRANIAL ANATOMY AND
RELATIONSHIPS OF THE SYNAPSID VARANOSAURUS
(EUPELYCOSAURIA: OPHIACODONTIDAE) FROM THE

EARLY PERMIAN OF TEXAS AND OKLAHOMA

David S Berman
Curator, Section of Vertebrate Paleontology

Robert R. Reisz 1

John R. Bolt2

Diane Scott 1

Abstract

The cranial anatomy of the Early Permian synapsid Varanosaurus is restudied on the basis of

previously described specimens from Texas, most importantly the holotype of the type species V.

acutirostris, and a recently discovered, excellently preserved specimen from Oklahoma. Cladistic

analysis of the Eupelycosauria, using a data matrix of 95 characters, provides the following hypothesis

of relationships of Varanosaurus : 1) Varanosaurus is a member of the family Ophiacodontidae; 2) of

the ophiacodontid genera included in the analysis, Varanosaurus and Ophiacodon share a more recent

common ancestor than either does with the more primitive Archaeothyris
;
and 3) a clade containing

the progressively more derived taxa Edaphosauridae, Haptodus, and Sphenacodontoidea (Sphena-

codontidae plus Therapsida), together with Varanopseidae and Caseasauria, are progressively more
distant outgroups or sister taxa to Ophiacodontidae. A revised diagnosis is given for Varanosaurus.

Introduction

Published accounts of the Early Permian synapsid Varanosaurus have been
limited almost entirely to rather briefdescriptions based on a few poorly preserved

and/or incomplete skeletons collected from the Lower Permian of north-central

Texas. The holotype of the type species Varanosaurus acutirostris was described

originally by Broili (1904) and consists of an incomplete articulated skeleton

(BSPHM 1901 XV 20), including most importantly the greater portion of the

skull, collected from the Arroyo Formation, Clear Fork Group. With further

preparation ofthe holotype, additional descriptions were provided by Broili (1914)
and Watson (19 14). A second specimen of V. acutirostris, collected from the same
beds as the holotype and consisting ofthe greater portion ofan articulated skeleton

(AMNH 4174) that includes a fragment ofthe skull, was described by Case (1910)
as Poecilospondylus francisi. Romer and Price (1940) later recognized P. francisi

as a junior synonym of V. acutirostris, noting that they differ only in the former
being about 20% larger in linear dimensions. A second species, V. wichitaensis,

based originally on only a pelvis (MCZ 1353) from the Belle Plains Formation

1 Erindale College, University of Toronto, Department of Zoology, 3359 Mississauga Road N., Mis-
sissauga, Ontario L5L 1C6, Canada.
2 Department of Geology, Field Museum of Natural History, Roosevelt Road at Lake Shore Drive,

Chicago, Illinois 60605.

Submitted 22 June 1 994.
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(Petrolia Formation of Hentz, 1988), Wichita Group, was described very briefly

by Romer (1937). Additional isolated postcranial elements from the same beds

as the holotype were referred to V. wichitaensis by Romer and Price (1940), who
distinguished it from the type species by its somewhat smaller size and earlier

occurrence. We suspect, however, that restudy of V. wichitaensis may require

synonymizing it with the type species (Reisz, 1986). A detailed description of the

axial skeleton of V acutirostris by Sumida (1989) has been the only restudy of

the anatomy of this animal since the monographic “Review of the Pelycosauria”

by Romer and Price (1940).

The focus of this study is the cranial anatomy of Varanosaurus, which in

previous studies was based almost exclusively on the holotype of V acutirostris.

Although Broili (1904, 1914) and Watson (1914) described the skull in some
detail, Romer and Price (1940) attempted the only restoration, largely using the

earlier studies with some information provided by a newly discovered snout

(FMNH UC 34) from the Arroyo Formation and the
“
Poecilospondylus” specimen

(AMNH 4174). Despite these descriptions there are large gaps in our understand-

ing of the cranial anatomy of Varanosaurus. The availability of a nearly complete
skull with an associated atlas-axis complex (FMNH PR 1760) collected by one
ofus (JRB) from the Lower Permian, Arroyo-equivalent beds in central Oklahoma
has provided much of the impetus for this study, as has extensive preparation of

the holotype of Varanosaurus acutirostris. We refer the Oklahoma specimen to

V. acutirostris.

The following acronyms are used to refer to the institutional repositories of

specimens: AMNH, American Museum of Natural History, New York; BSPHM,
Bayerische Staatssammlung fur Palaontologie und historische Geologic, Munich;
FMNH, Field Museum of Natural History, Chicago.

Key to abbreviations used in figures for anatomical structures: a, angular; ar,

articular; ati, atlantal intercentrum; atn, atlantal neural arch; atr, atlantal rib; as,

astragalus; ax, axis; axi, axial intercentrum; axr, axial rib; bo, basioccipital; ca,

calcaneum; co, coronoid; cp, cultriform process; d, dentary; e, ectopterygoid; ept,

epipterygoid; ex, exoccipital; f, frontal; h, hyoid; j, jugal; 1, lacrimal; m, maxilla;

n, nasal; op, opisthotic; p, parietal; pa, proatlas; pal, palatine; pf, postfrontal; ph,

phalanges; pm, premaxilla; po, postorbital; pp, postparietal; pra, prearticular; prf,

prefrontal; pro, prootic; ps, parasphenoid; pt, pterygoid; q, quadrate; qj, quadra-

tojugal; r3, third rib; s, stapes; sa, surangular; sm, septomaxilla; so, supraoccipital;

sp, splenial; sph, sphenethmoid; sq, squamosal; st, supratemporal; t, tabular; ta,

tarsus; v, vomer.

Systematic Paleontology

Order Synapsida Osborn 1903

Suborder Eupelycosauria Kemp 1982
Family Ophiacodontidae Nopsca 1923

Genus Varanosaurus Broili 1 904

Synonym.—Poecilospondylus Case 1910.

Type Species. — Varanosaurus acutirostris Broili 1904.

Revised Diagnosis. — Ophiacodontid synapsid distinguishable from other mem-
bers of the family by the following autapomorphic features: step-like lateral ex-

pansion of ventral margin of the anterior end of the maxilla in which the first 1

3

or 14 marginal teeth are implanted, with a marked increase in the posterior end
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of the expansion that encloses the canines; lateral and dorsal surfaces of snout

flat and separated by sharp ridge; dorsal process of premaxilla bifurcated; lateral

surface of septomaxilla small with partial facial exposure; lacrimal narrowly con-

tacts external naris; posterior process of jugal dorsoventrally narrow; middorsal

margin of the quadratojugal forms the lateral wall of a narrow, shallow, trough-

like channel that is bounded medially by the jugal and opens dorsally; as many
as 56 marginal maxillary teeth; bases of maxillary teeth, particularly the canini-

form and large midseries teeth, slightly compressed anteroposteriorly, giving them
an oval outline in cross section; caniniform teeth equal to or greater than twice

the length ofthe longest maxillary teeth; tabular does not extend ventrally to level

of ventral margin of supraoccipital and does not contact the opisthotic, so that

the posttemporal fenestra is open laterally; short, posteromedially-directed flange

of the quadrate ramus of the pterygoid, the postbasal process, forms the posterior

wall of a deep socket into which the basipterygoid process of the braincase fits;

cultriform process of parasphenoid extremely long, narrow, and low, and extends

anteriorly to approximately the level of the posterior border of the internal naris;

narrow margin along the dorsal border of the medial ascending lamina of anterior

ramus of pterygoid supports cultriform process of parasphenoid for nearly its

entire length; mandibular symphysis formed only by dentary; dorsal process of

stapes projects at nearly a right angle from the shaft, and its distal end contacts

the anteroventral (internal) surface of the tabular; swollen neural arches; alter-

nation of neural spine height of presacral vertebrae.

Varanosaurus acutirostris Broili 1904, p. 71

Synonym.—Poecilospondylus francisi Case 1910, p. 183.

Diagnosis. —As for genus.

Holotype.—BSPHM 1901 XV 20, an incomplete articulated skeleton that in-

cludes greater part of skull.

Horizon and Locality. —Arroyo Formation, Clear Fork Group, Lower Permian
of the Craddock Bonebed, Craddock Ranch, north of Seymour, Baylor County,

Texas.

Referred Specimens.—AMNH 4174, holotype of Poecilospondylus francisi, greater portion of artic-

ulated skeleton that includes a fragment of the skull from the Arroyo Formation, Clear Fork Group,
Lower Permian of Coffee Creek, Baylor County, Texas; FMNH UR 34, portion of snout from same
horizon and locality as that for AMNH 4174; FMNH PR 1760, nearly complete skull with atlas-axis

complex attached from the Wellington Formation (Lower Permian), SW‘/4 sec. 19, T3N, R1E, Garvin
County, Oklahoma (South Pauls Valley Locality of Olson, 1967).

Description

General. —The reconstruction of the skull of Varanosaurus shown in Fig. 1-3

is based on the nearly complete, well-preserved skulls BSPHM 1 90 1 XV 20 (Fig.

4-9) and FMNH PR 1760 (Fig. 10-15). Being able to cross check between the

two skulls has greatly enhanced the accuracy of the reconstruction. Study of their

palates, however, is greatly hindered by the closely attached mandibles. This

problem was partially resolved through the use of CAT (computerized axial to-

mography) scans of BSPHM 1901 XV 20. The partial snout of FMNH UR 34
has been particularly important in interpreting the structure of the internal naris

and the anterior end of the palate. The posterior portion of the lower jaw is

preserved only in FMNH PR 1760. It has been possible to reconstruct the entire
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B

C

Fig. 1 .— Reconstruction of Varanosaurus acutirostris. A, skull in lateral view; lower jaw in B, lateral,

and C, medial views. Scale = 1 cm.

lateral surface of the lower jaw and all but the region of the adductor fossa of the

medial surface.

The skull is long, low, and narrow. The antorbital region is particularly long,

with the distance from the level of the anterior border of the orbit to the tip of

the snout measuring about two and one-fourth times as long as the distance from
the level of the posterior border of the orbit to the posteroventral comer of the

skull. In lateral view the dorsal margin of the skull is slightly concave between
the levels of the posterior margin of the external naris and the midlength of the

orbit. More posteriorly it slopes gradually ventrally to the occipital margin. The
ventral margin of the skull is slightly convex from the tip of the snout to the level

of the postorbital bar, with the remaining posterior portion curving slightly ven-

trally. The external naris is divided into two openings by the septomaxilla. A
larger anterior orifice, undoubtedly the tme external naris, is subcircular in outline,

whereas the posterior orifice, whose function is uncertain, has roughly the outline

of a right triangle, with the hypotenuse forming the posteroventral margin. The
posterior orifice is undoubtedly an expansion of the septomaxillary foramen seen

in some pelycosaurs (Romer and Price, 1940) and therapsids (Wible et al., 1990).

The orbit appears subcircular in lateral view, with some flattening of the dorsal

rim. The flattening is due to the fact that most of the dorsal half of the orbit

extends into the nearly horizontal skull table and therefore faces dorsally. As is

typical of synapsids, a lateral temporal fenestra is located directly behind the orbit
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Fig. 2.— Reconstruction of the skull of Varanosaurus acutirostris in A, ventral (palatal), and B, dorsal

views. Right lower jaw attached in A. Scale = 1 cm.

and is bordered by the postorbital, squamosal, and jugal. The opening, which is

relatively small compared to those of most other synapsids, has the outline of a

right triangle with rounded comers, and with the hypotenuse being posteroventral.

On both sides of the skull of FMNH PR 1760 there is a small, very narrow,

elliptical opening posteroventral to the true temporal fenestra and along the squa-

mosal-jugal suture. A similar opening occurs occasionally in Ophiacodon (Romer
and Price, 1 940).

In dorsal view the outline of the skull is narrowly triangular, tapering steadily

anteriorly from its widest point at the level of the occiput to its narrowest point

at about midlength of the nasal bone. At this point there is an abrupt expansion

of the snout due to a shelf-like, lateral expansion of the ventral margin of the

maxilla. More anteriorly the snout narrows very slightly to its bluntly rounded
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Fig. 3.— Reconstruction ofthe skull of Varanosaurus acutirostris with lowerjaws attached in A, anterior,

and B, posterior (occipital) views. Scale = 1 cm.

tip. The dorsal skull table is nearly flat in transverse section from the occipital

margin to within a very short distance of the snout tip. Anterior to the orbits the

dorsal table and lateral cheek regions ofthe skull meet in a thickened, right-angled

comer that becomes more pronounced posteriorly as it forms a slightly laterally

jutting ridge. The ridge meets a low, ridge-like thickening of the orbital margin
to produce a shallow, preorbital depression or pocket that includes the ventral,

laterally facing portion of the prefrontal and the adjoining margin of the lacrimal.

The orbits appear as sharply and deeply incised, semicircular notches in the lateral

margins of the skull table. Antorbitally the skull table narrows quickly to about
midlength of the nasals, then continues little changed. The ventral posterolateral

comers of the skull extend only a short distance beyond the level of the occipital

condyle.

The lateral margins of the palate are obscured by the attached lower jaws in

BSPHM 1901 XV 20 and FMNH PR 1760, but far less so in the latter. Some of

the palatal sutures in FMNH PR 1 760 remain obscured by a thin veneer ofmatrix

that could not be removed without loss of the shagreen of teeth that cover much
of the palate. The internal nares are very narrow, but greatly elongated antero-

posteriorly, with a width-to-length ratio of about 0.06.

The occipital surface of the skull is moderately concave and inclined strongly

anterodorsally at approximately 45°. In both BSPHM 1901 XV 20 and FMNH
PR 1760 the region of the foramen magnum is partially obscured by the attached

atlas-axis complex.
The lower jaw is very shallow in lateral view. The tooth-bearing margin is only

very slightly concave, and the coronoid eminence is very low, rising only slightly

above the level of the jaw joint facet of the articular. The ventral margin of the

jaw forms an essentially unbroken, very slightly convex curve except for a marked
upturn a short distance from its posterior end. A horizontally elongate oval man-
dibular foramen opens on the lateral surface of the jaw at the intersection of the

dentary, angular, and surangular. A much smaller opening, the Meckelian fenestra,

is present on the medial surface of the jaw on the angular-prearticular suture a

short distance behind its intersection with the posterior margin of the splenial.

Skull Roof.—The small, lightly built premaxilla possesses, or has spaces for,

six teeth. Its narrow maxillary process, forming the ventral border of the anterior

orifice ofthe external naris, has a long, overlapping contact with the medial surface

of the premaxillary process of the maxilla. The dorsal surface of the premaxilla
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is extremely long and narrow, and its basal portion borders the anterior dorsal

half of the anterior narial orifice. The distal portion, which is complete only in

BSPHM 1901 XV 20, divides into two splinter-like processes, the lateral one

being longer, that overlap the nasal for a considerable distance.

Although none ofthe specimens has a complete premaxillary dentition, the size

relationships of the teeth can be determined. The first three teeth are the largest

of the series and are subequal in size, the fourth and fifth are subequal in size and
noticeably smaller, and the sixth is smaller still. For the greater part of their basal

length the teeth are slightly compressed mediolaterally and have a rather constant

narrow diameter, giving them an elongate, somewhat columnar appearance. The
tips are sharply pointed and curved weakly posteromedially. Although the pre-

maxillary teeth are too poorly preserved to determine the presence of fore and
aft cutting edges, these are demonstrable in the few well-preserved maxillary and
dentary teeth.

The septomaxillae are well preserved and in their proper position in BSPHM
1901 XV 20; only the right is present in FMNH PR 1760, but it is incompletely

developed and has been displaced so as to be exposed on the ventral margin of

the naris with its medial surface facing laterally and its vertical axis horizontal.

The septomaxilla is basically a vertical, triangular sheet of bone that extends

anteromedially. Its base rests on the premaxillary-maxillary suture laterally, but

solely on the premaxilla medially, as it extends to nearly the midline of the skull.

The medial expansion ofthe septomaxilla is probably homologous with the medial

transverse shelf identified in pelycosaurs and therapsids and believed to have
formed a partial roof for the anterior portion of Jacobson’s organ (Romer and
Price, 1940; Wible et al., 1990). The dorsal apex or process of the septomaxilla

overlaps slightly the ventral lateral margin of the nasal and is narrowly separated

from the lacrimal. The external edge or surface of the septomaxilla is narrow,

slightly concave, and unsculptured near its ventral end, whereas dorsally it grad-

ually widens and its sculptured surface presumably indicates a facial exposure.

The anterolateral surface ofthe septomaxilla is concave due to a lip-like expansion
of its base. Just above and near the lateral end of the expanded base the bone is

pierced by a short, anteroposterior canal, the septomaxillary canal, which Wible
et al. (1990) believed carried branches of the superior labial nerve and artery. The
posterior orifice of the external naris, identified as the septomaxillary foramen,

is enlarged in Varanosaurus compared to other Permo-Carboniferous synapsids.

Several functions have been attributed to this opening, the most recent interpre-

tation being that the infraorbital nerve and artery may have passed through it

(Wible et al., 1990).

The nasal is relatively long, forming slightly over 50% of the midline length of

the skull roof and having a length approximately 60% longer than that of the

frontal. The greater portion ofthe nasal is exposed on the skull table, but a narrow,

lateral portion is directed in an abrupt right angle ventrally onto the cheek region.

The nasals diminish little in width anteriorly, where they end by not only having
a deeply penetrating exposure between the dorsal processes of the premaxillae,

but also extending along their lateral margin to form the posterodorsal and an-

terodorsal borders of the true external naris and the septomaxillary foramen,
respectively. The frontals are exposed entirely on the skull table. They are basically

subrectangular, the main exceptions being a broad encroachment at their posterior

midline union by the paired parietals and a minor incisement of their lateral

margins by the orbit. From its contribution to the orbit the anterior extension or

process of the frontal is roughly three times that of the posterior extension or
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Fig. 4.- - Varanosaurus acutirostris, holotype, BSPHM 190 XV 20. Lateral views of skull with attached

partial lower jaws. Scale as in Fig. 5.

process. The parietal is short, having a midline length equal to its transverse

width, and nearly reaches the lateral margin ofthe skull table. The occipital margin
is slightly concave, with the posterolateral comer of the bone being drawn out

into a narrow, wing-like process that underlies approximately the anterior half of

the supratemporal. An extremely narrow exposure of the lateral margin of the

posterolateral wing of the parietal extends between the supratemporal and post-

orbital to contact the squamosal. The pineal foramen is large and positioned near

the occipital border; the lip of its margin is not raised. The paired postparietals

form a roughly trapezoidal plate which is restricted to the occiput.

The prefrontal forms the entire anterodorsal margin of the orbit as a thickened,

rounded rim. The ventral end of its orbital margin continues for a short distance

as a narrow, ventral process along the anterior wall of the orbit and medial to the

external orbital margin ofthe lacrimal. An abrupt right angle bend sharply divides

the prefrontal longitudinally into a dorsal table and a lateral cheek exposure. Its
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Fig. 5.— Illustrations of Varanosaurus acutirostris, holotype, BSPHM 190 XV 20 as seen in Fig. 4.

Scale = 1 cm.

dorsal table component contacts the lateral margin of the frontal, then tapers

laterally for most of its remaining anterior length as it extends between the nasal

and lacrimal. Anteriorly the prefrontal ends in a short, nearly vertical contact

with the nasal on the lateral surface of the skull. External exposure of the post-

frontal is restricted to the skull table and has roughly the outline of an equilateral

triangle. Its entire anterolateral margin forms the posterodorsal rim of the orbit,

whereas its straight medial margin contacts the frontal except for possibly a small

contact with the parietal at its posterior end. Nearly the entire posterior margin
of the postfrontal contacts the parietal, ending medially in a posteriorly-directed,

spike-like projection. The extreme lateral end of the posterior margin of the

postfrontal contacts the postorbital. The postfrontal extends a short distance pos-

teroventrally from the anterior margin of its contribution to the posterodorsal

orbital rim to form the dorsal end of a transversely broad, posterior wall of the
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Fig. 6.— Varanosaurus acutirostris, holotype, BSPHM 190 XV 20. A, dorsal, and B, ventral (palatal)

views of skull with attached partial lower jaws. Scale as in Fig. 7.

orbit. The postorbital is roughly triradiate in lateral view, forming the dorsal half

ofthe posterior orbital rim and most ofthe dorsal margin ofthe temporal fenestra.

The short, stout anterodorsal process contacts the postfrontal, the ventral post-

orbital process has a long anteroventrally oblique contact with the jugal, and the

distal end of the posterior process has a broad contact with the squamosal. The
posterior process, which has a very narrow exposure along the lateral margin of

the skull table, is separated narrowly from the supratemporal by the parietal. A
narrow flange projects medially from the internal surface of the ventral process

just posterior to the orbital margin to form the central portion of a posterior

orbital wall.

In keeping with the general profile of the skull the maxilla is very low, with a

height equal to about 1 5% of its length. The ventral margin is slightly convex,

and the dorsal lamina reaches a greatest height a short distance anterior to its
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Fig. 7.— Illustrations of Varanosaurus acutirostris, holotype, BSPHM 190 XV 20 as seen in Fig. 6.

Scale = 1 cm.

midlength and well posterior to the level ofthe caniniform tooth pair. The maxilla

terminates anteriorly in the formation ofthe posterior border ofthe septomaxillary

foramen, and in the premaxillary process that extends below the septomaxilla but

does not reach the true external naris. The maxilla has approximately 55 teeth

and tooth spaces. The ventral margin of the lateral surface of the anterior end of

the maxilla exhibits a step-like expansion in which the first 1 4 teeth, ending with

the noticeably larger or caniniform tooth pair, are implanted. For most of its

length the lateral expansion ofthe maxilla is weakly developed and is pronounced
only at its posterior end, where it accommodates the caniniform tooth pair. The
precaniniform teeth exhibit a steady decrease in size anteriorly. The anterior eight

postcaniniform teeth are slightly smaller than the last precaniniform tooth, fol-

lowed by about eight teeth of subequal size that are slightly larger than the last

precaniniform tooth, and the remainder of the series decreases gradually poste-

riorly. Tooth morphology is like that of the premaxillary teeth. For much of their



110 Annals of Carnegie Museum vol. 64

Fig. 8.— Varanosaurus acutirostris, holotype, BSPHM 190 XV 20. Skull in posterior (occipital) view.

Scale as in Fig. 9.

basal length they are rather slender with a nearly constant diameter and slightly

compressed anteroposteriorly, giving them a somewhat columnar appearance.

The sharply pointed tips of the teeth are weakly curved posteriorly. The absence

of portions ofthe left dentary, lacrimal, and nasal ofthe snout fragment ofFMNH
UC 34 allows some description of the supracanine buttress on the medial surface

of the maxilla. The supracanine buttress is well developed as a medially and
dorsally rounded swelling of the alveolar shelf that extends between the levels of

the caniniform tooth pair and about the fourth or fifth precanine tooth. The
buttress increases in size posteriorly, and the posterior end of its dorsal surface

extends dorsally as a narrow, vertical ridge, referred to as the dorsal ascending

process, on the medial surface of the dorsal lamina of the maxilla. The ascending

process is broadly rounded in horizontal section and thus is not set off sharply

from the medial surface of the maxilla; it appears not to reach the dorsal margin
of the maxilla.

The lacrimal is exceptionally long and narrow. From its small contribution to

the orbit it expands immediately for a short distance anteriorly, then gradually

narrows as it extends to its very small contribution to the posterior dorsal margin
of the expanded septomaxillary foramen. The lacrimal exhibits a pronounced,

step-like thickening near the orbital margin of its medial surface. The thickening,

which is partially exposed in medial view ofthe right lacrimal in FMNH PR 1760
(Fig. 10, 11), has the outline of a crescent with the ends rounded and the concave

margin directed anteriorly; matrix obscures the medial surface of the lacrimal

anterior to the orbital thickening. The dorsal halfofthe crescent-shaped thickening

is continuous posteriorly with the ventral orbital process of the prefrontal that

extends along the anterior wall of the orbit and medial to the orbital margin of

Fig. 9.— Illustration of Varanosaurus acutirostris, holotype, BSPHM 190 XV 20 as seen in Fig. 8.

Scale = 1 cm.
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the lacrimal. The posteroventral margin ofthe ventral halfofthe medial thickening

of the lacrimal (not visible in Fig. 10, 11) undoubtedly corresponds in position

to the lacrimal-jugal contact. In FMNH PR 1760 matrix obscures the medial

surface of the right lacrimal anterior to its orbital thickening.

The triradiate jugal has an extensive lateral exposure. A wide suborbital process

forms the entire ventral orbital margin, then quickly tapers ventrally to form a

short, spike-like anteroventral projection. The suborbital process narrowly enters

the ventral margin of the skull, preventing a maxillary-quadratojugal contact.

The postorbital process reaches only a short distance dorsally between the orbit

and temporal fenestra, forming approximately the ventral half of the postorbital

bar and ending in a posterodorsally oblique suture with the postorbital. A long,

narrow posterior process ofthejugal extends posteriorly beyond the ventral margin

of the temporal fenestra and between the squamosal and quadratojugal. It tapers

posteroventrally to a sharp point, and forms the ventral margin of the small,

narrow, secondary lower temporal opening bordered dorsally by the squamosal.

A medial flange recessed slightly from just below the level of the orbital rim at

the base of the postorbital process of the jugal forms a large ventral portion of

the posterior wall of the orbit. The medial orbital flange, best seen in FMNH PR
1760 (Fig. 12A, 13A), is continuous posterodorsally with that of the postorbital.

A narrow notch separates the lateral edge of the anterior end of the medial orbital

flange from the medial surface of the jugal proper.

The quadratojugals are present only in FMNH PR 1760, where they are well

preserved. The quadratojugal has the general form of a slender horizontal band
that extends for its entire length along the ventral margin of the skull. The dorsal

margin of its posterior end has a semicircular expansion that overlaps the squa-

mosal and quadrate, whereas anteriorly it tapers ventrally to a sharply pointed,

wedge-shaped process. The central portion of the quadratojugal bows outward
slightly so as to diverge dorsally slightly from the dorsomedially sloping plane of

the cheek. As a result, the quadratojugal forms the lateral wall ofa narrow, shallow,

trough-like channel that opens dorsally and is bounded medially by the jugal. The
lateral lip of the channel is slightly thickened and smoothly rounded. As deter-

mined from the right cheek, the channel is floored by the quadratojugal posteriorly

and the jugal anteriorly. The squamosals are fragmentary in BSPHM XV 20, but

essentially complete in FMNH PR 1760. They form the entire posterior margin
of the temporal fenestra, from which they extend posteriorly, expanding gradually

ventrally, to reach the occipital margin ofthe cheek. The entire dorsal and posterior

margins ofthe squamosal, including a long, narrow anterior extension overlapped

by the posterior process of the postorbital, bend abruptly medially to form a

narrow occipital flange. The medial surface of the squamosal in the region of the
posterior margin of the cheek contacts the posterodorsal edge of the quadrate
ramus ofthe pterygoid. The occipital flange ofthis portion ofthe squamosal wraps
around the posterior edge of the quadrate ramus of the pterygoid and is in turn

overlapped externally by the supratemporal and tabular. The remaining ventral

portion of the occipital flange of the squamosal wraps around the posterior edge
of the quadrate and is entirely visible in posterior view. Both the quadrate and
the quadrate ramus of the pterygoid, therefore, support the occipital margin of
the cheek. The splint-like supratemporal is pointed at both ends, but its posterior

half appears to be slightly wider. The anterior half of the bone is seated in a

shallow groove on the end of the posterolateral wing of the parietal, whereas the

posterior half angles ventrally to overlap the squamosal.
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Fig. 10.— Varanosaurus acutirostris, FMNH PR 1760. Lateral views of skull with attached lower jaws.

Scale as in Fig. 1 1

.

The tabulars are present in both skulls BSPHM XV 20 and FMNH PR 1760,

but details of their morphology are best preserved in the latter. The tabular

occupies the dorsolateral comer of the occipital surface of the skull, and its nearly

flat surface faces posteriorly, dorsally, and medially. Dorsolaterally the tabular

contacts the medial margins of the posterolateral wing of the parietal and the

central portion of the supratemporal. A short, rectangular, medial portion of the

tabular contacts the entire lateral margin of the postparietal. At the lateral edge

of its free posteroventral margin there is a deep, dorsally arching, semicircular

notch, the lateral border of which is extended by the distal end of the supratem-
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poral. There is considerable thickening of the tabular toward its medial contact

with the supraoccipital. The tabular does not extend ventrally below the supraoc-

cipital and, therefore, does not contact the opisthotic. As a result, the posttemporal

fenestra is not closed laterally.

Palate.—The structure of the vomer and the internal naris is best seen in the

partial snout FMNH UC 34. In this specimen the very narrow vomer widens
gradually posteriorly to about three times its anterior width, as it forms all but a

small anterior portion of the medial margin of the internal naris. The slightly

concave, lateral narial margin of the vomer turns abruptly dorsally to form a low
flange with a smoothly rounded rim which attains a greatest height of about 1.3
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Fig. 12.— Varanosaurus acutirostris, FMNH PR 1760. A, dorsal, and B, ventral (palatal) views of skull

with attached lower jaws. Scale as in Fig. 13.

mm near its posterior end. A small, posteriorly-directed vomerine process of the

premaxilla completes the anterior end of the medial margin of the internal naris.

It is not possible to determine precisely the sutural relationships between the

vomer and palatine. It appears, however, that the palatine had a very narrow
contact with the posterior end of the lateral margin of the vomer on the border

of the internal naris. A single row of small teeth supported by a low ridge lies

close to and parallel with the medial margin of the ventral surface of at least the

posterior half of the vomer. Close to and parallel with the medial edge of the

dorsal surface ofthe vomer is a vertical, ascending flange, that reaches a maximum
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Fig. 13.— Illustration of Varanosaurus acutirostris FMNH PR 1760 as seen in Fig. 12. Scale = 1 cm.

height of about 3.3 mm. Clasped between approximately the posterior third of

the ascending flanges of the paired vomers are the distal ends of the anterior rami
of the pterygoids.

Although paired palatines are present in both skulls, only the right in FMNH
FR 1760 is exposed partially in dorsal and ventral views. The exposed posterior

portion of the palatine can be clearly defined in ventral view. It obviously had a

narrow, anteriorly tapering, band-like exposure along the lateral margin of the

palate between the ectopterygoid and the posterior border of the internal naris.

The actual medial extent of its width is greatly reduced in ventral view by an
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Fig. 14.— Varanosaurus acutirostris, FMNH PR 1760. Skull in posterior (occipital) view. Scale as in

Fig. 15.

extensive overlap of the pterygoid. The palatine-ectopterygoid contact appears

to angle posteromedially. Anteriorly the palatine overlaps dorsally the vomer for

a short distance. The ectopterygoids are present in both skulls, but only those of

the right side are well exposed in ventral view. In outline they are narrowly

trapezoidal, with the medial and lateral margins being nearly parallel. The pos-

terior and medial margins meet at nearly a right angle that is deeply incised into

the lateral margin of the pterygoid. Approximately the posterior half of the lateral

margin appears to enter the border ofthe subtemporal fenestra, with the remaining

anterior portion contacting the medial surface of the alveolar shelf of the maxilla.

Both the palatine and ectopterygoid lack teeth.

The pterygoids are essentially complete in both BSPHM XV 20 and FMNH
PR 1760, although not all aspects of their structure are visible; only very small

portions of the anterior ends are present in FMNH UR 34. The pterygoid is of

the standard primitive amniote form, consisting of an anterior (palatal) ramus,

transverse flange, and posterior quadrate ramus. From the level of the posterior

margin of the ectopterygoid the anterior ramus dominates the palatal surface as

a long rectangular band that narrows very slightly anteriorly. Although the course

of the pterygoid-vomer contact on the palatal surface is indeterminate, it is likely

that the pterygoid did not reach the internal narial border. The very small in-

terpterygoid vacuity has the outline of a narrow spade. Anterior to the interpter-

ygoid vacuity the medial edge of the anterior ramus quickly expands dorsally into

Fig. 15.— Illustration of Varanosaurus acutirostris, FMNH PR 1760 as seen in Fig. 14. Scale = 1 cm.
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a nearly vertical ascending lamina. In FMNH PR 1760 the ascending lamina

reaches its approximate maximum height of nearly 7 mm about 1 cm from its

posterior end. The paired ascending laminae of the pterygoids unite with one

another except for a very narrow portion along their dorsal borders which are

reflected dorsolaterally so as to form a V-shaped trough that supports the base of

the cultriform process of the braincase. In FMNH PR 1760 the medial ascending

lamina of the pterygoid is exposed to about the level of the thirteenth postcanine

tooth and undoubtedly continued further anteriorly. This is indicated in FMNH
UR 34, where the medial ascending laminae end abruptly anteriorly at about the

level of the fourth postcanine and the posterior margin of the internal naris. Here
the laminae are clasped together between the dorsal ascending flanges of the

vomers. This is well beyond the palatal exposure of the anterior ramus of the

pterygoid, and as a result the anterior end of the medial ascending lamina must
have had the appearance of a short, anteriorly-directed process. As best exem-
plified in FMNH PR 1760, the posterior end ofthe interpterygoid vacuity is closed

on either side of the midline by a small, stout, triangular flange-like process

(referred to here as the basal process) that projects posteromedially to nearly reach

its mate. The basal process is twisted slightly about its long axis so that its superior

surface, on which the basipterygoid process of the braincase articulates, faces

posterodorsally; this arrangement prevents ventral movement of the braincase

relative to the palate. Because the epipterygoid is not visible, its role in this joint

is unknown.
The transverse flange of the pterygoid is quite massive and extends ventrally

well below the level of the ventral rim of the skull. Its posterior margin lies at

the level ofthe basipterygoid articulation. The quadrate ramus extends posteriorly

and slightly laterally as a thin, nearly vertical lamina to form the medial boundary
of the subtemporal fenestra. It does not quite reach the dorsal process of the

quadrate, although presumably it was in contact with the medial surface of an
anterior extension of the quadrate. Anteriorly the quadrate ramus produces a

short, posteromedially-directed flange just posterior to the basipterygoid process.

This flange, which may be called the postbasal process, forms the posterior wall

ofa deep socket into which the basipterygoid process fits and would have prevented

posterior movement of the braincase relative to the palate.

In FMNH PR 1 760 very small teeth, mainly tooth bases, measuring about 0.06

mm in diameter, are distributed over most of the palatal ramus except for two
edentulous areas, a narrow anteroposterior strip near the medial margin and a

triangular region anterior to the transverse process. All that remains of the teeth

of the transverse flange are the bases in FMNH PR 1760. Each flange supported

a single row of about ten teeth, which gradually increase in size medially and
whose bases tend to be anteroposteriorly oval.

Braincase.—The exoccipitals and basioccipital remain as distinct bones. The
exoccipitals are partially exposed in both BSPHM XV 20, and FMNH PR 1760.

They are very much like those ofother Permo-Carboniferous synapsids, bounding
all but the dorsal margin of the foramen magnum. Their expanded ventral bases

meet to form the floor of the foramen, whereas a short intermediate, vertical

pillar-like section and a dorsal wing-like portion that angles medially form the

lateral margins. The exoccipitals are separated narrowly from one another dorsally,

where the foramen magnum exhibits a moderately deep, semicircular, notch-like

incisure into the supraoccipital. Neither the small openings for cranial nerve XII,

located typically on the lateral surface ofthe basioccipital, nor the jugular foramen
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for cranial nerves IX-XI, positioned on the exoccipital-opisthotic suture, can be
discerned. The articular surface of the condyle is hidden from posterior view by
the atlas-axis complex in both skulls. Ventrally the basioccipital is covered by
the parasphenoid anterior to the neck of the condyle, except for a short, wide,

midline projection onto the base of the neck. Anterior to the neck the lateral

surface of the basioccipital flares abruptly laterally to form the posteromedial

margin of the fenestra ovalis.

The thick, massive supraoccipital is well preserved and distinct from the op-

isthotics in both skulls. As exposed on the occiput it extends outward and slightly

forward from the midline as broad, slightly arched, wing-like expansions. At its

ventrolateral comer it forms the medial wall and ventral floor ofthe small, notch-

like posttemporal fenestra, separating the ventromedial comer of the tabular and
the dorsal margin of the paroccipital process of the opisthotic. The dorsolateral

margin of the supraoccipital does not extend beyond the medial margin of the

fenestra, and therefore can be considered to lack a lateral process. On the other

hand, the supraoccipital does form the ventral floor of the posttemporal fenestra,

as its contact with the opisthotic extends along the ventromedial lip ofthe fenestra.

The supraoccipital continues a short distance anterodorsally beneath the post-

parietals. In occipital view the paroccipital process of the opisthotic is very short,

extending barely, if at all, beyond the small posttemporal fenestra and terminating

well short of the quadrate. The process is, however, very thick anteroposteriorly.

Its proximal contact with the supraoccipital is a dorsolaterally straight line which
extends to the ventromedial margin of the posttemporal fenestra.

Much of the dorsal portion of the prootics are exposed in BSPHM XV 20, but

not visible in any of the figures given here. The prootics form the greater portion

of the lateral walls of the braincase, with the dorsal margin steadily expanding in

height posteriorly so that the dorsal portion of their posterior margin contacts the

supraoccipital and tabular. Near the anterior end of the smoothly rounded dorsal

margin a small semicircular notch marks the exit of the trigeminal nerve (V).

Anteriorly the prootics converge slightly before ending in an anterodorsal contact

with the processi sellares of the basisphenoids, with their lateral surfaces being

smoothly continuous.

The fused basisphenoid and parasphenoid, the basiparasphenoid complex, is

well preserved in both skulls, but each is exposed in differing aspects. The anterior

cultriform process is well exposed in dorsal view in FMNH PR 1760, where it

extends for a considerable distance anteriorly, apparently nearly reaching the level

of the posterior border of the internal naris. For most of its length the cultriform

process in FMNH PR 1760 is extremely narrow, with a V-shaped cross-sectional

structure that becomes somewhat U-shaped anteriorly. In BSPHM XV 20 the

lateral walls of the process are relatively much higher, and the trough-like midline

groove between them supports the ventral edge of the sphenethmoid. The bas-

ipterygoid processes are well preserved in FMNH PR 1760, where they appear

as stout, subrectangular plugs that project ventrolaterally and slightly anteriorly

and have a slightly convex articular facet on their distal surface. Posterior to the

basipterygoid processes the basiparasphenoid expands greatly laterally. In ventral

view the lateral borders of the expansion are dominated by well-developed cristae

ventrolaterales. These broadly triangular crests taper anteriorly to a narrow ridge

and merge to form a concave posteromedial border between them. The wide,

deeply depressed, triangular area separating the cristae even undercuts them slight-

ly posteriorly. A short distance posterior to the union of the cristae there is an
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abrupt, transverse, dorsalward step-like increase in the depth of the depressed

area between them. In this region the parasphenoid is very thin and applied to

the basioccipital as closely spaced, longitudinal striae.

The basiparasphenoid complex is partially exposed in dorsal view in BSPHM
XY 20. The basisphenoid appears to be the sole contributor to the formation of

the dorsum sellae. High, well-developed processi sellares ofthe basisphenoid form
the lateral walls of a deep, smoothly finished, hemispherical depression of the

retractor pit for the origin ofthe retractor bulbi and bursalis muscles. The anterior

margins of the processi sellares form smoothly rounded, pillar-like structures that

thicken slightly as they slope posterodorsally and slightly laterally to contact the

prootics. Posteriorly the internal walls of the processes curve abruptly medially

to form a continuous wall that is the dorsum sellae proper. This structure separates

the anterior retractor pit from the posterior cranial cavity. The dorsum sellae in

Varanosaurus closely approximates that in the varanopseid Aerosaurus (Langston

and Reisz, 1981), but contrasts with that in Dimetrodon and possibly other early

synapsids, where it is formed mainly, if not entirely, by the prootics (Romer and
Price, 1 940). The floor of the retractor pit is divided by a weak, longitudinal ridge

that becomes more pronounced posteriorly, as it extends onto the anterior surface

of the dorsum sellae.

The sphenethmoid is present as an ossified element in BSPHM XY 20, where
it is positioned in the dorsal midline channel of the cultriform process. Except

for lacking a small portion along its posterior margin it is undoubtedly complete,

although only a portion of its posterior lateral surface is exposed.

Stapes. —The stapes are complete in BSPHM XV 20 and FMNH PR 1760, but

only in the latter do both stapes appear to be undistorted and in their original

positions. In BSPHM XV 20 the cheek + suspensorium has been laterally com-
pressed, and both stapes with it. In consequence, little of the left stapes is visible

except for part of the shaft; the right stapes is exposed in mostly posteromedial

view. Its head is approximately in natural position, but the shaft has been bent

posteriorly and medially. The Varanosaurus stapes closely resembles that of

Ophiacodon (Romer and Price, 1940; Lombard and Bolt, 1988), although it is

relatively smaller than the Ophiacodon stapes, particularly the length of the shaft.

The large footplate is roughly oval, narrower ventrally, and more broadly rounded
dorsally. The shaft is compressed strongly anteroposteriorly, and is slightly thicker

ventrally than dorsally. The posterior opening of the stapedial canal is on the

ventral margin ofthe shaft and adjacent to the head. The shaft runs ventrolaterally

and posteriorly to reach the quadrate. In FMNH PR 1760 it lies in a vertical

plane that is at about 45° to the sagittal plane. The distal end of the shaft fits into

a distinct recess in the medial surface of the quadrate just dorsal to the condyle,

but falls short of the floor of the recess, suggesting a possible cartilaginous con-

tinuation. A large dorsal process arises from the dorsal surface of the stapedial

shaft just distal to the footplate and separated from it by a broadly rounded
incisure. The dorsal process is markedly compressed, some 4 mm in anteropos-

terior extent, and appears to terminate in a slight expansion like that in Ophia-
codon. With the stapes in natural position the dorsal process lies in an approxi-

mately parasagittal plane; its posterior edge runs nearly straight dorsoventrally

and stands at a right angle to the upper border of the shaft. The dorsal process

clearly contacts the underside of the tabular, just lateral to the tabular-supraoc-

cipital contact. The inner surface ofthe tabular forms a thick boss along its contact

with the dorsal process. This contact between the tabular and the dorsal process
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in Varanosaurus was very short. Even assuming a cartilaginous continuation, the

paroccipital process could not have extended laterally very far beyond the ossified

portion seen in both BSPHM XV 20 and FMNH PR 1760.

Mandible. —The dentary is exposed essentially only on the lateral surface of the

jaw, where it is the dominant element, occupying about 75% of the mandibular
length. It is very slender and bowed broadly ventrally, and tapers gradually an-

teriorly to a very narrow symphysis. The posterior end forms the anterior half of

the external mandibular foramen. Here the dorsal margin ofthe dentary continues

a short distance posterodorsally in a shallow groove on the lateral surface of the

surangular as a short, spike-like process that fails to reach the dorsal margin of

the low coronoid eminence. Only in BSPHM XV 20 can the number ofthe dentary

teeth be roughly estimated, where they are partially obscured by the upper jaw
dentition. The dentary has 60 or slightly more tooth positions, and the teeth

appear to have the same morphology as those of the upper jaw, but show little

size variation. The series apparently reaches its greatest height at about its mid-
length and decreases slightly more toward the posterior than the anterior end of

the series, with the first four or five being slightly smaller than the largest teeth

of the series.

The angular has a large, horizontally oval exposure on the posteroventral angle

ofthe lateral surface ofthe jaw. Anteriorly it forms the posterior halfofthe ventral

margin of the external mandibular foramen before continuing a short distance

farther beneath the dentary as it tapers to the ventral margin of the jaw. Posterior

to the foramen the entire dorsal margin of the angular contacts the surangular. It

has a short, spike-like, posterodorsally-directed end that overlaps the lateral sur-

face of the articular. The surangular forms the low, flat coronoid eminence which
diminishes anteriorly as a short spike-like extension. It covers the posterior cor-

onoid laterally except for a very narrow exposure of the latter along the anterior

margin of the coronoid eminence. The narrow, rounded posterior end of the

surangular angles upward as it overlaps the lateral margin of the articular. Only
a very narrow margin of the posterodorsal end of the articular is visible in lateral

view.

The splenial is the dominant element of the jaw in medial view, covering

essentially its anterior half. As its posterior end tapers to the ventral margin of

the jaw, it first contacts the narrow anterior end of the posterior coronoid, then

broadly contacts the prearticular and angular. Although the anteriormost end of

the splenial is not visible, it appears to have closely approached but not entered

the jaw symphysis. From its lateral exposure the angular wraps around the ventral

margin of the jaw in a sharp, modest keel, where it forms a narrow band along

its posteroventral angle. The long, nearly straight contact with the prearticular

dorsally is interrupted near its anterior end by the small inframandibular foramen.

There is no development of the ventral keel of the angular into a reflected lamina,

as seen in certain early synapsids. The long, narrow prearticular forms the broadly

concave ventral border of the adductor fossa, then continues anteriorly to wedge
sharply between the posterior coronoid and splenial. Near its posterior end the

prearticular expands dorsally into a broadly triangular flange that curves medially

to underlie the articular. Varanosaurus presumably possessed two coronoids, as

do all early synapsids where this component is known, but only the posterior

coronoid is visible in the specimens at hand. The anterior coronoid is typically

a long, thin element that extends along the central portion of the medial surface

ofthe alveolar shelfofthe dentary. The posterior coronoid extends a short distance
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along the posterior end of the medial surface of the alveolar shelf to the anterior

margin of the adductor fossa. It then continues posterodorsally as a narrow strip

that overlaps the medial surface of the surangular along the anterior margin of

the coronoid eminence.

The articulars are present only in FMNH PR 1760, but little can be said about
them because the lowerjaws are tightly joined to the skull. There is a small, poorly

defined retroarticular process which is supported by the angular and surangular,

and the cotylus for the quadrate faces dorsally and possibly slightly medially.

Phylogenetic Relationships

Until recently, the classification and interrelationships ofPermo-Carboniferous
synapsids presented by Romer and Price (1940) and Romer (1956) were widely

accepted. Using explicitly cladistic methods of analysis, Reisz (1980) and Brink-

man and Eberth (1983) presented hypotheses of relationships of Permo-Carbon-
iferous synapsids that, although somewhat different from one another, radically

altered earlier phylogenies. Differences between these two analyses were later

resolved by Reisz (1986) and Reisz et al. (1992). These analyses, however, left

the familial assignment of Varanosaurus unsettled. Romer and Price (1940) dealt

extensively with Varanosaurus in their review of Permo-Carboniferous synapsids

and resolved many of the taxonomic and phylogenetic problems associated with

this genus: Poecilospondylus, based on a partial skeleton described by Case (1910),

was recognized as a junior synonym of Varanosaurus
;
Varanops brevirostris, in-

correctly assigned originally by Williston (1914) to Varanosaurus

,

was placed in

a distinct new family, Varanopseidae; Varanosaurus, Clepsydrops, and Ophia-
codon were united in the family Ophiacodontidae, and a strong similarity was
recognized between Varanosaurus and Ophiacodon, particularly in the skull. Rom-
er and Price (1940:22) also emphasized the importance of Varanosaurus as a

“primitive pelycosaur,” viewing it as a primitive representative of the “ophia-

codontoid assemblage.” Although aware of its many cranial similarities to Ophia-
codon, in his review of this group Reisz (1986) placed Varanosaurus in Synapsida

incertae sedis, arguing that the distinctive vertebral structure ofthe swollen neural

arches, and differences in the atlas-axis complex and the tarsus makes assignment

to Ophiacodontidae questionable. However, after a detailed restudy of the axial

skeleton of Varanosaurus, Sumida (1989:457) concluded that there exist strong

enough similarities to “argue for some relationship between Varanosaurus and
ophiacodonts, but determination of the degree of such a relationship cannot be

evaluated solely on the basis of vertebral structures described here.”

The present redescription ofthe cranial anatomy of Varanosaurus has prompted
us to reconsider the phylogenetic relationships ofthis genus. In light ofour current

knowledge of Permo-Carboniferous synapsids, the following terminal taxa have
been chosen as most suitable for standard cladistic analysis:

Suborder Caseasauria. —The eothyridid Eothyris, a small synapsid represented

by a single, nearly complete skull, and the caseid Cotylorhynchus, a large herbiv-

orous synapsid represented by several skeletons, have been used to infer the

ancestral condition for this taxon. Specimens of these taxa were restudied by one
ofus(RR).
Family Varanopseidae.—Mycterosaurus and Aerosaurus, most recently de-

scribed by Berman and Reisz (1982) and Langston and Reisz (1981), respectively,

have been used to infer the ancestral condition for this family.

Family Edaphosauridae. —The ancestral condition of this family is inferred on
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the basis of lanthasaurus and Edaphosaurus, which have been described most
recently by Modesto and Reisz (1990) and Modesto (1991), respectively.

Haptodus gamettensis.—This species was recently redescribed by Laurin (1993)

and has been included because of its importance among Permo-Carboniferous
synapsids, as it is considered to be the sister taxon to Sphenacodontoidea (Reisz

etal, 1992).

Superfamily Sphenacodontoidea. — Sphenacodon, Dimetrodon, and Biarmosu-
chus have been used to infer the ancestral condition for this synapsid group (Reisz

etal., 1992).

Ophiacodon and Archaeothyris.—These ophiacodontid genera have been in-

cluded in this analysis not only because they have been cited as close relatives of

Varanosaurus, but also because their skeletons are relatively well known. Ar-

chaeothyris has been described by Reisz (1972, 1975), and, although Ophiacodon
has been described in great detail by Romer and Price (1940), excellent, recently

collected specimens of Ophiacodon from New Mexico and Texas were also avail-

able for this study. Other ophiacodontids, such as Clepsydrops, Stereorhachis, and
Stereophallodon are represented by fragmentary skeletal remains and are too

poorly known to be useful in the present analysis.

For the purpose of the present phylogenetic analysis of the above taxa, 95

osteological characters or features were used (Appendix 1). The majority of these

characters have been employed in previous synapsid studies (Gauthier et al., 1988;

Reisz, 1986; Reisz et al., 1992), but new characters have also been included,

mainly as a result of the present study of Varanosaurus and its nearest relatives.

The data matrix (Appendix 2) that includes these characters was subjected to the

branch and bound algorithm ofPAUP 3.0, which guarantees to find all the most
parsimonious trees. The analysis was performed on a Macintosh II SI, using the

Macintosh version of PAUP 3.0 (Swofford, 1989). In this analysis the trees were
rooted using the outgroup method, and the character-state optimization employed
was delayed transformation (DELTRAN). The character states were left unor-

dered. Only one most parsimonious tree was found (Fig. 1 6), having a tree length

of 1 58 steps and an overall consistency index of0.785 (0.7 1 7 when uninformative

characters were excluded). The results of the analysis indicate that Archaeothyris,

Ophiacodon, and Varanosaurus form a clade, here designated as the Family Ophia-
codontidae, and that Ophiacodon and Varanosaurus share a more recent common
ancestor than either does with Archaeothyris. In addition, Edaphosauridae, Hap-
todus, and Sphenacodontoidea also form a clade. The latter clade, together with

Varanopseidae and Caseasauria, are outgroups or progressively more distant sister

taxa to Ophiacodontidae. The shared derived characters, or synapomorphies, used

to distinguish taxa and to determine relationships among them are indicated by
an Arabic number enclosed in square parentheses; a character number preceded

by a minus sign indicates that it is a reversal. Some patterns of synapomorphy,
when analyzed, were determined to be ambiguous in that more than one trans-

formational series was equally parsimonious; in these instances the characters are

denoted by an asterisk after the character number. The character states are in-

dicated by parentheses bracketing Arabic numbers (0-3), denoting unordered

states.

The results of the analysis support the hypothesis that Varanosaurus forms a

clade with Ophiacodon and Archaeothyris, the Ophiacodontidae. This relationship

is supported by the following synapomorphies:

Antorbital region is elongate, at least twice as long as the postorbital region [2].
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Fig. 16.—Cladogram illustrating hypothesis of phylogenetic relationships of ophiacodontid synapsids.

Autapomorphies defining Node A: 8, 19, 22, 28, 29, 37(2), -38, 40, 45, 47, 49, 60, 72, 84, and 88;

Node B: 14, 27, 30*, 31*, 32*, 39(2), 42(2)*, 46(2)*, 51*, 61, 62, 63*, 73, 79*, 80*, 85*, 91, 96; Node
C: 3, 6(2)*, 12*, 20, 21, 33, 50, 56, 71, 75(2), 82, 92, 93, 95*; Ophiacodontidae: 2, 9, 33(2), 42*, 54,

55, 56(2), -69*, 74, 76, -89, -90*; Node D: 4, 6*, 12*, 16, 31*, -37, 44*, 46*, 51(2)*, 53*, 57*,

63*, 65, 67, 72*, 83*; Varanosaurus: 1, 5, 7(2), 17*, 26*, 36„ 38, 58, 68, 92. When the commonality
of a character is unknown because of missing data, the character has been placed in the smallest clade

in which it is found (DELTRAN optimization in PAUP) and, therefore, several characters could apply

to a more inclusive clade than suggested here. Ambiguous status of characters is noted by an asterisk

(*) and reversals by a negative sign (-). A derived state other than “1” is indicated in brackets (2).

All ophiacodontids exhibit a marked elongation of the snout. The antorbital

region, as measured from the anterior limit of the orbit to the end of the snout,

is at least twice the length ofthe postorbital region, as measured from the posterior

limit of the orbit to the posteroventral corner of the skull. All other taxa used in

this study have the inferred primitive condition, even though some genera (e.g.,

Dimetrodon and Sphenacodon) have elongated snouts.

Nasal is longer than frontal [9]. In all members of the ophiacodontid clade the

nasal bone is longer than the frontal (1). It is interesting, however, that this derived

condition is found not only in Archaeothyris, where the frontal shows the prim-
itive, unelongated condition, but also in Ophiacodon and Varanosaurus, where
both the frontal and nasal bones are elongated. The primitive condition of short,

subequal nasals and frontals (0) is found in all other taxa used in this study except

Sphenacodontoidea, where the nasal is significantly longer than the frontal. The
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analysis indicates that this derived condition must have evolved independently

in sphenacodontoids.

Maxillary supracanine buttress has ascending process [33]. The primitive con-

dition of no supracanine maxillary buttress (0) is seen in caseasaurians, varan-

opseids, and edaphosaurids. One of two derived conditions, the presence of a

buttress without an ascending process (1), distinguishes the clade of Haptodus
and sphenacodontoids. The second derived condition of a supracanine maxillary

buttress, an ascending process (2) that extends to, or nearly to, the dorsal limit

of the maxilla, is found in all members of the ophiacodontid clade. In Archae-

othyris and Varanosaurus the ascending process is a broadly rounded ridge that

is not set offsharply from the medial surface ofthe maxilla, whereas in Ophiacodon
the ascending process is a narrow, sharply defined ridge on the medial surface of

the maxilla.

Ventral margin ofpostorbital region of the skull is formed by slightly concave

quadratojugal [42*]. The ventral margin of the postorbital region of the skull is

nearly straight and formed by the quadratojugal (0) in caseasaurs and varanop-

seids, the inferred primitive state for synapsids, whereas in ophiacodontids this

portion of the ventral edge of the skull differs in exhibiting the derived condition

of being slightly concave (1). In edaphosaurids, Haptodus, and sphenacodontoids
the quadratojugal does not contribute to the ventral margin of the postorbital

region of the skull, and the ventral margin is strongly concave (2). This pattern

of distribution makes the derivation of this synapomorphy in ophiacodontids

ambiguous, since it is equally parsimonious to derive it from either state (0) or

(2).

Paroccipital process of opisthotic is short [54]. All known ophiacodontids have
short, knob-like paroccipital processes (1), whereas in all other synapsids used in

this study the process is well developed and long (0). The presence of a long

paroccipital process appears to be the primitive character state for synapsids, as

well as for other Permo-Carboniferous reptiliomorph and amniote taxa. It is not

understood why ophiacodontids appear to have reduced the length of the par-

occipital process in a manner similar to that of protorothyridids and possibly

millerettids (Carroll, 1982).

Tabular does not extend to the level ofthe ventral edge ofthe supraoccipital [55].

With the only known exceptions being the ophiacodontids, in all Permo-Car-
boniferous synapsids the tabular is greatly expanded ventrally to form a wing-

like structure that extends well below the level of the supraoccipital to contact

the distal end of the paroccipital process of the opisthotic and enclose the post-

temporal fenestra laterally (0). In Ophiacodon and Varanosaurus the tabular is

greatly shortened ventrally and does not extend to the level of the ventral margin
ofthe supraoccipital (1). Whereas in Varanosaurus this results in the posttemporal

fenestra being open laterally, in Ophiacodon the opisthotic has become greatly

expanded dorsally not only to contact broadly the tabular, but apparently to

obliterate the posttemporal fenestra or possibly displace it to the lateral margin

of the occiput. It is impossible to determine without question the state of this

character in Archaeothyris in that the occiput, preserved only in the holotype, is

incomplete and the tabular is not preserved. In the description (Reisz, 1972) of

Archaeothyris the opisthotic was misidentified as the exoccipital. The opisthotic

appears to be similar to that in Varanosaurus in having a distinct but short, knob-

like paroccipital process. Therefore, a posttemporal fenestra is likely to have been

present in Archaeothyris, but it cannot be determined whether or not it was
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bounded laterally by the tabular. The abbreviated paroccipital process of Ar-

chaeothyris, however, may indicate that, as in Varanosaurus, it was not in contact

with the tabular.

Paroccipitalprocess ofopisthotic is robustly constructed due to an anteroposterior

thickening [56]. In Permo-Carboniferous synapsids the paroccipital process is

primitively a broad, blade-like structure as in caseasaurs, varanopseids, and eda-

phosaurids (0). Two derived conditions can be recognized: in Haptodus and sphen-

acodontoids the blade-like paroccipital process is relatively narrow (1), especially

when compared to the primitive condition; the second derived condition occurs

in ophiacodontids, where the short paroccipital process is not blade-like, but rather

has become robust due to an anteroposterior thickening (2). Our analysis indicates

that the two derived conditions evolved independently from the primitive state.

Maxilla has more than four precanine teeth [—69*]. In both Ophiacodon and
Varanosaurus there are numerous precanine maxillary teeth, ranging from five to

11 (0). In the holotype ofArchaeothyris only a fragment of the caniniform region

is preserved, but a referred specimen (Reisz, 1975) indicates clearly that there are

more than four precanine maxillary teeth. In a second referred specimen (Reisz,

1972:fig. 4B) there appear to have been only three precaniniform maxillary teeth,

but the anterior end of the maxilla is incomplete and generally poorly preserved.

Other Permo-Carboniferous synapsids, including Haptodus and sphenacodon-
toids, have four or fewer precanine maxillary teeth (1). This character, however,

is difficult to evaluate in three groups of synapsids—the varanopseids, caseids,

and edaphosaurids—because they lack distinct caniniform teeth. In Mycterosaurus

there are four tooth positions in the area anterior to the caniniform region, and
in Aerosaurus there are also four teeth anterior to the caniniform region of the

maxilla, probably indicating the presence of the derived condition (1). However,
the two advanced varanopseids Varanops and Varanodon both possess long pre-

caniniform regions, with as many as ten teeth. In both the caseid Cotylorhynchus

and the edaphosaurid Edaphosaurus there is no caniniform region of the maxilla.

The eothyrids Eothyris and Oedaleops, however, possess one and two precanine

maxillary teeth, respectively, allowing us to code the caseasaurs as having the

derived state of fewer than four precanine maxillary teeth (1). In the primitive

edaphosaurid lanthasaurus there are distinct canines and a long precanine max-
illary region, allowing us to infer the primitive condition for the family (0). The
distribution of the character states, therefore, suggests that the presence of more
than four precanine maxillary teeth in the ophiacodonts is a reversal.

Axial neural spine is expanded slightly beyond levels ofthe anterior andposterior
edges of centrum [74]. In all synapsids the axial neural spine is larger in its

anteroposterior extent than any of the other spines of the cervical series. In the

ophiacodontids used in this study the axial neural spine is greatly expanded
anteroposteriorly, extending beyond the levels of the anterior and posterior limits

of the axial centrum (1). In other Permo-Carboniferous synapsids the axial neural

spine tends to extend only beyond the level of the anterior but not the posterior

limit of the centrum (0).

One of two sacral ribs attaches directly to the iliac blade [76]. In all amniotes
there are at least two sacral vertebrae. In caseids there are either three or four

sacral vertebrae, and their ribs make direct contact with the iliac blade. In Eda-
phosaurus and sphenacodontoids the ribs of all three sacral vertebrae contact the

ilium directly, as do the ribs of the two sacral vertebrae in varanopseids (0). On
the other hand, in Ophiacodon and Varanosaurus, although both possess two
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sacral vertebrae, only the greatly expanded rib of the first makes direct contact

with the ilium. The second sacral rib actually contacts the posteromedial edge of
the expanded first rib and provides additional support without directly contacting

the ilium (1). We interpret this condition as an autapomorphy of ophiacodontids.
In Archaeothyris there is no second sacral rib or vertebra preserved among the

known specimens, but the shape and size of the preserved first rib indicates that

the same condition prevails here as in the other ophiacodontids (Reisz, 1972:fig.

6F).

Ilium possesses dorsal groove or trough [—89]. Within synapsids there are two
distinct morphologies in the dorsal region of the iliac blade immediately above
the area of the sacral rib attachment. The inferred primitive state is the presence

of a dorsal groove or trough (0) that may have served for the attachment of axial

musculature (Romer, 1956). This character is seen only in ophiacodontids, where-

as in all other Permo-Carboniferous synapsids the dorsal trough is absent (1). We
interpret this as a character reversal, because the dorsal trough is present in

diadectomorphs and several sauropsid taxa.

Posterior process ofilium is slender and extends close to the level ofthe posterior
limit of ischium [—90]. In most Permo-Carboniferous amniotes the ilium has a

slender posterior process that extends to or is close to the level of the posterior

limit of the ischium. This is considered the primitive condition and is also found
in Ophiacodon and Varanosaurus (0). In Archaeothyris most of the iliac blade is

not preserved, but the shape of its base indicates that it must have been slender

and posteriorly-directed, as in the other ophiacodontids. In all other Permo-
Carboniferous synapsids there is evidence of a dorsal process of the ilium, and,

although the posterior process may be well developed, it does not reach the level

of the posterior margin of the ischium (1).

The analysis conducted here also indicates that Varanosaurus is more closely

related to Ophiacodon than to Archaeothyris. This hypothesis of relationships is

supported by the 1 5 synapomorphies described below:

Posterior wall oforbit isformed by medialflange ofjugal and postorbital [4]. In

both Ophiacodon and Varanosaurus the postorbital bar has a well-developed,

medial, shelf-like orbital flange ofthe jugal and postorbital that forms the posterior

wall ofthe orbit (1). The postorbital is not preserved in any ofthe known specimens
of Archaeothyris, but one of the referred specimens (Reisz, 1972:fig. 4C) has a

well-preserved jugal which lacks this feature, indicating that it retained the prim-

itive condition of an absence of a posterior orbital wall formed by the jugal and
postorbital (0). All other Permo-Carboniferous synapsids also lack a posterior

wall of the orbit formed by the jugal and postorbital.

Premaxilla is long and slender [6*]. Three different patterns of premaxillary

proportions can be identified in Permo-Carboniferous synapsids. The body ofthe

premaxilla is either short and relatively broad, as in eothyridids, caseids, var-

anopseids, and Edaphosaurus (0); slender and elongate, as in Ophiacodon and
Varanosaurus (1); or robust and massive, as in Haptodus and sphenacodontoids

(2). There is no available information on the premaxilla ofArchaeothyris, making
this synapomorphy of Ophiacodon and Varanosaurus ambiguous.

Prefrontal has antorbital recess [12*]. The presence of a depression on the

laterally facing surface of the prefrontal (1) near the anterodorsal comer of the

orbit in Ophiacodon and Varanosaurus may be related to the lateral expansion

of this element in front ofthe orbit. The presence ofa similar, but shallower recess

in Haptodus, and a deeper recess in sphenacodontoids makes this synapomorphy
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ambiguous, as does the lack of information on the prefrontal in the primitive

ophiacodontid Archaeothyris.

Frontal has long anterior process [16]. In Permo-Carboniferous synapsids the

frontal has a supraorbital contribution which separates the bone into distinct

anterior and posterior processes. Primitively these processes are subequal (0), as

in all caseasaurians, Mycterosaurus

,

edaphosaurids, Haptodus, and Archaeothyris.

In Ophiacodon and Varanosaurus, however, the anterior process of the frontal is

significantly longer than the posterior process (1). Sphenacodontids such as Di-

metrodon and Sphenacodon also show the derived state, but it is interpreted as

having been derived independently from that in ophiacodontids.

Ventral edge ofmaxilla is slightly convex [31*]. The ventral margin ofthe maxilla

is straight in caseasaurians, varanopseids, and Archaeothyris, representing the

primitive condition (0) among Permo-Carboniferous synapsids, whereas the slightly

convex margin in Ophiacodon, Varanosaurus, edaphosaurids, and Haptodus ( 1 ),

and the strongly convex margin in sphenacodontoids (2) are considered derived

states. This pattern of distribution makes the derivation of the synapomorphy
uniting Ophiacodon and Varanosaurus ambiguous, because it is equally parsi-

monious, on the one hand, to acquire the derived state (1) in both the ophiaco-

dontid clade and the clade uniting edaphosaurids, Haptodus, and sphenacodon-

toids, as it is to acquire the derived state (1) once in the clade uniting ophiaco-

dontids, edaphosaurids, Haptodus, and sphenacodontoids, with a reversal to the

primitive state in Archaeothyris
;
either scenario would require a total oftwo steps.

Jugal has narrow contribution to ventral edge ofskull [-37]. In both caseasau-

rians and varanopseids the maxilla contacts the quadratojugal, excluding the jugal

from the ventral edge of the skull (0). In Ophiacodon and Varanosaurus the jugal

has a narrow contribution to the ventral edge ofthe skull, whereas in Archaeothyris

and all other Permo-Carboniferous synapsids there is a wide jugal contribution

to the ventral edge of the skull (2). This pattern of distribution indicates that the

character state in Ophiacodon and Varanosaurus is best interpreted as a character

reversal from a wide (2) to a narrow (1) jugal contribution to the ventral edge of

the skull.

Palatine is narrow [44*]. Typically in Permo-Carboniferous synapsids the pal-

atine is a well-developed, large bone which contributes significantly to the palatal

surface (0). Although in Ophiacodon and Varanosaurus the palatine is a long

element, its width in ventral view is greatly reduced by the overlapping pterygoid

which forms most of the palatal surface (1). This synapomorphy is ambiguous
only because the extent of the palatine in Archaeothyris is unknown.
Medial shelfofthe quadrate ramus ofthe pterygoid is narrow [46*]. Primitively

in synapsids there is a large, medially directed shelf along the ventral margin of

the quadrate ramus of the pterygoid (0), as seen in caseasaurs and varanopseids.

In both Ophiacodon and Varanosaurus this shelf is reduced in width (1), whereas
in edaphosaurs, sphenacodontoids, and Haptodus it is absent (2). However, be-

cause of the lack of any information regarding the structure of the pterygoid in

Archaeothyris, this synapomorphy remains ambiguous.
Laterally-directed basipterygoid process contacts posterior margin of medially-

projecting process ofpalate to restrict ventral movement of braincase relative to

palate [51*]. Primitively in synapsids the basipterygoid process of the braincase

is large and oriented laterally, and there is no bony restraint of the pterygoid that

would restrict the braincase from ventral movement relative to the palate (0).

The basicranial articulation in Ophiacodon and Varanosaurus is unique among
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synapsids in that the basipterygoid process projects mainly laterally and extends

along the posterior margin of a short, medially-projecting, knob-like palatal pro-

cess formed by the pterygoid and possibly the epipterygoid that prevents ventral

movement of the braincase relative to the palate (2). Typically in other Permo-
Carboniferous synapsids the basipterygoid process projects strongly anteriorly,

with its distal end abutting directly against that ofa complementary process formed
in varying degrees by the pterygoid and epipterygoid (1). This synapomorphy is

ambiguous because the braincase is unknown in Archaeothyris.

Depth of depressed area between cristae ventrolaterales is abruptly increased

posteriorly by a transverse, step-like dorsal elevation of the parasphenoidal plate

[53*]. Among Permo-Carboniferous synapsids only in Ophiacodon and Vara-

nosaurus is the depth of the depressed area between the cristae ventrolaterales of

the braincase abruptly increased posteriorly by a transverse, step-like dorsal el-

evation of the parasphenoidal plate (1). Typically the parasphenoidal plate be-

tween the cristae ventrolaterales occupies a single horizontal plane (0). However,
in the absence of any information on the nature of the parasphenoid in Archae-

othyris, or any other described ophiacodontid, this synapomorphy remains am-
biguous, because it may define a more inclusive clade.

Lateral mandibular fenestra is present [57*]. A distinct lateral mandibular fe-

nestra is present in both Ophiacodon and Varanosaurus (1), and its absence (0)

in any ofthe other synapsids included in this study is thereforejudged the primitive

condition. Because of the lack of any information regarding this structure in

Archaeothyris, this synapomorphy remains ambiguous.
Posterior ventral edge ofthe angular is strongly convex [63*]. The ventral edge

of the angular is nearly straight or only slightly convex near the level of the jaw
articulation in caseasaurs, varanopseids, and Archaeothyris (0), but is strongly

convex in Varanosaurus, Ophiacodon, Haptodus, edaphosaurs, and sphenaco-

dontoids (1). However, this synapomorphy is ambiguous, because it is equally

parsimonius to make it the derived state for the clade formed at Node A (Fig.

16) with a character reversal for Archaeothyris, or an independently derived char-

acter at Nodes B and D.
Number ofmaxillary teeth exceeds 36 [65]. Maximum maxillary dental counts

of 37 and 55 in Ophiacodon and Varanosaurus, respectively, is higher than in any
other synapsid included in this analysis. In contrast, there are places for 28 or 29

teeth on the maxilla of Archaeothyris. Only one other synapsid, Varanops, ap-

proaches the high dental count in the above ophiacodontids, with as many as 33

or 34 maxillary teeth. The inferred primitive condition for varanopseids is, how-
ever, a far lower dental count, as Mycterosaurus possesses 23 and Aerosaurus 25

maxillary teeth.

Marginal teeth are elongate and columnarfor most of their length basally [67].

Most Permo-Carboniferous synapsids have either simple, conical marginal teeth

that are slightly recurved (0), or somewhat more specialized marginal teeth adapted

to herbivory, such as in caseids and Edaphosaurus. Although the marginal teeth

in Ophiacodon and Varanosaurus can be characterized as generally conical in

shape, they are also more slender and elongate than those in other synapsids, as

their diameter remains relatively constant throughout much of their basal length

to give them a rather columnar aspect (1). The marginal teeth of Archaeothyris

retain the primitive, simple, conical shape.

Ectopterygoid teeth are absent [72*]. The presence of teeth on the ectopterygoid

(0) is presumed to be the primitive condition in synapsids, inasmuch as it occurs
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in caseasaurians, varanopseids, edaphosaurids, and Haptodus. The absence of

ectopterygoid teeth (1) in both Ophiacodon and Varanosaurus may be related to

the general slender configuration of their palates. Sphenacodontoids also lack

ectopterygoid teeth, but their palatal surfaces are not reduced in relative width as

in ophiacodontids. We interpret the presence of the derived condition in sphen-

acodontoids as having been acquired independently from the above ophiacodon-

toids. However, the absence of any information on the presence of ectopterygoid

teeth in Archaeothyris makes this synapomorphy ambiguous.

Ventral clavicular plate is narrow [83*]. The possession of a relatively straight,

narrow clavicle with a small ventral plate is an important synapomorphy of

Ophiacodon and Varanosaurus (1). With the exception of Haptodus, the clavicles

of all other Permo-Carboniferous synapsids have large, expanded ventral plates

(0), the presumed primitive character state for synapsids. In the absence of any
clavicles among the specimens of Archaeothyris, however, this synapomorphy
must be considered ambiguous.
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Appendix 1

Description of the characters used in the phylogenetic analysis of Varanosaurus. Characters are

listed in order of their location on the skull, mandible, and postcranial skeleton.

Skull

1. Transverse section of the antorbital region of skull: lateral and dorsal surfaces of snout gently

convex (0), or flat and separated by sharp ridges (1).

2. Antorbital region of skull: short and approximately equal to postorbital region (0), or elongate

and at least twice as long as the postorbital region (1).

3. Ventral edge of premaxillary: straight (0), or sloping anteroventrally (1).

4. Medial orbital process ofjugal and postorbital: absent (0), or present (1).

5. Premaxillary dorsal process: single (0), or bifurcate (1).

6. Premaxillary body: short (0), long and slender (1), or robust (2).

7. Lateral surface of septomaxilla: lies medial to lateral surfaces of surrounding elements of naris

(0), large with partial facial exposure (1), or small with partial facial exposure (2).

8. Nasal: shorter than parietal at midline (0), or longer than parietal at midline (1).

9. Nasal: shorter or equal to frontal (0), or longer than frontal (1).

10. Premaxillary process of nasal: broad (0), or narrow (1).

11. Posteroventral narial process of nasal: absent (0), or present (1).

12. Antorbital recess of prefrontal: absent (0), or present (1).

13. Nasal-maxillary suture: absent (0), or present (1).

14. Lateral orbital lappet of frontal: absent (0), poorly developed (1), or extends far laterally (2).

15. Anterior process of frontal: equal in width to posterior process (0), or narrower than posterior

process (1).

16. Frontal: short anterior process (0), or long anterior process (1).

17. Small, elongate fenestra on jugal-squamosal suture: absent (0), or present (1).

18. Postfrontal: occupies one-third of dorsal orbital rim (0), or is long anteroposteriorly (1).

19. Parietal length at midline: equal to one-fourth of skull roof length (0), or is less than one-fourth

of skull roof (1).

20. Posterolateral wing of parietal: narrow (0), or broad (1).

21. Lateral edge of parietal: concave or straight (0), or convex (1).
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22. Pineal foramen to parietal width ratio: 1:5 or more (0), or less than 1:5 (1).

23. Postfrontal-postorbital suture: straight (0), or incised by postorbital (1).

24. Pineal ridge: absent (0), or present (1).

25. Posterior process of postorbital: long (0), or short (1).

26. Postorbital-supratemporal contact: present (0), or absent (1).

27. Lateral surface of postorbital: flat (0), or recessed (1).

28. Posterior process of postorbital: broad (0), or narrow (1).

29. Postorbital to preorbital length ratio: subequal (0), or less than 1 (1).

30. Postparietal: paired (0), or fused (1).

31. Ventral margin of maxilla: straight (0), gently convex (1), or strongly convex (2).

32. Posterior extent of maxilla: extends to level of postorbital bar (0), to middle of orbit (1), or

beyond postorbital bar (2).

33. Supracanine buttress of maxilla: absent (0), present (1), or present with ascending process (2).

34. Preorbital dorsal process of maxilla: absent (0), or present (1).

35. Lacrimal contact with external naris: present (0), or absent (1).

36. Lacrimal contact with external naris: broad (0), narrow (1), or absent (2).

37. Contribution ofjugal to ventral edge of skull: excluded (0), narrow (1), or wide (2).

38. Posterior process ofjugal: broad, dorsoventrally wide (0), or dorsoventrally narrow (1).

39. Anteroventral process of quadratojugal: long (0), short (1), or absent (2).

40. Contribution of squamosal to zygomatic arch: absent (0), or present (1).

41. Lower temporal fenestra: small (0), or enlarged dorsoventrally (1).

42. Ventral margin ofpostorbital region ofskull: straight (0), gently concave with major contribution

by quadratojugal (1), or strongly concave without contribution by quadratojugal (2).

43. Width of ventral surface of vomer: broad (0), or narrow (1).

44. Width of ventral surface of palatine: broad (0), or narrow (1).

45. Medial ascending lamina of the anterior ramus of pterygoid: low (0), or high (1).

46. Medial shelf of quadrate ramus of pterygoid: large (0), narrow (1), or absent (2).

47. Quadrate ramus of pterygoid: short (0), or long, occupying most of the subtemporal fossa’s

medial edge (1).

48. Posterior edge of quadrate: covered by squamosal, sometimes with quadratojugal contribution

(0)

,
or exposed posteriorly for most of its height (1).

49. Shaft of stapes: rod-like (0), or blade-like (1).

50. Relative position of basicranial articulation: at level with transverse flange of pterygoid (0), or

posterior to transverse flange (1).

5 1 . Basipterygoid process of braincase: large, laterally-oriented, and braincase not restrained from
limited ventral movement relative to palate by process of pterygoid (0), small, directed anteriorly with

distal end abutting against that of a complementary, posteriorly-directed palatal process of pterygoid

(1)

,
or small, laterally-oriented, and extends along posterior margin of short, medially-projecting,

knob-like process of pterygoid that restrains braincase from ventral movement relative to palate (2).

52. Ventral plate of parasphenoid: broad, and flares posterolaterally (0), narrow (1), or narrow with

deep median depression (2).

53. Posteroventral emargination of parasphenoid ventral plate: absent (0), or present (1).

54. Paroccipital process of opisthotic: well developed and long (0), or short and knob-like (1).

55. Ventral development of tabular: tabular expanded ventrally below level of ventral margin of

supraoccipital to form wing-like structure that contacts paroccipital process and encloses posttemporal

fenestra laterally (0), or tabular greatly shortened ventrally so as not to extend below level of the

ventral margin of supraoccipital and encloses posttemporal fenestra laterally but may contact dorsally

expanded opisthotic to obliterate posttemporal fenestra (1).

56. Paroccipital process of opisthotic: broad and blade-like (0), narrow and blade-like (1), or short

and robust (2).

Mandible

57. Lateral mandibular fenestra: absent (0), or present (1).

58. Mandibular symphysis: formed by dentary and splenial (0), or only by dentary (1).

59. Lateral exposure of splenial: narrow (0), or broad anteriorly (1).

60. Posteroventral edge of angular: ridged (0), or keeled (1).

61. Coronoid region of mandible: slightly convex (0), or strongly convex (1).

62. Posterior medial surface of prearticular: nearly straight (0), or twisted (1).

63. Posterior ventral edge of angular: slightly convex (0), or strongly convex (1).

64. Retroarticular process: absent (0), present but formed by several bones (1), or formed only by
articular (2).
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Dentition

65. Number of maxillary teeth: 35 or less (0), or more than 36 (1).

66. Cutting edges of marginal teeth: absent (0), or present (1).

67. Morphology of marginal teeth: conical (0), or elongate with nearly constant diameter for most
of their basal length (1).

68. Length of caniniform teeth: less than twice the length of largest maxillary teeth (0), or equal to

or greater than twice the length of the longest maxillary teeth (1).

69. Number of precaniniform maxillary teeth: more than four (0), or four or fewer (1).

70. Number of premaxillary teeth: five or more (0), or fewer than five (1);

71. Vomerine teeth: present (0), or absent (1).

72. Ectopterygoid teeth: present (0), or absent (1).

Postcranial Skeleton

73. Intercentra 1 and 2: in contact ventrally (0), or separated by ventral extension of atlantal

pleurocentrum (1).

74. Axial neural spine: expanded anteriorly beyond level ofanterior edge ofcentrum (0), or expanded
beyond levels of both ends of centrum (1).

75. Midventral margin of dorsal centra: rounded (0), ridged (1), or keeled (2).

76. Sacral ribs: at least two sacral ribs attached directly to ilium (0), or only first, greatly expanded
sacral rib attached directly to ilium (1).

77. Dorsal neural spines: short (0), tall (1), or very tall (2).

78. Dorsal neural spines: blade-like in lateral view (0), or rounded in transverse section (1).

79. Dorsal neural arches: not excavated laterally (0), with shallow excavations (1), or deep exca-

vations (2).

80. Distal end of scapular blade in lateral view: broad (0), or narrow (1).

81. Base of scapular blade: broad (0), or pinched (1).

82. Triceps process of posterior coracoid: small (0), or large and thumb-like (1).

83. Medial width of clavicular head: broad (0), or narrow (1).

84. Shape of anterior end of interclavicle: rhomboidal (0), or T-shaped (1).

85. Limb proportions: short and stout (0), or long and slender (1).

86. Entepicondyle of humerus: large (0), reduced (1), or greatly enlarged (2).

87. Ectepicondylar foramen of humerus: absent (0), or present (1).

88. Deltopectoral ridge of humerus: double (0), or single (1).

89. Dorsal groove of ilium: present (0), or absent (1).

90. Posterior process of ilium: slender and extends to or close to level of posterior limit of ischium

(0), or short and does not reach posterior limit of ischium and possesses dorsal process (1).

91. Lateral pubic tubercle of pubis: present (0), or absent (1).

92. Proximal articulation of femur: narrow dorsoventrally (0), or broad dorsoventrally (1).

93. Ventral ridge system of femur: prominent (0), or feeble (1).

94. Proportions of calcaneum: width and length subequal (0), or length noticeably greater than

width (1).

95. Lateral centrale of pes: present (0), or absent (1).
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PUPAE OF THE CRANE FLY GENUS LEPTOTARSUS
(DIPTERA: TIPULIDAE) IN THE NEW WORLD, WITH
DISCUSSION OF THE MONOPHYLY OF THE GENUS

Jon K.GELHAUS 1

Chen W. Young
Assistant Curator, Section of Invertebrate Zoology

Abstract

The pupae of the Leptotarsus subgenera Limoniodes and Pehlkea are described, diagnosed, and
illustrated for the first time from specimens collected in Ecuador. The pupa of Leptotarsus (Longurio)

testaceus from eastern North America is redescribed, diagnosed, and illustrated. All three species were

collected in aquatic to semiaquatic habitats.

The pupal features common to these three species, and to described pupae from New Zealand and
South African congeners, are listed and their distribution is discussed within the Tipulidae. Pupal

characters indicate a basal position for these subgenera within the Tipulinae; however, none clearly

supports the monophyly of Leptotarsus as currently classified.

Introduction

The crane fly genus Leptotarsus comprises over 300 species placed in about 20
subgenera. The group is found in all major faunal regions, including Palaearctic

(Oosterbroek and Theowald, 1992:one subgenus, three species); Nearctic (Alex-

ander, 1965:one subgenus, four species); Oriental (Alexander and Alexander, 1973:

two subgenera, 1 1 species); southern Africa and Madagascar (Hutson, 1980:three

subgenera, 47 species); South America (Alexander and Alexander, 1970:1 1 sub-

genera, 90 species); Australia, New Zealand, and New Caledonia (Oosterbroek,

1 989:nine subgenera, 1 59 species), with greatest diversity in species and subgenera

following a Gondwanaland distribution. As noted by Young and Gelhaus (1992),

the genus is “doubtfully monophyletic,” but nevertheless of great interest due to

its probable early origins within the phylogeny of the Tipulinae (sensu Byers,

1992).

As noted for most groups of crane flies in the Southern Hemisphere (Gelhaus
and Young, 1991), the immature stages of Leptotarsus are poorly known. De-
scriptions are available for immature of a dozen species in South Africa (Wood,
1952), two species of Longurio in North America (Johnson, 1906; Alexander,

1920), and for a few species in the subgenera Chlorotipula and Macromastix from
New Zealand (Rogers, 1927). Habitat varies considerably, ranging from dry soil

under various monocotyledonous plants (numerous Longurio), forest leaf litter

{Chlorotipula viridis, see Miller 1971:149), several Longurio, several Macromas-
tix), rotting wood, including buildings (Chlorotipula), and spring runs (North

American Longurio).

In ongoing studies of Neotropical crane flies, we collected and reared from

1 Department of Entomology, The Academy of Natural Sciences, 1900 Benjamin Franklin Parkway,
Philadelphia, Pennsylvania 19103-1195.
Submitted 6 April 1994.

135



136 Annals of Carnegie Museum vol. 64

. 25mm

Fig. 1-2.—Male hypopygium of Leptotarsus (Limoniodes) sulphurellus. 1, specimen from Ecuador,
Province Morona-Santiago, Rio Culebrillas. 2, paratopotype from Ecuador, Abitagua.

aquatic and semiaquatic habitats the previously unknown pupae for two additional

subgenera of Leptotarsus from South America, Limoniodes and Pehlkea. In this

paper we describe the pupae for a single species in each of these two subgenera,

redescribe the pupa ofL testaceus, and characterize the pupal instar for the genus.

Descriptions

Leptotarsus (Limoniodes) sulphurellus Alexander
(Fig. 1-7)

A single species, L. sulphurellus Alexander, is known for the subgenus. The reared adults from Rio
Culebrillas, Ecuador, are extremely similar to the type specimens from Abitagua, Ecuador, differing

in coloration ofthe darker legs and lack ofdarkening ofthe wing tip and stigma. We also note differences

in the overall shape of the male inner dististyle and the arrangement of black spines on it between
the reared males (Fig. 1) and the paratopotype (Fig. 2). Based on the few specimens available, we
don’t consider these differences to be of specific value.

Diagnosis.—The pupa of L. sulphurellus is difficult to recognize as a tipuline except for the wrinkled

aspect of the thoracic cuticle (Fig. 4), spines along posterior margins of abdominal pleura, sterna, and
terga (spines in rows on terga and sterna, Fig. 3-5), and small spine near base of each male genitalic

sheath (Fig. 6). It can be distinguished from nearly all other tipulines by the straight sheath of the

maxillary palp (Fig. 3), apices of antennal and maxillary papal sheaths closely approximated (Fig. 3),

and ridges and papillae between the bases of the antennal sheaths (Fig. 3-4).

Pupal Description. —Description based on two pupae, one male, one female; two exuviae, one male,

one part. Body length (

N

=3): 16 mm (pupae), 18 mm (exuvia); width 2. 1-2.4 mm. Body coloration

overall light brown, even in exuviae, slightly darker on head and thorax.

Head: Antennal sheath expanded at base, apex of sheath just reaching sheath of prothoracic tibia,

narrowly separated from apex of maxillary palp sheath by half width of leg sheath (Fig. 5). A pair of

short, wrinkled ridges lying between base of antennal sheaths, with three pairs of dorsal papillae; first

pair most prominent with a single, pale short setae at apex, second more laterad and short, third pair

more dorsad and scarcely evident (Fig. 4). Maxillary palpal sheath short, slightly curved at base, then

Fig. 3-7.— Pupa of Leptotarsus (.Limoniodes) sulphurellus. 3-5, habitus: 3, ventral aspect; 4, dorsal

aspect; 5, lateral aspect. 6-7, terminal abdominal segments, lateral aspect: 6, male; 7, female.
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straight to apex (apex not recurved as in many Tipulinae), base tuberculate (Fig. 5). Distal margin of
clypeal sheath slightly emarginate.

Thorax: Respiratory horn length 2.0 mm; base ofhorn slightly swollen, free length strongly annulate,

oriented as in Fig. 4, base of free horn broad and darkened, remainder of stem reddish brown, apex
flat and rounded. Dorsum of thorax densely wrinkled, with a pair of ridges transversely oriented in

front of respiratory horn attachment, three pairs of short, pale setae on thoracic dorsum opposite base

of wing sheath (Fig. 5), several pale setae in small, pale circle directly next to base of wing sheath.

Wing sheaths reaching almost to end of abdominal Segment II, venation faint. Leg sheaths side by
side, not superposed; apices of leg sheaths reaching middle of Sternum IV in females, and reaching

posterior end of Sternum IV in males, prothoracic pair (inner) equal to or only slightly shorter than

others (Fig. 3).

Abdomen: Segments II-VII with well-divided basal and caudal annuli. Small spines or spine-tipped

tubercles present laterally and near posterior margins of caudal annulus of all segments, placement as

in Fig. 3-5. Pleuron III—VII each with anterior and posterior tubercles topped with several very small

spines; each posterior tubercle also with a short seta, another seta near tubercle base. Caudal annuli

of Segments III-VII with anterior and posterior groups of spines; Sterna III—VII with a pair of close-

set anterior spines on each side, each pair with single seta between spines, Sterna III and IV with two
widely separated groups of four spines posteriorly, Sterna V-VII with posterior row of 13-17 spines,

three pair of setae laterad to each end. Terga III-VII with single anterior spine with seta near base on
each side of spine; Terga IV-VII posteriorly with row of 8-14 spines, fewest on VII; four setae

anterolaterad of each end of spine row.

Terminal segments: Dorsum of Tergum VIII bare; Tergum IX with spiracles withdrawn into cleft

(spiracular yoke, sensu Byers 1961), surrounded by two pairs of spine-tipped protuberances, a minute
spine anterolaterad of each anterior protuberance, cleft with two pairs of small papillae in female

along margin. Male with a pair oflow bumpy swellings between genital sheath and spiny protuberances.

Male genital sheaths with two large, curved sheaths, divided unequally near apex, a single tubercle on
each near bend beyond base. Female with distinct cereal and hypovalvular sheaths, a single tubercle

laterally near each cereal apex.

Specimens Examined. —-ECUADOR: Prov. Morona-Santiago, Rio Culebrillas, 34 km SE Gualaceo,

elev. 2200 m, 22-23 October 1987, wet forest, J. Rawlins, C. Young, R. Davidson, 1 1 male and two
female adults; one male and one female pupae, one male pupal skin with reared adult (Carnegie

Museum of Natural History, Pittsburgh).

Habitat. —Pupae and pupal exuviae were collected from a saturated, moss-
covered, clay substrate along a vertical roadside bank in wet forest. Pupae were
positioned in tunnels nearly perpendicular to the surface of the bank, with about

one-fifth of the pupa exposed. The soil was not richly organic.

Leptotarsus (Pehlkea) regina Alexander
(Fig. 8-13)

Of the four species placed in this Neotropical subgenus (Alexander and Alex-

ander, 1970), L. regina alone exhibits numerous complete to partial crossveins

in cells R and M (Alexander, 1914), in addition to the extra crossvein in cell M
which is used to distinguish the subgenus (Alexander, 1937). Among the three

adults examined here (the two reared females from Ecuador, and the holotype

female of L. regina from Colombia), there is some variation in the number,
placement, and development of these crossveins, as well as the amount of darker

patterning along the distal and posterior cells. In addition, there are coloration

differences on the head and thorax, possibly related to how teneral the specimens

were when preserved. The two pupal specimens also show minor differences.

Based on the few specimens available, and the lack of information from male
genitalia, we do not treat these as specific differences.

Both reared adults, even when preserved, have greenish tints to the body. This

was also noted by Alexander (1914:215) for the holotype female from Colombia.

Diagnosis. —The pupa of L. regina can be distinguished from those of other

known crane flies by the following features: large size, respiratory horn short with
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apex ofeach flanked by pair ofrecurved hooks; few large posteriorly curved spines

on abdomen; Sterna VI and VII each with pair of anteriorly directed spines set

on large swelling; huge, elongate lobes with forked apices arise at apex ofabdomen,
each with smaller spines along length.

Pupal Description.— Description based on two female pupal skins (#481 and #489). Body length:

33.5 mm (#489)-44.0 mm (#481), width 5-6 mm. Body coloration bright green in life, pupal skins

brown, genital sheaths deep reddish brown.

Head: Antennal sheath only slightly expanded at base, narrowed beyond base and tapered to apex;

apex lying next to sheath of maxillary palp (Fig. 10). A pair of strong, downward-projecting spines

between bases of antennal sheaths, continuous dorsally as a pair of smooth low ridges; a minute dark

seta near midlength of each ridge; pale papilla between each ridge and adjacent sheath. Sheath of

maxillary palp with slight curve near base, straight medially, then with slight (#481) to strong (near

90°; #489) bend subapically (Fig. 10), base with single tubercle. Distal margin ofclypeal sheath narrowly

truncate, surface finely striate, with tubercle at base of sheath of each labial palp.

Thorax: Length of respiratory horn 2.4-2.6 mm, base slightly swollen with one long seta, stem of

horn of uniform thickness, reddish brown, with indistinct annulations, apex a median slit flanked by
a pair of hooks (Fig. 8-9). Dorsum of thorax with only fine transverse lines, deepest around and
anterior to mesothoracic respiratory horn; three pairs of short, pale setae on dorsum ofthorax medially

opposite base of wing sheath, several pale setae in sunken pale circle directly next to base of wing
sheath. Leg sheaths side by side, not superimposed; apices of leg sheaths reaching to or near posterior

end of Sternum IV, prothoracic pair (inner) only slightly shorter than others. Wing sheaths reaching

posterior end of Sternum II, most of venation clearly indicated except numerous supernumerary
crossveins; sheath strongly darkened around margin.

Abdomen: Terga and Sterna II-VII with central “clear area” in specimen 489, encompassing area

between ventral spines, most pronounced on Sterna III—VII; in specimen 481, pale areas only sur-

rounding base of spines and not including area between spines. Abdominal segments divided into

basal and caudal annuli. A few large curved spines (or spine-tipped tubercles) present on pleura and
near posterior margins of all segments (Fig. 12-13). Anterior and posterior annuli of Pleura II-VII

each with single narrow posteriorly-curved spine, single spine only on VIII, each spine with a minute,

pale subapical seta, another long ventral seta near base of posterior spine. Posterior annulus of Sterna

III—VII with four large spines, two anterior and two posterior; each anterior spine directed posteriorly,

with a single seta; each posterior spine on Sterna III-V large, directed posteriorly, Sterna VI and VII

with each posterior spine mounted on a strongly sclerotized, wrinkled swelling (largest in specimen

489), these spines directed anteriorly; surrounding each posterior spine with three anterolaterad setae,

two of these elongate and pale, median seta minute. Terga I-VI with small spines in two broadly

separated groups along posterior margin, each group with 1-4 spines, spines lacking entirely on Terga

II and VII (Fig. 1 1); four elongate, pale setae in row laterad of spines on Terga III-VI and similarly

positioned on Terga II and VII; a minute seta anteromedial to each spine group.

Terminal segments: Dorsum of Tergum VIII bare; Tergum IX with spiracular yoke surrounded by
two low, lightly sclerotized anterior tubercles and two small anterolateral spines, each spine with a

long seta (Fig. 1 1). Two pairs of reddish, acutely-tipped lobes projecting backward from spiracular

area (Fig. 11-13), posterior pair straight and elongate, nearly twice length of cereal sheaths and longer

than Segment VII, lateral pair about one-third length ofposterior pair; each lobe with several secondary,

smaller spines (Fig. 11-1 3); several pale setae located subapically on each lobe. Cereal and hypovalvular
sheaths typical, without additional spines.

Specimens Examined.—ECUADOR: Prov. Pichincha, unnamed stream, —84 km SW Quito (mile-

age marker #84, old Santo Domingo Chiriboga road), 00°17'S, 78°54'W, elev. 1400 m, Sept. 7, 1990,

J. Gelhaus, R. Bouchard #489, one pupal skin with reared adult (Academy of Natural Sciences,

Philadelphia); unnamed stream about 10 km SE Nanegalito (on Calacali-Nanegalito Rd); 00°03'N,

78°35'W, elev. 2000 m; September 4, 1 990, J. Gelhaus #48 1 ,
one pupal skin with reared adult (Academy

of Natural Sciences, Philadelphia).

Habitat.—Both pupae were collected in fast-flowing, moderate-sized (2-4 m
wide, 0.5 m deep) streams, mostly shaded by forest, with predominantly gravel/

cobble substrate. The female pupa from field site 48 1 was collected under a stump
drifted in the middle of the stream; it was green in color and quite active. The
female emerged on the same day at 1930 hr, the abdomen bright green and
remaining so for several hours. The female adult from field site 489 was found
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emerging from the pupa in the stream, at approximately 1400 hr; the pupa was
lodged against a leafpack along the stream edge off the main run.

Leptotarsus (Longurio) testaceus Loew
(Fig. 14-16)

Diagnosis. —The pupa of L. testaceus can be distinguished from those of other

crane flies by the following features: large size; each respiratory horn elongate,

nearly half body length, apex flat with rounded margin; dorsum of Tergum VIII

with two pairs of large spine-like curved lobes, all with smaller spines along length;

above male genital sheaths, a pair of dome-like swellings with terminal papillae.

Pupal Description.— Description based on two male pupae (Georgia specimen in three pieces), and

also based on the description of same specimens by Alexander (1920:992, fig. 491). Body length: 42-

45 mm, width 3 mm (Alexander, 1920).

Head: Antennal sheath (Fig. 14) only slightly expanded at base, surface wrinkled basally, smoother
apically, apex nearly touching sheaths of maxillary palp and prothoracic leg. Two strongly ribbed

ridges between bases of antennal sheaths; a pair of small papillae lying between sheaths and ridges

more dorsally. Maxillary palpal sheath broad throughout, with tubercle near base; sheath straight

beyond slight curve near base. Distal margin of clypeal sheath straight.

Thorax: Length ofrespiratory horn 18-19 mm (Alexander, 1920; broken offin Maryland specimen),

base swollen, free stem of horn slender, curved beyond base, apex flat with rounded margin. Two
large, rounded protuberances in front of respiratory horn, apex of each with single minute papilla.

Dorsum of thorax with only fine transverse wrinkles. Apices of leg sheaths “extending to beyond
midlength of fourth abdominal segment” (Alexander, 1920), prothoracic pair (inner) much shorter

than others, apices reaching only second tarsomere of meso- and metathoracic leg sheaths. “Wing pad
reaching end ofsecond abdominal segment; characteristic ventation ofgenus showing clearly on sheath”

(Alexander, 1920).

Abdomen: A few large curved spines or spine-tipped tubercles present laterally; shorter spines near

posterior margins of all segments. A large, posteriorly curved spine on each basal and caudal annulus

of Pleura II-VII, with caudal spine on swelling Segments V-VII, and additional small spine nearby.

Each caudal pleural spine with minute pale seta, another long seta ventrolateral near base. Sterna III

and IV with two a widely separated rows of six spine-like tubercles, rows along posterior margin;

anteriorly, a pair of sublateral low tubercles, each with a long seta. Anterior annuli of Sterna V-VII
with a pair of sublateral, wrinkled swellings, each with two close-set spines, one of these minute with

single seta; with irregular posterior row of 18, 17, and 1 1 spines respectively along posterior margin,

two setae on sclerotized low tubercles laterad to each end of spine row. Terga III and IV with row of

20-23 strong spines along posterior margin, Terga V-VII with 14-15 spines in row, two setae on small

sclerotized tubercles laterad of each end of spine row.

Terminal segments: Tergum IX (Fig. 16) with spiracular yoke surrounded by two anterior papillae

and two pairs of small anterolateral spines. Two pairs of reddish, acutely tipped, dorsally curved lobes

projecting from spiracular area, posterior pair elongate, nearly twice as long as lateral, more anterior

pair; each of these lobes with several smaller spines along their length. Two dome-like protuberances

between genital sheaths and dorsal lobes, each protuberance with distinct papillae at apex. Male genital

sheaths (Fig. 15) large with dorsal curve, a small lateral spine on each near bend (omitted from
Alexander, 1920:fig. 491).

Specimen Examined. —USA: Georgia, Tallulah Falls, 17 June 1910, J. C. Bradley, (marked as

neanotype # 640A, C. P. Alexander), one male exuvia in fluid (Museum of Zoology, University of

Michigan, Ann Arbor); Maryland, Cabin John Bridge, 3 1 May 1 900, one male exuvia, dry (Smithsonian

Institution, Washington, D.C.).

Habitat. —Although L. testaceus is one of the larger species of North American
crane flies, it is seldom collected and apparently has never been completely reared

from larvae. Larvae thought to be this species appear restricted to spring runs

and small streams (Byers, 1984), such as “in wet sand in a bog in Maryland”
(Alexander, 1920:991, as Longurio). Rogers (1930) reported that adults were
collected near a “shaded rill,” with a female observed ovipositing along “sandy,

grass-and-sedge-grown margin of a small spring rill.” A related species, L. riv-

ertonensis Johnson, was collected as adults and unreared larvae from a “cold”
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spring run in New Jersey (Johnson, 1906, as L. testaceus

;

1909, as Aeshnasoma
rivertonensis).

Discussion

Monophyly o/Leptotarsus

The pupae of the three species of Leptotarsus described here, as well as those

described from South Africa and New Zealand, show a great morphological di-

versity. Nevertheless, certain features are common to these taxa and are discussed

below in terms of the strength of evidence for the monophyly and taxonomic
recognition ofthe genus. Comparisons ofthese pupal characters were made among
the three subgenera of Leptotarsus herein and to descriptions of South African

Leptotarsus (Longurio) (Wood, 1952) and the New Zealand subgenera L. (Chlo

-

rotipula) and (Macromastix) (Rogers, 1927); additionally, pupae or pupal descrip-

tions were examined for various Limoniinae (Pedicia), also taxa discussed by
Alexander (1920), and by Oostebroek and Theowald (1991), and tipulines such

as Brachypremna (Gelhaus and Young, 1991), Megistocera (Rogers, 1949), Dol-

ichopeza (Byers, 1961), Ozodicera, Zelandotipula, and Holorusia (the last three

observed in this study).

The following characters, although common to the known pupae ofLeptotarsus,

also occur widely outside the genus: maxillary palpal sheath with apex straight or

curved; distal section of antennal sheath short, with apices of antennal and palpal

sheaths closely approximated; respiratory horn short to very long but with distinct,

annulate stem; dorsum of thorax finely or coarsely wrinkled; abdomen with large

spines or spiny tubercles on pleura, sterna, and terga; setal arrangements on
abdomen, a spine at or near base of each male genitalic sheath.

A straight or curved maxillary palpal sheath, as seen in Leptotarsus, and a few
other tipulines (Megistocera , Brychypremna, Ozodicera, Clytocosmus) is found
throughout the limoniine Tipulidae sensu lato and must be considered plesio-

morphic within the Tipulinae (Oosterbroek and Theowald, 1991, character 42);

a strongly recurved apex as found in most Tipulinae is undoubtedly the derived

condition. Leptotarus pupae in general have closely approximated apices of the

antennal and palpal sheaths, although in Chlorotipula and some South African

Longurio, the antennal sheaths extends slightly beyond the palpal apices (Rogers,

1927:fig. 9 shows a greatly elongate antennal sheath of Chlorotipula in error).

Closely approximated apices of antennal and palpal sheath are seen also in Bra-

chypremna and Megistocera, both genera also considered with Leptotarsus as early

lineages within the Tipulinae. The general structure of the respiratory horn of

Leptotarsus is typical for crane flies (Oosterbroek and Theowald, 1991:character

4.4), yet autapomorphies exist within Leptotarsus: elongate (L. testaceus), apex

with recurved hooks (L. regina) and horn minute (L. micropteryx, L. minusculus;

Wood, 1952). Large to small spines on the abdomen are widespread in other

Tipulinae, except apparently Megistocera, as well as (possibly convergent con-

ditions) in Eriopterini and Hexatomini (Oosterbroek and Theowald, 1991:char-

acters 14 and 53). The anteriorly-directed spines on Sterna VI-VII in L. regina

must be considered a further autapomorphic derivation. A spine at the base of

the male genitalic sheath is found in some Cylindrotominae (Diogma, Triogma)

(Peus, 1952), and a number Tipulinae examined (Ozodicera, Zelandotipula, Ho-
lorusia), but is lacking in Brachypremna (Gelhaus and Young, 1991).

Certain characters may have applicability for establishing the monophyly of

Leptotarsus but require more extensive testing against a broad range of tipuline
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pupae. These are: the development of the area between bases of antennal sheaths

into ridges, crest, or lobes; several pale setae in pale or sunken area directly

dorsolateral to base of wing sheath (this could not be verified in L. testaceus due
to the poor condition of the specimen, nor it is mentioned in the previous de-

scriptions of any species); and a pair of lobes or swellings dorsad of the male
genitalic sheaths. Cephalic papillae are seen also in Ozodicera, and the pair of

lobes near the male genitalic sheaths are well developed also in Brachypremna
(Gelhaus and Young, 1991) and Ozodicera.

In summary, a few pupal characters (spines and setal arrangement on abdominal
terga, sterna, and pleura, spine on male genitalic sheath) show Leptotarsus clearly

as a tipuline, and other characters, particularly the lack of a recurved apex of the

maxillary palpal sheath, indicate that the phylogenetic placement of the genus is

basal within the subfamily. We cannot demonstrate the monophyly of the genus

at this time based on pupal characters.

Intrageneric Relationships ofLeptotarsus

Although the monophyly ofLeptotarsus is clearly not supported based on pupal

characters, certain features of known pupae indicate possibly close relationships

among some subgenera. Within the subgenus Longurio, pupae and larvae are

strikingly different in morphology and habitat between the South African and
North American species. These differences in the pupal instar include, in L.

testaceus, the elongate respiratory horn (short to minute in South African species),

lack of lateral and terminal abdominal spiracles (present in some South African

species), large lobes on terminal segment with smaller spines along length (short

without additional spines in South African species), and aquatic habitat (fully

terrestrial in South African species). The development of a pair of erect forward

cephalic lobes indicates the South African species probably have a much closer

relationship with subgenus Chlorotipula and clearly do not appear to belong in

the subgenus Longurio based on the type species. L. testaceus.

One character, shared possession of spiny terminal abdominal lobes, found in

the pupae of L. (Pehlkea) regina and L. (Longurio) testaceus, indicates that these

species have a closer relationship than either has to Limoniodes or other Lepto-

tarsus (for which pupae are known). In addition, both Pehlkea and North American
Longuria have aquatic immature stages. The spiny terminal lobes, however, are

seen apparently also in some Cylindrotominae (Pens, 1952). Both L. regina and
L. testaceus have several autapomorphies which may prove to have subgeneric

validity, for example, the structure of the respiratory horn, cephalic ridges and
abdominal armature, as noted above.
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Abstract

We figure and describe for the first time several exceptional mesonychian dental specimens from
the late Paleocene-early Eocene Fort Union and Willwood formations ofthe Bighorn Basin, Wyoming.
They include three new species of Dissacus, one of late Tiffanian and two of Wasatchian age, and
several virtually complete dentitions ofD. praenuntius. Dissacus longaevus, which is based on a nearly

complete but poorly preserved dentary, lacks diagnostic traits, and is here considered a nomen dubium.
Other specimens reported include well-preserved upper and lower dentitions of Pachyaena gigantea,

the first nearly complete maxillary dentition of P. gracilis, and a new specimen of the very rare basal

Wasatchian Hapalodectes anthracinus. Considerable variation in jaw depth and canine size among
various mesonychians suggests that these animals may have been sexually dimorphic.

Introduction

The Mesonychia are an order of Paleogene land mammals distinctive for their

cursorially specialized skeleton and peculiar dentition, which consists of laterally

compressed, premolariform lower molars with tall protoconids and trenchant

talonids, and simple tritubercular upper molars (e.g., Scott, 1888; Wortman, 1 901—

1902; Boule, 1903; Matthew, 1909, 1915, 1937; Szalay and Gould, 1966; Szalay,

1969; Thewissen, 1991; Zhou and Gingerich, 1991; Zhou et al., 1992; O’Leary
and Rose, in press; Rose and O’Leary, in press). Mesonychia may have evolved
from triisodontine arctocyonids (Matthew, 1937; Van Valen, 1978) and are be-

lieved to be close to the ancestry of cetaceans (Van Valen, 1966; Szalay, 1969;

Thewissen et al., 1994). Dissacus and Pachyaena evidently had carnivorous diets

which probably included hard objects (Szalay and Gould, 1966; O’Leary and
Teaford, 1992), and it has been suggested that Hapalodectes was piscivorous

(Szalay, 1969; Zhou and Gingerich, 1991), but the exact nature of mesonychian
diets is still obscure.

Mesonychids and hapalodectids are among the rarest mammals in Paleogene
Holarctic faunas; however, continuous collecting efforts in the Fort Union and
Willwood formations of the Bighorn Basin over more than half a century (by G.
L. Jepsen, E. L. Simons, P. D. Gingerich, T. M. Bown and K. D. Rose, and others)

have produced many exceptional dental specimens of mesonychids which have
until now remained undescribed. Here we report and illustrate the most important
dentitions of Dissacus, Pachyaena, and Hapalodectes from the Tiffanian through
the Wasatchian of the Clark’s Fork and Bighorn basins, Wyoming. Willwood
Formation localities in the southern Bighorn Basin and their stratigraphic levels

are summarized by Bown et al. (1994).

1 Department of Cell Biology and Anatomy, The Johns Hopkins University School of Medicine,
Baltimore, Maryland 21205.
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Abbreviations are as follows: AMNH, Department of Vertebrate Paleontology,

American Museum of Natural History, New York, New York; USGS, Paleon-

tology and Stratigraphy Branch, U.S. Geological Survey, Denver, Colorado; USNM,
Department of Paleobiology, National Museum of Natural History, Smithsonian

Institution, Washington, D.C.; YPM, Yale Peabody Museum, New Haven Con-
necticut; YPM-PU, Princeton University collection at Yale Peabody Museum,
New Haven, Connecticut.

Photographs show original specimens in most cases, sometimes lightened with

ammonium chloride. A few of the photographs are of epoxy casts of the original

specimens.

Systematic Paleontology

Order Mesonychia Van Valen, 1969

Family Mesonychidae Cope, 1875

Dissacus Cope, 1881

Dissacus is one of the oldest and most primitive mesonychids. Cope (1881)

proposed the genus for mesonychids that differed from Mesonyx in retaining a

metaconid on the lower molars. Matthew (1915, 1937) further distinguished Dis-

sacus from other mesonychids by the presence of three upper and lower molars

(M 3 being lost in some mesonychids), “well-developed” metaconids, and reduced

paraconids “especially on P4 and M 3
” (Matthew, 1915:85). At least ten species

of the genus have been proposed from the Paleocene and Eocene of Europe, Asia,

and North America (e.g., Lemoine, 1891; Matthew, 1915; Stehlin, 1926; Russell,

1964; Crusafont and Golpe, 1968; Szalay and McKenna, 1971; Zhou et al., 1973;

Dashzeveg, 1976; Yan and Tang, 1976; Zhou and Qi, 1978; Godinot et al., 1987;

Russell and Zhai, 1987).

Most previous accounts of Dissacus provided rather inadequate descriptions of

the dentition; hence we present the following summary based on material we have
examined. Dissacus has a small lower incisor region with three subequal incisors,

and ovoid, somewhat laterally compressed and slightly recurved lower canines.

Pj is typically one-rooted (although Novacek et al. [1991] reported a two-rooted

Pj in Dissacus sp. from the early Eocene of Baja California) with a simple, low-

crowned cusp and an indistinct heel. is the only postcanine tooth that is not

trenchant. P2 is two-rooted and, like P 1? is separated from adjacent teeth by short

diastemata. P2-M3 are each characterized by a mesiodistally-oriented ridge joining

the apices ofthe paraconid, protoconid, and hypoconid. The lower molar trigonids

are dominated by the high protoconid, and have distinct metaconids, connate

with the protoconid (positioned lingual and slightly mesial to the apex of the

protoconid), and small basal paraconids at about the same height as the simple

trenchant talonid. The main cusps are aligned just buccal to the midline of P4
-

M 3 . Relative size of M, and M2 is variable, but M 3 is always the smallest and
lowest crowned molar.

Fig. 1.— Lower dentitions of Dissacus in lateral view. A-C, D. praenuntius: A, YPM-PU 19597 (right

P,-M 3 ); B, YPM-PU 18711 (right C-M 3 ); C, YPM-PU 16159, (left P3-M 3 ); D, D. argenteus, n. sp.,

YPM-PU 16135, holotype, (right C, P2 ,
P4-M 3); E, D. willwoodensis n. sp., YPM-PU 16137, holotype

(right P 3-M 3 ,
C, and M 2 protoconid are from left side, superimposed in this view). Scale = 1 cm.
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The upper teeth have the characteristic triangular mesonychid shape with par-

astyles (usually the larger) and metastyles present on P4-M3
, On P3-M3

,
the par-

acone is the largest cusp, the protocone second, and the metacone is the smallest

(P3 and M3 each have a vestigial posterobuccal cusp, which is either a metacone
or a metastyle); there is no hypocone. The protocone on P4-M3

is conical except

for the flattened buccal surface demarcated by pre- and postprotocristae. M3
is

the smallest upper molar. M 1 ~ have variably developed pre-, post-, and ectocin-

gula.

The dentary varies in depth and is gently convex ventrail)
,
with a typically

unfused mandibular symphysis (although in some specimens the dentaries, while

not firmly coossified, are attached at the symphysis [see Fig. 7, 8]) which extends

to the distal aspect of P2 or P3 . The mandibular condyle is cylindrical and ap-

proximately level with the tooth row (Fig. 1C, 6). The masseteric fossa is shallow,

the angle of the mandible is neither enlarged nor inflected, and the distal margin
of the coronoid process is straight.

Characters Matthew (1915) employed to distinguish species ofDissacus included

tooth size, paraconid expression (now known to be somewhat variable; Rose,

1981), relative size of molars, and presence or absence of the M3 metacone. While
some of these traits may differ among species of Dissacus, they are inadequate to

discriminate most species of the genus.

Several factors contribute to the difficulty of identifying and distinguishing

species ofDissacus. Various type specimens were based on extremely fragmentary

or poorly preserved material, often lacking diagnostic teeth, thus rendering the

original definitions ofsome species either inadequate or obscure. In addition there

was an unknown, but probably substantial, extent of intraspecific variability,

perhaps due in part to sexual dimorphism and to relatively imprecise occlusion,

as indicated by heavy apical tooth wear and rather irregular and poorly developed
shearing facets.

Features that appear to be useful for distinguishing species of Dissacus include

relative length of P2 ,
retroflexion of P3_4 protoconids, relative size and crown

height of M, and M2 ,
relative reduction ofM3 ,

position of the cristid obliqua and
development of a shallowly "basined” talonid on P3-M 1? presence of lingual

talonid cusps on P4-M2 ,
presence and expression of cingula on the upper molars,

and expression of metaconules on P3-M3
. We use the term 44

basined” to indicate

subtle widening of the talonid with buccal displacement of the cristid obliqua and
extension of the postcristid lingually and slightly anteriorly, to enclose a shallow

depression. A ratio of mesiodistal canine length to length of M, is used to give

some indication of how the relative sizes of these teeth vary in Dissacus.

Dissacus navajovius, from the Torrejonian of the San Juan Basin, New Mexico,

is the type species and the oldest and most primitive species of Dissacus. It is

small and has tall, relatively upright protoconids on P3-M3 (slightly retroflexed

on P 3_d, and a relative unreduced M3 . On P3-M3 the cristid obliqua is centrally

placed and posteriorly meets a subtle transverse postcristid with little or no de-

velopment of accessory cusps lingual to the hypoconid. Thus the talonid is nearly

symmetrical when viewed from the distal end (Fig. 3). P2 (holotype ofD. carnifex)

is triangular with a straight mesial border, and P3 has a variable paraconid (absent

in the holotype of D. navajovius, rudimentary in the holotype of D. carnifex). [D.

carnifex Cope, 1882, was initially distinguished from D. navajovius on the basis

of its slightly greater size and the presence of a paraconid on P3 . We tentatively

follow Matthew (1897, 1937) in considering it a synonym of D. navajovius.] The
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Fig. 2.— Dentitions of Dissacus in occlusal view, stereographs. A-B, D. argenteus, n. sp., holotype

(YPM-PU 16135): A, right dentary with C, P2 ,
P4-M 3 ;

B, right M 1 (epoxy cast); C, D. praenuntius

(YPM-PU 16159), left dentary with P3-M 3 . Scale = 1 cm.
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Cj/Mj ratio is approximately 0.74, associated with its gracile mandible. P3 has a
small but distinct lingual cusp and P4 has a distinct metacone which is more
separated from the paracone than in other species. A small metaconule is present
on P3 4 but is not evident on the molars. Weak pre- and postcingula are present
on M 1-2

,
and M3 has a relatively wide buccal margin.

Dissacus argenteus, new species

Fig. ID, 2A, B

Dissacus cf. navajovius. Rose, 1981:156-157.

Holotype.—YPM-PU 16135, dentaries with right Q, P2 ,
P4-M3 ,

and alveoli

for Pj 3 ,
left C r ,

P4-M l5 C 1

,
right M 1

,
and associated fragments. Collected by A.

C. Silberling, 1937.

Type Locality and Horizon. —Princeton Quarry, Sec. 21, T. 57 N., R. 100 W.,
Park County, Wyoming; late Paleocene (late Tiffanian, Ti-5 of Gingerich, 1983),

upper Fort Union Formation.

Referred Specimens.—YPM-PU 13924 (RM 1

?) and three uncatalogued isolated teeth (lower pre-

molar and molar, upper premolar) in the YPM-PU collection, all from Princeton Quarry (Rose, 1981).

Etmology. — Latin, of silver, for the Silver Coulee beds where the specimens were found.

Diagnosis. —About the size of D. navajovius, roughly 15% smaller than D.

praenuntius. Differs from D. praenuntius in having a shorter P2 with a convex
(not flat) mesial border, and from D. navajovius in having a lower crowned P4

with more retroflexed protoconid and longer talonid. Talonids of IV-iVf incipi-

ently basined. Differs from D. europaeus in being about 10% larger and lacking

a metaconid on P4 .

Description.—The nearly complete right dentary of YPM-PU 16135 is gracile and shallow, with a

mental foramen located just below the diastema between P2 and P3 . The mandibular symphysis was
unfused and extended distally to the back of P2 .

The teeth in the holotype (YPM-PU 16135) are well preserved and relatively unworn. The lower

canines are gracile (C,/M! ratio = 0.71) with distinct, low vertical ridges in the enamel that run the

height of the tooth on all sides. The one-rooted P, was set off by short diastemata, longer mesially

than distally. P2 has a tall, rather pointed anterior cusp with a long, convex mesial margin (as in D.

europaeus; Russell, 1 964:fig. 50) and a small centrally placed heel with a single cusp. The tooth appears

to be higher crowned and the talonid slightly larger than in Russell’s illustration of D. europaeus. P3 ,

judging from the alveoli, was two-rooted with a larger distal root. P4 has a more retroflexed protoconid

than in D. navajovius (Fig. 3). Anterior and slightly lingual to it is a small, basal paraconid. The talonid

is more than 40% the length of the tooth (compared with about 35% in D. navajovius), and a little

longer than the molar talonids. It is wedge-shaped, steep labially, and slightly broader and less steeply

sloping lingually. The mesio-distal ridge on P4 is interrupted at the talonid notch and joins a short

anterolingual cingulid at the paraconid.

The lower molars are generally similar to each other and to those in other Dissacus species. M 2 is

slightly larger and has a higher protoconid than M„ and M 3 is smaller than the other molars but not

significantly reduced over the size in D. navajovius. The talonid of M„ like that of P4 ,
differs from

that of D. navajovius in having a broader, slightly concave, and more gently sloping surface lingual to

the cristid obliqua than buccal to it (Fig. 3). This is associated on M, with the presence ofa rudimentary

lingual cusp (entoconid?), not evident in the holotype ofD. navajovius, and a faint trace ofan entoconid

can be detected on the M 2 of D. argenteus. M 1 does not appear to differ significantly from that of D.

navajovius. See Tables 1 and 2 for measurements.

Discussion. —Rose (1981) allocated these specimens to Dissacus cf. navajovius

but, as described above, they differ in several derived aspects from the latter

species, and D. argenteus is substantially younger than D. navajovius. The new
species closely resembles contemporaneous D. europaeus, but the latter is smaller

(see illustrations in Russell, 1964, and Godinot et al, 1987), and has a metaconid
on P4 (Russell, 1964:226), a condition not seen in any North American Dissacus.



Table

L

—

Measurements

(mm)

of

lower
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of
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L
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maximum

mesio-distal
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=
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width
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trigonid;
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-----
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=

root;
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Table 2.—Measurements (mm) of upper teeth of mesonychids (left side, right side). L = maximum
mesio-distal length; W = maximum width of trigonid; a = alveolus; r = root; and * = approximate.

Species Specimen no. CL CW P-L P-W P3L P3W

D. navajovius

D. argenteus

D. praenuntius

D. praenuntius

D. willwoodensis

P. gigantea

P. gigantea

P. gracilis

AMNH 3360
YPM-PU 16135
AMNH 16069

YPM-PU 13295
USGS 27635
YPM 50000
YPM 23333
USGS 7185

11.0,- 6.7, —

14.2, - 10.7’ -

—
,
12.0 —

, 5.3 -,13.2 —
,
7.2

- -,10.3 —
,
5.8

- -,22.5 -,19.2
- 20.4,- 16.4,

10.5,- 5.4,- 13.5,- 8.0,-

Dissacus praenuntius Matthew, 1915
Fig. 1A-C, 2C, 4, 5A-C

Referred Specimens. —YPM-PU 1 3295 (right dentary with P2-M 3 ,
and right P2-M 3 and left P4-M 2

);

YPM-PU 16159 (left dentary with P3-M 3 ); YPM-PU 18711 (left dentary with P2-M 3 ,
and right dentary

with C,-M 3 ,
miscellaneous upper teeth and right humerus); YPM-PU 19597 (left dentary with C,-

M 3 ,
and right dentary with P,~M 3 ,

miscellaneous upper teeth and bone fragments); all specimens

found by field parties working with G. L. Jepsen. Simpson (1937:fig. 5) illustrated the two complete

teeth of the holotype; see Rose (1981) and Gingerich (1989) for other specimens of D. praenuntius.

Localities and Horizons.-YPM-PU 16159: NEV4, Sec. 3, T. 56 N., R. 100 W.,

Park County, Wyoming; late Paleocene (latest Tiffanian, Ti6? of Archibald et al.,

1987), upper Fort Union Formation. YPM-PU 13295: Little Sand Coulee Basin;

YPM-PU 18711: SEVa, Sec. 20, T. 56 N., R. 101 W. (03 of Gingerich, 1983;

Archibald et al., 1987); YPM-PU 19597: SWM, Sec. 32, T. 57 N., R. 101 W. (Cf2

of Gingerich, 1983; Archibald et al., 1987); all Park County, Wyoming; latest

Paleocene (Clarkforkian), lower Willwood Formation.

Description.—The mandibular symphysis (YPM-PU 16159) extends to the distal aspect ofP3 (18.6

mm long), and the canines have the typical shape and simple enamel. The C,/M, ratio (YPM-PU
19597 = 0.82, YPM-PU 18711 = 0.79, YPM-PU 13295 = 0.81) indicates that these specimens were

relatively gracile. P, is one-rooted and simple as in other Dissacus. P2 is two-rooted and elongate with

virtually no paraconid development. The P2 protoconid is a tall, triangular, slightly retroflexed blade

with straight mesial and distal borders and a small heel. P3 is similarly shaped with a slightly larger

protoconid (as tall as or taller than P4 ), a relatively longer talonid, and a rudimentary paraconid. The
talonid is a relatively symmetrical blade with little development of a postcristid (as in D. navajovius,

but in contrast to D. willwoodensis, n. sp).

P4 has the most distinctly retroflexed protoconid of the premolars, but much less retroflexed than

in D. willwoodensis. The talonid is longer than on P3 but shorter than on M, and is not basined. The
cristid obliqua on P4-M2 is more buccally situated, giving the talonid a more gently sloping lingual

face than in D. navajovius. M2 is slightly larger than M,, but has a slightly narrower talonid. The
isolated molar talonid preserved in the holotype shows the degree oflingual broadening and asymmetry
typical of M,. Remolarization of the talonids, however, is variable; YPM-PU 13295, 19597, and
16159 have incipient entoconid(?) formation on the talonids of M, and M 2 ,

whereas YPM-PU 18711

has crenate (scalloped) posterointernal cingula on M2_3 ,
but no discrete entoconids.

P2
is an elongate two-rooted tooth; it has one pointed cusp with a gently concave distal margin and

no lingual lobe. P3 has a tall paracone, small stylar cusps (the metastyle being the larger of the two)

and an incipient lingual cusp. P4 has the most projecting paracone of the cheek teeth, a much lower,

connate metacone, a well-developed protocone, and apparently no metaconule. The molars generally

resemble those of D. navajovius except for being slightly larger.

These specimens display some interesting variations. YPM-PU 18711 has distinctive delicately

crenulated enamel on the cheek teeth, while other specimens have this feature to a lesser degree. YPM-
PU 16159, the only Tiffanian specimen of this species, differs from the others in several features,

including a less retroflexed, higher crowned P4 ,
and a shorter and broader M 3 with a shorter talonid

and a taller, more distinct paraconid. See Tables 1 and 2 for measurements.
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Table 2.- Extended,

PL P4W M'L M'W

11.2, 11.4 8.2, 8.8 12.0, 12.8 10.4, 10.6
—

,
— 13.1 -, 10.6

—
,
— —

,
— 13.9, - 10.8, -

12.8, 12.7 9.7, 9.3 15.1, 14.9 12.2, 12.0

10.1 -,7.9 11. 7r, 12.2 10.6r, 10.4

26.2 29.0 • -, 27.8 -, 29.0

22.8, - 25.5, - 26.0, - 24.8, -
16.0, 15.7 12.6, 13.1 18.5, 18.5 16.3, 16.3

M'T M 2W M3L M3W

12.4, 12.9

=
^
—

12.2, 12.4 7.8, -
J
>
1
1

•

;
14.4

10.7, 10.8

-,27.5

-! 14.1

10.8, 10.5

-, 29.8

8.2

-, 7.1

19.0

—
’ 8.7

—
»
7.8

-, 20.7

17.8’ 17.2 17.6’ 17.7 11.8 13.8

D, w/7/woodensis, n, sp.

Holotype, YPM-PU 16137
Wasatchian

D. praenuntius

YPM-PU 19597
iate Tiffanian-Ciarkforkian

Fig. 3.—Lower teeth of Dissacm. Left column, lateral view of right P4 ;
middle column, distal view of

left P4 ;
right column, distal view of left M,. Solid lines are based on complete teeth or restorations

from the opposite side of the same specimen. Dotted lines are restored from closely related forms.
Scale = 5 mm.
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Fig. 4.—Lower dentitions of Dissacus praenuntius in occlusal view, stereographs. A, YPM-PU 18711

(right C-M3 ); B, YPM-PU 19597 (right P,-M 3 ). Scale = 1 cm.

Discussion. —The holotype ofD. praenuntius (AMNH 16069, left P4 ,
fragments

of right Mj and left and right M2 s, left M 1

,
and fragmentary postcrania: Matthew,

1915; Simpson, 1937), from the latest Clarkforkian of the Willwood Formation
provides very limited information about this species. The Princeton specimens

add considerable new data on dental anatomy and its variability in this species.
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Fig. 5.— Dentitions of Dissacus in occlusal view, stereographs. A-C, D. praenuntius: A, YPM-PU
13295 (right P2-M 3

); B, holotype (epoxy casts), AMNH 16069, left P4 and M2 (mesial fragment), and
right M, (talonid) and M2 (trigonid); C, holotype (epoxy cast), AMNH 16069, left M 1

;
D. “D. Ion-

gaevus holotype, AMNH 15732, left dentary with incomplete P4 ,
Mj_3 (epoxy cast). Scale = 1 cm.
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Fig. 6.— Medial view of holotype of “D. longaevus” (AMNH 15732). Scale = 1 cm.

Dissacus praenuntius has larger cheek teeth than any other North American
species of Dissacus. Nonetheless, the depth of the dentary in these specimens,

while greater than in D. navajovius and D. argenteus, is less than that of the

holotype ofD. longaevus, which has smaller teeth. Derived features of this species

(relative to D. navajovius) include increased size, broader talonids (often with a

rudimentary entoconid), and slightly retroflexed protoconids on P3 and P4 .

Dissacus willwoodensis, new species

Fig. IE, 7, 8

Holotype.—YPM-PU 16137, mandible with left Q, P3 (broken), P4-M 3 ,
P

t

alveolus, P2 root; right P3-M 1? M 2 (talonid), M3 ,
Pj alveolus, P2 root; and asso-

ciated fragments. Collected by Austin Van Houten, 1938.

Referred Specimen. —USGS 27635 (mandible with right I,-I3 roots, fragmentary P2-M2 ;
fragmentary

left P3-M, ,
and roots or alveoli ofmost other teeth from both sides; and right maxilla with fragmentary

P3-M 3
;
and left M'-M 2 roots).

Localities and Horizon. — Holotype: “7 miles southwest of Basin, Gray Bull”;

USGS 27635: USGS locality D-121 1?, Sand Draw area, north of Emblem; both

from early Eocene (early Wasatchian), lower Willwood Formation, Bighorn Basin,

Wyoming.

Etymology.—From the Willwood Formation.

Diagnosis. —About the size of D. navajovius and D. argenteus, roughly 20%
smaller than D. praenuntius. Differing from these species in having more strongly

retroflexed P3 and P4 ,
and more basined talonids on P3-M l5 each with more

buccally situated cristid obliqua and stronger postcristid with two small cusps

lingual to the hypoconid (especially onM„ faintly seen on M2 ). Small, sharp crest

descends the distal wall of the talonid at the junction of the cristid obliqua and
the postcristid of Pj-M^

Description.—The incisor roots in USGS 27635 indicate that all three incisors were small, subequal

in size (I, the smallest and most laterally compressed), and oval in cross section with the long axis
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Fig. 7.—Dissacus willwoodensis, n. sp., holotype, YPM-PU 16137, mandible in occlusal view, stere-

ograph (left C, left and right P3-M 3). Scale = 1 cm

oriented approximately labiolingually. I2 is positioned more posteriorly than the other incisors (a

configuration also observed in Pachyaena gigantea, USNM 14915), and X3 is set close to the canine.

P2 is preserved, though incomplete, only in USGS 27635. It has a rudimentary paraconid, and is

short and apparently had a convex mesial border, as in D. argenteus and D. europaeus, in contrast to

the more elongate, triangular P2 of D. praenuntius and “D. carnifex

P3 and P4 have diminutive paraconids, smaller and lower on P3 ,
and low-crowned protoconids that

are more strongly retroflexed than in other species of Dissacus (Fig. 3). In addition, these teeth are

somewhat rotated in the jaw, accentuating the degree ofretroflexion, with the result that the paracristid

is oriented almost horizontally. The talonid of P4 is about as long as in D. argenteus (about 40% of

total tooth length). Mi and M2 are almost equal in size, M, being slightly larger (longer, wider, and
slightly taller), in contrast to D. navajovius, D. argenteus, and D. praenuntius. The talonids of M,_2

have strong postcristids with two poorly defined cusps lingual to the hypoconid. These cusps (distinct
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Fig. 8.—Dissacus willwoodensis, n. sp., USGS 27635, occlusal view, stereographs. A, mandible with

much of lower dentition, crowns incomplete; B, maxilla with right P3-M3
. Scale = 1 cm.

hypoconulid and weaker entoconid?) are better developed on M,; the more lingual one is very weak
on M2 . M 3 is greatly reduced in YPM-PU 16137, narrower and only about two-thirds as long as in

D. argenteus. Although the roots present in USGS 27635 appear to have supported a larger M3 ,

expansion of the base of the tooth in the holotype suggests that the crown ofM 3 may not have been

significantly larger in the referred specimen. M 3 generally resembles the other molars in shape but is

lower crowned and has a much shorter, unbasined talonid lacking lingual cusps.

P3 has a small lingual lobe, as in D. navajovius, larger than that in D. praenuntius. Distinct parastyles

and metastyles are present on P3-M 3
. P4 had a prominent protocone (broken away), and small cuspules

on its mesial and distal borders, representing traces of pre- and postcingula (much better developed

on M 1-2
). Because the crown is broken, it is impossible to ascertain ifa metacone was present; however,

a faint swelling of the postparacrista suggests the presence of a small metacone connate with the

paracone, as in D. praenuntius (compare Fig. 5A and 8). A small metaconule is also present on P4
.

The molars are generally similar to those of D. navajovius but have more reduced buccal cingula,

much stronger pre- and postcingula (weakly continuous lingually on M 1

), and stronger metaconules.

M 1 has less columnar cusps and M 3 has a relatively shorter buccal margin than in D. navajovius. The
C,/M, ratio is 0.80 in USGS 27635 and 0.75 in YPM-PU 16137, indicating relatively gracile canines.

See Tables 1 and 2 for measurements.

Discussion. —Dissacus willwoodensis is a rare early Eocene species differing from

earlier North American Dissacus in derived aspects of lower premolar structure,
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Fig. 9.—Dissaens serior, n. sp., holotype, USGS 27612, occlusal view, left P4 (incomplete), M2 ,
and

M3 . Scale = 5 mm.

talonid morphology of M l5 and M 3 reduction. Ironically, the advanced traits of

this species include molarization of the talonids of P3-M l5 an apparent reversal

ofthe general trend towards simplification ofthe lower cheek teeth in mesonychids.

Dissacus magushanensis Yan and Tang, 1976, from the late Paleocene ofChina,

was based on a dentary fragment with two incomplete teeth originally identified

as M2_3 ,
but more likely either P4-Mi or Mj_2 . These teeth closely approach D.

willwoodensis in talonid structure but are smaller, and the trigonids differ slightly.

The premolar protoconids are not preserved in the holotype, hence degree of

retroflexion cannot be established. Dissacus indigenus from the late Paleocene of

Naran Bulak, Mongolia (Dashzeveg, 1976:fig. 1, 2), seems to have a relatively

longer, narrower P4 with a less basined talonid than in D. willwoodensis or D.

argenteus.

The dimensions of P4~M2 in the new specimens are similar to those of the

holotype and only described specimen of D. longaevus (AMNH 15732, Fig. 5D,

6; Matthew, 1915) and it is possible that all belong to the same species. M 3 in

AMNH 15732, however, while having the reduced talonid characteristic of D.

willwoodensis, is otherwise similar in size to that of D. argenteus. This may not

be of much significance because the dimensions of third molars are known to be
highly variable (Gingerich, 1974; Gingerich and Winkler, 1979). The holotype of

D. longaevus further differs from the specimens described here in having a much
larger canine (Q/Mj = approximately 1.6 in AMNH 15732 in contrast to 0.75-

0.80 in D. willwoodensis) and a much deeper, more massive dentary— differences

which suggest the possibility of sexual dimorphism (e.g., Kurten, 1966, 1969;

Harvey et al, 1978; Van Valkenburgh and Ruff, 1987; Wright, 1993). Compli-
cating the situation is the fact that the exact provenance is not known for any of

these specimens, although all appear to be from the lower Willwood Formation
(see also Gingerich, 1989). Upon close examination, many of the characters that

readily distinguish D. willwoodensis from D. navajovius, D. argenteus, and D.

praenuntius, such as retroflexed, low-crowned P3 and P4 and specialization of the

talonids of P3"M 1? are either ambiguous or not preserved in the holotype of D.

longaevus. For these reasons we regard D. longaevus as a nomen dubium.

Dissacus serior, new species

Fig. 9

Holotype. —USGS 27612, left dentary fragments containing M2 ,
M 3 ,

and parts

of P4-Mj, isolated right P l5 and associated fragments; only known specimen.

Collected by K. D. Rose, 1992.

Type Locality.—USGS locality D-1754, 51 1-m level of the Willwood Forma-
tion, early Eocene (later Wasatchian, Wa-6 of Gingerich, 1983), Bighorn Basin,

Wyoming.
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Fig. 10.—Pachyaena gigantea (YPM 50000), right maxilla with P3-M 3
,
occlusal view. Scale - 5 cm.

Etymology.— Latin, occurring late.

Diagnosis. — Differs from all other species of Dissacus in having an enlarged

paraconid and no metaconid on M 3 . Slightly larger than D. navajovius, D. argen -

teus, and D. willwoodensis, and smaller than D. praenuntius.

Description.—P
,
is simple with a small posterior cuspule as in other Dissacus. The other teeth are

all from the left side, the two fragmentary teeth in serial succession and the two complete teeth in

separate fragments. The more anterior and more complete of the fragmentary teeth is identified as P4

because of its basined talonid with well-developed postcristid; however, it is possible that it is P3 .

Assuming it is P4 ,
the larger complete molar must be M 2 . Moreover, this molar resembles M2 in D.

willwoodensis and D. argenteus in having a less basined, narrower talonid than P4 . The tooth identified

as M 3 is shorter and narrower than M 2 and has an interstitial facet anteriorly (indicating contact with

another tooth) but not posteriorly. It has a much larger paraconid than in M 3 of other Dissacus

;

furthermore, there is no metaconid, only a slight swelling ofthe lingual side ofthe protoconid. Although
this tooth is superficially premolariform, it cannot be a premolar because the paraconid is much larger

and the talonid much less developed than in P^ of other Dissacus (not to mention the lack of a

posterior interstitial facet). The dentary fragments are deeper than in D. willwoodensis and shallower

than in the holotype of “D. longaevus.” See Tables 1 and 2 for measurements.

Discussion.—Dissacus serior is notable for its high stratigraphic occurrence,

evidently several hundred meters above the occurrence of D. willwoodensis. It is

the latest occurring Dissacus in North America. Nonetheless, its M3 is about as

long as in D. argenteus (much larger than in D. willwoodensis) but otherwise more
specialized than in all other Dissacus in having a much more prominent paraconid

and in lacking a metaconid.

Development of a metaconid on the lower molars has been considered a sig-

nificant taxonomic character in mesonychids, used to distinguish genera. Matthew
(1915, 1937) recognized the presence of a metaconid on the lower molars as a

diagnostic character of Dissacus, while Van Valen (1978, 1980) separated An-
kalagon partly on the basis of loss of the metaconid on M

{
. Pachyaena typically

has no metaconids or only vestigial traces of a metaconid. Apart form M3 ,
the

teeth of D. serior do not differ markedly from those of other Dissacus; hence, we
retain it in that genus.
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Fig. 11 .—Pachyaena gigantea (YPM 50000), right rostral fragment, with P3-M 3
,
lateral view. Canine

is completely reconstructed. Scale = 5 cm.

Pachyaena, Cope, 1874
Pachyaena gigantea Osborn and Wortman, 1892

Fig. 10-12

Referred Specimens.—YPM 23333 (left P3-M‘) and YPM 50000 (fragmentary right rostral aspect

of skull with P3~M 3
,
and mandible with left C,, P, alveolus, P 3-M,, right C,, P, alveolus, P2 ,

P4 ,
base

of M„ M 2). Parts ofYPM 50000 have been reconstructed in plaster, including the mandibular sym-
physis, both M 3 s, C 1

,
and parts of some other teeth. Collected by field crews working with E. L.

Simons.

Localities and Horizons. —YPM 23333: YPM locality 131, 344-348-m level of

Willwood Formation; YPM 50000, YPM locality 149, 360-m level of Willwood
Formation; both early Eocene (early Wasatchian, Wa-4 of Gingerich, 1983), Big-

horn Basin, Wyoming.

Description.— Skull: The nasal is wide caudally and, although incomplete, partly preserves the long

nasomaxillary suture. The lacrimomaxillary suture and the facial extent of the lacrimal are difficult

to discern due to breakage and crushing, but the lacrimal appears to form most of the anterior margin
ofthe orbit and to have a large pars facialis as in other mesonychids (the primitive eutherian condition,
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Fig. 1 2. —Pachyaena gigantea (YPM 50000), mandible, right lateral view with right C, P2 ,
P4 ,

Mj
(base), M 2 ;

other right teeth are reconstructed (see text for details). Also visible are left C and P2 . Scale

= 5 cm.

according to Novacek, 1986). The orbital rim is marked by a distinct lacrimal tubercle (derived

according to Novacek, 1986) located just lateral and slightly dorsal to a pair of elliptical lacrimal

foramina, each about 6 mm in dorsoventral diameter. These openings, which are positioned fully

within the rim of the orbit, presumably housed the lacrimal sac, leading into the nasolacrimal duct.

The orbit is broken along its inferior aspect at what seems to be approximately the junction with the

jugal. The premaxilla is partially preserved including an incomplete incisor alveolus, and forms a thin

wedge extending caudally between the nasal and the maxilla to just above the infraorbital foramen.

Mandible: Plaster applied at the mandibular symphysis makes it difficult to discern its size, ori-

entation, and whether or not it was ossified as in some Pachyaena specimens; but it seems to have
extended to below P3 as in USNM 14915 (O’Leary and Rose, in press: fig. 2A). In USNM 14915 the

symphysis is clearly unfused, but the specimen is subadult. The massive dentaries ofYPM 50000 are

convex inferiorly, shallowing slightly towards the rostrum. The body is deepest under M,, and the

medial surface of each dentary is gently excavated from the distal end of the symphysis to M3 . The
angle of the mandible is relatively large and flares medially. A small mental foramen is located under

P3 . The coronoid process is well developed and the masseteric fossa is well defined. The condyle is

cylindrical and located approximately at or below the level of the tooth row, as in carnivores generally.

The right mandibular condyle and both coronoid processes have rugose borders, and the M 3
is not

fully erupted, features indicating that this animal, too, was subadult.

Dentition: The well-preserved maxillary dental series of YPM 50000 differs from previous illus-

trations and descriptions of this species (Osborn and Wortman, 1892:fig 12; Szalay and Gould, 1966:

fig. 8), in part because some of the original associated teeth were apparently assigned to the wrong
loci. Most different are P4 and M 3

. “P4” in the holotype is probably a deciduous tooth, as suggested

by Osborn and Wortman (1892) and Matthew (1915). Osborn and Wortman’s “M 3” (apparently not

the same tooth as in Szalay and Gould’s fig. 8) appears to be misidentified and is more similar to P4

in the specimens described here. In addition, Matthew’s (1901 :fig. 13) illustration of P. gigantea shows
three teeth identified as M'-M 3 which are probably P4-M2

.

P3-M 3 in YPM 50000 are each dominated by a large, swollen conical paracone which is the highest

cusp. P3 is a small, triangular tooth with a relatively wide buccal margin and a slightly retroflexed

paracone. A rudimentary posterobuccal cingulum gives rise to a low metastyle just posterior to the

paracone. Lingual and slightly posterior to the paracone is a small, low protocone, followed by a

scalloped postprotocrista bearing two cuspules and running to the metastyle. P4 has a tall paracone,

a rudimentary metacone, and a protocone about halfthe height ofthe paracone and positioned directly

lingual to it. The buccal margin of the tooth is wide and is marked by a small parastyle and a crenate

posterobuccal cingulum ending in a distinct metastyle, which is larger than that of the molars and is

situated well in from the buccal margin and just posterior to the metacone. The protocone has a flat
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buccal face demarcated by the pre- and postprotocristae, the latter bearing two cuspules similar to

those of P3
. YPM 23333 is similar but about 10% smaller, has a smaller protocone on P 3

,
and has

smooth, not scalloped, postprotocristae on P3-P4
. In size and P 3 structure, this specimen is closer to

the holotype.

M 1 ofYPM 50000 is the largest tooth and has a well-developed protocone that is almost the size

and height of the paracone. The metacone is bigger than in any other tooth but still smaller and lower

than the other main cusps. Both paracone and metacone are moderately worn exposing dentine. An
ectocingulum runs the entire length of the buccal aspect of the tooth, which has a noticeable ectoflexus

and is wider and more crenate at the anterior and posterior margins. It gives rise to a prominent

parastyle (preserved in YPM 23333, broken in YPM 50000) and a distinct metastyle just posterior

to the metacone. The posterobuccal surface of the protocone is flat and oriented more posteriorly than

in P4
. The preprotocrista is short and runs directly buccally, whereas the postprotocrista is longer and

runs almost directly posteriorly to the base of a small, low metaconule, largely worn away in these

specimens. M2
is slightly smaller than M 1

,
and has a smaller metacone, no pronounced ectoflexus,

and more rounded antero- and posterobuccal margins. The ectocingulum is more pronounced at the

midbuccal margin than in M 1 and, as in the other molars, extends lingually beyond the stylar cusps,

which are slightly smaller than on M 1
. There is a distinct metaconule at the buccal end of the

postprotocrista. M3
is unworn and incompletely erupted, but it is clearly much smaller than the other

molars and about the size of P3
. The ectocingulum gives rise to a small parastyle anteriorly where it

joins the crenate preprotocrista; posteriorly it runs to a low cusp (metacone or metastyle) behind the

paracone. The protocone is faintly divided at its apex and the postprotocrista is scalloped and bears

one low cusp (metaconule?).

The left C, has a honing facet extending half the height of the distolateral aspect of the tooth,

produced by occlusion with the upper canine. P2_A are progressively larger and have high, slightly

retroflexed protoconids, and distinct talonid heels. P4 has a well-developed paraconid, more lingually

positioned than in the molars, which is joined to a buccolingually oriented anterolingual cingulum.

M, has no metaconid; M 2 ,
however, has a small ridge that represents a vestigial metaconid. Presence

of this vestige seems to be variable in Pachyaena (it is present on M2 of YPM 50000 and on both

Mj_2 ofAMNH 2959). A small cuspule arises from the postcristid at the lingual base of the talonid

ofM, and there is a re-entrant groove at the distal margin. The re-entrant groove is more pronounced
in M2 . Well-developed shearing facets are present on the paraconid of M, and on the protoconids of

Mj_2 ,
but the teeth do not show the heavy cusp tip wear typical of many mesonychid specimens. The

enamel surface of the cheek teeth is delicately rugose. See Tables 1 and 2 for measurements.

Discussion.—As far as can be determined, the features of the cranial fragment

do not differ greatly from those described in other advanced mesonychids such

as Mesonyx, Dromocyon, or Harpagolestes (Scott, 1888; Wortman, 1901; Szalay

and Gould 1966).

Matthew (1915) distinguished the subspecies Pachyaena gigantea ponderosa

from P. gigantea proper on the basis of its larger size (about 10% larger) and
smaller M3

. In view of the very small sample size of P. gigantea it is unclear

whether such a small size difference is sufficient to distinguish taxa of similar age

and occurrence. Furthermore, there is no reliable evidence that M3 was unreduced
in P. gigantea. The claim ofunreduced third molars in P. gigantea (e.g., Matthew,

1915) apparently was based on erroneous identification of M3 (see Osborn and
Wortman, 1892:fig. 12; Szalay and Gould, 1966:fig. 8). M3

is small, however, in

both YPM 50000 and the holotype of P. gigantea ponderosa, which are similar

in size. In addition, P3"4 exhibit considerable variation of the protocones and
postprotocristae. YPM 23333 and the holotype of P. gigantea (Osborn and Wort-
man, 1892:fig.l2) have a rudimentary protocone and little development of the

postprotocrista on P3
,
whereas in YPM 50000 there is a strong protocone and a

cuspate postprotocrista. P4 in YPM 50000 (and in the holotype of P. gigantea

ponderosa, tojudge from Matthew, 1 9 1 5: fig. 85) also has a well-developed, cuspate

postprotocrista in contrast to YPM 23333. The original criteria used to separate

P. gigantea ponderosa from P. gigantea proper are not particularly persuasive;

however, the premolar characteristics described here, when better known, may
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substantiate the presence of two species of large Pachyaena in the Willwood
Formation. For this present, however, we retain these specimens in P. gigantea.

Pachyaena gigantea is a very rare constituent ofWasatchian faunas and is known
from very few specimens (probably less than 20). Several of the more complete

specimens, including YPM 50000, AMNH 2959, AMNH 15227 and USNM
14915, are subadult.

Pachyaena gracilis Matthew, 1915

Fig. 13

Referred Specimen.—USGS 7185 (maxillary fragments with left P2-M 3
,
right P4-M3

,
and isolated

left I'-I2
(?), C 1

. Collected by K. C. Beard, 1985.

Locality and Horizon.—USGS locality D-1640, 140-m level, lower Willwood
Formation, early Eocene (early Wasatchian, Wa-2 of Gingerich, 1983), Bighorn

Basin, Wyoming.

Description.—The incisors are small, simple, conical and gently recurved. The larger of the two (I
2
?)

has a broader base, whereas the smaller incisor is somewhat laterally compressed. Their tips are only

slightly blunted, exhibiting little wear. The slender canine is oval in cross section with the long axis

oriented mesiodistally, and is approximately four times as tall as the largest incisor. It is gently recurved

and has a narrow honing facet that is a little over half the length of the crown.

P2
is a simple, two-rooted, premolariform tooth that is mesiodistally elongate with a tall, gently

retroflexed anterior cusp, and a weakly developed posterior cusp. P3
,
also two-rooted, is expanded

posteriorly, with a trace of a posterolingual cingulum which gives rise to a weak cuspule at its anterior

end and runs to a larger posteromedian cusp. From the latter, a low crest runs directly buccally. P4
is

molariform with a large paracone, a much smaller and closely appressed metacone, and a protocone

intermediate in size. P4-M 3 are marked by distinct crenate ectocingula, weak or interrupted near the

middle of each tooth. The ectocingula end in small parastyles on M 1-2 (weaker on P4 and M 3
) and

small metastyles on P4-M 2
. The paracone and protocone are approximately equal in size onM 1 although

the protocone is not as tall, and the metacone is less closely appressed to the paracone on M 1 and M2

than on P4
. The small metaconule is variably developed on P4-M3

,
weakest on P4 and strongest on

M2
. M 1 and M2 are approximately the same size, while M 3

is decidedly smaller (smaller than P4
) and

has a very reduced posterobuccal cusp (metacone?). See Table 2 for measurements.

Discussion.—Although some fragmentary upper teeth of P. gracilis have been
reported (Matthew, 1915), the upper dentition of this species has never been
illustrated or described. Compared to P. gigantea, the metacones are stronger and
more separated from the paracones, and the ectocingula and metaconules of P.

gracilis are weaker. P3 shows strikingly less development of a lingual cusp in P.

gracilis (and P. ossifraga Cope, 1884:plate 28a) than in P. gigantea.

Family Hapalodectidae (Szalay and Gould, 1966) Ting and Li, 1987

Hapalodectes anthracinus Zhou and Gingerich, 1991

Fig. 14

Referred Specimen.—USGS 9628 (left M,-M 2 ,
right M 3 fragment).

Locality. — University of Wyoming locality V-73086, 61-m level, lower Will-

wood Formation, early Eocene (early Wasatchian, Wa-1 of Gingerich, 1983),

Bighorn Basin, Wyoming.
Remarks. —This specimen is allocated to Hapalodectes anthracinus on the basis

of the tall, upright protoconids, the absence of metaconids on the lower molars,

and its small size (Table 1 ;
see Zhou and Gingerich, 1991). Ifthe teeth are correctly

identified, M 3 was the largest molar, as in other hapalodectids (Szalay, 1969), and
has a deep re-entrant groove on the mesial aspect of the paraconid to receive the

talonid ofM2 . The only other North American species, H. leptognathus, is larger
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Fig. 13.—Upper dentition of Pachyaena gracilis (USGS 7185), occlusal view, stereographs; right P4-

M 3
,
and left I'-I2

?, C, P2-M 3
. Scale - 5 cm.

and has vestigial metaconids (Szalay, 1969). Hapalodectes hetangensis, from the

early Eocene ofChina, is smaller than H. anthracinus and further differs in having

distinct molar metaconids (Ting and Li, 1987). Hapalodectes anthracinus closely

resembles H. serus from the middle Eocene of Asia. Both have no metaconids,

and H. serus is only slightly larger, even less so if its holotype is M 3 rather than
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Fig. 14.—SEM photographs of Hapalodectes anthracinus (USGS 9628). A, left M,-M 2 ,
lateral view;

B, left M,-M 2 ,
occlusal view, stereographs; C, right M 3 ,

occlusal view, stereographs. Scale = 1 mm.

M2 . In view of the geographical and temporal separation of these two species,

however, we tentatively retain both as valid. This is only the third known specimen
of this very rare mesonychian and is the best preserved. See Table 1 for mea-
surements.
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Discussion and Conclusions

The late Paleocene-early Eocene dentitions described above exhibit a rather

impressive range of morphological variation, both interspecific and intraspecific,

and substantially expand what is known of mesonychian dental anatomy from
this interval. Available specimens indicate the presence of three new species of

Dissacus, one from late Tiffanian strata and two from the Wasatchian, doubling

the number of North American species of the genus.

Torrejonian D. navajovius is a plausible stem group for all currently known
North American species of Dissacus, and there is nothing to preclude it from
being directly ancestral to the new Tiffanian species, D. argenteus, which has a

more retroflexed P4 protoconid and slightly basined P^Mj talonids. Wasatchian
D. willwoodensis, n. sp., further accentuates these features. Dissacus navajovius

may also have given rise to late Tiffanian-Clarkforkian D. praenuntius

,

which
shows somewhat similar specializations but is larger than the other North Amer-
ican species. The later Wasatchian Dissacus serior, n. sp., is unique among Dissacus

in having lost the metaconid on M3 .

Samples of D. praenuntius and D. willwoodensis described here each exhibit

minor morphologic variations (e.g., differences in overall tooth size, relative M3

size, and jaw depth) but, in the absence of more compelling evidence, these are

considered intraspecific variations. The range ofcheek tooth size in other Dissacus

samples also suggests substantial intraspecific variability or, possibly, the presence

of more than one species in some faunas. Dissacus carnifex, from the same strata

as D. navajovius (Torrejonian of the San Juan Basin), was initially considered

distinct because ofslightly larger size, a deeperjaw, and the presence ofa paraconid

on P3 (Cope, 1882, 1884). Matthew (1897), who contested the size difference and
reported the existence of specimens intermediate between the two species, con-

cluded that they were synonymous. Our measurements indicate that the holotype

of D. carnifex is, in fact, roughly 10% larger than the type of D. navajovius,

especially in P4 and M 3 dimensions, but whether this difference would justify

recognition oftwo species is equivocal. The dentary of the holotype ofD. carnifex

is about 50% deeper than that of D. navajovius, which is not incompatible with

an interpretation of sexual dimorphism rather than different species.

There is additional evidence suggesting sexual dimorphism in mesonychians.
As discussed earlier, the holotype of Wasatchian “D. longaevus” has cheek teeth

of similar size to those of contemporaneous D. willwoodensis, together with a

much larger canine alveolus and a deep, robust dentary— characters consistent

with its being a male of the new species. It differs from D. willwoodensis, however,
in having a relatively larger M 3 and a less basined M, talonid. These characters

are not likely to be sexually dimorphic, but whether they are of specific distinction

is unknown. The specimen lacks several key diagnostic characters, thus preventing

an adequate assessment of its affinities. Variation in jaw depth and tooth com-
pression in Hapalodectes has also been suggested to result from sexual dimorphism
or intraspecific variability (Szalay, 1969). By contrast, Zhou et al. (1992) inter-

preted the supposed lack of sexual dimorphism in Pachyaena as indicating that

these animals were solitary scavengers; but such an inference may be premature.

Sample sizes of mesonychians, especially Pachyaena, are probably too small to

allow confident resolution of whether or not they were sexually dimorphic.
The contrast in dentary depth in D. longaevus and D, willwoodensis, despite

similar-sized teeth, indicates that tooth size and jaw depth are not necessarily
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directly related in species of Dissacus. Szalay and Gould (1966) also observed

that jaw size and tooth size are not always correlated in mesonychids, noting that

Mongolestes hadrodens has a dentary comparable in size to that of Ankalagon
saurognathus but much larger cheek teeth.

The exact provenance is unknown for most previously described specimens of

Pachyaena, but the upper dentition of P. gracilis reported here is older than all

P. gigantea for which stratigraphic data exist. Its smaller size and more distinct

metacones, especially on P4
,
appear to be primitive relative to P. gigantea. In

comparison, P4 in Dissacus has a well-separated metacone in primitive species

(D. navajovius) but a connate paracone-metacone in more derived species (D.

praenuntius, D. willwoodensis). Pachyaena specimens described here show vari-

ations in the expression of the protocone of P3 and the postprotocristae of P3-4
,

but the polarities of these characters are unclear.

Hapalodectes anthracinus is the oldest known hapalodectid and one of the

smallest. In contrast to H. hetangensis (early Eocene ofChina), the most primitive

hapalodectid, H. anthracinus is relatively derived in having lost the metaconids

on the lower molars.
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ISBN 0-8014-9542-3 (paper). $15.95. Contributors: Barbara A. Babcock, Edward
M. Bruner, James W. Fernandez, Dan Handleman, Smadar Lavie, Jose E. Limon,
Barbara MyerhofF, Kirin Narayan, Renato Rosaldo, Richard Schechner, Edward
L. Schieffelin, Marjorie Shostak, Anna Lowenhaput Tsing, Edith Turner.

In anthropological theory building as well as the cultural context, creativity

emerges from a reworking of traditional approaches. This is shown clearly in the

contributions of Creativity/Anthropology whose articles present a variety of case

studies focusing on the ways in which the emergent, contextual qualities of cre-

ativity operate in ethnographic situations as well as in the anthropologist’s as-

sessment of himself and his science.

The 1 3 articles, introduction, and epilogue of this volume reflect a recent trend

in cultural anthropology to focus on the creative, expressive, and performance

aspects of culture. In combining texts which detail creativity and cultural perfor-

mance from various perspectives, the editors present contributions that show not

only the emergent quality of culture in field sites, but also the emergent qualities

of contemporary anthropological theory building. They reflect the discipline’s

shift toward including the informant as an important (f)actor in theory building,

moving from dispassionate observation toward collaboration and the inclusion

of first person (singular and plural) exegesis. The works presented here show the

interplay of the “other” as performer in his society, the “other” as he influences

the anthropologist’s approach to enthnography, and the interplay of informant

and anthropologist as they both rework and mold cultural tenets and anthropo-

logical theory.

This approach, and even the organization of the book, reflects the authors’

intellectual debt to Victor Turner who was so instrumental to pinpointing the

creative elements of culture for social scientists. Turner is one of the primary
threads tying the contributions together, a fact made clear by the editors who call

themselves and other contributing authors “Turner’s successors,” and who ded-

icate the volume to Turner’s memory.
The articles making up the anthology focus on and reflect Turner’s penchant

for describing and explaining “social drama,” in particular in ritual situations.

Turner’s ideas about liminality, communitas, ambiguity, and the predictability

of culture ring true throughout the contributions to the volume. Individuals are

shown as actors who react to and act within the traditional tenets of society even
as they redefine them in contemporary renditions oftraditional rituals and artistic

forms. The works in the collection also are “Tumerian” in the sense that they

point out that creativity, like other cultural expressions, is in essence emergent
and contextual; made possible by combining and recombining culturally sanc-

tioned expression in new ways.

What is refreshing and most interesting is that, like Turner, the authors do not

limit themselves to the study of traditional societies. Rather, both contemporary
and historical societies, “primitive” and “complex” groups, traditional and in-

173



174 Annals of Carnegie Museum vol. 64

dustrial ones are presented, as are the “other” and the anthropologist. A final

comment on Victor Turner’s influence on, and role in, the present volume is

warranted: he and his thoughts are interwoven in the text both directly and
indirectly, explicitly and implicitly. He insinuates himself into the conversation

through the approaches taken and because he is participant observer in the rituals

reported on (in particular in the latter portions of the book).

The three editors, all well-known authors in their own right, have collaborated

on a comprehensive introduction to the volume which serves as a reexamination

of and memorial to Turner’s accomplishments, and as a general review of recent

trends in “critical anthropology.” Together, the epilogue and introduction function

as very good overviews of the contents and orientation of the volume.
The book is divided into three major sections; each editor is represented in,

and evidently responsible for bringing together the papers in one section. The
articles do not appear to be highly edited; that is, they have not been smoothed
over to fit a single writing style or approach. The work of each author retains its

own stylistic qualities while contributing to a thematic continuity within each

section. Much of the success of the book’s organization is due to the careful

selection of contributions which complement each other by showing the range of

cultural situations in which creativity emerges. The framework of this volume
helps us see the anthropologist and his subject in the process of theory building

and culture building.

Many of the contributions have been published elsewhere over a period of

several years, and are combined in this volume with other new articles within an
organizational framework that discusses anthropology and creativity from three

vantage points. They focus on the informant, the anthropologist, and the situation.

The contributions in the first section of the collection, dealing with Creative

Individuals in Cultural Context, direct attention to how individuals recombine
traditional forms of cultural expression in new ways. Both James Fernandez and
Kirin Narayan discuss the innovative use of standard verbal forms. The former’s

informant, an Asturian villager, plies inventive verses with sharp political and
social criticism. Narayan’s subject uses traditional tales to criticize stylish “gurus”

who cater to providing religious experiences to financially able seekers. Marjorie

Shostak provides case histories of three creative !Kung individuals who push the

boundaries of !Kung creativity through innovations in three of their art forms:

music, shamanism/healing, and beadwork. The history of Cochiti Pueblo potter

Helen Cordero’s creative expression is explained by Barbara Babcock. Her de-

scription of Helen’s reworking a male art form makes it apparent that “all in-

novation involves a dialectic between convention and invention ...” (Babcock:

76). The first section concludes with Anna Lowenhaupt Tsing’s treatise on an
Indonesian woman who has developed new verbal and visual ritual forms and
cultural performances to express personal and group identity: a creative contra-

position to traditional forms by male performers.

A second division ofthe volume, The Creation ofEthnographyfrom Experience,

includes essays by Don Handleman, Smadar Lavie, Jose E. Limon, and Barbara

Myerhoff. These chapters are reflexive in nature, being essentially personal ret-

rospectives on ethnography and the way informants and ethnographers can, do,

and sometimes do not collaborate. They show how, in the process of conducting

ethnographic studies, cultural norms are created, codified, upheld, reassessed, and
validated by insider and outsider alike.

Handleman’s essay points to the difficulties inherent in conducting ethnographic
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research with an informant (in this case a Washo healer) who has collaborated

with and befuddled a series of ethnographers over a period of several decades.

Handleman’s process of anthropological inquiry and his science in general are

challenged by the informant. While studying a Bedouin group, Smadar Lavie

became cultural commentator by utilizing traditional discourse methods to remind
her informants that—despite changes brought on by a shifting political climate—
Bedouin identity, tribal organization, and social structure remained intact. The
author reflects upon her position as insider and outsider, “other” and anthro-

pologist, and ultimately as upholder of Bedouin tradition. Jose Limon’s article

discusses the pivotal role Chicano folklorist Americo Paredes played in defining

borderland folklore and the Chicano movement, as well as Paredes’ role as a

precursor to the self-study focus current in contemporary ethnography— a method
employed by Limon himself in this contribution. The final piece in this section

is a posthumous one, assembled by Edith Turner from notes left by Barbara

Myerhoff. Its theme is a pilgrimage to Meron during the Lag B’Omer period (a

time between Passover and the harvest festival Shavuot), and in particular the

role of dreams and dreaming during this liminal period. The article is reflexive

and introspective in tone as Myerhoffcombines reflections on pilgrimage with an
explanation of how dreams bring people closer to their saints at the Meron pil-

grimage, and with reflections on the discipline of anthropology. Finally, Myerhoff
discusses her own dreams in light of the liminal experience during the Meron
ritual specialists and audience in specific cultural contexts—among participants

in the Bar Yohai pilgrimage in Meron, Israel; among the Ilongots of northern

Luzon, Philippines; the Kaluli ofPapua New Guinea; and in cross-cultural contexts

In the final section, Collective Creativity

,

Edith Turner, Renato Rosaldo, Edward
Schieffelin, and Richard Schechner assess the social importance of performance:

that of transmitting social and cultural meaning. They focus on the interplay of

ritual specialists and audience in specific cultural contexts—among participants in

the Bar Yohai pilgrimage in Meron, Israel; among the Ilongots ofnorthern Luzon,
Philippines; the Kaluli of Papua New Guinea; and in cross-cultural contexts

brought to us through our contact with the “other” by means of mass media. All

of these authors show how ritual performance is a culturally-embedded drama-
tization of ordinary activity through which social organization is reflected, ex-

aggerated, redefined, and realigned.

Through practical reference to fieldwork as the basis for theory building, this

book points to contemporary theoretical themes in performance and expressive

culture as well as to the anthropologist’s reassessment of himself and his science.

In Creativity/Anthropology we have a fine collection reflecting current trends in

interpretive anthropology, and a volume that will be a valuable resource for social

scientists interested in anthropological theory, ritual, symbolic anthropology, ex-

pressive culture, and the creative process.

MARILEE SCHMIT NASON, Assistant Curator, Alcoa Foundation Hall ofNative
Americans, Division of Anthropology (Present address: Visiting Scholar, Latin

American Institute, University of New Mexico, Albuquerque, NM 87131).
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A NEW ARTIODACTYL (MAMMALIA) FROM
THE EOCENE PONDAUNG SANDSTONES, BURMA

Patricia A. Holroyd 1

Russell L. Ciochon2

Abstract

Reanalysis of artiodactyl material from the late middle Eocene Pondaung sandstones of Burma
indicates the presence of a new genus assignable to the Helohyidae. A single specimen, previously

described as an anthracotheriid and placed in the genus Anthracokeryx, is described below as Pak-

kokuhyus, n. gen. Pakkokuhyus, n. gen., represents the most southerly occurrence of the family He-
lohyidae. The new Burmese genus also has resemblances to the putative raoellid Haqueina from the

early or middle Eocene of Pakistan.

Introduction

The Pondaung Beds of the Chindwin-Irrawaddy Basin of Buraia (also called

Myanmar) have long been known for the diverse anthracotheriid artiodactyl fauna

found there (Pilgrim and Cotter, 1916; Pilgrim, 1928; Colbert, 1938). The only

other artiodactyl family previously reported from this fauna is the Gelocidae

(Indomeryx cotteri, Pilgrim, 1928; Colbert, 1938; Russell and Zhai, 1987). Re-
examination of Pondaung anthracotheriid fossils in the collections of the Geo-
logical Survey ofIndia (GSI) has revealed the presence ofan additional artiodactyl

in the Pondaung fauna. Collected in 1920 or 1921 by H. M. Lahirii and B. B.

Gupta and previously described as Anthracokeryx ? lahirii (Pilgrim, 1928), this

species is now recognized as a new genus of the family Helohyidae. This new
genus represents the most southerly occurrence of helohyids and also bears re-

semblances to the putative raoellid Haqueina.

Systematic Paleontology

Order Artiodactyla

Family Helohyidae Marsh 1877
Pakkokuhyus, new genus

Anthracokeryx! Pilgrim, 1928; Colbert, 1938.

Type and Only Species. —Pakkokuhyus lahirii (Pilgrim, 1928).

Etymology. —Named for the Pakkoku District, where the type specimen was
found, and hyus, from the Greek hys, pig.

Distribution.— Pondaung Formation, late middle Eocene.

Diagnosis. — Differs from the helohyid genera Gobiohyus from the Mongolian
middle Eocene and Helohyus from the early middle Eocene (Bridgerian) ofNorth

1 U.S. Geological Survey, MS 919, Box 25046 Federal Center, Denver, Colorado 80225. Present

address: Museum ofPaleontology, 1101 Valley Life Sciences Building, University ofCalifornia, Berke-

ley, California 94720-4780.
2 Departments of Anthropology and Pediatric Dentistry, University of Iowa, Iowa City, Iowa 52242.

Submitted 4 November 1993.
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America in having: molar paraconids apparently lacking; a continuous labial

cingulid on M3 ;
a basally inflated crown; more bunodont and less conical cusps;

stronger labial cingulids on M,-M2 ;
less pronounced ectoflexid; absolutely and

relatively greater mandibular depth; shorter and less distinct hypoconulid loop

on M 3 . Further differs from Gobiohyus in having relatively higher crowns and
from Helohyus in having a stronger hypoconulid on the distal cingulid and in

lacking accessory cuspulids on the hypoconulid loop. Differs from the possible

raoellid Haqueina in having: a stronger hypoconulid on the distal cingulid; a

weaker and less constricted hypoconulid “loop”; a single M3 hypoconulid; post-

cristid lacking; and weaker hypolophid and cristid obliqua. Differs from anthra-

cotheriids in its smaller size and in having a straight hypolophid; a short M 3

hypoconulid loop; and in lacking a premetacristid. Differs from all of the above
in having entoconid slightly posterior to hypoconid.

Pakkokuhyus lahirii (Pilgrim, 1928)
Fig. 1A-B

Anthracokeryxl lahirii Pilgrim 1928, plate 4, figure 4, 4a; Colbert 1938.

Type and Only Specimen. — Geological Survey of India (GSI) B-766, right man-
dibular fragment with Mj-M^

Type Locality.—“K2 1-315, three furlongs [approximately 0.6 km] N.W. [north-

west] ofThanudaw village, Myaing Township, Pakkoku District, Burma.” “K21”
is a section designation on Geological Survey of India maps of the region.

Diagnosis.—As for genus.

Description. — Measurements (in mm) for GSI B-766 are: Mj length, 7.1; M,
trigonid width, 4.9; M, talonid width, 5.1; M2 length, 8.6; M 2 trigonid width, 6.6;

M2 talonid width, 7.2; M 3 length, 12.5; M3 trigonid width, 7.5; M 3 talonid width,

7.2.

The molars are basically quadritubercular and increase in size from front to

back. There is no apparent paraconid; however, the degree of wear on and M2

makes it virtually impossible to determine whether a small paraconid may have
been present on either of these teeth. A small hypoconulid is present on M, and
M2 ,

and a single hypoconulid and “loop” are present on M 3 . The cusps are

bunodont, and the crowns are of medium height. The bases of the crowns are

inflated, and the labial surfaces slope medially. The protoconid and metaconid
are higher than the talonid cusps and are situated close together, with the meta-

conid being the larger of the two. The protoconid is slightly anterior to the meta-

conid, and the two cusps are joined by a looping paracristid that extends along

the anterior face of the trigonid toward the mesial cingulid, but is separated from
the cingulid by a 1.2 mm gap. A very short protocristid joins the two trigonid

cusps. Both the anterior and posterior faces of the trigonid are almost vertical.

Fig. 1.—A. Lateral view of GSI B-766, holotype of Pakkokuhyus lahirii. Occlusal views of: B. P.

lahirii, GSI B-766, right mandibular fragment with M,-M3 ;
C. Helohyus validus, AMNH 10011,

associated? isolated right M2-M3 ,
left M, from near Henry’s Fork, Sweetwater County, Wyoming; D.

Helohyus lentus, AMNH 12150, left mandibular fragment with M3 from the Bridger Formation (D3),

Henry’s Fork Hill, Sweetwater County, Wyoming; E. Gobiohyus orientalis, AMNH 20248, left man-
dibular fragment with M,-M 3 from Irdin Manha Formation, Telegraph Line Camp, Chahar Province,
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1 . i . i

Inner Mongolia, China; F. G. orientalis, AMNH 20250, right mandibular fragment with P4-M3 from
same locality as given for AMNH 20248; G. G. orientalis, AMNH 26282, right mandibular fragment

with P4-M 3 from same locality as given for AMNH 20248; H. G. orientalis, AMNH 26280, right

mandibular fragment with C, P2-M 3 ,
only P4-M3 shown, from same locality as given for AMNH

20248.
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The talonids of M
t
-M2 are somewhat wider than the trigonids and open lin-

gually. The hypoconid is slightly anterior to the entoconid and is connected to it

by a low, straight hypolophid. The cristid obliqua is lingually oriented and meets
the posterior trigonid wall at the midline of the tooth. The hypoconulid on M2 is

connected to the hypoconid by a short, well-developed postcristid. Mesial and
distal cingulids are weakly developed, and there is a short labial cingulid between
the hypoconid and protoconid on Mj and M 2 .

The first molar is worn, showing heaviest wear on the anterior wall of the

trigonid, along the cristid obliqua, and on the lingual side of the entoconid such

that the upper half of the crown is missing, with the exception of a small pool of

enamel at the bottom of the talonid basin. However, in its preserved features it

appears to be a smaller version of the second molar.

The third molar has a large hypoconulid. A low but prominent postcristid joins

this cusp to the hypoconid, cutting off a small, lingually open hypoconulid basin

within the hypoconulid “loop.” A strong labial cingulid is present from the hy-

poconulid to the base of the protoconid.

The mandible is robust, measuring 19.2 mm at its greatest depth, beneath M2 .

The inferior border of the ramus angles gently upward from this point, and there

is no indication ofan expanded mandibular angle similar to that seen in Gobiohyus
or anthracotheriids. The base ofthe ascending ramus is preserved, and the anterior

portion of the masseteric fossa is present. This fossa forms a deep depression in

the ramus, and its lowest level of insertion is marked by a distinct crest approx-

imately 1 3 mm from the lower border ofthe mandible. At its most anterior extent,

the fossa forms a sharp crest at the base of the ascending ramus.

Discussion

Age o/Pakkokuhyus lahirii

The Pondaung mammalian fauna occurs within a thick succession of marine
and continental rocks that were deposited throughout the Eocene and are now
exposed in the Chindwin-Irrawaddy Basin. The middle Eocene to upper Eocene
portions of this sequence have been termed, from oldest to youngest, the Tabyin
clay, the Pondaung sandstones, and the Yaw shale. The term “formation” has

been applied to these strata by some workers (e.g., Bender, 1983). However, this

term has not been used in its modem sense, that is, a defined lithostratigraphic

unit. There are few clear boundaries between the Eocene “formations” of the

Chindwin-Irrawaddy Basin, except at the lower boundary of the Yaw shale, where
there is a distinct lithological break with the underlying Pondaung sandstones

(Stamp, 1 922; Cotter and Clegg, 1938; Bender, 1983). For this reason, the informal

names given above are employed here.

Pakkokuhyus lahirii occurs within the upper part of the Pondaung sandstones,

in a sequence of paleosols that represents virtually the only continental deposits

in the Eocene succession. These continental deposits have traditionally been con-

sidered late Eocene in age, largely on the basis of the “degree of evolution” of

their artiodactyl and perissodactyl taxa when compared with related forms in

Africa, North America, China, and Mongolia (Pilgrim, 1928; Colbert, 1938; Bend-
er, 1983). The only constraints on the age of the Pondaung sandstones are the

relationships of these rocks to the underlying marine Tabyin clay and overlying

marine Yaw shale, which can be broadly correlated to European Standard Stages

based on their invertebrate faunas.
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The Tabyin day has been assigned to the Lutetian Stage (early middle Eocene)

by correlation with the Khirthar Stage in India (see Eames, 1951, and GIngerich

and Russell, 1 990, for comments on the correlation ofthe Indo-Pakistan sequences

with European Standard Stages). The Yaw shales have been considered Ludian/
Priabonian (upper Eocene) in age (Stamp, 1922; Cotter and Clegg, 1938; Bender,

1 983), although an older age may be possible. The Yaw shales have been correlated

to the Nanggulan Formation of Java (e.g., Holland, 1926) based on the common
occurrence of Discocylina . Studies of mollusks (Zachello, 1984), calcareous nan-

noplankton (Okada, 1981), and planktonic foraminifera (Pumamaningsih and
Harsono, 1981) from the Nanggulan Formation indicate that the Discocylina beds
span the latest Lutetian through Priabonian. Thus, the Yaw shales may be older

than Priabonian. These age assessments for the marine strata of Burma suggest

a Bartonian (late middle Eocene) age for the Pondaung sandstones and fauna

based on their intermediate stratigraphic placement. The justification for a Bar-

tonian-equivalent age for the Pondaung fauna and its correlation to other im-
portant mammalian faunas in Asia is discussed in more detail in Holroyd and
Ciochon (1994).

Comparisons with Other Bunodont Artiodactyla

In Pilgrim's (1928) original description, he compared the type and only spec-

imen of Pakkokuhyus lahirii favorably with the helohyid genera
“
Lophiohyus

”

(
:=Helohyus) from the North American Bridgerian Land Mammal Age (LMA)
and Gobiohyus from the Asian Irdinmanhan LMA. He recognized that this species

probably did not belong in the genus Anthracokeryx. However, he believed the

molar pattern of GSI B-766 to be typical of anthracotherioids, and so did not

ally it with the helohyids. Colbert (1938) reiterated Pilgrim’s remarks and agreed

that the specimen probably belonged to a different genus than Anthracokeryx.

Pakkokuhyus is clearly not an anthracotheriid. Anthracokeryx
, Anthracothema,

Siamotherium , and other bunodont Asian anthracotheriids are characterized by
the presence of strong, mesiolabially-directed premetacristids, well-separated me
taconids and protoconids that are subequal in size, cristids oblique that ascend
the posterior trigonid wall, Y-shaped hypolophids, well-developed and posteri-

orly-extended M3 hypoconulid loops, common occurrence of a double hypocon-
ulid onM3 ,

and larger body size (see descriptions in Pilgrim, 1 928, and Suteethom
et aL, 1988). Pakkokuhyus lacks all of these features.

Pakkokuhyus shows greater affinities with the Helohyidae (Fig. 1 OH), com-
posed of Helohyus from the North American Bridgerian LMA and Gobiohyus
from the Asian Irdinmanhan LMA. In its size, degree ofbunodonty, and cingular

development, Pakkokuhyus is most similar to Helohyus spp., and is matched by
H. lentus (Fig. IE) in the relative size ofthe hypoconulid. Similarities to Gobiohyus
(Fig. IE -LI, G, orientalis) are not so marked, although the reduction of the par-

aeonid in Gobiohyus could be considered a shared resemblance. However, given

the limited number of specimens of most species ofHelohyus (see Sinclair, 1914)
and of Pakkokuhyus lahirii

,

it is not realistic to attempt to determine possible

relationships among these species.

Although Pakkokuhyus clearly shows greatest similarities to helohyids, among
Old World artiodactyls, Pakkokuhyus also bears similarity to the late early or

early middle Eocene Haqueina haquei from Ganda Kas in Pakistan. Pakkokuhyus
and Haqueina are similar in size and have comparably bunodont dentitions,

lingually-oriented cristids oblique, small but distinct M2 hypoconulids, metacon-
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ids slightly smaller than protoconids, lingually open talonid basins, distinct and
straight M 3 hypolophids, and entoconids subequal in size and height to the hy-

poconid. However, Haqueina is of problematic familial affinities. Originally de-

scribed as a dichobunid by Dehm and Oettingen-Spielberg (1958), it has more
recently been allied with the Raoellidae (Sahni et al., 1981; Thewissen et al.,

1987). However, as noted by Thewissen et al. (1987), Haqueina differs from
raoellids in several features. Features distinguishing Haqueina from raoellids are

those, enumerated above, that are shared with Pakkokuhyus. Thus, it is possible

that Haqueina may be better allied with helohyids, and that it, along with Pak-
kokuhyus, represents a southern and Tethyan element in a family better known
from its northern representatives.
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Abstract

The Cuban rhysodine fauna contains five species in two subtribes, two genera and three subgenera

(possibly four, if Clinidium humeridens Chevrolat proves to belong to sensu stricto). Keys are given

to all species including one member of subtribe Omoglymmiina, Plesioglymmius (Ameroglymmius

)

compactus Bell and Bell and four members of subtribe Clinidiina, Clinidium (Protainoa) extrarium

Bell and Bell, Clinidium (Tainoa) curvicosta Chevrolat, and Clinidium (Tainoa) chevrolati Reitter.

The subgenus ofClinidium humeridens Chevrolat is not known. The male ofPlesioglymmius compactus

Bell and Bell (synonymy, Rhysodes cuhanus Zayas), formerly unknown, is described for the first time.

A specific locality for Clinidium extrarium Bell and Bell, previously of unknown country of origin, is

also given here for the first time.

Resumen

La entomofauna rhysodini de Cuba contiene cinco especies de dos subtribus, dos generos y tres

subgeneros (tal vez cuatro, si Clinidium humeridens Chevrolat prueva pertenecer a sensu stricto).

Llaves son descritas para todas las especies, incluyendo un miembro de la subtribu Omoglymmiina,
Plesioglymmius (Ameroglymmius) compactus Bell y Bell y cuatros miembros de la subtribu Clinidiina,

Clinidium (.Protainoa) extrarium Bell y Bell, Clinidium (Tainoa) curvicosta Chevrolat y Clinidium

( Tainoa) chevrolati Reitter. El subgenero de Clinidium humeridens Chevrolat no es conocido. El macho
de Plesioglymmius compactus Bell y Bell (Sinonimia, Rhysodes cubanus Zayas) previamente desco-

nocido es descrito por primera vez. Un lugar especifico de Clinidium extrarium Bell y Bell, previamente

de pais desconocido, tambien es reportado aqui por primera vez.

Introduction

This group of beetles comprising about 350 species, has highly modified adults

and larvae which has made it difficult to place them in the classification. It is now
generally agreed that they belong to suborder Adephaga. We interpret them to be
highly modified Carabidae (Bell and Bell, 1962; Forsythe, 1972) although other

workers still accord them separate family status.

Distinctive features of the adult include moniliform antennae, eyes either flat-

tened to conform to the curvature of the head, or reduced; head with an anterior

median lobe, paired temporal lobes and a condyle-like neck. The lobes are sep-

arated by deep pits and grooves; mandibles small and thin, not extending beyond
the tip of the mentum; palpi retractile; pronotum with deep longitudinal median
groove; prothorax with notopleural suture distinct, but stemopleural suture rep-

resented by interrupted groove or effaced; mesothorax elongate so body is pe-

dunculate; elytral striae reduced in number, no more than six, often fewer; in-

tervals often carinate. Abdomen appears to have five sterna, the suture between

1 Biology Department, University of Vermont, Burlington, Vermont 05405-0086.
Submitted 10 May 1994.
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the second and third visible stemites completely effaced; Sterna IV-VI free, mov-
able. Tibia of anterior leg with antenna cleaner in an emargination in medial
margin; two curved teeth at apex; tibial spurs of all legs minute; male protarsi

not modified; male meso- and metatibiae each with an anteriorly directed lobe

or tooth, the calcar, at apex. Female with enlarged lateral pits on one or more of

abdominal Segments III-V.

All species are similar in color. Newly emerged specimens are reddish brown;
older ones become almost black.

Rhysodines can be found in fallen logs, erect dead trees, stumps, woody roots,

under loose bark, and even in dead areas on living trees, including branches from
the canopy. They are often in rather firm wood, which may require splitting with

an axe or machete to expose them. They are rarely found, but ifone is discovered,

often more specimens can be located in the same piece of wood. They have been
observed feeding on slime molds (Myxomycetes) (Bell and Bell, 1991).

A majority of Rhysodini are flightless with vestigial hind wings. Despite this,

they have been particularly good at spreading to islands, where they have evolved

many endemic species. All Cuban species are thought to be endemic. Each of the

Greater Antilles, as well as several of the Lesser Antilles, have entirely endemic
rhysodine faunas.

Recently, through the good offices of Dr. John Rawlins of Carnegie Museum
of Natural History, and through the courtesy of the Cuban Academy of Sciences,

we have been able to study the valuable rhysodine collection of the latter insti-

tution. While not all questions about the Cuban fauna are answered (particularly

the status of Clinidium humeridens Chevrolat) we hope that this paper will make
the future identification of Cuban rhysodines easier, and will stimulate local en-

tomologists to fill the remaining gaps in our knowledge of the group.

Abbreviations used in the text are: ACCH, Academia de Ciencias de Cuba,
Havana; BSL, Naturhistorisches Museum, Basel, Switzerland; CAS, California

Academy of Sciences, San Francisco; MCZ, Museum of Comparative Zoology,

Harvard University, Cambridge, Massachusetts; MNHN, Museum National

d’Histoire Naturelle, Paris, France; NMW, Naturhistorisches Museum Wien, Vi-

enna, Austria.

Materials and Methods

Some of the earlier work on Cuban rhysodids was done by observing and
studying specimens in museums, namely the Museum of Comparative Zoology
in Boston and the Museum National d’Histoire Naturelle in Paris. Later work
was augmented by receiving specimens from museums in Basel, Vienna, and lastly

Cuba. All specimens were studied under 500 x magnification using a Wild ste-

reomicroscope with reflected fiber optic illumination. Drawings were made with

the aid of a camera lucida. The localities of specimens cited are listed as they

appear on the labels and the current provinces have been added and appear in

brackets.

Glossary

Apical tubercle—A tubercle at the extreme apex of the elytra ending at the suture.

Calcar—

A

medial process on the ventral side of the meso- and metatibia of the male, the most
convenient means of determining the sex of specimens.

Intercalary stria—

A

stria lateral to the parasutural stria, posteriorly becoming the medial boundary
of the subapical tubercle at the apex of the elytra (Fig. 1 5).
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Intratubercular stria—A stria lateral to the intercalary stria, posteriorly becoming the lateral boundary
of the subapical tubercle and separating off the apical tubercle at the apex of the elytra (Fig. 15).

Minor setae- - A. group of many short setae on the antennal segments. On the more distal segments
they can be grouped as a single row encircling a subapical ring (Fig. 1) or they can be grouped as

an isolated tuft (Fig. 2).

Parasutural stria—

A

stria lateral to the sutural stria. In Clinidiina this can be abbreviated anteriorly

(Fig. 15).

Stylet—A needle or chisel-like structure (ST) at the tip of antennal Segment XI (Fig. 1, 2).

Subapical tubercle—

A

tubercle anterior to the apical tubercle and separated from it by the intratu-

bercular stria at the elytra! apex.

Systematics

Key to Subtribes, Genera, Subgenera , and
Species ofAdult Cuban Rhysodini

1

.

Each elytron with seven striae; minor setae forming complete ring near apex of antennal

Segments V-X (Omoglymmiina) ................................................

......................... Plesioglymmius (.Ameroglymmius) compactus Bell and Bell

V, Each elytron with five or fewer striae; minor setae forming tufts on lower surface of some
of the distal antennal segments (Clinidiina; Clinidium) ........................... 2

2. (T.) Elytral humerus with a tooth .............. Clinidium (s. str.T) humeridens Chevrolat
2'. Elytral humerus not toothed .................................................. 3

3. (2\) Pronotum with prominent tooth at posterior angles, preceded by pollinose pit; no setae

on pronotum; second interval of elytron not divided posteriorly; abdominal Sternum III

(female) or HI - V (male) with pit in midline ......................................

.................................... Clinidium (Protainoa) extrarium Bell and Bell

3'. Pronotum without tooth at hind angle; pronotum with four to six marginal setae; second

interval of elytron doubled posterior to middle; abdominal Sterna III V without median
pits ........................................................................ 4

4. (3'.) Calcars present (males) ....................................................... 5

4'. Calcars absent (females) ...................................................... 6

5. (4.) Hind calcar with dorsal margin slightly sinuate, largest seta of hind calcar small, scarcely

longer than width of calcar ................ Clinidium (Tainoa) curvicosta Chevrolat
5'. Hind calcar with dorsal margin strongly angulate, largest seta more than three times as

long as width of calcar ....................... Clinidium (Tainoa) chevrolati Reitter

6. (4'.) Sternum VI in female similar to that of male, sloped gradually in profile view, neither

impressed nor tuberculate ................. Clinidium (Tainoa) curvicosta Chevrolat
6'

. Sternum VI strongly impressed posteriorly, anterior margin ofimpression forming median
tubercle; in lateral view tubercle forms sharp angle ................................

............................................ Clinidium (Tainoa) chevrolati Reitter

Species Descriptions

Plesioglymmius {Ameroglymmius) compactus
Bell and Bell, 1979

Plesioglymmius (Ameroglymmius) compactus Bell and Bell, 1979:437.

Type Specimen.— Holotype, female, labelled
64CUBA”: (MCZ).

Rhysodes cubanus Zayas, 1988:9, synonymized by Ivie (1991).

Type Specimen. — Holetype, female, stated to be from the altiplano de Mayari,

Oriente Province [now Holguin Province] (in personal collection of heirs of Fer-

nando de Zayas). We have not seen this type specimen.

Diagnosis.—The only member of the genus to have marginal setae on the

pronotum. A single line of punctures in the paramedian groove of the pronotum
is also unique. Among known Cuban Rhysodini, it is easily recognized by the

presence of seven very coarsely punctate striae in each elytron and by relatively
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large eyes which are oval in outline and are visible in dorsal view. This species

is separated from its closest known relative P. (A.) reichardti Bell and Bell of

northern South America by having the median lobe of the head obtusely pointed,

rather than truncate.

Description. — Length 4. 8-4.9 mm, pronotum with three to four marginal setae

on each side (Fig. 3); elytral Stria II with two setae near apex; Stria IV with six

setae extending from near base to near apex; about seven setae in apical half of

marginal stria; one seta in apex of Stria VII on apical tubercle (Fig. 4).

Male with ventral profemoral tooth (Fig. 6); female lacking tooth; female with

deep lateral pit present on Sternum IV; one pair of setae on Sternum VI in both
sexes (Fig. 5) (two pairs in male of P. reichardti); calcar of mesotibia acute, with
tip slightly upcurved (Fig. 7); calcar of metatibia small, with apex dorsal to level

of spur, with a dorsal hump and an elongate, proximally directed seta (Fig. 8).

Additional Locality.—The secondary sexual characters of the male described

here for the first time are based on a specimen labelled “Mte. Iberia, Ote. [now
Guantanamo Province], L. Armas, III, 72; Rhysodes cubanus Zayas, det. Zayas”
(ACCH).

Distribution. —Mountains of Holguin and Guantanamo Provinces.

Clinidium (Protainoa) extrarium

Bell and Bell 1978

Clinidium (Protainoa) extrarium Bell and Bell, 1978:63-64.

Clinidium (Mexiclinidium) extrarium (Bell and Bell 1978); Bell and Bell 1987:195.

Clinidium (.Protainoa) extrarium (Bell and Bell 1 978) Bell and Bell 1 995 (returned to original subgenus).

Synonymy. —Restudy of this species has convinced us that its removal to Mex-
iclinidium was incorrect. The distinction between Protainoa and Mexiclinidium
needs to be altered, since the discovery of Clinidium (.Mexiclinidium) reyesi Bell

and Bell 1987, which has an antennal tuft on antennal segment VI, in common
with Protainoa and Tainoa. Protainoa resembles Tainoa in the shape of the

pronotum, which is elongate, length/greatest width 1.58-1.76, widest well behind
middle; anterior portion long and narrow; pronotum with one marginal groove
which is effaced posteriorly; intercalary stria of elytron anastomosing with intra-

tubercular stria posteriorly (third stria in Protainoa, apparent second stria in

Tainoa because of abbreviation of parasutural stria); pronotum entirely without
setae, but with prominent tooth at hind angle.

Mexiclinidium by contrast, has pronotum shorter, length/greatest width 1.54

or less; pronotum not conspicuously narrowed anteriorly; pronotum with two
marginal grooves (except for Clinidium {Mexiclinidium) halffteri); intercalary stria

ending blindly posteriorly (except for C. halffteri); pronotum with angular but

without lateral setae; hind angle without prominent tooth.

Fig. 1-13.— Fig. 1. Antennal Segments X-XI; ST, stylet; MSR, minor setae, ring. Fig. 2. Antennal

Segments X-XI; ST, stylet; MST, minor setae, tuft. Fig. 3-8. Plesioglymmius (Ameroglymmius) com

-

pactus. Fig. 3. Head, pronotum, dorsal view. Fig. 4. Left elytron, dorsal view. Fig. 5. Metastemum,
abdomen, male, ventral view. Fig. 6. Profemur, male, lateral view. Fig. 7. Mesotibia, male, lateral

view. Fig. 8. Metatibia, male, lateral view. Fig. 9-13. Clinidium (.Protainoa) extrarium. Fig. 9. Head,

pronotum, dorsal view. Fig. 10. Left elytron, dorsal view. Fig. 11. Metastemum, abdomen, male,

ventral view. Fig. 12. Profemur, male, lateral view. Fig. 13. Metatibia, male, lateral view.
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Type Specimen. — Holotype, male, labelled “Am. Bor. Rhysodes, N. Amerika”
(BSL). Paratype female, same data (BSL).

Diagnosis. — This, the only species of subgenus Protainoa, is distinguished by
having the cleaning organ of the anterior tibia entirely proximal to the basal

articulation of the tarsus, tufts of minor setae present on antennal Segments VI-
X, parasutural striae complete, reaching base of elytron, lacking pronotal setae

and having a denticulate posterolateral pronotal angle.

Description. —Length 6. 1-6.3 mm, body elongate; eye small, narrow, crescentic,

much longer than deep; one isolated posterior temporal seta; pronotum elongate,

widest near base, strongly tapered anteriorly; marginal groove ends posteriorly at

pollinose pit immediately anterior to small denticle; basal impressions small,

closed posteriorly (Fig. 9).

Elytral Striae I—III impressed, coarsely punctate; Stria IV not impressed; Stria

V represented by row offine punctures in basal quarter; effaced at middle, coarsely

punctate and impressed in apical third; two setae near apex of Stria I, four setae

evenly spaced along Stria III, two setae in impressed apical portion of Stria IV;

about seven setae in impressed apical part of Stria V (Fig. 1 0); metastemum with

broad, deep median cavity but not well-defined sulcus; abdominal Sternum III

(female) or III-V (male) with median pits; abdominal sterna also with transverse

sulci lateral to median pits (Fig. 1 1); those of Sternum IV of female dilated to

form large pits; ventral surface of profemur asperate in both sexes, that of male
forming tooth at distal end; male with ventral tooth on anterior trochanter (Fig.

1 2); meso-metafemur finely asperate ventrally in male, smooth in female; calcar

small, triangular (Fig. 1 3).

Additional Locality. —The male characters described here were taken from a

specimen labelled “Lomas de Soroa, Pinar del Rio, Cuba, 2 1 -VIII- 1 970, L. Armas
col” (ACCH). This specimen is important in revealing the homeland of a phy-

logenetically isolated species. This is the first record of a rhysodine from western

Cuba.

Clinidium (Tainoa ) (curvicosta ) Chevrolat 1873

Clinidium (Tainoa) curvicosta Chevrolat, 1873:215.

Type Specimen. —We have been unable to locate authentic type material for

this species. According to the original description, the species was collected in

Cuba by F. Poey. There is a specimen in the Museum of Natural History in

Vienna, which is labelled as the type. Vulcano and Pereira (1975) illustrated the

elytron of this specimen, which is not the species under consideration here. It can

not be the true type, as the original description states clearly that the second

interval is doubled posteriorly (“intermedia versum medium postice duplicate”).

The differences between the species which we, following Grouvelle (1903) and
other earlier workers, have interpreted as C. curvicosta and the closely related C.

chevrolati Reitter, are entirely secondary sexual characters, visible only on the

legs and ventral surface, and are not mentioned in the original description. There-

fore the name curvicosta could apply equally well to the present species or to the

one subsequently named C. chevrolati. Until an authentic type is located, it seems
best to continue using the Chevrolat name for the present species.

Diagnosis. — This species is recognized as subgenus Tainoa by the incomplete

parasutural stria. In the male of this species, the largest seta of the hind calcar is

small, scarcely longer than the width of the calcar. In the female, Sternum VI is

not impressed, but gradually sloping posteriorly.
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Description. — Length 4. 3-6. 8 mm, temporal lobe usually with three setae; pro-

notum elongate, widest posterior to middle; basal impression small, pointed an-

teriorly, closed posteriorly (Fig. 14); elytra elongate (Fig. 15); sutural and para-

sutural striae (PS) impressed; parasutural stria abbreviated, present only in apical

half of elytron in the apparent second interval; intercalary stria (IC) a row of

punctures except near apex, where impressed; intratubercular stria (IT) shallowly

impressed, coarsely punctate; impressed at apical tubercle; sutural stria with four

to six setae; parasutural stria lacking setae; intercalary stria with seven to eight

setae evenly spaced; intratubercular stria with three to five setae in apical quarter;

marginal stria with 10-12 setae; metastemum neither sulcate nor impressed (Fig.

16); abdominal Sterna III-V each with a pair of transverse grooves, the latter

widely separated from one another, with medial ends foveate; Sternum VI with

three pairs of pilose pits, inner anterior pits small, round, in some specimens
lacking, posterior pair longitudinal, anterolateral pits round. Anterior trochanter

ofmale dentate; male with hind calcar scarcely longer than width of calcar; female

with enlarged lateral pit on Sternum IV; Sternum VI ofboth sexes sloped gradually

posteriorly (Fig. 20).

Additional Localities.—Loma del Gato, Cobre Range above 3000 ft [Santiago

de Cuba Province], July 3-7, 1936, P. J. Darlington; mts. north of Imias, 3000-
4000 ft [Guantanamo Province], July 25-28, 1936, P. J. Darlington (MCZ). P.

Boniato, [Santiago de Cuba Province], (three males, two females) XI-7 1 ,
L. Armas;

Baracoa, Monte Iberia [Guantanamo Province] (one male, two females), III- 1972,

L. Armas; same locality (one female) VII- 1970; San Carlos Estancia, Guantanamo
[Guantanamo Province], Cuba, (one male, one female) 4-8-X-1913; Nubujon,
Baracoa [Guantanamo Province] (one female) 6-III- 1 979, L. B. Zayas (ACCH).

Distribution. — Massifs of S.E. Cuba, from Sierra Maestra to the Altura de Ba-

racoa.

Clinidium (Tainoa) chevrolati Reitter 1880

Clinidium chevrolati Reitter 1880.

Clinidium turquinense Bell 1970.

Clinidium (Tainoa) chevrolati (Reitter) Bell and Bell 1978.

Clinidium chevrolati Reitter 1880:30-31.

Type Specimen. — Holotype female, labelled “Neu Granada, type Cl. granatense,

chevrolati Reitter” (NMW). It is not clear how this specimen came to labelled as

the type for two dissimilar species. Clinidium (s. str.) granatense Chevrolat is also

represented in the Vienna collection by two specimens labelled as types, as well

as by one in MNHN in Paris, all representing a single species. We have designated

the latter as lectotype of granatense (Bell and Bell, 1985). All three correspond

to the description of C. granatense Chevrolat, so the designation of the C. chev-

rolati type as type for C. granatense is clearly an error. The locality of “Neu
Granada” is obviously wrong.

Clinidium turquinense Bell 1970
synonymized by Bell and Bell (1978)

Type Specimen.— Holotype male, labelled “Pico Turquino” [Santiago de Cuba
Province], 3000-5000 feet, June, 1936, coll. P. J. Darlington (MCZ 31752); para-

type, one female with head and prothorax missing, same data (MCZ).
Diagnosis. —Very similar to C. curvicosta except that the body is more robust

and pronotum less elongate. In the male, the largest seta of the hind calcar is very
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long. In the female, Sternum VI is deeply impressed in posterior half, impression

preceded by a median tubercle.

Description .
— Length 5.0-7.0 mm, very similar to C. curvicosta although usually

larger, more robust, pronotum less elongate (Fig. 17, 18); differs strikingly in

secondary sexual characters: hind calcar of male very stout, strongly angulate on
proximal margin, with very long curved seta, three times the width of the calcar

(Fig. 22); female with Sternum VI deeply impressed in posterior half, impression

preceded by median tubercle (Fig. 19, 21).

Additional Localities. —One female, labelled “Pico Turquino, 5-II-72, coll. No-
voa”; one male, four females, same locality, 5-111=72, col. Broche; one female,

same locality, 3411-73, Broche; two females, same locality, 5411-72, col. Alayo;

two males, Nibujon, Baracoa [Guantanamo Province], 6-III- 1979, L. B. Zayas;

one male, Palma Mocha, Sierra Maestra, Julio 10-20 de 1922, col. C. H. Ballou

y S. L. Bruner (all ACCH); five specimens labelled “Sierra de Maestra” (CAS).

Distribution. —Mountains of E. Cuba. Most localities are in the Sierra Maestra,

allopatric to curvicosta. The specimen from Nibujon, however, is from the east,

and from a locality from which curvicosta was also collected.

Clinidium humeridens Chevrolat 1873

Clinidium humeridens Chevrolat, 1873:21 5-2 1 6.

Type specimen. —We have been unable to locate the holotype of this species.

The original description suggests that it belongs in Clinidium sensu stricto.

Original Description. — “Elongatum, nigrum nitidum. Caput ovale, postice sub-

truncatum, vertice canaliculatum, costula antica et oblonga signatum. Antennae
moniliformes, pilosae, articulo ultimo brevissime acuto. Oculi parvi transversi

oblongi. Prothorax elongatus oblongus nitidus, medio canaliculatus, foveis duabus
basalibus obliquis et oblongis, margine laterali infra vix distincte sulcata. Elytra

subparallela, conjunctim rotundata, sulcis quatuor; stria externa versum medium
interrupta, carinis quatuor, humerali elevata apice recurva, spina humerali antice

projecta. Pedes nitidi; femoribus sat crassis; tibiis anticis infra versus apicem
emarginatis, unispinosis, apice bimucronatis. Longit. 6.5 mm, lat. 1.5 mm.”

English Translation of Original Description. — Elongate, shining black. Head
oval, posteriorly subtruncate; vertex channeled (or ribbed) anteriorly, like an
oblong shield. Antennae moniliform, pilose, last segment briefly acute. Eyes small,

transverse, oblong. Prothorax elongate, oblong, shining, grooved medially, two
basal foveae, oblique and oblong, lateral margin below scarcely distinctly sulcate.

Elytra subparallel, rounded together, four grooves; external stria interrupted to-

wards the middle; four carinae; humerus elevated, recurved at apex, humeral
spine projecting anteriorly. Legs shining, femora rather thick; anterior tibia emar-
ginate, unispinose towards apex; apex bimicronate. Length 6.5 mm, width 1.5

mm.

Fig. 14-23.— Fig. 14-16. Clinidium (Tainoa) curvicosta. Fig. 14. Head, pronotum, dorsal view. Fig.

15. Left elytron, dorsal view; A, apical tubercle; SA, subapical tubercle; IC, intercalary stria; IT,

intratubercular stria; PS, parasutural stria. Fig. 16. Metastemum, abdomen, female, ventral view. Fig.

17-19. Clinidium (Tainoa) chevrolati. Fig. 17. Head, pronotum, dorsal view. Fig. 18. Left elytron,

dorsal view. Fig. 19. Metastemum, abdomen, female, ventral view. Fig. 20, 21. Abdominal Sterna

VI, lateral view, female. Fig. 20. C. curvicosta. Fig. 21. C. chevrolati. Fig. 22, 23. Metatibia, male,

lateral view. Fig. 22. C. chevrolati. Fig. 23. C. curvicosta.
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Reitter (1880) refers to C. humeridens when describing C. chevrolati. He states

that chevrolati differs from humeridens in “the pronotum being more narrowed
anteriorly, in the sculpture of the elytra and in the small humeral tooth of the

latter species being absent.”

There seems no reason to doubt the original locality, “Cuba,” because the type
was sent to Chevrolat by Felipe Poey. The species should be easily recognizable

by the dentate elytral humerus, a feature not known for any other rhysodine. This
interesting beetle awaits rediscovery by Cuban entomologists.

Discussion

Rhysodines are especially well represented among beetles which have reached

islands. They are thought to travel in floating logs. Although 75% of species have
fully developed hind wings, there are very few flight records. Flightless taxa are

as likely to reach islands as are fully winged ones, so flight is believed to be
unimportant in crossing water gaps.

Rhysodini in the Greater Antilles represent three groups, Clinidium subgenera

Protainoa and Tainoa, which are sister groups; Clinidium s. str. and Plesioglym-

mius subgenus Ameroglymmius.
The Protainoa-Tainoa assemblage are endemic to the Greater Antilles, with

species in Cuba, Hispaniola and Jamaica. They are absent from Puerto Rico. The
closest relatives are in the subgenus Mexiclinidium of Mexico and Guatemala.
Subgenus Clinidium s. str. are represented by numerous species in the northern

Andean region of South America, Central America north to Guatemala, and a

few in the Lesser Antilles. The species from Hispaniola and Jamaica are closely

related, forming the jamaicense group. Clinidium humeridens of Cuba, of which
the type has not been found, might also belong to thejamaicense group, according

to the meager description. The two Puerto Rican species, however, do not belong

to this group, and do not appear to be related to one another, each perhaps

belonging to a different group ofAndean species. Thus, the surprising distinctness

of the Puerto Rican fauna extends across two subgenera and suggests a different

history for Puerto Rico. The genus Clinidium as a whole is holarctic. Although
Clinidium s. str. could have originated in the Andean region, it does not penetrate

South America beyond the Amazon region, where it makes contact with an entirely

different Gondwanian fauna with the genera Rhyzodiastes and Neodhysores.

Genus Plesioglymmius subgenus Ameroglymmius contains fully winged species.

Plesioglymmius compactus is endemic to Cuba. Two other members of the sub-

genus are known, both from South America. Plesioglymmius belongs to subtribe

Omoglymmiina, a primarily Laurasian taxon. There are two other subgenera,

both found in the Oriental Realm. Plesioglymmius is probably a Laurasian taxon

requiring a tropical climate, which now has become limited to relict areas because

of the cooling of the climate in the later Cenozoic.
In summary, the Cuban rhysodine fauna shows a strong affinity with Hispaniola

and Jamaica; a more distant resemblance to Mexico, Central America, and the

northern Andes, but no evidence of any connection with Florida. The zoogeog-

raphy of the Rhysodini has been discussed in greater detail in Bell (1979).
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Abstract

Prior to a systematic revision ofsouthern African rock rats ofthe genus Aethomys Thomas, statistical

procedures were used to select morphometric characters for recording and subsequent use in a revision

of the group. The procedure advocated could have wider application in morphometric studies. An
initial set of 66 cranial characters was reduced to 51 after the data set was subjected to routine

assumptions tests. The remaining 51 characters, considered to be statistically problem-free, were

reduced to a final set of 1 1 characters after subjecting them to cluster and ordination procedures to

summarize patterns of correlations between characters, develop criteria for the selection of represen-

tative measurements within cluster analysis-generated subclusters, and the subsequent removal of

redundant variables. The procedure attempts to economize while at the same time adequately represent

the phenotype, an approach consistent with the concept ofmorphological integration. Four additional

cranial and four standard external characters are also included in the final data set, but for descriptive

and comparative purposes only.

Introduction

African rock rats of the genus Aethomys are endemic to east, west, central, and
southern Africa where the genus is represented by ten species (Wilson and Reeder,

1993). Five species, A. namaquensis, A. silindensis, A. grand, A. nyikae, and A.

chrysophilus are currently recognized in southern Africa (Meester et al, 1986;

Skinner and Smithers, 1990), but the latter species has been shown to include

two forms based on chromosome (Gordon and Rautenbach, 1980; Gordon and
Watson, 1986; Visser and Robinson, 1986; Baker et al, 1988), electrophoresis

(Gordon and Watson, 1986), and sperm morphology (Gordon and Watson, 1986;

Visser and Robinson, 1987; Breed et al., 1988). Schlitter (1978) considered the

genus in critical need of revision.

The present paper forms part of a revision of southern African species of

Aethomys, and in particular examines the selection of quantitative taxonomic
characters, a critical but often neglected step in many systematic studies (Strauss

and Bookstein, 1982; Rohlf, 1990). In small mammals, no established procedure

is available for selecting appropriate character sets. Approaches used to date

generally fall into four categories: 1) selection of character sets that have been
used in the past, often with the ad hoc addition or deletion of characters after

elementary correlation analysis (Power, 1971; Chapman et al., 1992); 2) selection

ofas many measurements as practicable (Watson and Dippenaar, 1987; Chimimba
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and Kitchener, 1991), reflecting the influence ofnumerical taxonomy as advocated

in Sneath and Sokal (1973); 3) selection based on an assessment of functional

units of the cranium (Taylor, 1990; Taylor and Meester, 1993); and 4) selection

of landmarks as advocated in the most recent developments in morphometries
(Strauss and Bookstein, 1982; Bookstein et ak, 1985; Zelditch et al., 1989; Rohlf
and Bookstein, 1990; Rohlf and Marcus, 1993).

Although characters selected on the basis ofthe first two categories can perform

well, it is important to assess character redundancy in morphometric studies

(Blackith and Reyment, 1971; Sneath and Sokal, 1973; Thorpe, 1976; James and
McCulloch, 1990; Rohlf, 1990). Nevertheless, apart from a few studies (Thomas,

1968; Best, 1978; Taylor, 1990; Taylor and Meester, 1993), it has been rarely

considered in practice. The utilization of unevaluated characters could have a

profound effect on analyses (Pimentel and Smith, 19866), ranging from distortion

of inter-Operational Taxonomic Unit (OTU: Sneath and Sokal, 1973) relation-

ships (Blackith and Reyment, 1971) to an increase in analysis time that often

results in analytical problems while processing large data matrices (Chimimba
and Kitchener, 1991). Some studies have shown that after the assessment of linear

dependence (redundancy) and colinearity, sets of many quantitative characters

can be reduced to a few and still contain equivalent information (Mahalanobis

et ak, 1949; Albrecht and Blackith, 1957).

Various approaches that have been used to screen for reliable characters include

either analysis ofvariance (ANOVA) or correlations between characters (Pimentel

and Smith, 19866). The former procedure is restricted to multigroup studies in

which character redundancy is sometimes ignored (Pimentel and Smith, 19866).

The latter approach summarizes correlations between characters by principal

component (PCA), factor (Thomas, 1968; Johnston, 1973; Gould et ak, 1974)

and cluster analyses (Power, 1971; Taylor, 1990; Taylor and Meester, 1993) with

the selection of characters from within highly correlated subsets of characters.

Another strategy has been to employ Mahalanobis’ (1936) D2 statistic (Thorpe,

1976), a similarity coefficient that takes into account the degree of information

redundancy in each character as summarized by the within-group covariance.

However, owing to the instability ofcorrelation coefficients for sample sizes small-

er than 20, Van Valen (1974) considered this an oversimplification (Thorpe, 1976).

The approach used in the present study stems from current theory of evolu-

tionary change that emphasizes the unity of the genotype (Mayr, 1963, 1976;

Lewontin, 1974; Wright, 1978, 1980) in which organisms are the integrated func-

tional units that evolve (Waddington, 1957; Riedl, 1978; Gould and Lewontin,

1979; Selzer, 1993; Borgia, 1994). Embryological studies have, for instance, dem-
onstrated that the cranium represents a functional character suite that interacts

and has a common ontogenetic origin (Noden, 1978, 1983; Gans and Northcutt,

1983; Zelditch et ak, 1993). Olson and Miller (1958) hypothesized, and subse-

quently demonstrated, that the degree of cranial integration can be measured by
the intensity of statistical associations in the phenotype. Therefore, developmen-
tal^ and functionally related traits ought to be relatively highly correlated in the

phenotype. On both empirical and theoretical grounds these authors placed de-

velopmentally and functionally interdependent morphological characters into

‘'Functional sets” (“F-sets”). Empirically derived sets of characters that were
relatively highly correlated were placed into “Phenotypic sets” (“P-sets”). Other
studies support the a priori-defined morphologically integrated functional units
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of Olson and Miller (1958) (Moss and Young, 1960; Cheverad, 1982; Cheverad

et al, 1989; Cane, 1993). Taylor (1990) and Taylor and Meester (1993) extended

the morphological integration concept into a character selection protocol

The present study is aimed at selecting meaningful morphometric characters

for use in a revision of southern African Aethomys . Accordingly, the procedure

of Taylor (1990) and Taylor and Meester (1993), which summarized character

correlations in the yellow mongoose (Cynictis penicillata ,
Viverridae) by cluster

analysis, is expanded upon to meet three important requirements: 1) “compre-

hensiveness” (i.e., the consideration of adequate coverage of the phenotype), 2)

“economy” (by the removal of redundant characters), and 3) “pattern summary”
(ofrelationships between characters consistent with the morphological integration

concept of Olson and Miller, 1958). Southern African Aethomys is here used as

a case study for this character selection protocol that could find wider application

in morphometric studies of other taxa.

Recent developments in landmark-based methods (Mousseau, 1991; Rohlfand

Marcus, 1993), especially their extension to three-dimensional space, suggest a

modification of the morphological integration concept, involving a more rigorous

morphometric assessment offunctional units (Van der Klaauw, 1948-1952) based

on landmarks (rather than measuring points) and a closer integration with more
recent advances in ontogenetic cranial development (Thorogood and Tickle, 1988).

Material and Methods

The present study is based mainly on a single homogeneous sample, representing

an island population ofAethomys namaquensis (2 1 males, 1 3 females) from Kei-

moes Island, Orange River, Cape Province, but additional samples of A. grand
(seven males, seven females) from Sutherland, Cape Province, and A. chrysophilus

(six males, ten females) from Maasstroom, Transvaal, were used to develop criteria

for the selection of the final set of measurements. The material examined is listed

in Appendix I.

Individuals were assigned to seven toothwear classes (with reference to Morris,

1972; Perrin, 1982; Dippenaar and Rautenbach, 1986), but to reduce the effect

ofage variation, only adult, toothwear class VI (Chimimba and Dippenaar, 1994)

individuals with complete data sets were considered.

An initial set of 66 linear cranial (40 skull, nine mandible, and 17 dental)

measurements (Fig. la-k) were recorded by one observer (CTC) to the nearest

0.05 mm using a pair ofFowler digital calipers, a Fowler Interface and EASYCAL
program developed by S. Reig for direct data input to rBase (Ashton-l ate Soft-

ware, Inc., USA). While the character set reflects an attempt to distribute mea-
surements across functional units ofthe skull, this was not always possible because

of constraints imposed by the use of calipers and the taxonomic need to include

traditional characters which were not selected on the basis of the morphological

integration concept. Owing to the unreliability of external characters, only cranial

characters were considered.

Univariate and multivariate data screening (Pimentel and Smith, 1 986a, 1 9866
;

Reig, 1989) revealed two male specimens with outlier values not consistent with

toothwear class VI. One was exceptionally large (USNM 451966) in most mea-
surements and the other (USNM 452055) had an abnormally small greatest cross-

sectional crown width ofM3 (66-WMT). To avoid the introduction of bias in the
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Fig. 1.—Reference points of cranial measurements. Asterisks indicate measurements used in original

descriptions.

a. l-GLS— Greatest length of skull, from anterior edge of nasals to posterior edge of occipital

condyle, along longitudinal axis of skull; 2-GLN— Greatest length of nasals, from longest posterior

projection of nasal wings to anteriormost edge of nasal bones; *3-FRO— Greatest length of frontals;

*4-PAR— Greatest length ofparietals; 5-INT— Interparietal length, from intersection ofsagittal suture

and posterior end of parietal, perpendicular to posterior end of interparietal; 6-NPP— Distance from
anterior edge of nasals to anterior edge of posterior part of zygomatic arch; 7-NPO— Distance from
anterior edge of nasals to posterior edge of postorbital bar; 8-ZAL—Zygomatic arch length, from
posteriormost part ofanterior part ofzygomatic arch to anteriormost part ofposterior part ofzygomatic

arch; *9-BBC— Breadth of braincase—width at dorsal root of squamosals; * 10-ZYW— Greatest zy-

gomatic width, between outer margins ofzygomatic arches, perpendicular to longitudinal axis of skull;

*1 1-IOB— Least breadth of interorbital constriction— least distance dorsally between orbits; *12-NAS—
Nasal width, at anteriormost point where nasals join premaxillae.

b. 13-CBL— Condylobasal length of skull, from posteriormost projection of occipital condyles to

anterior edge ofpremaxillae; * 14-PIC— Incisor to condyle length, from posterior surface ofI
1 at alveolus

to posteriormost projection of occipital condyle; *15-BSL— Basal length of skull, from anteriormost

point oflower border offoramen magnum to anterior edge ofpremaxilla; * 1 6-PPL— Postpalatal length,

from anteriormost edge of hard palate to anteriormost point on lower border of foramen magnum;
17-PAL— Palatilar length, from posterior edge of I

1 alveolus to posterior edge of hard palate; 18-

TRL—Toothrow length, from anterior alveolus to posterior surface ofM3 alveolus; * 1 9-LPF— Greatest

length of longest palatal foramen; *20-MAW— Greatest maxillary width between labial crown edges

ofM 1

;
*21-PWM—Hard palate width at M 1 measured on lingual side of teeth at alveolus; 22-PAC—

Hard palate width at point ofconstriction immediately posterior to M 3
;
23 VCW—Vidian canal width

at foramen lateral to pterygoid processes; 24-FJW— Least distance between foramina jugulare on
posterior edge ofbullae; *25-BUL— Greatest bulla length at 45° angle to skull axis; *26-BUW— Greatest

bulla width at 45° angle to skull axis.

c. *27-ITC— Incisor to condyle length, from anterior surface of I
1 at alveolus to posteriormost

projection of the occipital condyle; *28-LOD— Length of diastema, from posterior base of I
1 alveolus

to anterior base ofM 1 alveolus; 29-HOR— Height of rostrum, perpendicularly from a point directly

behind incisors; 30-IOE— Distance from anterior base of zygomatic plate to anterior edge of ear

opening; 3 1-IZD— Infraorbital-zygomatic plate distance, from dorsal edge of infraorbital foramen to

anterior base of zygomatic plate; 32-MPO—Foramen magnum-postorbital bar length, from lateral

edge of foramen magnum (at notch in lateral view) to anterior edge of postorbital bar; 33-MPZ—
Foramen magnum-zygomatic arch length, from lateral edge of foramen magnum (at notch in lateral

view) to anterior edge of posterior part of zygomatic arch; 34-FME—Foramen magnum-external
auditory meatus length, from lateral edge offoramen magnum (at notch in lateral view) to posterodorsal

edge of external auditory meatus.

d. *35-GHS— Greatest height of skull perpendicular to horizontal plane through bullae; 36-BCH—
Braincase height, from dorsal surface of sagittal crest to midventral surface of basioccipital between
anterior bullae; 37-FMH—Foramen magnum height—widest part of foramen in vertical plane; 38-

FMW Foramen magnum width—widest part of foramen magnum in a horizontal plane; 39-CNW—
Greatest occipital condyle width perpendicular to skull axis; 40-WAB—Width at bullae on ear openings

perpendicular to skull axis.

e. 41 -FIB—

I

1 breadth—breadth of principal upper incisor at level of median edge of alveolus.

f. 42-UTR—Crown length of maxillary toothrow, from anterior edge ofM 1 at alveolus to posterior

edge ofM 3 at alveolus; 43-LFM— Length of M 1 along cingulum; 44-LSM— Length ofM2 along cin-

gulum; 45-LTM— Length ofM3 along cingulum.

g. 46-WFM— Greatest cross-sectional crown width ofM 1

;
47-WSM— Greatest cross-sectional crown

width ofM2
;
48-WTM— Greatest cross-sectional crown width ofM 3

.

h. *49-GML— Greatest mandible length, in a straight line, from anterior edge of I, alveolus to

posterior surface of angular process; *50-MDL— Greatest length of mandible (excluding teeth), from
posterior surface of condylar process to anteroventral edge of incisor alveolus; 5 1-AFA—Angular
process-mandibular condyle length, in straight line from ventral edge of angular process to middorsal
ridge ofmandibular condyle; 52-MRH— Mandible-ramus height, from dorsal edge ofcoronoid process

to ventral edge ofangular process; 53-MCA— Mandibular condyle-angular process distance, in straight

line from dorsal edge of mandibular condyle to ventral edge of angular process.

i. 54-LMH— Least mandible height, perpendicularly from between posterior M, alveolus and an-

terior M 2 alveolus; 5 5-MFA— Mandibular foramen-angular process length, from anterior edge of
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sample, the two specimens were considered as not representative ofthe population,

and excluded from subsequent analyses.

Homoscedasticity was tested for by Hartley’s (1950) Fmax-lest (Sokal and Rohlf,

1981) and a one-way analysis of variance (ANOVA) was used to assess sexual

dimorphism. Skewness fe), kurtosis (g2 ), and normality (Chi-square test) also

were tested for (Zar, 1974; Sokal and Rohlf, 1981; Pimentel and Smith, 1 986a,

19866).

Following Cheverud (1982), character associations were investigated by cluster

analysis of principal component (PCA) scores generated from standardized, sta-

tistically problem-free characters. Results of three Q-mode principal components
analyses (sexes pooled and separate) of correlations among all OTUs were similar

so that only the pooled sample is considered below. The first 14 components
(explaining 99.98% of the sample variance) were retained and Euclidean distances

between each pair of characters subjected to Ward’s (1963) hierarchical clustering

algorithm to generate phenotypic sets (P-sets). This algorithm produces homo-
geneous clusters by minimizing the squared positional variation of elements in a

cluster independently at each step (Cheverud, 1982).

Selection of characters from within the cluster analysis-generated subclusters

depended on six ancillary criteria in the following order of priority: (1) relative

weightings of characters in R-mode principal component (Thorpe, 1980; Gould,

1984; James and McCulloch, 1990) and correspondence analyses (Benzecri, 1977;

Greenacre, 1984, 1986, 1990) of three known species, A. chrysophilus, A. granti,

and A. namaquensis\ (2) consideration of coefficients of variation (CV) incorpo-

rating Haldane’s (1 955) correction (Sokal and Rohlf, 1981); (3) measurement error

(ME) (Ostle and Mensing, 1975; Pankakoski et al., 1987; Bailey and Byrnes, 1990;

Lougheed et al., 1991) expressed as percentage of total variability due to within-

individual variation (percent measurement error [% ME]), based on three inde-

pendent sets of repeated measurements recorded by CTC on separate occasions

for A. namaquensis
; (4) relative ease of measurement; (5) measuring points as-

sociated with frequently damaged areas of the skull (with reference to analyses

that require complete data sets; Kim, 1975; Klecka, 1975); (6) previous use,

particularly in original descriptions.

All analyses were undertaken with BIOSTAT I and II (Pimentel and Smith,

1986a, 19866), UNIVAR (Power, 1970), STATGRAPHICS (STSC Inc., USA)
and SimCA (Greenacre, 1990).

Morphological cranial terminology follows Thomas (1905), Hill (1935), Hall

( 1 946), Rosevear ( 1 969), Hebei and Stromberg (1976), DeBlase and Martin (1981),

and DeGraaff (1981).

mandibular foramen to posterior edge of angular process; 56-MAF— Mandibular foramen-articular

facet length, from ventral edge of mandibular foramen to midposterodorsal edge of articulating facet;

*57-CMH—Coronoid mandible height, from dorsal edge of coronoid process to ventral edge of man-
dible in line with mandibular foramen.

j. 5 8-MTL—Mandibular toothrow, from anterior edge of I, alveolus to posterior edge ofM 3 alveolus;

59-IML— Posterior incisor-M 3 length, in a straight line from posterior edge of I, alveolus to posterior

edge of M 3 alveolus; 60-MTR— Mandibular toothrow length, from anterior edge of M, alveolus to

posterior edge of M 3 alveolus; 6 1-LLM— Length of M,, along cingulum; 62-LMS—Length of M2 ,

along cingulum; 63-LMT— Length ofM 3 ,
along cingulum.

k. 64-WLM - Greatest cross-sectional crown width ofM,
;
65-WMS— Greatest cross-sectional crown

width ofM2 ;
66-WMT— Greatest cross-sectional crown width ofM3 .
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Results

Univariate Screening ofMeasurements

Hartley’s (1950) Pmax -test for homogeneity of variances between males and
females of A. namaquensis indicated significant (

P

< 0.05) heteroscedasticity in

four measurements, 19-LPF, 20-MAW, 38-FMW, and 50-MDL (see Figs, la-k

for measurements; univariate statistics are available on request either from the

first author or the Transvaal Museum Library).

Descriptive statistics and results of a one-way analysis of variance indicated a

generally low level of sexual dimorphism in A. namaquensis, with significant

differences in only six of the 66 characters: 4-PAR (P < 0.05), 21-PWM (P <
0.05), 31-IZD (P < 0.01), 51-AFA (P < 0.01), 53-MCA (P < 0.01), and 57-CMH
CP < 0.01). This finding justified the pooling of sexes in subsequent analyses.

Results of tests for skewness and kurtosis based on the pooled male and female

sample of A. namaquensis showed three of the 66 characters to be both skewed
and kurtotic: 34-FME (both P < 0.01), 38-FMW (P < 0.05 and P < 0.001,

respectively), and 50-MDL (both P < 0.05). One character, 65-WMS, was skewed
only (P < 0.05). Three characters were kurtotic only: 49-GML (P < 0.01), 55-

MFA (P < 0.05), and 62-LMS (P < 0.001).

Chi-square tests for normality in the pooled male and female sample of A.

namaquensis showed that 26 of the 66 characters were non-normally distributed:

2-GLN (.P < 0.01), 4-PAR (P < 0.05), 7-NPO (P < 0.05), 9-BBC (P < 0.05),

1 1-IOB (P < 0.05), 12-NAS (P < 0.01), 16-PPL (P < 0.05), 17-PAL (P < 0.01),

23-VCW (P < 0.001), 26-BUW (P < 0.05), 28-LOD (P < 0.01), 29-HOR (P <
0.001), 31-IZD (P < 0.05), 34-FME (P < 0.05), 38-FMW (P < 0.001), 40-WAB
(P < 0.05), 41-FIB (P < 0.001), 47-WSM (P < 0.05), 49-GML (P < 0.001), 51-

AFA (P < 0.05), 55-MFA (P < 0.05), 56-MAF (P < 0.05), 57-CMH (P < 0.05),

61-LLM (P < 0.01), 62-LMS (P < 0.001), 66-WMT (P < 0.01). These results

may reflect the instability of this class of tests when sample sizes are small, but

draw attention to potentially problematic characters.

After the assumptions tests, the following highly conservative criteria were used

to either reject or retain a character: (1) a character was rejected if it differed

significantly at the 5% level in more than one test; (2) a character was rejected if

it was significant in one or more tests at the 1% level of significance; and (3) a

character was retained if test statistics for sexual dimorphism, homoscedasticity,

and normality did not differ significantly, or were significant in one of the three

tests but only at the 5% level of significance. As a consequence, 15 potentially

problematic characters were rejected (2-GLN, * 12-NAS, * 17-PAL, 23-VCW, *28-

LOD, 29-HOR, 34-FME, 38-FMW, 41 -FIB, *49-GML, *50-MDL, 55-MFA, 61-

LLM, 62-LMS, 66-WMT, which included the five traditional characters indicated

by asterisks). Although sample sizes were small for this class of tests, reconsid-

eration of the 1 5 characters indicated that most were problematic with respect to

one or more of the following: (1) unclearly defined recording points, which made
the placement of caliper tips difficult and therefore subject to error; (2) high

variability between individuals; and (3) association with frequently damaged parts

of the skull.

Analysis of Character Associations

In the phenogram derived from Ward’s (1963) cluster analysis of the 51 re-

maining characters, three relatively discrete character groupings are apparent (Fig.
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Fig. 2.—Phenogram depicting relationships between cranial measurements in Aethomys namaquensis.
Clusters formed at the three-, four- and eight-cluster stages are indicated by enclosed letters and
numbers. Characters are defined in Fig. la-k. The cophenetic correlation coefficient is 0.81.

2). The three major clusters, designated I, II, and III, are summarized in Table

1. Although some characters are apparently not related to the majority of char-

acters within a given subset (indicated by question marks in Table 1), subclusters

at both the four- and eight-cluster stages in general form logical subsets. Major
cluster I relates mainly to what may be termed a “Mixed” Neurocranial/orofacial

functional set (F-set). Characters in this major cluster reflect size-related mea-
surements that span the major functional units of the skull, if not the entire length

of the skull. This cluster of characters is further subdivided into a subcluster
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comprising “Longitudinal distances” (1) and the other comprising “Oblique dis-

tances” (2).

Major cluster II relates mainly to the Neurocranial functional set. Although

there are no clear demarcations at the eight-cluster stage in terms ofthree partially

independent submatrices (frontal, parietal, and occipital; Cheverud, 1982) of the

Neurocranial functional set, characters in subcluster 3 include measurements of

the dorsal side of the cranium and various measurements related to the config-

uration of the braincase itself, the exception being 8-ZAL which belongs to the

orbital submatrix of the Orofacial functional set. Subcluster 4 also includes two
measurements related to the configuration of the braincase, as well as upper
toothrow length (18-TRL), which belongs to the dental phenotypic set in the

Orofacial functional set, and distance from anterior base of zygomatic plate to

anterior edge of ear opening (30-IOE) of “Mixed” Orofacial/neurocranial origin.

Major cluster III relates mainly to the Orofacial functional set. Most characters

(23 of 33) collectively fit into orbital/oral/masticatory phenotypic set in the Oro-
facial functional set. In cluster C, subcluster 5 includes measurements ofthe lateral

region of the rostrum, the orbital and postpalatal regions and the toothrows, and
one mandibular measurement, while almost all mandibular measurements appear

in subclusters 6 and 7. Of interest is that almost all measurements related to the

bullae and the foramen magnum also appear in cluster C.

Most prominent at the eight-cluster stage is subcluster 8, which, with the ex-

ception of hard palate width at M 1 (21-PWM), are masticatory characters joining

up at relatively low distances, suggestive of a tightly integrated dental submatrix.

Selection ofMeasurements

One of the criteria developed to select measurements from within subclusters

relied on ordinations, both principal component (Fig. 3) and correspondence (Fig.

4) analyses, of known taxa (A. namaquensis, A. chrysophilus, and A. grand). The
first two axes from the principal component analysis show A. grand to separate

from both A. chrysophilus and A. namaquensis along the second axis, whereas the

latter two species are separated from each other along the first axis; there was
little or no differentiation between the three taxa along components 3 to 14.

Principal component I generally has high and negative loadings on all measure-
ments (Table 1), with generally high percent variances associated with each char-

acter’s component contribution (in parentheses in Table 1). This suggests that the

separation between A. chrysophilus and A. namaquensis is primarily size-related.

The second axis, which is instrumental in separating A. grand from both A.

chrysophilus and A. namaquensis, has character loadings and percent variances

of different magnitudes (the former with different signs), suggesting shape-related

variation. The important characters with relatively high loadings (regardless of
sign) on the second axis are: 3-FRO, 4-PAR, 5-INT, 6-NPP, 26-BUW, 31-IZD,
37-FMH, 47-WSM, 53-MCA, 56-MAF, 58-MTL, 59-IML, and 65-WMS.
Two-dimensional symmetric profiles from correspondence analysis (Fig. 4),

with individuals from the same taxon enclosed in minimum convex polygons,

show clear separation among the three species along both principal axes I (Inertia

= 25.27% and X, = 0.0004) and II (20.59%; X2 - 0.0003). A plot of individual

characters, which allows examination of the level of association between rows (in

this case, individuals) and columns (characters), is superimposed on the same
figure. The scattergram shows that separation of the three taxa can be explained

in terms of the corresponding opposition of the following characters in the planes
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Table 1.—Principal component (PCA) (including percent variance contributions, in parentheses) and
principal coordinate (CA) (in permills) loadingsfor thefirst two axes, coefficients of variation (CV), and
percent measurement error (% ME)for each character. Letters and numbers to the left indicate clusters

formed at the three-, four- and eight-cluster stages of the cluster analysis. Characters followed by a

question mark do not belong in the particular functional (F-set) or phenotypic (P-set) set. Characters

in parentheses were important in principal components and correspondence analyses. Underlined char-

acters were selectedfor descriptive and comparative purposes. Characters preceded by an asterisk were

selectedfor use in subsequent morphometric analyses. Characters are defined in Fig. la-k.

PCA PCA CA CA
Character/F-set I II I II CV % ME

I. “MIXED” NEUROCRANIAL/OROFACIAL F-SET

A. (Interfrontal, -parietal, and -occipital)

1 . “Incisor-condyle distances”

*1-GLS -0.957 (91.65) 0.130 (1.69) 11 -3 1.93 0.013

13-CBL -0.959 (91.93) 0.130 (1.68) 10 -1 2.02 0.014

27-ITC -0.973 (94.71) 0.049 (0.24) 4 -3 1.05 0.015

14-PIC -0.974 (94.84) -0.074 (0.55) -2 -8 2.02 0.008

15-BSL -0.968 (93.63) -0.026 (0.07) -3 1 2.53 0.014

2. “Oblique distances”

*(6-NPP) -0.856 (73.23) 0.294 (8.66) 26 -13 2.18 0.014

32-MPO -0.857 (97.50) 0.026 (0.07) -1 5 1.91 0.014

II. NEUROCRANIAL F-SET

B. (Braincase and dorsal part of skull)

3. *(3-FRO) -0.668 (44.60) 0.594 (35.23) 63 50 4.44 0.006

33-MPZ -0.973 (94.60) -0.050 (0.25) -18 22 2.49 0.013

16-PPL -0.947 (89.61) 0.061 (0.37) -3 22 3.08 0.012

35-GHS -0.892 (79.59) 0.239 (5.71) 14 1 2.71 0.010

7-NPO -0.888 (78.89) 0.154 (2.38) 16 -4 3.32 0.015

8-ZAL ? -0.941 (88.47) 0.085 (0.73) 9 -9 2.14 0.012

40-WAB -0.941 (88.64) 0.033 (0.11) 2 1 2.55 0.014

4. 9-BBC -0.952 (90.60) -0.010(0.01) -3 -1 2.91 0.008

10-ZYW -0.977 (95.43) -0.070 (0.49) -12 8 2.34 0.015

18-TRL ? -0.971 (94.25) -0.134(1.81) -9 -6 2.11 0.014

30-IOE ? -0.959 (91.91) 0.177 (3.13) 7 22 1.82 0.014

III. OROFACIAL F-SET

C. (Oral and orbital cavities, exoccipital bullae)

5. (4-PAR ?) -0.797 (63.53) -0.301 (9.06) -40 -1 7.34 0.008

42-UTR -0.905 (81.89) -0.040 (0.16) -15 3 3.71 0.013

60-MTR -0.827 (68.39) 0.061 (0.37) 3 -10 2.43 0.006

(31-IZD) -0.615 (37.85) 0.500 (24.97) 49 19 6.65 0.014

(5-INT ?) -0.345 (11.92) -0.714(51.00) -62 -64 9.55 0.007

11-IOB -0.898 (80.70) -0.142 (2.02) -12 0 2.81 0.013

54-LMH -0.904 (81.74) 0.106(1.12) -2 19 5.44 0.009

22-PAC -0.720 (51.90) 0.105 (1.11) 10 -15 5.55 0.015

(26-BUW?) -0.865 (74.76) -0.250 (6.25) -35 8 3.73 0.001

*(37-FMH ?) -0.436 (19.03) 0.437 (19.07) 36 -30 4.90 0.012

(56-MAF) -0.421 (17.73) -0.662 (43.77) -48 -55 5.60 0.013

6. 20-MAW -0.943 (88.21) -0.047 (0.22) -1 -12 2.98 0.013

*(5 1 -AFA) -0.934 (87.22) -0.147 (2.17) -63 75 5.52 0.010

25-BUL ? -0.855 (73.17) 0.003 (0.01) -7 9 4.64 0.012

24-FJW ? -0.718(51.58) -0.050 (0.25) 4 -23 5.45 0.008

52-MRH -0.781 (60.93) 0.113 (1.28) 5 14 5.87 0.011

(53-MCA) -0.850 (72.32) -0.254 (6.43) -21 -5 4.36 0.006

36-BCH ? -0.900 (80.91) 0.035 (0.12) 3 -8 2.93 0.013

(58-MTL) -0.866 (75.06) -0.374 (14.00) -35 -7 3.89 0.008

7. 19-LPF ? -0.722 (52.10) 0.152 (2.31) 18 -13 5.00 0.013
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Table 1.— Continued

.

Character/F-set

PCA
I

PCA
II

CA
I

CA
II cv % ME

39-CNW ? -0.886 (78.43) -0.190 (3.60) 36 -14 3.82 0.013

*(59-IML) -0.905 (81.93) -0.314(9.86) -21 -12 3.01 0.011

57-CMH -0.887 (78.74) -0.133 (1.78) -12 -1 3.56 0.006

D. (Dental)

8. 21-PWM ? -0.787 (61.91) -0.099 (0.98) -16 24 7.98 0.013

*(43-LFM) -0.896 (75.48) -0.126 (1.58) -37 19 6.12 0.013

(44-LSM) -0.736 (54.13) -0.048 (0.23) -62 94 12.99 0.005

(45-LTM) -0.665 (44.27) -0.202 (4.08) -22 -15 7.10 0.007

63-LMT -0.644 (41.45) -0.129 (1.67) -12 -3 6.98 0.005

48-WTM -0.670 (44.87) -0.044 (0.19) -7 -9 6.52 0.013

(46-WFM) -0.478 (22.90) 0.184 (3.38) 18 -42 5.19 0.014

*(47-WSM) -0.475 (22.59) 0.339 (11.48) 24 -31 5.78 0.011

64-WLM -0.704 (49.51) 0.208 (4.34) 12 -22 5.39 0.010

*(65-WMS) -0.501 (25.11) 0.580 (33.68) 39 -16 4.62 0.012

% Trace: 68.4% (PC Axis I); 6.4% (PC Axis II).

Inertia: 25.3% (X, = 0.0004) (CA Axis I); 20.6% (X2 = 0.0003) (CA Axis II).

of separation: 3-FRO, 4-PAR, 5-INT, 6-NPP, 26-BUW, 31-XZD, 37-FMH, 43-

LFM, 44-LSM, 45-LTM, 46-WFM, 47-WSM, 51-AFA, 53-MCA, 56-MAF, 58-

MTL, 59-XML, and 65-WMS. Characters important in the separation of the three

taxa are shown by their relatively high magnitudes in the first and second principal

coordinates (Table 1), which for ease of interpretation are presented in permills

(thousandths).

The results ofthe principal component and correspondence analyses correspond

closely in that the 1 3 shape-related characters generated by the second principal

component were also generated by the two principal coordinates in correspondence

analysis, in which the following characters also featured prominently: 43-LFM,
44-LSM, 45-LTM, 46-WFM, and 51-AFA.
Table 1, in which characters are arranged according to cluster analysis-derived

phenotypic sets, summarizes the data used in character selection, including coef-

ficients of variation, percent measurement error values, character loadings on the

first and second axes ofprincipal component, and correspondence analyses. Other
criteria invoked were relative ease of measurement, potential for non-missing
values, previous use, and cranial configuration. Based on the premise that most
subclusters represent distinct submatrices of either the Neurocranial or the Oro-
facial functional unit, one or more characters were selected as representative of

the configuration of a particular unit. More than one character was often selected,

particularly if the characters were consistently shown to be relevant by both the

principal component and correspondence analyses, and these included obviously

misplaced characters.

The following is the rationale behind the selection of characters within a sub-

cluster (with subcluster numbering corresponding to the eight-cluster stage in Fig.

2 and Table 1):

Subcluster 7. —The notion that shape is more heritable than size (Humphries
et al., 1981) has been criticized by Leamy and Thorpe (1984). Size is certainly

important in infraspecific studies. For example, in a principal component analysis

of different populations of C. penicillata, Taylor (1990) and Taylor and Meester

(1993) found that virtually all the significant variation was in the first size-related
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Fig. 3.— First two components from principal components analysis of individuals ofAethomys chry-

sophilus, open triangle; A. granti, open circle; and A. namaquensis, open square. Polygons include

individuals from the same taxon.

axis. Consequently one character from subcluster 1 ,
comprising size-related char-

acters, was selected for inclusion in the basic data suite. High loadings on the first

principal component axis (>0.90) indicate that all characters in this major cluster

qualify as good predictors of general size. In addition, all the characters have low
coefficients of variation and percent measurement error values. However, the

greatest length of the skull (1-GLS) was selected because of its relatively high

loading on the first principal coordinate in correspondence analysis, relative ease

of measurement, and the fact that it features prominently in rodent systematics.

This character, in combination with cranial width and depth measurements (see

below), also captures descriptive information relating to gross cranial configura-

tion.

Subcluster 2. — Distance from anterior edge ofnasals to anterior edge ofposterior

part of zygomatic arch (6-NPP) was selected because it featured prominently in

the first principal coordinate in correspondence analysis. It has relatively low
coefficient of variation and percent measurement error values and being an

“oblique” measurement, may capture different configurations of the skull.
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l

Fig. 4.™ Optimal two-dimensional symmetrical map of characters and individuals generated by cor-

respondence analysis of Aethomys chrysophilus, open triangle; A. granti, open circle; and A. nama-
quensis, open square. Polygons include individuals from the same taxon. Characters are defined in

Fig. la-k.

Subcluster 5.—Of the seven characters in this subcluster, greatest length of
frontals (3-FRO) is the only character selected. In addition to having low coefficient

of variation and percent measurement error values, it was consistently singled

out by both axes in correspondence analysis as well as the second component of
principal component analysis. It also features prominently in original descriptions.

Subcluster 4.—None of the four characters in this subcluster was shown to be
ofparticular relevance, but see discussion on the selection ofdescriptive characters

below.
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Subcluster 5.—The following three characters in this subcluster were selected:

greatest bulla width (26-BLJW), foramen magnum height (37-FMH), and man-
dibular foramen-articular facet length (56-MAF), all of which were shown to be
of importance, either singly or in combination, by both principal coordinates in

correspondence analysis and principal component II in principal component anal-

ysis. These characters also have low coefficients of variation and percent mea-
surement error values. Collectively, the three characters capture different config-

urations of the skull, as suggested by the negative and positive loadings, respec-

tively, of foramen magnum height (37-FMH) and mandibular foramen-articular

facet length (56-MAF) on the second principal component. Greatest bulla width
(26-BUW) features prominently in original descriptions.

Subcluster 6.—Angular process-mandibular condyle length (51-AFA), one of

the eight characters in this subcluster, was selected because of its importance in

principal coordinate I in correspondence analysis, and low coefficient of variation

and percent measurement error values. Mandibular toothrow (58-MTL) is another

character shown to be of importance, but see discussion of subcluster 7.

Subcluster 7.—Of the four characters in this subcluster, posterior incisor-M 3

length (59-IML) was selected because of its low coefficient ofvariation and percent

measurement error values and its importance in both correspondence (coordinate

I) and principal component (component II) analyses. This character, as well as

mandibular toothrow (58-MTL) in subcluster 6, although placed in different sub-

sets, seem to capture the same information, but since the latter measurement is

relatively difficult to score, 59-IML was selected.

Subcluster 8.— Three characters in this subcluster were selected: length ofM 1

(43-LFM), and greatest cross-sectional crown widths of M2 (47-WSM) and M2

(65-WMS) because of their low coefficients of variation and percent measurement
error values and their importance (either singly or in combination) in principal

coordinates I and II of correspondence analysis, and principal component II of

principal component analysis. In combination (an upper jaw tooth length [43-

LFM] and width [47-WSM] and lower jaw tooth width [65-WMS]) they may
improve the capturing of different tooth configurations.

Three of the 1 1 selected characters (indicated by asterisks in Table 1 and broad
arrows in Fig. la-k), 1 -GLS, 3-FRO, and 26-BUW, feature prominently in original

descriptions.

The underlined characters in Table 1 were selected for descriptive purposes

only and include breadth of braincase (9-BBC), greatest height of skull (35-GHS),
interorbital constriction (1 1 -IOB), and greatest bulla length (25-BUL). These char-

acters, in combination with greatest length of skull (1-GLS), capture gross cranial

configuration. Other descriptive characters incorporated into the data set were

the standard external measurements, head and body length, tail length, hind foot

length, and ear length, all recorded from specimen labels.

Given the three groupings of characters (1 1 basic cranial, four descriptive cra-

nial, and four standard descriptive external), their selective use (singly or in com-
bination) will depend on the choice of analyses to be used in the revision. Since

multivariate procedures involve the assessment ofjoint relationships among in-

tercorrelated variables to evaluate overall inter-OTU differences (James and
McCulloch, 1990), all subsequent multivariate analyses will be based on the 1

1

basic cranial characters, and will form the basis of taxonomic conclusions in the

revision. The four descriptive cranial characters, in combination with the 1 1 basic

cranial characters, could be used for exploratory multivariate analyses. Univariate

analyses, which evaluate the equality of means for each variable independently
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and ignore correlations among variables (Willig et al., 1986), could be based on

all three groupings of characters, and only used for descriptive and comparative

purposes.

Discussion

The approach to character selection adopted in the present paper is an extension

of the procedure suggested by Taylor (1990) and Taylor and Meester (1993) who
summarized character correlations in C. penicillata by means of cluster analysis,

and selected representative characters on the basis oflow coefficients of variation,

previous use, and ease of measurement, and interpreted their results in terms of

the morphological integration concept of Olson and Miller (1958). As applied to

Aethomys, the approach was similar to Taylor (1990) and Taylor and Meester

(1993), but expanded upon to include: 1) measuring potentially useful characters

from various regions of the cranium and mandible (including characters used

previously) in a single homogeneous sample, representing an island population;

2) screening the data set for outliers; 3) subjecting all characters to univariate

assumptions tests (normality, equality of variances, and sexual dimorphism);

followed by 4) analysis of statistical associations between characters, using prin-

cipal component and cluster analyses, with reference to a morphometric assess-

ment of functional units of the cranium, an approach consistent with the mor-
phological integration concept of Olson and Miller (1958); and 5) analysis of

samples drawn from various taxa in the current classification as an aid in the

selection of characters from identified phenotypic sets and their subsets, while

considering criteria such as the coefficient ofvariation, percent measurement error,

ease of recording, and previous use.

The procedures followed by Taylor (1990), Taylor and Meester (1993), and the

present study are more objective than using untested, previously used characters

or simply recording as many characters as possible in the hope of assessing re-

lationships between OTUs. These approaches could have wider application in

morphometries, particularly in organisms in which cranial ontogenetic origins

and interactions (Noden, 1978, 1983; Gans and Northcutt, 1983; Zelditch et al.,

1993), structural components, evolution, and adaptive functional potential of

organismic form can be determined, such as has been demonstrated in some
mammalian (Olson and Miller, 1958; Moss and Young, 1960; Moore, 1981;

Cheverud, 1982) and avian groups (Noden, 1978, 1983; Cane, 1993).

Analysis of the largest available sample of southern African Aethomys from a

single locality, representing an island population of A. namaquensis, identified

two outliers that were considered as not representative ofthe population and were
excluded from the data set to avoid the introduction of bias in the sample. The
assumptions tests identified 1 5 characters as statistically problematic because they

were significantly sexually dimorphic, heteroscedastic, and/or non-normally dis-

tributed; these results could be related a posteriori to difficulties experienced in

their recording, unclearly defined measuring points in some individuals, high

variability of characters among individuals, and characters associated with fre-

quently damaged parts of the skull. Interestingly, some of the characters that were
found to be problematic have been used extensively in previous studies (Smith,

1834; Roberts, 1951; Ellerman et al., 1953; Meester et al., 1986; Skinner and
Smithers, 1990), such as nasal width (12-NAS), palatal length (17-PAL), length

ofdiastema (28-LOB), greatest mandible length (from anterior edge of I, alveolus

to posterior surface of angular process) (49-GML), and from anteroventral edge
of I, alveolus to posterior surface ofcondylar process (50-MDL). The data screen-
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ing procedures underscore Pimentel and Smith’s (1986Z?) remarks that test sta-

tistics are particularly useful in the earliest phases of data analysis in taxonomic
studies.

The results of cluster analysis ofcharacter associations were encouraging insofar

as the major Neurocranial and Orofacial functional units were identified. In this

respect, the results are similar to those obtained by Cheverud (1982), Taylor

(1990), and Taylor and Meester (1993). Apart from these functional units, some
measurements, particularly the length measurements traditionally used by tax-

onomists (e.g., condylobasal length), did not fit into the above units but formed
a major cluster by themselves comprising “Mixed” Neurocranial/orofacial char-

acters. In C. penicillata, these “Mixed” measurements were placed in the Neu-
rocranial functional set (Taylor, 1990; Taylor and Meester, 1993) rather than in

a separate major cluster as in Aethomys.
The primary objective of the study was to evaluate new and previously used

characters in order to identify a reduced set of measurements which would sum-
marize most important variations of cranial configuration. Since many of the

measurements spanned the major functional units of the cranium, it was not

surprising that the classification of measurements was equivocal. However, the

analysis did generate highly correlated subsets of measurements, particularly in

the case ofdental characters. Strong indications oflogical subsets were also evident

in: 1) the configuration of the braincase and dorsal aspect of the skull; and 2) the

orbital/oral/masticatory functional submatrices with which, interestingly, char-

acters related to the bullae and foramen magnum were also associated.

Ancillary to the analysis of character associations, analysis of known taxa was
undertaken to develop criteria for the selection of representative characters from
within the phenotypic sets generated by cluster-analysis. This step was considered

necessary since the analysis ofcharacter associations did not produce unequivocal

groupings of characters, and because it is also not yet clear how tightly individual

functional units are integrated in the phenotype. Final selection of 1 1 basic mea-
surements to be used for the revision of southern African Aethomys was also

made with reference to coefficients of variation, measurement error, likelihood

ofdamage, and use by previous authors. The 1 1 measurements are: greatest length

of skull (1-GLS), greatest length of frontals (3-FRO), distance from anterior edge

of nasals to anterior edge of posterior part of zygomatic arch (6-NPP), greatest

bulla width (26-BUW), foramen magnum height (37-FMH), length of M 1 (43-

LFM), greatest cross-sectional crown width of M 1 (47-WSM), angular process-

mandibular condyle length (5 1 -AFA), mandibular foramen-articular facet length

(56-MAF), posterior incisor-M3 (59-IML), and greatest cross-sectional crown width

ofM 2 (65-WMS). With regard to coefficients of variation, all characters had low
values for this statistic except greatest length of parietals (4-PAR), interparietal

length (5-INT), hard palate width at M 1 (21-PWM), infraorbital-zygomatic plate

distance (31-IZD), length of M2 (44-LSM) and M3 (45-LTM), greatest cross-

sectional crown width ofM3 (48-WTM), and length ofM3 (63-LMT), while percent

measurement error showed this parameter to be negligible in all characters re-

corded. In contrast, percent measurement error values of over 50% have been

recorded in recent studies on birds and mussels (Bailey and Byrnes, 1990).

Principal component and correspondence analyses were used to develop criteria

for the selection of representative characters, and both showed a broad concor-

dance between characters shown to be of relevance. Canonical variates analysis

(Pimentel, 1979; Campbell and Atchley, 1981; Livezey, 1989, 1990; Livezey and
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Storer, 1992) was also considered but in an analysis of the 51 -character data set

a singular dispersion matrix was encountered, and analysis could not proceed

(Pimentel and Smith, 19866). Similar computational difficulties were encountered

by Taylor (1990) and Taylor and Meester (1993) in a 48-variable matrix. This

may be related to: 1) large numbers oflinearly and colinearly constrained variables

(Pimentel and Smith, 19866); 2) the presence of ipsative variables (Pimentel,

1979); and 3) the sample size being much smaller relative to number of variables

(Williams and Titus, 1988). This finding emphasizes the possibility of encoun-
tering analytical problems when using many unscreened variables in morpho-
metric studies (Blackith and Reyment, 1971).

With the recent introduction of sophisticated three-dimensional measuring
equipment and recent advances in unit-free, landmark-based morphometric meth-
ods (Strauss and Bookstein, 1982; Rohlf and Bookstein, 1990, and references

therein; Rohlf and Marcus, 1993), future development of character selection pro-

tocols should focus on a clearer demarcation ofthe functional units ofthe cranium
in relation to the individual cranial elements, and on synergism between landmark
selection and the objectives of both species delineation and higher classification.

In the present study the emphasis was on the former objective, while a different

set ofqualitative data will be used for phylogenetic analysis. The emphasis should

also shift to a rigorous assessment of traditional characters. This is already ap-

parent in the present study where some of these characters were included simply

for descriptive purposes and for comparison with previous studies, particularly

with reference to their utility in relating morphometric results to the nomenclature.
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Appendix I

Aethomys specimens examined. TM = Transvaal Museum, Pretoria; USNM =
National Museum of Natural History, Smithsonian Institution, Washington D.C.
Aethomys chrysophilus. —Farm Al-te-ver, 1 km SSE Maasstroom, Transvaal,

South Africa (22° 46' S; 28° 28' E): six males (TM 26474, 26541, 26557, 26559,

26612, 26684); ten females (TM 26510, 26514, 26540, 26561, 26574, 26575,

26583, 26611, 26668-69).

Aethomys granti. —Sutherland, Cape Province, South Africa (32° 23' S; 20° 40'

E): seven males (TM 38526-28, 38530, 38532, 38536, 38538); seven females

(TM 38529, 38533-34, 38537, 38541-43).

Aethomys namaquensis. —Keimoes Island, Orange River, Cape Province, South
Africa (28° 43' S; 20° 50' E): 21 males (USNM 451913-14, 451921, 451933-34,
451941, 451948, 451950-51, 451966, 451983, 451990-91, 452000, 452002,
452019, 452028, 452039, 452041, 452045, 452055); 13 females (USNM 451915,
451924, 451956, 451992, 451994, 452003, 452006, 452016, 452020, 452031a-
b, 452035, 452053).
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Abstract

New localities are reported for 28 species of Argentine bats. One species, Vampyressa pusilia, has

a locality reported in Argentina for the first time. New provincial records are reported for seven species,

including Desmodus rotundas, Histiotus macrotus, Histiotus magellanicus» Lasiurm cinereus, Lasiurus

salinae, Myotis ievis, and Tadarida brasiliensis. Information on habitat associations and reproduction

are given for all species, including Noctilio albiventris, Artibeus planirostris, Vampyressa pusilia, Des-
modus rotundas, Eptesicusfurinalis, Histiotus magellanicus, Lasiurus salinae, Lasiurus varius, Myotis
albescens, Myotis chiloensis, Myotis levis, Myotis nigricans, Myotis riparius, Myotis ruber, and Tadarida
brasiliensis, species for which very little information was known in Argentina,

Resumbn

Se presentan nuevas localidades para 28 especies de murcielagos argentinos. Se indica la localida <1

argentina donde ha side capturado por la primera vez la especie Vampyressa pusilia. Tambien se

presentan nuevas localidades provinciates de siete especies, incluyendo Desmodus rotundas, Histiotus

macrotus, Histiotus magellanicus, Lasiurus cinereus, Lasiurus salinae, Myotis levis, y Tadarida brasili-

ensis. Incluimos information sobre habitat y reproduction de todas las especies, incluyendo Noctilio

albiventris, Artibeus planirostris, Vampyressa pusilia, Desmodus rotundus, Eptesicusfurinalis, Histiotus

magellanicus, Lasiurus salinae, Lasiurus varius, Myotis albescens, Myotis chiloensis, Myotis levis,

Myotis nigricans, Myotis riparius, Myotis ruber, y Tadarida brasiliensis, especies que carecian dem uch a

information en la argentina.

Introduction

Argentina contains a rich mammal fauna ofmore than 300 species (Wilson and
Reeder, 1993). The country’s largely south temperate location, with only a small

portion lying within the tropics, suggests that bats form a relatively small pro-

portion of the overall fauna. There are 57 species of bats in Argentina, or about
19% of the country’s total mammal fauna (Barque/ et al, 1993). Barque/ (1987)
presented a monograph on Argentine bats that included systematic revisions,

keys, identifications and clarifications of identifications, distributions, specimens
examined, measurements of external and cranial characters, and information on
the ecology of all species known to occur in Argentina at that time. Subsequently,

1 Oklahoma Museum of Natural History, University of Oklahoma, Norman, Oklahoma 73019.
2 Facultad de Ciencias Naturales e Institute Miguel Lillo, Universidad National de Tucuman, Miguel
Lillo 205, 4.000 Tucuman, Argentina.
3 Department of Zoology, University of Oklahoma, Nomian, Oklahoma 73019.
Submitted 8 August 1994.
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new information has been published regarding Argentine bats (Barquez, 1988;

Barquez and Lougheed, 1 990), including a monograph on the bats ofthe Argentine

chaco (Barquez and Ojeda, 1992), and a bilingual field guide to the bats of Ar-

gentina (Barquez et al., 1993). Although each of these has added to our knowledge
of the chiropteran fauna of Argentina, the country’s bat fauna still cannot be
considered well known. In this paper we present additional information on the

distribution, ecology, reproduction, and habitat selection of 28 species of bats

collected during four years of faunal survey research in Argentina (1990-94).

Methods

This study was based on 349 specimens collected between 1990 and 1994. All

specimens examined are preserved as skin, skull, and skeleton, or in alcohol, and
are deposited in the following museums (acronyms given in parentheses): Colec-

cion Mamiferos Lillo, Universidad Nacional de Tucuman, Tucuman, Argentina

(CML); Instituto Argentino de Investigaciones de Zonas Aridas, Mendoza, Ar-

gentina (IADIZA); Oklahoma Museum of Natural History, Norman, Oklahoma
(OMNH). Specimens designated by the acronym “Arg” are individuals whose
disposition among the three institutions has not been determined, but which will

be allocated to one ofthe three institutions mentioned above within the next year.

Tissues (heart, liver, kidney, spleen) were preserved in liquid nitrogen or a DMSO
solution and are stored at the Frozen Tissue Collections of the Texas Cooperative

Wildlife Collection, Texas A&M University, College Station, Texas. Karyotypes

are available for most species and are either at the Oklahoma Museum ofNatural

History or the Texas Cooperative Wildlife Collection, Texas A&M University.

Collecting localities are shown in Figure 1 . Most specimens were captured using

various sizes of mist nets; a few individuals were taken by hand from roosts. The
Appendix provides an alphabetical listing of the localities, province and depart-

ment (given in parentheses) and geographic coordinates. Information on repro-

duction and habitat were taken from the specimen tags, from the project data

sheets, or from field notes. The measurement given for testes size is that for one
testis, although both were measured. Table 1 is a list of localities and the bat

species collected at each.

Species Accounts

Families, subfamilies, genera, and species follow Koopman (1993), except for

the use of the subfamily Phyllostominae which follows Baker et al. (1989). Where
deviations from these systematic reviews occur, we have stated our justification.

Localities reported are given in “Specimens Examined.” General taxonomic and
ecological information appear in the “Comments.”

Family Noctilionidae

Noctilio albiventris Desmarest, 1818

Specimens Examined. —(2) CORRIENTES: Departamento Ituzaingo: along Hwy
12, 61 km W Posadas, 2 (1 CML, 1 OMNH).
Comments.—This species is known from one locality each in the provinces of

Formosa, Chaco, Santa Fe, and Misiones. It previously was known from three

sites in the province of Corrientes. All of these localities are in the drainages of

the Rio Parana and Rio Uruguay. The new locality, which is near the Misiones

Province locality of Posadas, documents the distribution of this species in the

eastern part of the province of Corrientes. This was the only bat species caught



Fig. 1.—Map of localities mentioned in the text. Numbers correspond to the Appendix.
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Table \.—Spedes ofbats captured at each locality.

Province Locality Species

Catamarca Balneario Municipal Capayan
Choya, 1 3 km NNW Andalgala

Chumbicha, 1 km N and W of balneario by road

Chumbicha, at balneario

Poman, 95 km S Andalgala near balneario

Myotis levis

Besmodm rotundus

Histiotus rnacrotus

Eptesicus furinalis

Histiotm rnacrotus

Lasiums borealis

Lasiums saiinae

Myotis levis

Tadarida brasiliensis

Eptesicus furinalis

Lasiums saiinae

Tadarida brasiliensis

Tadarida brasiliensis

Chaco El Mangrallo, 20 km NNW by road and 1 1 km
NE by road

Estancia San Miguel, along Hwy 90, 1 5 km NW
jet. Hwy 90 and Hwy 1

1

Desmodus rotundus

Eptesicus furinalis

Myotis nigricans

Sturnira lilium

Desmodus rotundus

Molossops temminckii
Molossus ater

Chubut Tecka, 3 km N, along Hwy 40 Myotis chiloensis

Comentes Posadas, 61 km W, along Hwy 12 Noctitio aibiventris

Formosa El Churcal, approx. 10 km SSE Buena Vista

Puesto Divisadero, 35 km S, 5 km E Ing. Guiller-

mo N. Juarez

Eptesicus furinalis

Myotis riparius

Eumops patagonicus

Molossops temminckii

Molossus molossus

Eptesicus furinalis

Cynomops abrasus

Eumops patagonicus

Molossops temminckii

Molossus molossus

Jujuy On Highway 9 at border with Salta, at camp-
ground on the way to El Carmen

Artibeus planirostris

Sturnira erythromos

Desmodus rotundus

Mendoza Reserva Ecologica Nacunan
Reserva Telteca

Myotis levis

Myotis levis

Misiones 6 km NE by Highway 2 of jet. Highway 2 and Ar-

royo Paraiso

Aristobulo del Valle, 10 km W by road along Rio
Cunapim

Jet. Hwy 2 and Arroyo Paraiso

Jet. Hwy 21 and Arroyo Oveja Negra, approx. 2

km W Parque Provincial Mocona

Pygoderma bilabiatum

Eptesicus furinalis

Myotis levis

Pygoderma bilabiatum

Sturnira lilium

Eumops patagonicus

Artibeus lituratus

Myotis levis

Artibeus lituratus

Vampyressa pusilla

Myotis ievis

Myotis ruber

Neuquen Villa La Angostura, 19 km N Histiotus rnacrotus

Histiotus magellanicus

Lasiums varius

Myotis chiloensis

San Juan Castano Nuevo, 9 km NW Villa Nueva
Complejo Astronomic© El Leoncito, 7 km W

Desmodus rotundus

Histiotus rnacrotus
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Table 1.— Continued.

Province

San Luis

Santiago del Estero

Tucuman

Locality Species

Las Tumanas, along Hwy 5 10 at crossing of Rio
Tumanas

Las Tumanas, Rio Tumanas
Pedemal

Paso del Rey, 1 km N, along Arroyo de la Canada
Honda

Paso del Rey, 9 km N
Quebrada de Lopez, San Francisco del Monte de

Oro
Rincon de Papagayos, 2 km E Papagayos

San Francisco del Monte de Oro, 7 km E from
downtown

Santo Domingo

Virgen del Valle picnic area on Highway 64 be-

tween Santa Catalina and La Puerta Chiquita

Horco Molle, Biological Reserve

Las Juntas, 22 km W Choromoro

Piedra Tendida, 12 km WNW Burruyacu along

Rio Cajon

San Pedro de Colalao, south of, at km marker 42
on Highway 364

Myotis levis

Tadarida brasiliensis

Tadarida brasiliensis

Lasiurus salinae

Myotis levis

Histiotus macrotus

Tadarida brasiliensis

Tadarida brasiliensis

Myotis levis

Lasiurus cinereus

Tadarida brasiliensis

Desmodus rotundus

Myotis albescens

Myotis nigricans

Eptesicus furinalis

Sturnira erythromos

Tadarida brasiliensis

Artibeus planirostris

Sturnira erythromos

Histiotus macrotus

Lasiurus borealis

Tadarida brasiliensis

Sturnira erythromos

Myotis keaysi

Myotis nigricans

Sturnira erythromos

Myotis levis

at this locality, which consisted of a group of Eucalyptus trees on dry ground
within a large marshland. A number of Noctilio were hanging in the Eucalyptus
trees. Both specimens were adult males collected at the end of November. One
had testes measuring 5x3 mm.

Family Phyllostomidae

Subfamily Phyllostominae

Artibeus lituratus (Olfers, 1818)

Specimens Examined.— {9) MISIONES: Departamento Guarani: jet. Hwy 21

and Arroyo Oveja Negra, approx. 2 km W Parque Provincial Mocona, 6 (2 CML,
2 IADIZA, 2 OMNH); jet. Hwy 2 and Arroyo Paraiso, 3 (OMNH).
Comments. —This species is well known from the province of Misiones. The

above localities are two new ones for the province. See Table 1 for a list of other
bat species captured at these localities.

The specimens from Arroyo Oveja Negra were caught in a net placed over a

river in upland semideciduous forest. The habitat of the Arroyo Paraiso locality

was disturbed montane wet forest. All individuals were collected at the end of
November and were adults. Two of the four females were lactating. Three males
had scrotal testes, one measuring 9x6 mm.
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Artibeus planirostris (Spix, 1823)

Specimens Examined.— (5) JXJJUY: Departamento El Carmen: on Highway 9

at border with Salta, at campground on the way to El Carmen, 3 (1 IADXZA, 2

OMNH). TUCUMAN: Departamento Trancas: Las Juntas, 22 kmW Choromoro,
2 (1 CML, 1 OMNH).
Comments.— This species is well known from both Jujuy and Tucuman prov-

inces. Both localities are new for these provinces. See Table 1 for a list of other

bat species captured at these localities.

The specimens from Jujuy were captured in Yungas forest where the dominant
trees were nogal (Juglans australis), palo bianco (Calocophyllum multiflorum),

and laurel {Phoebe porphyria). The habitat at Las Juntas was montane transitional

forest; individuals were captured in nets placed across the Rio Choromoro. The
specimens from Jujuy Province (1 female, 2 males) were captured in mid-Feb-
ruary. The female was young, with cartilaginous phalanges and an open vagina.

One male had testes measuring 3 x 2.5 mm; the second had small scrotal testes

measuring 6x4 mm. An adult male and an adult female were captured in

Tucuman in early July. The female had an open vagina and the male had testes

measuring 6x4 mm.

Pygoderma bilabiatum (Wagner, 1 843)

Specimens Examined.— {2) MISIONE8: Departamento Cainguas: 10 km W
Aristobulo del Valle by road along Rio Cunapiru, 1 (CML). Departamento Guara-

ni: 6 km NE by Highway 2 of jet. Highway 2 and Arroyo Paraiso, 1 (OMNH).
Comments. — This species is well documented in the province of Misiones. The

above sites add two new localities to its distribution. See Table 1 for a list of other

bat species captured at these localities. The habitat at Arroyo Paraiso was disturbed

moist forest with bamboo. Both individuals were captured at the end of Novem-
ber. An adult female had one embryo with a crown-rump length of 8 mm. The
adult male had testes measuring 4x3 mm.

Sturnira erythromos (Tschudi, 1844)

Specimens Examined.— (9) JUJUY: Departamento El Carmen: on Highway 9

at border with Salta, at campground on the way to El Carmen, 2 (1 IADIZA, 1

OMNH). TUCUMAN: Departamento Burruyacu: Piedra Tendida, 12 km WNW
Burruyacu along Rio Cajon, 3 (1 CML, 1 IADIZA, 1 OMNH). Departamento
Trancas: at km marker 42, on Highway 364, south of San Pedro de Colalao, 1

(OMNH); Las Juntas, 22 kmW Choromoro, 2 (1 CML, 1 OMNH). Departamento
Yerba Buena: Biological Reserve at Horco Molle, near residencia, 1 (OMNH).
Comments. — This species is well documented from the provinces of Jujuy and

Tucuman. These are additional localities. See Table 1 for a list of other bat species

captured at these localities.

The species was captured in Yungas forest (Jujuy locality), where nogal {Juglans

australis), palo bianco {Calocophyllum multiflorum), and laurel {Phoebeporphyria)

were the dominant trees, and in transitional forest (Tucuman localities).

All individuals were adults captured in the months of January, February, June,

or July. A female from El Carmen collected in February had an open vagina; a

second female from this locality had a closed vagina and was molting. A male
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from Piedra Tendida collected in July had abdominal testes measuring 5x3
mm. A male from San Pedro de Colalao in January had testes measuring 5x4
mm.

Sturnira lilium (E. Geoffroy, 1810)

Specimens Examined, —(8) CHACO: Departamento 1° de Mayo: along Hwy
90, 15 km NW jet. Hwy 90 and Hwy 11, Estancia San Miguel, 6 (2 CML, 1

IADIZA, 3 OMNH). MISIONES: Departamento Cainguas: 10 km W Aristobulo

del Valle by road along Rio Cunapiru, 2 (1 IADIZA, 1 OMNH).
Comments. —This species is well known from Misiones. The new records doc-

ument a new provincial locality. In Chaco Province, S. lilium was previously

known from specimens from the single locality of Resistencia. The new records

are the second documented locality of this species in the province. See Table 1

for a list of other bat species captured at these localities.

The habitat at the Estancia San Miguel is wet chaco with isolated forest patches.

All individuals collected in late November were adults. Two females from
Estancia San Miguel were pregnant, each with one fetus. The two males from
Misiones Province had testes measuring 5x4 and 6x4 mm.

Vampyressa pusilla (Wagner, 1843)

Specimens Examined.— (1) MISIONES: Departamento Guarani: jet. Hwy 21

and Arroyo Oveja Negra, approx. 2 km W Parque Provincial Mocona, 1 (CML).
Comments. —This is the first designation of a specific collecting locality for this

species in Argentina, although the province was mentioned by Barquez et al.

(1993). The species was captured along a small arroyo (3-5 m wide, < 1 m deep)

in wet subtropical forest. Artibeus lituratus, Myotis levis, and Myotis ruber were
also captured at the same site (Table 1). The adult male V. pusilla was captured

in a net placed across a river in early December. Testes measured 4x3 mm.

Subfamily Desmodontinae
Desmodus rotundus (E. Geoffroy, 1810)

Specimens examined, — (19) CATAMARCA: Departamento Andalgala: Choya,
13 km NNW Andalgala, 4 (1 CML, 1 IADIZA, 2 OMNH). CHACO: Departa-
mento 1° de Mayo: along Hwy 90, 15 km NW jet. Hwy 90 and Hwy 1 1, Estancia

San Miguel, 8 (3 CML, 2 IADIZA, 3 OMNH). Departamento Almirante Brown:
20 kmNNW and 1 1 km NE by road El Mangrullo, 2 (1 CML, 1 OMNH). JUJUY:
Departamento El Carmen: on Highway 9 at border with Salta, at campground on
the way to El Carmen, 2 (1 IADIZA, 1 OMNH). SAN JLJAN: Departamento
Calingasta: Castano Nuevo, 9 km NW Villa Nueva, 1 (OMNH). SAN LUIS:
Departamento Ayacucho: San Francisco del Monte de Oro, 7 km E from down-
town, 2 (OMNH).
Comments. —The specimens from Catamarca, Jujuy, and San Luis document

new localities for this species in these provinces. The specimens from Chaco
Province are the first known from the western part ofthe province, and document
the presence of this species in the central Argentine chaco. The specimen from
San Juan Province is the first documented record of this species in the province,

and the westernmost locality ofthis species in Argentina, although the distribution

given by Barquez et al. (1993) included the province of San Juan. This species
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was captured in association with numerous other bat species (Table 1), although

at the San Juan and San Luis province localities it was the only species of bat

collected.

This species was captured in many habitat types. The Choya (Catamarca Prov-

ince) specimens were captured outside ofthe police station in the village ofChoya;
the surrounding habitat is dry monte desert. These are the first records of the

species in the Bolson de Pipanaco since Mares (1973) first captured it in 1972
near the town of Andalgala. The habitat at Estancia San Miguel (Chaco Province)

is wet chaco with patches of tall forest, whereas the habitat at the El Mangrullo
site (Chaco Province) is dry chacoan thorn scrub. At this latter locality, about 40
vampire bats were roosting in a deep (about 40 m) salt water well. We were able

to collect two individuals— all the others avoided the net we placed over the

opening of the well and refused to leave the roost during the evening. This species

was collected in Yungas forest in Jujuy Province in a forest dominated by nogal,

palo bianco, and laurel. In San Juan Province, a single individual was collected

in a net placed across a road in a stand of Populus\ the site was situated in a river

valley near an abandoned mine.

Adult specimens were captured in Catamarca Province in late December, in

Chaco Province in late November, in Jujuy Province in mid-February, in San
Juan Province in late March, and San Luis Province in late April. A subadult

also was collected in San Luis Province in late April. Two pregnant females were
captured in Chaco Province; each had a single embryo (crown-rump lengths, 32

and 42 mm). A female captured in Jujuy had an open vagina, as did the subadult

from San Luis. A male captured in Jujuy in February had testes measuring 7 x

5 mm. A male collected in San Juan Province in March had testes measuring 7

x 7 mm, and a male from San Luis Province in April had abdominal testes.

Males collected in Chaco Province in November had testes measuring from 5 x

3 mm to 8 x 6 mm. Males taken from Catamarca Province in December had
testes ranging from 5x3 mm to 7 x 4 mm.

Family Vespertilionidae

Subfamily Vespertilioninae

Eptesicus furinalis (d’Orbigny, 1 847)

Specimens Examined. — (50) CATAMARCA: Departamento Capayan: Chum-
bicha, 1 km N and W of balneario by road, 4 (1 CML, 1 IADIZA, 2 OMNH);
Chumbicha, at balneario, 1 (OMNH). CHACO: Departamento Almirante Brown:
20 km NNW by road and 11 km NE by road El Mangrullo, 39 (11 CML, 11

IADIZA, 17 OMNH). FORMOSA: Departamento Bermejo: 35 km S, 5 km E
Ing. Guillermo N. Juarez, Puesto Divisadero, 1 (Arg); El Churcal, approx. 10 km
SSE Buena Vista, 3 (Arg). MISIONES: Departamento Guarani: 6 km NE by
Highway 2 ofjet. Highway 2 and Arroyo Paraiso, 1 (OMNH). SANTIAGO DEL
ESTERO: Departamento Guasayan: Virgen del Valle picnic area on Highway 64
between Santa Catalina and La Puerta Chiquita, 1 (OMNH).
Comments. —The specimens from Chaco Province are the second documen-

tation of this species in the province. Its presence there was first noted by Barquez
and Ojeda (1992). This species was previously known from only two localities in

each of the provinces of Formosa and Catamarca. Our specimens document an
additional locality for each province. The Formosa individuals more than double
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the number of known specimens from the province and document the presence

of this species in the western part ofthe province. There are a number of localities

for this species in the provinces of Misiones and Santiago del Estero. This species

was always caught with other species of bats, except at the Santiago del Estero

locality (Table 1).

The species was captured in many habitat types. The specimens from near

Chumbicha (Catamarca Province) were collected in montane chacoan forest above
a large pool of water. Nets were placed over the pool and over irrigation canals.

The habitat is relatively moist montane chacoan forest with Prosopis, Cercidium,

and other deciduous trees and with many large columnar cacti (Cereus and Opun-
tia). At El Mangrullo, Chaco Province, the habitat was dry chacoan thorn scrub;

individuals were captured in nets placed near a water holding tank. The Formosa
specimens were captured in wet chacoan gallery forest. In Misiones Province, an
individual was captured in disturbed wet forest with a dense bamboo understory

and in Santiago del Estero Province, an individual was captured in transitional

forest.

A juvenile/subadult male and female were captured in December in Catamarca
Province (n = 2). Adult males and females were collected in January in Santiago

del Estero Province (n = 1), July in Formosa Province (n = 4), November in the

provinces of Chaco (n = 39) and Misiones (n = 1), and December in Catamarca
Province (n = 3). Females were lactating in December in Catamarca Province (n
= 3). Lactating females also were found in November in Chaco Province (n — 4).

A pregnant female with two fetuses was also captured. A second female was
pregnant with one fetus (crown-rump length, 3 mm). Males with scrotal testes

were captured in mid-July in Formosa Province. Males with large scrotal testes

were noted in Chaco Province in November.

Histiotus macrotus (Poeppig, 1835)

Specimens Examined. —(15) CATAMARCA: Departamento Andalgala: Choya,

1 3 km NNW Andalgala, 1 (OMNH). Departamento Capayan: Chumbicha, 1 km
N and W of balneario by road, 8 (3 CML, 2 IADIZA, 3 OMNH). NEUQUEN:
19 km N Villa La Angostura along Hwy 234, 3 (1 CML, 2 IADIZA). SAN JUAN:
Departamento Calingasta: 7 kmW Complejo Astronomico El Leoncito, 1 (OMNH).
SAN LUIS: Departamento Coronel Pringles: 1 km N Paso del Rey, along Arroyo

de la Canada Honda, 1 (OMNH). TUCUMAN: Departamento Trancas: Las Jun-

tas, 22 km W Choromoro, l(OMNH).
Comments. —The Neuquen and San Juan specimens are new provincial records

for the species, although Neuquen was included in the distribution by Barquez et

al. (1993). These specimens serve to connect the otherwise disjunct distribution

of this species along the eastern slopes of the Andes. The specimen from San Luis

is the second locality ofthe species in the province and represents the third known
specimen from the province. The Catamarca and Tucuman specimens document
new localities in those provinces. This species was captured in association with

other bat species except at the San Juan locality (Table 1).

An individual ofthis species was captured outside ofthe police station in Choya
(Catamarca Province); the surrounding area is monte desert. In Chumbicha (Ca-

tamarca Province), individuals were collected in nets placed over irrigation canals

at the local swimming pool (balneario); the habitat is moist montane chacoan
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forest with Prosopis, Cercidium, and other deciduous trees, and numerous large

columnar cacti (Cereus and Opuntia). In Neuquen Province, the species was
captured in lush, mature, southern rain forest (trees >30 m), with patches of
bamboo (Chusquea). At El Leoncito (San Juan Province), an individual was cap-

tured in a net placed over a cattle pond in an alfalfa field in a desert canyon. In

San Luis Province, bats were captured in a net placed over a river in a rocky

canyon. In Tucuman Province, this species was captured in transitional forest in

a net placed over the Rio Choromoro.
We have captured adult males and females in March in San Juan Province (

n

=
1), April in San Luis Province (n = 1), July in Tucuman Province (n -=

1), and
December in Catamarca (n = 9) and Neuquen (n = 3) provinces. All females (n
= 7) captured in December in Catamarca Province were lactating. Although two
of the females collected in Neuquen Province in December were not breeding, a

third female was pregnant with one fetus (crown-rump length, 17 mm). The
individual captured in San Luis Province was a female with an open vagina. A
male with testes of size 4x2 mm was captured in December in Catamarca
Province.

Histiotus magellanicus (Philippi, 1866)

Specimens Examined.— (3) NEUQUEN: 19 km N Villa La Angostura along

Hwy 234, 3 (1 CML, 1 IADIZA, 1 OMNH).
Comments. —Koopman (1993) placed magellanicus in synonymy with mon-

tanus. Our nomenclature follows Philippi (1866), Thomas (1916), and Barquez
et al. (1993). Recognition of this taxon as distinct from montanus is based on
morphological characters. This species was previously only known from southern

Chile and Tierra del Fuego. The above specimens were captured along a trail in

southern Nothofagus rain forest habitat and are a provincial record that document
the distribution of this species much further north than previously recognized.

This species was captured with Histiotus macrotus, Lasiurus varius, and Myotis

chiloensis at this locality (Table 1).

An adult female and two adult males were collected in December in Neuquen
Province. The female was pregnant with one fetus (crown-rump length, 1 9 mm).
One of the males had large scrotal testes.

Lasiurus borealis (Muller, 1776)

Specimens examined.— (A) CATAMARCA: Departamento Capayan: Chum-
bicha, 1 km N and W of balneario by road, 3 (1 CML, 1 IADIZA, 1 OMNH).
TUCUMAN: Departamento Trancas: Las Juntas, 22 km W Choromoro, 1

(OMNH).
Comments. —The above specimens provide additional localities for those prov-

inces. This species was always captured with other bat species (Table 1).

At Chumbicha, Catamarca Province, this species was collected in nets placed

over irrigation canals situated in moist, montane chaco habitat dominated by
Prosopis, Cercidium, and other deciduous trees, as well as large, columnar cacti

{Cereus and Opuntia). At Las Juntas, Tucuman Province, the habitat was montane
transitional forest; bats were collected in nets placed in proximity to the Rio

Choromoro.
A juvenile/subadult was captured in December in Catamarca Province (n = 1).

Adults have been collected in July in Tucuman Province (n = 1), and December
in Catamarca Province (n = 2). A single adult female captured in December in
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Catamarca Province was lactating. An adult male captured at the same time had
testes of size 2.5 x 1.5 mm and was molting.

Lasiurus cinereus (Beauvois, 1796)

Specimens Examined.—

{

1) SAN LUIS: Departamento Chacabuco: Rincon de

Papagayos, 2 km E Papagayos, 1 (OMNH).
Comments.—This is the first record of this species for the province, although

Barquez et al. (1993) included this province in the range. The species was captured

with Tadarida brasiliensis (Table 1) in a net placed over a shallow pool between

sand banks along a river in the montane chaco foothills. The individual was an

adult male with testes measuring 5x2 mm that was captured in mid-May.

Lasiurus salinae Thomas, 1 902

Specimens Examined.— {5) CATAMARCA: Departamento Capayan: Chum-
bicha, 1 km N and W of balneario by road, 3 (1 CML, 1 IADIZA, 1 OMNH);
Chumbicha, at balneario, 1 (OMNH). SAN JUAN: Departamento Sarmiento:

Pedemal, 1 (OMNH).
Comments. —Koopman (1993) placed salinae in synonymy with borealis. The

type locality of L. borealis salinae is Cruz del Eje, Cordoba Province (Thomas,

1902). A second individual from Los Vazquez, Tucuman Province, was also

identified by Thomas as salinae. Although our recognition of this taxon is ten-

tative, individuals are morphologically distinct (e.g., markedly darker and browner)

from L. borealis captured at the same locality on the same night. The San Juan
and Catamarca specimens are new provincial records for the species. The distri-

bution of the species now includes Tucuman, eastern Catamarca, western Cor-

doba, and eastern San Juan provinces. This species was captured with many other

bat species (Table 1).

At Chumbicha, Catamarca Province, this species was collected in nets placed

over irrigation canals situated in moist, montane chacoan habitat dominated by
Prosopis, Cercidium, and other deciduous trees. At Pedemal, San Juan Province,

the individual was captured in a net placed over a small stream in a wash near a

riverbed; the area is part of the monte desert. The most common plants were
Prosopis, Larrea, Geoffroea, Baccharis, and Tessaria.

Juvenile/subadult individuals have been captured in December in Catamarca
Province (n = 2). Adults have been collected in April in San Juan Province (n =
1) and December in Catamarca Province (n = 2). A juvenile/subadult male cap-

tured in December in Catamarca Province had testes of size 3x2 mm and was
molting.

Lasiurus varius (Poeppig, 1835)

Specimens Examined.— (3) NEUQUEN: 19 km N Villa La Angostura, along

Hwy 234, 3 (1 CML, 1 IADIZA, 1 OMNH).
Comments. —Koopman (1993) placed varius in synonymy with borealis. Our

nomenclature follows Barquez (1987) and Barquez et al. (1993). Individuals of

this taxon are morphologically quite distinct from L. borealis. This species is well

documented for Neuquen Province and the specimens listed above, which were

captured in a mature Nothofagus southern rain forest, provide a new locality for

the province. Other species of bats collected at this locality include Histiotus

macrotus, Histiotus magellanicus, and Myotis chiloensis (Table 1).

We captured two pregnant adult females and one adult male in December in
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Neuquen Province. One female had two fetuses (crown-rump length, 12 mm)
and the second had one fetus (crown-rump length, 1 1 mm).

Myotis albescens (E. Geoffrey, 1806)

Specimens Examined.— (21) SANTIAGO DEL ESTERO: Departamento Pel-

legrini: Santo Domingo, 21 (6 CML, 5 IADIZA, 10 OMNH).
Comments. —This species was previously cited for this site by Barquez and

Ojeda (1 992). The specimens listed above indicate that the species is continuously

distributed across the chaco, as was suggested by Barquez and Lougheed (1990).

Only one other species of bat, Myotis nigricans, was collected at this site (Table 1).

The habitat at this locality was heavily disturbed dry chacoan thorn scrub

characterized by Allenrohlfia vaginata, Cereus, Opuntia, Prosopis, Acacia, and
Aspidospermum. Most bats were collected during the day from the attic of the

town’s first aid station, whereas a few were collected by placing a net next to the

first aid station in the evening.

Ajuvenile was captured during November in the province ofSantiago del Estero

(n= 1). Three nursing individuals also were collected. Adults were captured during

November (n = 17) in this same province. A pregnant female with four fetuses

was collected; crown-rump lengths ranged from 6 to 10 mm. Two additional

females were lactating. Males had large scrotal testes (n = 4) or medium scrotal

testes (n = 1).

Myotis chiloensis (Waterhouse, 1840)

Specimens Examined. —(6) CHUBUT: 3 km N Tecka along Hwy 40, 2 (1 CML,
1 OMNH). NEUQUEN: 19 km N Villa La Angostura, 4 (1 CML, 1 IADIZA, 2

OMNH).
Comments. — This is nearly the southernmost distributional record of this spe-

cies. This was the only bat species collected at the Chubut Province locality, but

it was collected in association with three other vespertilionid species at the Neu-
quen Province locality (Table 1).

The individuals from Tecka, Chubut Province, were found beneath an aban-

doned bridge over a stream in an area of riparian woodland within a Patagonian

scrubland.

Adults were captured during November in Chubut Province (n = 2) and De-
cember in Neuquen Province (n = 4). A female captured in Neuquen was pregnant

with one fetus (crown-rump length, 15 mm).

Myotis keaysi J. A. Allen, 1914

Specimens Examined.— (1) TUCUMAN: Departamento Burruyacu: Piedra

Tendida, 12 km WNW Burruyacu along Rio Cajon, 1 (OMNH).
Comments. —This locality is only the fourth known for the species in the prov-

ince. It was captured with Sturnira erythromos and Myotis nigricans (Table 1) in

nets placed along the Rio Cajon. The habitat is montane transitional forest. The
single adult male was captured in June.

Myotis levis (I. Geoffrey, 1824)

Specimens Examined.— (68) CATAMARCA: Departamento Capayan: Bal-

neario Municipal Capayan, 1 (OMNH); Chumbicha, 1 km N and W of balneario

by road, 34 (9 CML, 9 IADIZA, 16 OMNH). MENDOZA: Departamento La
Valle: Reserva Telteca, 1 (OMNH). Departamento Santa Rosa: Reserva Ecologica
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Nacunan, 1 (IADIZA). MISIONES: Departamento Guarani: jet. Hwy 2 and Ar-

royo Paraiso, 13 (4 CML, 3 IADIZA, 6 OMNH); jet. Hwy 21 and Arroyo Oveja
Negra, approx. 2 km W Parque Provincial Mocona, 1 (OMNH); 6 km NE by
Highway 2 of jet. Highway 2 and Arroyo Paraiso, 1 (CML). SAN JUAN: De-
partamento Iglesia: Las Tumanas, along Hwy 510 at crossing of Rio Tumanas, 1

(IADIZA). Departamento Sarmiento: Pedemal. 1 (OMNH). SAN LUIS: Depar-
tamento Ayacucho: Quebrada de Lopez, San Francisco del Monte de Oro, 1

(OMNH). TUCUMAN: Departamento Trancas: at km marker 42 on Highway
364, south of San Pedro de Colalao, 13 (3 CML, 3 IADIZA, 7 OMNH).
Comments. — The specimens from Misiones are the first documented records

of the species for the province; previously, this species was known only from the

provinces ofBuenos Aires and Entre Rios in the eastern part of its range. Barquez
et al. (1993) included Misiones Province in the distribution of this species. Based
on our records, it is likely that the species will also be caught in the province of

Corrientes. The specimens from San Juan are the second and third specimens
collected in that province. The specimens from the provinces of Catamarca,
Mendoza, San Luis, and Tucuman further document the distribution of this

species in those provinces. This species was collected with many other bat species

(Table 1).

Myotis ievis was captured in many types of habitats. In Chumbicha, Catamarca
Province, the habitat is moist montane chacoan forest. Bats were collected in nets

placed over irrigation canals; one individual was captured while roosting in a

building. At the Reserva Telteca, Mendoza Province, an individual was captured

in a net placed over water in a temporary pool. This site is dominated by sand
dunes with Prosopis, Lycium, Atamisquea , and Geoffroea in the vicinity. The
specimen collected at Nacunan was found in a house; the habitat is monte desert.

At Arroyo Paraiso, Misiones Province, bats were collected from a building in an
area of mature upland semideciduous forest. At Arroyo Oveja Negra, also in

mature moist forest, a bat was captured in a net placed across an arroyo with

flowing water. At Las Tumanas, San Juan Province, the locality was above the

river in a monte desert canyon that had chacoan influences; vegetation included

plants in the genera Trichocereus, Prosopis, and Larrea. At Pedemal, nets were
placed over a small stream in a wash near a riverbed in the mountains. Plants

included Prosopis, Larrea, Geoffroea, Baccharis, and Tessaria. At Quebrada de
Lopez, San Luis Province, nets were placed over a small cattle pond in thorn

scrub. All of the bats collected at San Pedro de Colalao, Tucuman Province, were
found in a dwelling; the surrounding habitat was transitional forest with secondary
growth.

Juveniles were captured in Misiones Province in November (n = 7). Adults
were recorded for Tucuman Province in January (n = 13), Mendoza Province in

April (n = 1), San Juan Province in April (n = 2), San Luis Province in April (n
—

1), Mendoza Province in May (n = 1), Catamarca Province in July (n = 1),

Misiones Province in November (n = 7), Catamarca Province in December (

n

=
34), and Misiones Province in December (n = 1). Females were lactating in

December in Catamarca Province (n = 27). An adult male collected in April in

Mendoza Province had testes of size 4x2 mm. In San Juan Province in April,

a male had testes measuring 2 x 1 mm. A male in San Luis Province in April

had abdominal testes. In Misiones Province, in November, males had testes of
size 7x5 mm (n = 1) and 8x5 mm (n = 1). Adult males had testes size of 3

x 2 mm (n = 1) and 4x3 mm (n = 1) in December in Catamarca Province.
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Two females and a male from San Pedro de Colalao, Tucuman Province, were
molting in late January.

Myotis nigricans (Schinz, 1821)

Specimens Examined. —(27) CHACO: Departamento Almirante Brown: 20 km
NNW by road and 1 1 km NE by road El Mangrullo, 5 (2 CML, 1 IAOIZA, 2

OMNH). SANTIAGO DEL ESTERO: Departamento Pellegrini: Santo Domingo,
21 (5 CML, 6 IADIZA, 10 OMNH). TUCUMAN: Departamento Burruyacu:

Piedra Tendida, 12 km WNW Burruyacu along Rio Cajon, 1 (OMNH).
Comments. —The Chaco locality is the westernmost one reported for the prov-

ince. Specimens from Santiago del Estero and Tucuman provide new localities

for this species in those provinces. This species was collected with many other

bat species (Table 1).

At El Mangrullo, bats were collected in nets placed next to a water tank in the

chacoan thorn scrub. At Santo Domingo, all specimens were found in the attic

ofa first aid station. The surrounding habitat was heavily disturbed chacoan thorn

scrub dominated by Allenrohlfia vaginata, Cereus, Opuntia, Prosopis, Acacia, and
Aspidospermum. At Piedra Tendida, the habitat was montane transitional forest.

Bats were collected in nets placed parallel to the Rio Cajon.

A juvenile male was captured in November in the province of Santiago del

Estero. Subadults (n = 7) and adults (n = 18) were also collected at the same time.

A single adult male was collected in July in Tucuman Province. A pregnant female

with one fetus (crown-rump length, 10 mm) was captured in November in San-

tiago del Estero. The male collected in Tucuman Province had abdominal testes

(1 x 1 mm).

Myotis riparius Handley, 1960

Specimens Examined.— (X) FORMOSA: Departamento Bermejo: El Churcal,

approx. 10 km SSE Buena Vista, 1 (Arg).

Comments. —In 1987, this species was known only from a few specimens from
Misiones and Corrientes provinces (Barquez, 1987, 1988; Barquez and Ojeda,

1992). In 1992, Barquez and Ojeda (1992) reported specimens from the provinces

of Chaco, Formosa, and Santiago del Estero. The above specimen documents the

presence of this species in western Formosa. Also captured at this locality were

Eptesicus furinalis, Eumops patagonicus, Molossops temminckii, and Molossus

molossus (Table 1). The habitat was chacoan gallery forest. The adult male, col-

lected in mid-July, was not reproductively active.

Myotis ruber (E. Geoffroy, 1 806)

Specimens Examined.— (1) MISIONES: Departamento Guarani: jet. Hwy 21

and Arroyo Oveja Negra, approx. 2 kmW Parque Provincial Mocona, 1 (OMNH).
Comments. —This is the third record of this species in Misiones Province and

the second known locality. This species was captured in a mature wet forest along

with Artibeus lituratus, Vampyressa pusilla, and Myotis levis (Table 1). The adult

male had small scrotal testes and was captured in December.

Family Molossidae

Cynomops abrasus (Temminck, 1827)

Specimens Examined.— (1) FORMOSA: Departamento Bermejo: 35 km S, 5

km E Ing. Guillermo N. Juarez, Puesto Divisadero, 1 (Arg).
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Comments .
—This species is listed in the genus Molossops (subgenus Cynomops)

by Koopman (1993). We follow Barquez (1987) and Barquez et al. (1993) in

recognition of the genus Cynomops based on distinct morphological characters.

Although this species has been reported from Misiones Province, it has not been
collected outside of northeastern Argentina. Cabrera (1930, 1957) and Yepes
(1944) indicated its distribution in the provinces of Chaco, Formosa, Misiones,

and Santiago del Estero, but Barquez (1987) was only able to locate specimens
from Misiones. This record is from western Formosa. The individual was captured

in association with Eptesicus furinatis, Eumops patagonicus, Molossops tem-

minckii, and Molossus molossus (Table 1). The habitat was chacoan gallery forest.

The adult female, collected in mid-July, had a closed vagina.

Eumops patagonicus Thomas, 1924

Specimens Examined.— (6) FORMOSA: Departamento Bermejo: 35 km S, 5

km E Ing. Guillermo N. Juarez, Puesto Divisadero, 1 (Arg); El Churcal, approx.

10 km SSE Buena Vista, 3 (Arg). MISIONES: Departamento Cainguas: 10 km
W Aristobulo del Valle, 1 (CML); 10 km W Aristobulo del Valle by road along

Rio Cunapira, 1 (OMNH).
Comments. — This species was synonymized with E. bonariensis by Koopman

(1993) who indicated that the Patagonian record was probably accidental or er-

roneous. Validation of this species follows Barquez (1987) and Barquez et al

(1993). Barquez (1987) noted that E. bonariensis and E. patagonicus were sym-
patric in Tucuman Province and represented different species. Additionally, the

description of patagonicus has priority over the description of E. bonariensis

becked. The above records further document the presence of this species in Mi-
siones and Formosa. The Formosa specimens, which were captured in chacoan
gallery forest, are the first from the western part, of the province. This species was
caught in association with many species of bats (Table 1). Four adults were
captured in Formosa in mid-July. Both females had dosed vaginas, one male had
abdominal testes, and another had scrotal testes. An adult male and an adult

female were collected in Misiones Province in November; the female had well-

developed mammae.

Molossops temminckii (Burmeister, 1854)

Specimens Examined,— (15) CHACO: Departamento 1° de Mayo: along Hwy
90, 15 km NW jet. Hwy 90 and Hwy 11, Estancia San Miguel, 3 (1 CML, 1

IADIZA, 1 OMNH). FORMOSA: Departamento Bermejo: 35 km S, 5 km E Ing.

Guillermo N. Juarez, Puesto Divisadero, 7 (Arg); El Churcal, approx. 10 km SSE
Buena Vista, 5 (Arg).

Comments, This is the third record of this species for Chaco Province and
the first from eastern Chaco, where the species was captured in moist chacoan
savanna habitat with interspersed forest. The Formosa specimens are the first for

the western part of the province. See Table 1 for a listing of bat species caught in

association with this species. The habitat ofthe Formosa locality is chacoan gallery

forest.

Two adult females and an adult male were captured in November in Chaco
Province. Each of the females was pregnant with one fetus (crown-ramp lengths,

2 1 and 26 mm). The male had small scrotal testes (3x2 mm). Adult males and
females were collected in mid-July in Formosa. AH females (n = 5) had closed
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vaginas. Five males had scrotal testes, one had abdominal testes, and data were
not recorded for one individual.

Molossus ater (E. GeofFroy, 1805)

Specimens Examined.— (6) Departamento 1° de Mayo: along Hwy 90, 15 km
NW jet. Hwy 90 and Hwy 11, Estancia San Miguel, 6 (2 CML, 1 IADIZA, 3

OMNH).
Comments. — This is the fourth locality for this species in the province and

nearly doubles the number ofknown specimens from the province. Sturnira lilium,

Desmodus rotundas, and Molossops temminckii were caught in association with

this species at this locality (Table 1).

Six adult males were captured in November in Chaco Province. Two individuals

were not breeding. Two males had small scrotal testes (6x4 mm) and two had
medium scrotal testes.

Molossus molossus (Pallas, 1766)

Specimens Examined.— (7) FORMOSA: Departamento Bermejo: 35 km S, 5

km E Ing. Guillermo N. Juarez, Puesto Divisadero, 5 (Arg); El Churcal, approx.

10 km SSE Buena Vista, 2 (Arg).

Comments. — This species was previously known from four localities in the

eastern part of the province. These records extend the distribution to include

western Formosa. This species was caught in association with many other bat

species at these localities (Table 1). The habitat at these sites is chacoan gallery

forest. Adult females and an adult male were collected in mid-July. Females (n
= 7) were not reproductively active and had closed vaginas. The male had scrotal

testes.

Tadarida brasiliensis (I. GeofFroy, 1824)

Specimens Examined. —(53) CATAMARCA: Departamento Capayan: Chum-
bicha, 1 km N and W of balneario by road, 3 (OMNH); Chumbicha, at balneario,

3 (1 CML, 2 OMNH). Departamento Poman: Poman, 95 km S Andalgala near

balneario, 17 (7 CML, 3 IADIZA, 7 OMNH). SAN JUAN: Departamento Valle

Fertil: Las Tumanas, along Hwy 510 at crossing of Rio Tumanas, 3 (1 CML, 1

IADIZA, 1 OMNH); Las Tumanas, Rio Tumanas, 4 (1 CML, 1 IADIZA, 2

OMNH). SAN LUIS: 9 km N Paso del Rey, 1 (OMNH). Departamento Chaca-
buco: Rincon de Papagayos, 2 km E Papagayos, 1 1 (2 CML, 3 IADIZA, 6 OMNH).
Departamento Coronel Pringles: 1 km N Paso del Rey, along Arroyo de la Canada
Honda, 3 (1 CML, 1 IADIZA, 1 OMNH). TUCUMAN: Departamento Trancas:

Las Juntas, 22 km W Choromoro, 5 (3 IADIZA, 2 OMNH). Departamento Yerba
Buena: Biological Reserve at Horco Molle at residencia, 3 (1 IADIZA, 2 OMNH).
Comments. —The specimens from San Juan are the first records of this species

for the province. The specimens from Catamarca, San Luis, and Tucuman are

additional records for each of those provinces. This species was almost always

captured in association with other species of bats (Table 1).

At Chumbicha, this species was captured in gallery forest in moist montane
chaco. Nets were placed over or next to the pool and over irrigation canals. At
Poman, the habitat was monte desert dominated by cactus and bromeliads. At
Las Tumanas, bats were collected in a net placed over the Rio Tumanas— the site

was a rocky monte desert canyon with a heavy influence ofchacoan plants (Acacia,

Prosopis, Trichocereus). At Rincon de Papagayos, nets were placed over a shallow
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pool between sand banks of a river in a montane chaco canyon. At Las Juntas,

bats were captured in nets placed across the Rio Choromoro in montane transi-

tional forest. The site at Horco Molle is humid transitional forest. Bats at this

locality were captured while roosting behind a rain gutter.

No juveniles or subadults were collected during our surveys. Adults were cap-

tured in January in Tucuman Province (n = 3), April in San Juan Province (n =

7), April in San Luis Province (n = 3), May in San Luis Province (n = 12), July

in Tucuman Province (n = 5), and December in Catamarca Province (

n

= 23).

Pregnant females were captured in May in San Luis Province (n = 2). Lactating

females were captured in December in Catamarca Province (n = 13). Two males

collected in Tucuman Province in January had testes measuring 3x2 and 4 x

2 mm. A male captured in San Luis Province in April had abdominal testes.

Males captured in San Luis Province in May had abdominal testes (n = 1) and

scrotal testes of size 3 x 1 mm (n = 1) and 4x2 mm (n = 1). Males collected

in Catamarca Province in December had testes measuring 3x2 mm (

n

= 4).

Individuals were molting in Catamarca in December (n = 1) and in Tucuman
in January (n = 1).

Discussion

Many mammalogists have conducted field work in Argentina, but few have
studied bats in any detail, and even fewer have worked on bats outside of the

littoral zone surrounding Buenos Aires. Indeed, it is remarkable how few bats

have actually been collected in Argentina’s many provinces. The review by Bar-

quez (1987) illustrates the relative paucity ofinformation on bats for most regions

of the country. Most species have been recorded for a province with only a few
specimens. Considering the large area encompassed by most provinces, and the

great diversity of habitats in each of the country’s provinces, especially those in

the mountainous regions of the northeast and northwest, we believe that there is

a great deal ofnew information awaiting those researchers who will dedicate some
time to collecting bats in Argentina.

Much of our field work was centered in the colder months of winter when small

mammal populations are high, or when the dry season makes chacoan and other

forest habitats more accessible to vehicles. Thus we were not in the field during

many of the warmer months when bat populations are at their peaks, or when
migratory bats have returned to their summer ranges. Consequently, our sampling
of bats should be considered cursory. Nonetheless, we have provided new and
interesting data on the distribution and reproduction of many species. We expect

that additional work on bats, especially in the northern rim of provinces, from
Santa Fe, through Misiones, Corrientes, Formosa, Chaco, Salta, and Jujuy, will

yield a great deal of new information on the bats of Argentina.
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Appendix

Gazetteer ofLocalities
(numbers refer to numbered localities in Fig. 1)

1 6 km NE by Highway 2 of jet. Highway 2 and Arroyo Paraiso, (Misiones,

Guarani) 27°08' S, 54°00' W.
2 Aristobulo del Valle, 10 km W by road along Rio Cunapiru (Misiones, Cain-

guas) 27°06' S, 54°57' W.
3 Balneario Municipal Capayan (Catamarca, Capayan) 28°52' S, 66°14' W.
4 Castano Nuevo, 9 km NW Villa Nueva (San Juan, Calingasta) 3 1°02' S, 69°33'

W.
5 Choya, 13 km NNW Andalgala (Catamarca, Andalgala) 27°32' S, 66°24' W.
6 Chumbicha, 1 km N andW ofbalneario by road (Catamarca, Capayan) 28°52'

S, 66°14' W.
7 Chumbicha, at balneario (Catamarca, Capayan) 28°52' S, 66°14' W.
8 Complejo Astronomico El Leoncito, 7 km W (San Juan, Calingasta) 31°48'

S, 69°20' W.
9 El Churcal, approx. 10 km SSE Buena Vista (Formosa, Bermejo) 22°54 /

S,

62°08' W.

10

El Mangrullo, 20 km NNW bv road and 1 1 km NE by road (Chaco, Almirante
Brown) 25°58' S, 61°15' W.

'
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1 1 Estancia San Miguel, along Hwy 90, 1 5 km NW jet. Hwy 90 and Hwy 1

1

(Chaco, 1° de Mayo) 26°57' S, 58°59' W.
12 Horco Molle, Biological Reserve (Tucuman, Yerba Buena) 26°47' S, 65°23'

W.
13 Jet. Hwy 2 and Arroyo Paraiso (Misiones, Guarani) 27°1 1' S, 54°03' W.
14 Jet. Hwy 21 and Arroyo Oveja Negra, approx. 2 km W Parque Provincial

Mocona (Misiones, Guarani) 27°08' S, 53°54' W.
15 Las Juntas, 22 km W Choromoro (Tucuman, Trancas) 26°24' S, 65°31' W.
16 Las Tumanas, along Hwy 510 at crossing of Rio Tumanas (San Juan, Valle

Fertil) 30°52' S, 67°20' W.
17 Las Tumanas, Rio Tumanas (San Juan, Valle Fertil) 30°52' S, 67°20' W.
1 8 On highway 9 at border with Salta, at campground on the way to El Carmen

(Jujuy, El Carmen) 24°28' S, 65°2L W.
1 9 Paso del Rey, 1 km N, along Arroyo de la Canada Honda (San Luis, Coronel

Pringles) 32°57' S, 66°00' W.
20 Paso del Rey, 9 km N (San Luis) 32°52' S, 66°00' W.
21 Pedemal (San Juan, Sarmiento) 31°59' S, 68°44' W.
22 Piedra Tendida, 12 km WNW Burruyacu along Rio Cajon (Tucuman, Bur-

ruyacu) 26°24' S, 64°47' W.
23 Poman, 95 km S Andalgala near balneario (Catamarca, Poman) 28°24' S,

66°13'W.
24 Posadas, 61 km W, along Hwy 12 (Corrientes, Ituzaingo) 27°37' S, 56°28' W.
25 Puesto Divisadero, 35 km S, 5 km E Ing. Guillermo N. Juarez (Formosa,

Bermejo) 24°14' S, 61°46' W.
26 Quebrada de Lopez, San Francisco del Monte de Oro (San Luis, Ayacucho)

32°40' S, 66°07' W,
27 Reserva Ecologia Nacunan (Mendoza, Santa Rosa) 34°03' S, 67°58' W.
28 Reserva Telteca (Mendoza, La Valle).

29 Rincon de Papagayos, 2 km E Papagayos (San Luis, Chacabuco) 32°40' S,

64°57'W.
30 San Francisco del Monte de Oro, 7 km E from downtown (San Luis, Ayacucho)

32°36' S, 66°07' W.
3 1 San Pedro de Colalao, south of, at km marker 42 on Highway 364 (Tucuman,

Trancas) 26°14' S, 65°29' W.
32 Santo Domingo (Santiago del Estero, Pellegrini) 26°13' S, 63°47' W.
33 Tecka, 3 km N, along Hwy 40 (Chubut) 43°27' S, 70°48' W.
34 Villa La Angostura, 19 km N (Neuquen) 40°40' S, 71°40' W.
35 Virgen del Valle picnic area on Highway 64 between Santa Catalina and La

Puerta Chiquita (Santiago del Estero, Guasayan) 28°09' S, 64°50' W.
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Abstract

A new species of dorippid crab, Sodakus mexicanus n. sp., is described and one species each of

callianassid, pagurid, and calappid crustaceans are reported from the Maastrichtian lower siltstone

member of the Potrerillos Formation. Chelae remains were identified in order to complete the crus-

tacean inventory of two localities in northeastern Mexico, which have yielded numerous crustacean

remains of three other previously reported species of crabs. A paleoenvironmental interpretation of

shallow facies within a deltaic system may explain the presence of one of the most diverse crustacean

faunas from the Late Cretaceous of Mexico.

Introduction

Several recent papers have dealt with the paleontology and paleoenvironments

of Cretaceous and Tertiary formations from the Difunta Group in northeastern

Mexico. Among these, three have focused on the crustacean species from the

lower siltstone member of the Potrerillos Formation, Nuevo Leon state. The first

reported a new species of Costacopluma, the first record for that genus in America
(Vega and Perrilliat, 1989(2). Subsequently, Vega and Feldmann (1991) described

a new genus and species of carcineretid crab, as well as documenting the presence

of Dakoticancer australis Rathbun in Mexico for the first time. More recently,

the cuticular structure of Costacopluma mexicana Vega and Perrilliat was de-

scribed on the basis of excellently preserved samples of this crab in phosphatic

nodules (Vega et al., 1994). The crustacean fauna from the Potrerillos Formation
has proven not only to be exceptionally diverse, but also to contain sufficient

material to infer paleoenvironmental conditions. For this reason, it is important

to complete the faunal list of crustaceans collected at different localities within

the La Popa basin in northeastern Mexico. A faunal list of fossils from two major
localities in the Potrerillos Formation has recently been published (Vega et al.,

1995:347); however, the list does not include a complete list of the crustacean

fossils. Table 1 lists all the crustaceans currently known from the unit.

The material reported here was collected at two localities in northwestern Nuevo
Leon and southeastern Coahuila (Fig. 1). Localities have been registered in the

Locality Catalogue ofthe Institute de Geologia, Universidad Nacional Autonoma

1 Institute de Geologia, Universidad Nacional Autonoma de Mexico, Mexico, D.F. 04510.
2 Department of Geology, Kent State University, Kent, Ohio 44242.
3 Instituto de Biologia, Universidad Nacional Autonoma de Mexico, Mexico, D.F. 04510.
Submitted 1 December 1994.
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Table 1 .—Systematic list of decapod crustaceans collected from the Portrerillos Formation. *Taxa
reported, or described, in this paperfor the first time.

Infraorder Anomura Milne Edwards, 1832
Family Callianassidae Dana, 1852
ICallianassa sp,*

Family Paguridae Latreille, 1802
Paleopagurus cf. P. pilsbryi Roberts, 1962*

Infraorder Brachyura Latreille, 1 803
Family Dakoticancridae Rathbun, 1917
Dakoticancer australis Rathbun, 1935

Family Dorippidae de Haan, 1841

Sodakus mexicanus new species*

Family Calappidae de Haan, 1833
Prehepatus harrisi Bishop, 1985*

Family Carcineretidae Beurlen, 1930
Mascaranada difuntaensis Vega and Feldmann, 1991

Family Retroplumidae Gill, 1894
Costacopluma mexicana Vega and Perrilliat, 1989a

de Mexico (UNAM). Locality A (IGM-2444) has been previously reported (Vega

and Feldmann, 1 99 1 ) as an exposure at the northwest edge ofthe Delgado syncline,

northwest of the town of Mina (Fig. 2). Locality B (IGM-1574) also has been
reported previously (Vega and Perrilliat, 19896; Vega et al., 1994) as an exposure

of the syncline known regionally as “Sierra El Antrisco,” Mina County, Nuevo
Leon (Fig. 2).

Stratigraphy and Paleoenvironment

The Potrerillos Formation includes five members, of which the lower three are

Maastrichtian in age (see Vega and Feldmann, 1991:167, for stratigraphic column).

Among these three members, the lower siltstone member has proven to be one
ofthe most fossiliferous units within the entire Difunta Group. The lower siltstone

member contains numerous index fossils of Maastrichtian age, such as Exogyra
costata Say, and Sphenodiscus pleurisepta (Conrad) (McBride et al., 1974; Wol-
leben, 1977; Vega and Perrilliat, 19896). Members of the Potrerillos Formation
represent a transgressive phase, with shallow marginal environments at the base

of the lower siltstone member. A diverse molluscan fauna has been collected and
reported from this member (McBride et al., 1974; Wolleben, 1977; Vega and
Perrilliat, 1 9896). Locality IGM- 1 574 has yielded a large number of fossil remains

of gastropods, ammonoids, bivalves, and dinosaur bones. A recent paleoenvi-

ronmental interpretation for this locality suggests a restricted lagoon with periodic

influxes of fresh water (Vega et al., 1994). This kind of paleoenvironment is

consistent with the fossil content, which includes numerous crab chelae, as well

as phosphatized wood and bones. Frequently, chelae are found in coquinas at the

base of the lower siltstone member. These coquinas are interpreted to be storm

deposits in this lagoonal environment. As mentioned above, preservation of crus-

tacean remains of samples collected at this locality is frequently excellent. The
lithology at locality IGM-2444 is characterized by a light-gray fine sandstone, in

which some ostreid banks, about 4 m thick, are developed. These banks are

composed mainly of Exogyra costata, Pycnodonte mutabilis (Morton), and Arc-

tostrea aguilerae Bose. The decapod specimen, identified herein as Prehepatus

harrisi Bishop, was collected near one of these ostreid banks, in the same bed
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Fig. 1.—General location map of studied area in northeastern Mexico. The framed area is enlarged

in Fig. 2.

which contained several specimens of Dakoticancer australis Rathbun (Vega and
Feldmann, 1991). This kind ofassociation was also documented by Bishop (1985)

for samples ofP. harrisi collected in the Coon Creek and Prairie Bluff formations,

Mississippi. Thus, the sediments at locality IGM-2444 are interpreted to have
been deposited in nearshore habitats.

Samples reported here are deposited in the collections of the Museo de Pa-

leontologia of the Institute de Geologia, LJNAM (labeled as “IGM”); and the

Section of Invertebrate Paleontology, Carnegie Museum of Natural History (la-

beled “CM”).

Systematic Paleontology

Order Decapoda Latreille, 1 803
Infraorder Anomura Milne Edwards, 1832
Superfamily Thalassinoidea Latreille, 1831

Family Callianassidae Dana, 1852
Genus Callianassa Leach, 1814

ICallianassa sp.

(Fig. 3.5, 3.6)

Referred Material —Three specimens, a crushed but complete major claw (CM
35836), a minor claw (IGM-6776), and an incomplete major claw (CM 35837),
comprise the studied material.

Remarks.—A recent reexamination of the American callianassids (Manning
and Felder, 1991) has resulted in the recognition oftwo families, seven subfamilies,

and 21 genera. The 16 previously described species had all been assigned to a

single family, the Callianassidae. This work detailed the characters useful for

recognition of genera, including morphology of the third maxilliped, pleopods,

and carapace. Unfortunately, these are features that are only rarely preserved in

the fossil record. However, one set of characters, development ofhooks or spines
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Fig. 3. —Prehepatus harrisi Bishop, 1985. 1, 2, outer and inner surface of same sample, IGM-6779.
Paleopagurus cf. P. pilsbryi Roberts, 1962. 3, 4, outer surface of minor cheliped and inner surface of

major cheliped, respectively. 3, IGM-6776; 4, CM 35838. ICallianassa sp. 5, inner surface of minor
claw, IGM-6775; 6, outer surface of crushed major claw, CM 35836. Scale bar equals 1 cm.

on the menxs of the first pereiopods, may be useful in assigning fossil forms to

the recognized genera. The overall shape of the propodus and dactylus is not

always diagnostic. These are the two elements that most frequently document the

occurrence of callianassids in fossil assemblages; the present occurrence is no
exception.

The specimens under study consist of three hands with partial fingers. One is

relatively small, flattened, elongate, and delicate. The height of the hand is about

% the length, 21.2 mm. The fingers, which are about % as long as the hand, are

rounded on the inner surface and keeled on the outer surface. This may represent

a minor claw. The other two specimens are badly crushed but each appears to be
more robust than the former, with nearly square hands, measuring about 20 mm
long in the better preserved specimen, bearing stout fingers that are about as long

Fig. 2.— Location maps for localities A (IGM-2444) and B (IGM-1574), northwest from Monterrey
and south-southeast from the town of San Jose de La Popa.
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as the hand. The fixed finger of these hands is prominently keeled along the outer

surface and the keel bears a row of setal pits. These specimens are interpreted to

represent major claws. The carpus/propodus articulation on major and minor
claws appears to be approximately perpendicular to the long axis of the hand, a

feature exhibited on authentic members of Callianassa. However, it is not possible

to assign these specimens to that genus with certainty because the meral elements

are not present. The merus of the major claws on Callianassa bears a prominent
hook on the proximal comer of the lower surface (Manning and Felder, 1991:

771). In the absence of this element, it is not possible to distinguish Callianassa

from several other genera, including Cheramus Bate, and Dawsonius Manning
and Felder, among others. Thus, it would seem prudent to adopt the conservative

position of questionably referring these specimens from the Difunta Group to

?Callianassa until such time as more complete material is discovered or mean-
ingful characters of the hands are recognized.

Superfamily Paguroidea Latreille, 1803
Family Paguridae Latreille, 1802

Genus Paleopagurus van Straelen, 1925

Paleopagurus cf. P. pilsbryi Roberts, 1962
(Fig. 3.3, 3.4)

Description. —Propodus of minor cheliped 1.8 times longer than height. Carpal

articulation perpendicular to lower margin of cheliped and paralleled by distinct,

narrow groove. Palm slightly inflated; external surface shows moderately strong

and uniformly distributed, randomly arranged granules. Upper margin rounded;

length slightly smaller than height of palm (length of upper margin/height ratio

= 0.8). Articulation with dactylus forming an obtuse angle with respect to the

cutting edge of fixed finger. Fixed finger robust (length/height ratio = 0.5) and
short (length/length of propodus ratio = 2.28), with granulose external surface,

similar to that of palm; cutting edge bears four truncated teeth with wide bases

in proximal half; teeth smaller toward distal end of finger, separated from one
another and with subacute apices. Propodus of major cheliped with granulation

on internal surface, quite similar to granulation described for external surface of

minor cheliped.

Referred Material —XGM-6776 and CM 35838.

Locality and Stratigraphic Position. —IGM- 1574. Base of the lower siltstone

member of the Potrerillos Formation, lower Maastrichtian.

Measurements.—Minor propodus: length of propodus = 16.2 mm, length of

upper margin of palm = 7.2 mm, height of palm = 8.8 mm, length of fixed finger

= 7.1 mm, height of fixed finger = 3.7 mm.
Remarks.—Paleopagurus pilsbryi has been described from the Merchantville

Formation ofNew Jersey and Delaware (Roberts, 1962). Specimens from Nuevo
Leon closely resemble this species. However, authentic specimens of P. pilsbryi

seem to be smaller than the Difunta specimens. Additionally, teeth are absent on
the cutting edge of the fixed finger in the species from New Jersey. However, there

is close similarity in ornamentation of both inner and outer surfaces of the prop-

odus between our samples and those described by Roberts. For this reason, the

material can be assigned to P. cf. P. pilsbryi until such time as more complete

samples are discovered to assure the systematic position of the pagurids from
Nuevo Leon.
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Fig. 4.—Sodakus mexicanus n. sp. 1, 2, dorsal and ventral sides of holotype, IGM-6777; 3, ventral

side of paratype, CM 35839. Scale bar equals 1 cm.

Infraorder Brachyura Latreille, 1803

Section Heterotremata Guinot, 1977

Superfamily Dorippoidea MacLeay, 1838
Family Dorippidae MacLeay, 1838

Genus Sodakus Bishop, 1978

Sodakus mexicanus new species

(Fig. 4. 1-4.3)

Type Specimens. — Holotype: IGM-6777; three paratypes: IGM-6778, CM
35839, and CM 35840.

Diagnosis. — Small Sodakus with ovoid outline and incompletely developed

cervical groove.

Description. — Small crab for genus; rounded outline, may be slightly wider than

long; gently arched longitudinally; transverse cross section gently arched axially

becoming steeper near margin; regions moderately well defined as weakly swollen

areas separated by narrow grooves.

Frontal and orbital margins incompletely preserved. Front appears to be narrow,

axially depressed, with a weak axial elevation extending posteriorly into meso-
gastric region, defined by lateral sulci. Orbital regions apparently short, directed

anterolaterally. Anterolateral margins smoothly convex, terminating posteriorly

as radius of curvature decreases. Lateral margins gently arcuate, convergent pos-

teriorly. Posterior margin and posterior portion of carapace not preserved.

Carapace regions well defined in posterior half of carapace, subtle in anterior

area. Mesogastric region widening posteriorly, defined by shallow, arcuate, con-

cave outward grooves; surface of region with tiny pustules becoming stronger

posteriorly. Protogastric region with pustulose surface, otherwise undifferentiated.

Hepatic region smooth except for single line of pustules defining anterolateral

margin. Cervical groove defined only by circular pits at comers of metagastric

region and transversely elongate pits situated at midpoint between circular pits

and lateral margins. Urogastric regions developed as narrow constriction between
ovoid, inflated, pustulose, branchial lobes. Posterior gastric pits prominent. Car-

diac region more or less pentagonal, well defined; surface with moderately coarse

pustules. Epibranchial region transversely ovoid, with pustules arrayed in trans-

verse line. Mesobranchial region a small, smooth, reniform extension of epibran-

chial area directed toward anterolateral comers of cardiac region. Metabranchial
region weakly inflated, with uniformly distributed pustules over entire surface.
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Pterygostomial region with two longitudinal pustulose ridges converging pos-

teriorly and separated by distinct smooth sulcus, inner border finely beaded. Buccal

cavity widens anteriorly.

Sternum elongate oval. Somites 1-3 fused into triangular plate with smooth,
depressed surface and raised, beaded margin. Somite 4 generally triangular, widens
posteriorly, strongly swollen into bosses on either side ofnarrowly depressed axial

region on males. Somite 5 nearly quadrate, almost as long as somite 4, narrowing
slightly toward posterior. Somite 6 smaller, narrower, generally triangular. Somite
seven poorly exposed, small, rotated upward from the plane of other abdominal
somites.

Remainder of sternum, abdomen, and appendages not known.
Measurements. — Because the margins ofthe specimens are broken, no complete

measurements can be taken. The dimensions ofthe holotype specimen are: length,

>9.5 mm; width, >10.3 mm.
Locality and Stratigraphic Position.— IGM-1574: base of the lower siltstone

member of the Potrerillos Formation, lower Maastrichtian.

Etymology. —The name of the species refers to the occurrence of this species

in Mexico.
Remarks. —Assignment of these specimens to Sodakus documents only the

second species known from a taxon first recognized in the Upper Cretaceous

Pierre Shale in South Dakota (Bishop, 1978). This new species exhibits a strongly

developed transverse groove, interpreted to be the branchiocardiac groove, and
a reduced cervical groove, represented by a pair of pits on either side of the

mesogastric region. These features are similar to those seen on Sodakus tatan-

kayotankaensis Bishop. The type species also has two transverse grooves; however,

the cervical groove is more completely developed in the type than it is in the new
species. In addition, the sterna of the two species are very similar in general

proportions and conformation. Somites 1-3 are fused into a triangular plate which
is bordered by a granular rim. This plate, in turn, seems to be fused to somite 4,

forming a larger, triangular unit. The only major point of differentiation between
the two species is the general outline of the carapace. Sodakus mexicanus would
appear to have an ovoid outline whereas that ofS. tatankayotankaensis is elongate.

Because all the specimens of S. mexicanus are broken along the posterior margin,

it is not possible to describe the outline with certainty and, in fact, the posterior

region may be more drawn out. It is not possible to make a detailed comparison
of the ornamentation on the two species. The pattern of granulation on Sodakus
mexicanus would be distinctive; however, the cuticle on specimens of S. tatan-

kayotankaensis is poorly preserved. Ifgranular, it would appear to be much more
finely so than on the new species.

Within the Dorippidae, one other genus, Falconoplax Van Straelen, containing

a single species, F. kugleri Van Straelen (1933) from the upper Eocene of Vene-
zuela, is defined based on characters that are comparable to those exhibited in

the new species. Falconoplax kugleri is ovoid in outline and has a cervical groove

which is reduced to a pair of pits. However, the posterolateral margins are di-

vergent posteriorly on this species. Further comparison is difficult because, despite

the large number of specimens of the species, approximately 200, their preser-

vation is poor and more detailed comparison is difficult. This similarity in general

features may suggest that Sodakus and Falconoplax are closely related and that

the latter may have been derived from Sodakus.
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Superfamily Calappoidea de Haan, 1833
Family Calappidae de Haan, 1833
Genus Prehepatus Rathbun, 1935

Prehepatus harrisi Bishop, 1985
(Fig. 3.1, 3.2)

Prehepatus harrisi Bishop, 1985:1029-1031, fig. 1. 1-1.5, '2. 1-2.9. Bishop, 1986:120, fig. 7C.

Description.—Rectangular shape for palm, whose appendix is directed toward
carpal articulation, which is robust (width/medial length ratio = 0.5), slightly

longer than high (medial length/maximum height ratio = 0.8), with strongly marked
tubercles in both internal and external surfaces, with a moderately deep transverse

groove, delimiting articulation with dactylus. External and internal surfaces en-

tirely covered by areolations. External surface convex, with four arched longitu-

dinal rows of five to six tubercles each; tubercles randomly distributed on upper
third. Upper margin rounded, with row of five strong tubercles; lower margin
broadly rounded, with smaller, randomly distributed tubercles. Inner surface with

fewer and finer tubercles than external surface, concentrated toward central portion

of palm; inner surface smooth toward carpal and dactylar articulations; upper
margin of inner surface with five tubercles as strong as, but sharper than, those

of the external surface.

Small proximal portion of movable finger is preserved. It is strong, occupying

almost half of distal margin of palm. Height of movable finger measured at base/

maximum height of palm ratio = 0.4. Strong tubercles on upper margin of palm
continue toward dorsal portion of movable finger.

Referred Material -IGM-6779.
Locality and Stratigraphic Position.—Lower siltstone member of Potrerillos

Formation, lower Maastrichtian.

Measurements. —Palm length along medial line = 30.5 mm, superior margin
length — 24.0 mm, maximum distal height = 27.4 mm, maximum proximal height
= 18.2 mm, width =15.1 mm, height of movable finger =11.0 mm.
Remarks.—The specimen from the Potrerillos Formation is represented only

by a piece of a major chela, the right maims, which lacks both movable and fixed

fingers. However, the preservation of the palm and its ornamentation is sufficient

to assign the specimen to Prehepatus .

Bishop (1985:1028) listed all species of Prehepatus that had been described at

that time. Among these, the only Maastrichtian species is P. harrisi from the Coon
Creek and Prairie Bluff formations, Mississippi. Features of the specimen from
the Potrerillos Formation closely fit the description for this species. Bishop (1985)
stated that P. harrisi was the largest species within the genus. Comparatively, the

sample from Nuevo Leon is the largest chela reported for the genus. Although
the propodus from Nuevo Leon has a rather rectangular shape, it exhibits five

arched rows of five to six granulated tubercles on the outer surface, typical for P.

harrisi The propodus of P. cretaceous Rathbun from the Albian of Texas also

has a rectangular shape, but it differs from our material in having only two rows
of apparently smooth tubercles, numbering four in each row, on the outer face.
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REVIEW

THE VASCULAR FLORA OF PENNSYLVANIA: ANNOTATED CHECK-
LIST AND ATLAS. Ann F. Rhoads and William M. Klein, Jr. 1993. Memoirs
of the American Philosophical Society, Vol. 207. Philadelphia, Pennsylvania. 636
pages. ISBN 0-87169-207-4 (cloth). $50.00.

The authors of this volume are to be congratulated for updating and expanding

the 1979 Atlas of the Flora ofPennsylvania (Wherry et al., 1979). Although this

1979 work had served as the classic reference for the flora of the commonwealth,
several publications during the past few years demonstrated that many specimen
records had been overlooked by Wherry and his colleagues and that there were
numerous recent collections which expanded our knowledge of the Pennsylvania

flora (e.g., Thompson et al, 1989). This new atlas is based on data accumulated
for the original atlas and recorded on index cards housed in the Morris Arboretum,
plus additional specimen label information from eleven herbaria (including Car-

negie Museum of Natural History) and several private collections.

Everyone interested in distribution of species appreciates dot maps such as seen

in The Dicotyledonae of Ohio: Part 2 (Cooperrider, 1995). Authors Rhoads and
Klein have done this one better by providing a reasonably accurate distribution

within each county. Common names, habitat, synonymy, and wetland codes are

included along with each map. Scientific nomenclature is updated from the 1979
atlas. A symbol depicting a small map of Pennsylvania and/or the United States

indicates if a taxon is of conservation concern at the state or national level. It is

too bad that they did not use all the wasted white space on each page to make
the maps bigger, or use a two-column format to reduce the number of pages and
make the book easier to carry in the field!

Rather than repeating all the glowing comments in review by Boufford (1993),

Yatskievych (1993), and Williams (1994), let me concentrate on some shortcom-
ings. Besides the small size of the maps and the excessive amount of blank space

on almost all pages mentioned above, there is the problem of using Cronquist’s

nonalphabetical arrangement of families, which makes the book difficult to use

for amateur botanists, students, and others not familiar with this system. If the

authors felt this arrangement was essential, then a quick-find family index should
have been included on the otherwise blank inside front or back covers. Although
a map of Pennsylvania showing the name of each county is included in the

introductory section, this also would have been useful on the inside front or back
cover where it could be easily located.

The computer-generated maps plotted localities based on primary place name.
This technique, unfortunately, repeated a defect found in the original atlas in that

often one physical locality appears on a map as two or more sites due to differences

in how information was recorded by the collector. Although this is a minor
problem for common species, the distribution of rare plants is sometimes over-

represented by such maps. The information content of the maps could have been
greatly increased by using different symbols to indicate year of collection; it would
be useful to know, for example, if the distribution represented in a map was based
on collections all made prior to 1900 or more recent material. Although label
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data were captured from all Pennsylvania specimens in the CMNH herbarium
specifically for this new atlas, these data apparently were not always compared
against the index cards for the 1979 atlas, and thus the same specimens are

sometimes mapped under different species names!
Even in a quick perusal of the volume, several inconsistencies and spelling

errors were noted. For example, Dryopteris x bootii is listed as a synonym of D.

cristata x intermedia in the text, but this name is not in the index. The family

name Fagaceae is also missing from the index. Viola fimbriatula is listed as a

synonym of V. sagittata var. ovata, but elsewhere they list V. fimbriatula x hirsuta

and V. fimbriatula x sororia, which makes one wonder what the authors believe

the status of this taxon to be? Eclipta prostrata is misspelled as E. prostata.

Although the authors utilized most major herbaria within Pennsylvania in their

search for new distribution data, the only non-Pennsylvania herbarium included

was that of the Cleveland Museum ofNatural History. Consequently, many valu-

able resources on the flora ofPennsylvania were overlooked, such as the herbarium
at nearby Youngstown State University, which contains almost 10,000 specimens
from Pennsylvania, many from areas not well represented in collections found
within state borders.

Although this new atlas is a valuable asset to those interested in the flora of

Pennsylvania, like all such works, it was out of date almost at the time of pub-
lication. Carnegie Museum ofNatural History, for example, has added over 1 5,000

new specimens from Pennsylvania, many of which are new records that are not

included in this new atlas. As electronic access becomes more available and
widespread, we must rethink our approach to publications of this type.

I applaud the use of the flora symbol of the Keystone Commonwealth on the

cover. The addition of color plates of the official state tree (Tsuga canadensis),

the very common evergreen fern (Polystichum acrostichoides), the spring flora

representatives (Mertensia virginica and Sanguinaria canadensis), the common
monocot (Arisaema triphyllum ), and the dicot (Liriodendron tulipifera) helps to

break up the monotony of all the white space.
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CORRECTION
In “Results of the Carnegie Museum of Natural History Expeditions to Belize.

III. Distributional notes on the birds of Belize” (1987, D. S. Wood and R. C.

Leberman, Annals of Carnegie Museum, 56:137-160), specimen CM-P 162527
was listed on p. 148 as a Least Pygmy-Owl, Glaucidium minutissimum, with the

statement that there had been only one previous record of this species for Belize.

I have reexamined this specimen, and find it to be referable to the common
Ferruginous Pygmy-Owl, G. hrasilianum. The authors may have been misled by
the short wing and tail measurements of this specimen, within the range of those

of the Least Pygmy-Owl; however, the flight feathers of both wing and tail are in

sheath and were not fully grown. The plumage pattern, especially that of the tail,

is clearly that of one of the color morphs of G. brasilianum and not that of G.

minutissimum. The Belize record of G. minutissimum is therefore withdrawn.

Furthermore, Wood and Leberman stated that an additional individual of G.

minutissimum was mist-netted, banded, and photographed by a party from the

Manomet Bird Observatory (Manomet, Massachusetts) on 14 April 1984, east of

the Sibun River in Belize District. I have been informed by Dr. Trevor Lloyd-

Evans ofManomet that this owl was in fact another individual of G. brasilianum,

and that the Manomet records had never claimed otherwise. This supposed Belize

record of G. minutissimum must therefore also be expunged. The Belize sight

records listed by Wood and Leberman for G. minutissimum are of course not

subject to verification.

KENNETH C. PARKES, Senior Curator of Birds, Carnegie Museum ofNatural
History.
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NOTES ON THE FLORA OF HISPANIOLA

Thomas A. Zanoni 1

Research Associate, Section of Botany

Ricardo G. Garcia G. 2

Abstract

One species Cestrum milciomejiae T. Zanoni is described as new to science from the island of

Hispaniola (Dominican Republic and Haiti). Reported new to the island are Rhynchospora hispidula

(Cyperaceae), Clitoria guianensis (Fabaceae), Mucuna pruriens var. utilis (Fabaceae), Picramnia an-

tidesma (Simaroubaceae), Hypericum gentianoides (Hypericaceae), and Latuca serriola (Asteraceae).

Significant range extensions are reported for Hispaniola: Anemia abbottii (Schizaeaceae), Juncus

effusus (Juncaceae), Magnolia domingensis (Magnoliaceae), Chamaecrista caribaea var. inaguensis

(Caesalpiniaceae), Calycogonium apleurum (Melastomataceae), Cnidoscolus acrandus (Euphorbi-

aceae), Colubrina asiatica (Rhamnaceae), Salvia leucantha (Lamiaceae), Pinguicula casabitoana

(Lentibulariaceae), Antirhea heteroneura (Rubiaceae), and Centratherum punctatum (Asteraceae).

A note on priority of the combination Malpighia pusilliflora (Malpighiaceae) is made.

Resumen

Se describe una especie nueva para la ciencia: Cestrum milciomejiae T. Zanoni, en la isla de

Espanola (la Republica Dominicana y Haiti). Registros nuevas para la isla incluyen: Rhynchospora
hispidula (Cyperaceae), Clitoria guianensis (Fabaceae), Mucuna pruriens var. utilis (Fabaceae), Pi-

cramnia antidesma (Simaroubaceae), Hypericum gentianoides (Hypericaceae), y Lactuca serriola (As-

teraceae).

Se reportan nuevas distribuciones en la isla para las siguientes especies: Anemia abbottii (Schiza-

eaceae), Juncus effusus (Juncaceae), Magnolia domingensis (Magnoliaceae), Chamaecrista caribaea

var. inaguensis (Caesalpiniaceae), Calycogonium apleurum (Melastomataceae), Cnidoscolus acrandus

(Euphorbiaceae), Colubrina asiatica (Rhamnaceae), Salvia leucantha (Lamiaceae), Pinguicula casa-

bitoana (Lentibulariaceae), Antirhea heteroneura (Rubiaceae), y Centratherum punctatum (Astera-

ceae).

La combinacion Malpighia pusilliflora (Ekman & Niedenzu) Vivaldi (Malpighiaceae) tiene la prior-

idad por fecha sobre la misma combinacion publicada mas tarde por F. K. Meyer.

Introduction

The recent (1980 to present) intense botanical exploration of the Dominican
Republic and Haiti (Hispaniola), principally by T. Zanoni, M. Mejia, J. Pimentel,

and R. Garcia of the Jardin Botanico Nacional of Santo Domingo, continues to

yield species new to science, species newly reported to the island, and significant

and surprising range extensions of island endemics. The present contribution is

the fourth in this series (Zanoni and Mejia, 1986, 1989; Zanoni et al. 1986) in

addition to other papers published on the flora of Hispaniola by us in the botanical

journal Moscosoa.
Two areas that are mentioned frequently below are Sierra Martin Garcia, on

the boundary of provinces Azua and Barahona, and Loma de la Valvacoa (as

written on topographic maps, but the correct orthography, Barbacoa, has not been

1 New York Botanical Garden, Bronx, New York 10458-5126.
2 Jardin Botanico Nacional, Apartado 21-9, Santo Domingo, Dominican Republic.
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used) and Loma Rodriguez, Province Peravia, about 25 km WNW of San Cris-

tobal (Fig. 1). Sierra Martin Garcia is an isolated coastal ridge in southwestern

Dominican Republic, covering about 160 km2
,
rising from sea level on the south

and west to 1343 m at the summit. Geological origins of the mountain range are

obscure and no geological studies have been made. A general evaluation of the

natural resources of the region, including a preliminary checklist of plants, was
published in 1990 (Gross et al., 1990). The mountain range has yielded several

novelties or new records: Acacia cucuyo Barneby & Zanoni (Barneby and Zanoni,

1989), Cnidoscolus acrandus (Urb.) Pax & K. Hoffman, Calycogonium apleurum
(Urb. & Ekrnan) Judd & Skean, Anemia ahbottii Maxon, Juniperus gracilior

Pilger, and others yet to be published.

We have tried to determine the fioristic affinities of the plants of higher Sierra

Martin Garcia, but they remain unclear. There are no strong correlations with the

adjacent principal mountain ranges—Sierra Baoruco to the west. Sierra de Neiba
to the northwest, and Cordillera Central to the north. The affinities may be diffuse

and defy detection until a more complete inventory of plants is made. However,
recent deforestation of the more moist broadleaf forests at 500 m and higher has

decimated further the botanically most exciting part of the sierra, making further

botanical exploration less fruitful.

Loma de la Valvacoa and Loma Rodriguez form a ridge about 6 km long in

the southeastern Cordillera Central. The upper parts, approximately 1350-1775
m (summit of Valvacoa) and 1510 m (summit of Rodriguez), have natural veg-

etation, including cloud forests of Prestoea montana (Graham) Nichols and Di-

dymopanax tremulus Krug & Urb. There has been some human alteration, but

the major force has been the subtropical hurricanes that frequently assault the

cloud forest vegetation. The most recent devastating hurricanes were David and
Frederick of 1979. Some unexpected botanical discoveries such as two new spe-

cies of Solanaceae (one published here), and range extensions for several taxa,

including Magnolia domingensis Urb., were found on this ridge. Specimens are

cited from the herbaria as abbreviated in Holmgren et al. (1990). The angiosperm

species below are cited in alphabetical order by family. Locality data are cited

from the specimen labels in the original language in which they were written.

Species Accounts

Pteridophytes

Anemia abbottii Maxon Schizaeaceae

First reported by Maxon (1922) and still considered to be restricted to Los
Haitises in the northeastern Dominican Republic (Zanoni et al., 1990). In recent

years, it has been found on other karst limestone cliffs in the Cordillera Septen-

trional and Sierra Martin Garcia (this last population may now be lost due to

deforestation).

Fig. 1.—Collection localities in the Dominican Republic. 1, Barrero, 2, Alto de Casabito and Loma
de la Golondrina; 3, El Bejucal; 4, Boba Arriba; 5, Los Cacaos; 6, Carmona; 7, Constanza; 8, La
Cumbre; 9, Inoa; 10, Jarabacoa; 11, Lomas Rodriguez and de la Valvacoa; 12, Nalga de Maco; 13,

La Nevera; 14, Pueblo Nuevo; 15, Sabana de San Juan; 16, Sierra Prieta; 17, Sosua; and 18, Valle

Nuevo.
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DOMINICAN REPUBLIC: Cordillera Septentrional: Prov. Salcedo, lugar llamado
Boba Arriba, 16 km N of Tenares en la carretera a Gaspar Hernandez, bosque
natural, 19°30'N, 70°20'W, elev. 550-600 m, 25 Nov 1992, Garcia & Jimenez
4210 (JBSD, NY and others); Sierra Martin Garcia, Prov. Azua, S de Barrero,

lugar llamado “El Copey,” bosque latifoliado humedo y alterado, 18°18.5'N,

70°55'W, elev. 850 m, 4 Sep 1986, Garcia & Pimentel 1731 (JBSD).

Angiosperms

Cetrantherum punctatum Cassini Asteraceae

Herbaceous ornamental cultivated in gardens in the mountains in the Dominican
Republic. Occasionally it is found naturalized, which we report for the first time

here.

DOMINICAN REPUBLIC: Cordillera Septentrional: Prov. Espaillat, Las Cabir-

mas, casi en La Cumbre (el paso) en la carretera entre Moca y Janico del Norte,

escapada de cultivo, no lejos de una casa, 19°29' N, 70°31'W, 690 m, 16 Leb
1987, Zanoni et al. 38073 (JBSD), Cordillera Central, Prov. Santiago, en Inoa, 7

km W de San Jose de Las Matas en la carretera a Moncion, posiblemente cultivada

o escapada del jardin del patio, 19°21 'N, 70°54'W, 400 m, 3 Oct 1984 (fl), Zanoni
& Pimentel 31679 (JBSD).

Lactuca serriola L. Asteraceae

Cicero (1981) reported this Lactuca (as L. scariola L.) in the experimental farm

of the Instituto Politecnico Loyola in San Cristobal in 1980. He considered that

the seeds probably arrived in carrot seed packets from California. It is now known
to be established in the Cordillera Central. It is not clear if those other localities

result from multiple introductions or even introductions prior to Cicero’s collec-

tion.

DOMINICAN REPUBLIC: Cordillera Central: Prov. Peravia, fondo del valle del

Rio El Canal, entre Mogote Peparadero y Firrne de Banadero, 1 finite NW del

poblado El Bejucal (San Jose de Ocoa, bosque latifoliado en la orilla del rio y
las laderas bajas del valle, 18°37'N, 70°35'W, 900-1000 m, 5 Aug 1982 (fl),

Zanoni et al 22355 (JBSD); 14.2 km N del parque central de San Jose de Ocoa

y 1.6 km desde el cruce de Los Arroyos en el camino a Carmona, campos des-

cubiertos en cultivo o abandonados, 18°37.5'N, 70°32'W, 3500-3800 ft, 7 Apr.

1982 (fl), Zanoni et al 19801 (JBSD).

Chamaecrista caribaea var. inaguensis (Britton) Caesalpiniaceae

H. S. Irwin & Barneby

The first report for this taxon on the mainland of Hispaniola. Irwin and Barneby

(1982) included Cassia tortuensis Urb. & Ekman, from lie La Tortue, Haiti, as a

synonym of Chamaecrista caribaea var. inaguensis. Known also on Bahama Is-

lands and Turk and Caicos Islands, both north of Haiti. Rupert Barneby (NY)
identified the specimens.

HAITI: Massif du Nord: Dept. Nord: 8 km al E de St. Louis du Nord en la

carretera costera a Anse-a-Foleur, frente al mar, pradera con algunos arbustos,

19°55'N, 72°41'W, just above sea level, 4 Feb 1985 (fl, fr), Zanoni et al 33580
(JBSD, NY).
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Rhynchospora hispidula Griseb. Cyperaceae

First report for Hispaniola. This species grows in the lateritic clay soils that

have been seriously eroded in recent years. Specimens identified by George R.

Proctor.

DOMINICAN REPUBLIC: Llanura Costera: Distrito Nacional: base of mountain,

Sierra Prieta, halfway between Villa Mella and Yamasa, 18°39'N, 69°58'W, 100

m, 8 Jul 1981, Zanoni et al. 15300 (JBSD, NY), 8 Nov 1984, Zanoni et al. 32087
(JBSD, NY); Prov. Monte Plata [included in Distrito Nacional in earlier years]:

El Dajao, Bayaguana, elev. 150 m, 3 Sept 1973, A. H. & P. Liogier 20131 (JBSD).

Valle del Cibao(?), Prov. Sanchez Ramirez, Palo de Jagua, E of Cevicos, 100 m,
20 Nov 1969, Liogier 17030 (JBSD, NY).

Cnidoscolus acrandus (Urb.) Pax & Hoffmann Euphorbiaceae

Zanoni and Mejia (1989) confirmed that this Hispaniolan endemic species is

extant at the type locality on Rfo Bahoruco, Province Barahona, and is extirpated

at Rio Haina, Villa Altagracia, Province San Cristobal. Exploration of Sierra Mar-
tin Garcia resulted in the discovery of a colony of about 45 individuals in a small

area, with at least one tree reaching 10-12 m in height. This is the larger popu-

lation known for this species. Local names “mala mujer” and “pringamosa” are

both used in the Sierra Martin Garcia. Seeds from Garcia & Pimentel 1455 were
germinated easily and produced small trees, about 5 m in height, by 1992. They
were accidentally destroyed in the Jardin Botanico Nacional in Santo Domingo.

DOMINICAN REPUBLIC: Sierra Martin Garcia: Prov. Azua, ca 5 km S del

Barrero, en “Subida Prieta,” ladera del sendero que llega a Las Salinas (de Bar-

ahona), 18°18'N, 70°55'W, 500 m, 31 Jul 1986 (fl and mature fr), Garcia &
Pimentel 1455 (JBSD) and 12 Nov 1986 (fr), Caminero 339 (JBSD).

Clitoria guianensis (Aubl.) Benth. Fabaceae

This species was previously not known for Hispaniola (Fantz, 1990). It has

naturalized in at least one area of the island. It was introduced at the nearby

African oil palm plantation as a nitogen-fixing legume to serve also as ground
cover in the palm plantations.

DOMINICAN REPUBLIC: Prov. Sanchez Ramirez (Cotui), Pueblo Nuevo, orillas

del arroyo Mejita noroeste del Cerro Sur, area de la mina de oro de la Rosario

Dominicana S.A., 18°56'N, 70°10.5'W, 300 m, 5 Jan 1992 (fl & fr), Mejia s. n.

(JBSD, MO, NY).

Mucuna pruriens var. utilis (Wight) Burck. Fabaceae

Mucuna pruriens (L.) DC. var. pruriens is fairly widespread on the island, and
is well known particularly because of irritating trichomes on the exterior of the

legume. Sugar cane cutters often burn an area of cane when they encounter “fo-

garate” to eliminate the danger before cutting the area. The legumes do not have
the irritating trichomes typical of var. pruriens. Our specimen was identified at

Kew (the individual’s name did not appear on the annotation label) in 1992.

DOMINICAN REPUBLIC: Cordillera Central: Prov. San Cristobal, “Bayahito”
(poblado rural), 6.4 km NNW de Los Cacaos, en el camino a Calderon en la
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cuenca del Rio Mahomita, campos abandonados con cafetales, 18°34'N, 70°19'W,

500 m, 2 May 1984 (fr), Zanoni et al (JBSD, NY).

Hypericum gentianoides (L.) Britton, Stems, & Poggenb. Hypericaceae

A first report for Hispaniola and the Caribbean islands. This species is native

to North America and occurs from Maine to Missouri, and south to Florida and
Texas. George R. Proctor identified the specimen.

DOMINICAN REPUBLIC: Cordillera Central: Prov. Azua, Sabana de San Juan,

at populated rural area, 18°44'N, 70°44 ;W, 1590 m, 4 Apr 1981 (fr), Zanoni &
Mejia 12435 (JBSD, NY).

Juncus effusus L. Juncaceae

First reported for Hispaniola by Urban (1930), from near Creie-a -Piquants (SW
of Port-au-Prince), Massif de la Hotte, Haiti, Ekman H 95 1 1

,

Now known in the

Cordillera Central in a wet spot in the patio of a forestry house, however, not in

cultivation.

REPUBLICA DOMINICANA: Cordillera Central: Prov. La Vega, Reserva Cien-

Ufica Valle Nuevo, al lado de la caseta de la Direct: ion General de Foresta, en La
Nevera, aprox. 44 km al N de San Jose de Ocoa, 18°42'N, 70°36'W, 2,200 m, 1

1

Oct. 1991 (fl), Zanoni & Jimenez 45372 (JBSD, NY).

Salvia leucantha Cav. Lamiaceae

This introduced shrub is cultivated for its showy purple calyces and white

corollas. It is known principally in the vicinities of Jarabacoa and Constanza,

where it also has escaped from cultivation. The local name is “corona de la

viuda,” although several people who had the shrub in cultivation knew no name
for it.

DOMINICAN REPUBLIC: Cordillera Central: Prov. La Vega, en “Paso Bajito,”

poblado rural, 1 1 .6 km N del cruce de El Rio en la carretera a Jarabacoa, escapada

de cultivo, 19°04'N, 70°36'W, 1220 m, 6 Oct 1984 (fl), Zanoni 31843 (JBSD);

poblado rural de La Culata (de Constanza), cultivado, 1 8°56.5'N, 70°46'W, 1400

m, 14 Oct 1983 (fl) Zanoni et al 27638 (JBSD).

Pinguicula casabitoana J. Jimenez Aim. Lentibulariaceae

This Pinguicula was reported by Jimenez (1960) as growing “on dry twigs of

different plants in wet places.” It grows on live and dead woody plants in broad-

leaf cloud forests in the eastern Cordillera Central, Dominican Republic, from
1400-1700 m (rarely to 2400 m, depending on where Venancio collected his

specimen in Valle Nuevo). The robust specimens (cited below) collected at i 400-

1700 m have leaves to 3 cm in length that are light yellow-green, making the

plants quite conspicuous. The corolla tube is light yellow to light yellow-green

with five white lobes.

Additional specimens have been collected since Jimenez (1960) reported it at

Alto de Casabito and Loma La Vieja, 2075 m, at Constanza, Provincia La Vega.

DOMINICAN REPUBLIC: Cordillera Central: Prov. Peravia, “El Tope” (la

cima) de Loma Rodriguez, bosque burned© de Magnolia domingensis y Prestoea



1995 Zanoni and Garcia G.—Hispaniolan Flora 261

montana, 18°26'N, 70°18'W, 1510 m, 29 Dec 1983 (fl), Zanoni et al. 28231
(JBSD); ladera N de Loma de la Valvacoa [25 km by air, WNW of San Cristobal],

bosque enano y arbustos, 18°27.5'N, 70°21'W, 1630-1700 m, 24 Feb 1993 (fl),

Jimenez & Zanoni 854 (JBSD); Prov. La Vega, Loma de La Golondrina, Reserva

Cientffica Ebano Verde, bosque latifoliado y humedo, 19°03'N, 70°35'W, 1400-

1500 m, 23 May 1986 (fl), Zanoni et al 36516 (JBSD); Prov. La Vega, Alto de

Casabito, 1300 m, 12 May 1977 (fl), A. & P. Liogier 26635 (JBSD); 26 Jun 1981

(fl), Dod s.n. (JBSD); Valle Nuevo [elev. 2200-2400 m?], 10 Apr 1965 (fl),

Venancio s. n. (JBSD).

Magnolia domingensis Urb. Magnoliaceae

This species of Magnolia was described from specimens taken in the Massif

du Nord, Haiti (Nash & Taylor 1081, lectotype NY, designated by Howard, 1948).

Subsequently, Erik L. Ekman collected it in the nearby Morne Maleure (Ekman
H-2810) and Morne Colobeau [Colombot?, orthography not certain] (Ekman H-
4339), both also in the Massif du Nord, and also near Perodin in the Montagnes
Noires of the Massif des Cahos {Ekman H-3442). All of the sites are in the

western part of Hispaniola. This is the first time Magnolia domingensis has been

reported in eastern Hispaniola. It is found on the summit of Loma Rodriguez at

about 1500 m and on Valvacoa from 1500-1660 m in cloud forests of Prestoea

montana and Didymopanax tremulus, or in the transition between these two forest

types. Dwarfed Magnolia was found on the flat top of Loma de la Valvacoa.

The related Magnolia pallescens Urb. & Ekman is found in cloud forests of

Didymopanax tremulus in the Cordillera Central, in the vicinities of Constanza
and Jarabacoa. Magnolia hamorii R. A. Howard is found in eastern Sierra de

Baoruco. Thus three species of Magnolia are known now in the Dominican Re-

public. Magnolia emarginata Urb. & Ekman and M. ekmanii Urb. are also found

in Haiti.

DOMINICAN REPUBLIC: Cordillera Central: Prov. Peravia, “El Tope” (la

cima), Loma Rodriguez, bosque humedo de Magnolia domingensis y Prestoea

montana, 1510 m (cima), 29 Dec 1983 (fr), Zanoni et al. (GH, JBSD, NY, S);

Loma Valvacoa, bosque de Prestoea montana, 1400-1600 m, 24 Feb 1993 (fr)

Jimenez & Zanoni 797 (CM, FLAS, GH, JBSD, MO, NY, S, U); Loma Valvacoa,

bosque nublado de arboles enanos con arbustos, 1630-1650 m, 24 Feb 1993 (fr),

Jimenez & Zanoni 825 (JBSD).

Malpighia pusillifolia (Ekman & Niedenzu) Vivaldi Malpighiaceae

This combination by Vivaldi in Liogier (1986) has nomenclatural priority over

the combination Malpighia pusillifolia (Ekman & Niedenzu) F. K. Meyer (1989).

Calycogonium apleurum (Urb. & Ekman) Judd & Skean Melastomataceae

This (as Mommsenia apleura Urb. & Ekman) was previously known only from
the type collected at Riviere Bras Gauche, near Trouin, between Massif de La
Selle and Massif de La Hotte on the southern peninsula of Haiti by Ekman El-

2366 (Urban, 1926). This is the first discovery of the species in the Dominican
Republic and also the first time the species has been collected since Ekman’s
discovery in 1924. The plants are vegetatively similar to Croton (Euphorbiaceae).

Our specimens came from a plant 7 m tall.
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DOMINICAN REPUBLIC: Sierra Martin Garcia: Prov. Azua, parte de arriba (E)

de Sierra Martin Garcia, bosque latifoliado y conucos, 18°18'N, 70°56'W, 500 m,
23 Feb 1987 (fr immature), Zanoni et al. 38425 (FLAS, JBSD, NY, US).

Colubrina asiatica (L.) Brongn. var. asiatica Rhamnaceae

Zanoni and Mejia (1989) reported this sarmentose species new to the Atlantic

(north) coast at Anse-a-Foleur and Chochu, Department du Nord, Haiti. It is now
known on the Atlantic coast of the Dominican Republic. Howard (1989) reported

that the first introduction in the Caribbean area was in Jamaica with subsequent

introduction to other islands by man and by natural dispersal of seeds.

DOMINICAN REPUBLIC: base Cordillera Septentrional: Prov. Puerto Plata, “La
Union,

5
’ E of new Puerto Plata Airport, 4 km E of Sosua on highway to Puerto

Plata, along mouth of Rio Forma, 19°45'N, 70°33'W, sea level to 10 m, 16 Jul

1990 (fl and fr), Mejia & Zanoni 7329 (JBSD, MO, NY, S, TEX).

Antirhea heteroneura Urb. & Ekman Rubiaceae

Another cross island range extension. Known previously from specimens col-

lected by Ekman near Mole St.-Nicolas (Ekman H-44 70), and at Saline Michel

at Port-de-Paix {Ekman H-3843). Although Urban (1927) cited this species for

ile de la Tortue, Ekman (1929) later noted that the Tortue specimens are A. al-

bobninea Urb. & Ekman. This is the first report for the Dominican Republic. The
fruit is greenish yellow before becoming red at maturity. It is arborescent and

grows to 3—4 m tall, and vegetatively similar to and easily misidentified as Gael
rarda pungens Urb.

DOMINICAN REPUBLIC: Sierra Martin Garcia: Prov. Azua, loma Cerro de La
Vigia, 4-5 km al oeste de Barrero, bosque seco sobre roca caliza, 18°19'N,

70°56'W, 250 m, 14 Nov 1985 (fr mature), Pimentel et al 379 (JBSD, NY); S

de Barrero, lomitas empinadas con roca caliza, 18°17'N, 70°54'W, 30 m, 29 Oct

1986 (fl and immature fr), Mejia et al. 1874 (CM, FLAS, GH, JBSD, MO, NY,
S, UPRRP, US).

Picramnia antidesma Sw. Simaroubaceae

Liogier (1985) reported this species in Hispaniola based on specimens or reports

by Plumier, Swartz, and Poiteau. There are no extant specimens collected by

Plumier. The Swartz and Poiteau reports seem to be based on the herbarium sheet

at Stockholm (S), which has Swartz’s specimen of Picramnia antidesma Sw., the

holotype, from Jamaica, on the upper part. The Poiteau specimen, from Hispaniola

(the western part, what is now Haiti) is P. pentandra Sw. and is on the lower

part of the same sheet. Thus, Liogier (1985) has based his acceptance of P.

antidesma in Hispaniola on misinterpretations of the labelling of the specimens.

Liogier (1985) had not seen other specimens that he could attribute to Hispaniola;

he wrote, “Not collected in recent times in Hispaniola.”

We and W. Wayt Thomas (personal communication, 1992) have not seen any

specimens from Hispaniola of Picramnia antidesma until 1992, when the follow-

ing was collected, which is quite similar to the Swartz type.

DOMINICAN REPUBLIC: Cordillera Central, Prov. La Estrelleta, Loma Nalga
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de Maco, Vallecito de La Toyota, 19°14.5'N, 71°31.5'W, 1200 m, 18 Apr 1992

(fl bud, fr green), Santana 733 (JBSD).

Cestrum milciomejiae Zanoni, new species Solanaceae

Frutex ad 3 m altus. Folia petiolata; lamina ovato-elliptica, apice breviter ac-

uminta, margine integral, basi rotundata, (2.6-) 3.5-8 (-8.6) cm longa, (1.8—) 2.5—

4.5 cm lata, coriacea. Inflorescentia terminalis et axillaris. Corolla regularis in-

fundibuliformis, tubo 19-27 mm longo, 5-6.3 mm diametro, rubra vinosa, lobis

acutis vel triangulis 2-5 mm longis, 2.5-4 mm latis, margine trichomatibus ar-

achnoideis albis.

Shrub to ca 3 m tall. Leafy branches terete and glabrous. Leaves alternate,

simple and coriaceous. Petioles (1-) 2-5 (-8) mm. Leaf (2.6-) 3.5-8 (-8.6) X
(1.8-) 2.5-4.5 cm, ovate-elliptic, entire, apex acuminate (rarely rounded), base

rounded, glabrous, margin entire and recurved; principal and secondary veins on
adaxial surface sunken, lateral veins 5-8 pairs, opposite to subopposite, 110-135
(-140)° arcuate-ascendent; principal and secondary veins on abaxial surface very

prominent, with tertiary veins anastamosous and prominulous. Inflorescence ter-

minal on new branches and several to numerous (6-17) flowered, or axillary with

fewer flowers. Pedicels slender, glabrous, 5-7 mm long, curved with corolla ap-

erture facing downward or almost so. Bract below flower less than 1 mm long

and linear. Calyx tubular, clasping corolla, green to green with wine red; tube

glabrous 4-5 mm long, five-lobed, each lobe 1-2 X 1-2 mm, acute to triangular,

margin very finely serrate and colorless. Corolla infundibuliform, wine red when
fresh, drying reddish purple, tube 18-25 mm long, 5-6.3 mm in diameter, neck
short 1-2 mm long, included within calyx, five-lobed, lobes acute, triangular, (2-

) 3-5 X 2.5-4 mm, recurved on live flower, erect on pressed flowers, margin
covered with white arachnoid trichomes. Stamens 5, inserted on corolla 2-3 mm
above corolla base, exposed in mouth of corolla, filament 16 mm long with beard-

ed base, anthers 0.5 mm long. Ovary solitary, 1 mm long, glabrous. Style solitary

with rounded stigma exposed in mouth of corolla. Mature fruits not seen.

DOMINICAN REPUBLIC: Cordillera Central: Prov. Peravia, Loma Valvacoa,

aprox. 25 km (por aire) oeste nororeste de San Cristobal, en la ladera N, bosque
manaclar de Prestoea montana, 18°27.5'N, 70°2LW, ca 1650 m, 24 Feb 1993

(fl), Jimenez & Zanoni 794 (holotype: JBSD; isotype: CM, MO, NY, S, UPRRP,
US).

Other Specimens Examined.—DOMINICAN REPUBLIC: Cordillera Central:

Prov. Peravia, “El Tope” (la cima) de Loma Rodriguez, bosque hilmedo de Mag-
nolia domingensis y Prestoea montana, 1 8°26'N, 70°18'W, 1510 m, 29 Dec 1983

(fl), Zanoni et al. 28205 (JBSD); Loma de la Valvacoa, 17 Mar 1993 (fl), Jimenez
& Zanoni 883 (JBSD, NY) (fl).

This is the only species of Oestrum from Hispaniola with wine red (or even
red) flowers. Oestrum violaceum, the only other dark color flowered native spe-

cies, which also is endemic, has many purplish corollas 1.1— 1.4 cm long, includ-

ing the 1 mm-long lobes, in terminal, congested, corymbose inflorescences. A
species of Central America, C. elegans (Brongn.) Schlecht., seems to be more
similar to C. milciomejiae. This species has red (although reported by Francey,

1935-1936, as purple) corollas 1.9-2.3 cm long, including the 1 mm-long lobes,

several to axillary and terminal, many-flowered, rather loose corymbose inflores-

cences. The Hispaniolan species is named for Milciades M. Mejia Pimentel (born
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1 cm
1 cm

Fig. 2 .—Oestrum milciomejiae, flowering branch drawn from a photograph.
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10 May 1952 in La Majaguita in San Jose de Ocoa, Dominican Republic) who
assisted in botanical exploration of the island from September 1979 to December
1987 and again more recently in 1993 to the present.
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Abstract

Sixteen rodent species representing five families are recognized from the Barstovian Anceney local

fauna of Montana. Of these, seven are new: one mylagaulid (Trilaccogaulus bettae), one sciurid

(Spermophilus jerae), one castorid (Euroxenomys inconnexus), three heteromyids (Mookomys thrinax,

Peridiomys halis, Perognathus ancenensis), and one cricetid (Copemys lindsayi). The fauna also con-

tains the earliest known occurrence of Cynomys, otherwise unknown until late Hemphillian times. The
heteromyid Cupidinimus madisonensis is shown to be distinct from C. halli, with which it had pre-

viously been synonymized.

Based on the rodents and associated fauna, the age of the Anceney fauna appears to be early

Barstovian.

Introduction

The Madison Valley Formation is exposed in the Three Forks Basin of Mon-
tana. Douglass (1899, 1903, 1908, 1909) first worked this formation, collecting

numerous fossil mammals. Douglass’ collections were obtained primarily from
the exposed cliffs along the Madison River (including the type section), but un-

fortunately his material was not accompanied by adequate stratigraphic data. The
formation includes 172 m (564 ft) of accumulated sediments (Dorr, 1956), so the

faunal elements can only be used in general correlations. The Madison Valley

Formation was originally thought to be ?Arikareean-Clarendonian, but was later

revised to include only the Barstovian-?Clarendonian interval. Dorr (1954, 1956)

presented detailed discussions of the geology of the bluff areas along the Madison
River.

In 1939 a field party from the Carnegie Museum of Natural History led by J.

L. Kay discovered fossil remains in a roadcut near Anceney, Montana. Periodi-

cally after that date fossils were collected from this locality, but these were not

studied in detail until much later, when Dorr (1956) designated the fauna the

Anceney local fauna. He correlated the fauna and beds with the upper quarter of

the Madison Valley Formation. Sporadic collecting at this site continued until

1971, when more intensive collecting took place.

Previously, eight species of mammals have been described from the Anceney
local fauna (Dorr, 1956; Sutton and Genoways, 1974; Table 1). Different collect-

ing techniques have significantly enlarged the micromammal component of this

fauna, allowing description of 16 rodent species here.

The deposits are primarily channel accumulations of sands, gravel, clays, and

1 Saint Norbert College, De Pere, Wisconsin 54115.
2 Rochester Institute of Vertebrate Paleontology, 928 Whalen Road, Penfield, New York 14526.
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Table 1 .—Previously cited mammalian species from the Anceney local fauna .

Chiroptera

Yespc it i i ion idae

Ancenycteris rasmusseni

Rodentia

Mylagaulidae

Mesogaulusl cf. M. ballensis

Castoridae

Monosaulax pansusl

Heteromyidae

Perognathoides madisonensis

Carnivora

Mustelidae

Martes sp. indet.

Hypsoparia bozemanensis

Perissodactyla

Equidae

Merychippus (Protohippus) near M. intermontanus

Artiodactyla

Camelidae

gen. and sp. indet. (near Rakomylus)

tuffaceous materials. The locality is situated approximately 21 km (13 mi) west
of Bozeman, Montana, in Gallatin County along Route 131 (center, N 1/2, sec.

13, T2S, R3E). It is the only area of exposures between Bozeman and Anceney,
about 5 km (3 mi) east of the bluffs of the Madison Valley Formation that crop

out along the east side of the Madison Riven
Rodent dental terminology used below generally follows that of Wood and

Wilson (1936) with modifications for the Geomyoidea proposed by Rensberger

(1971, 1973), for the Castoridae proposed by Stirton (1935), and the Mylagaulidae
(see Fig. 1). Abbreviations for dental measurements and statistics are given in

Tables 2 and 5.

Abbreviations for institutions are: AMNH, American Museum of Natural His-

tory; CM, Carnegie Museum of Natural History; KU, University of Kansas Mu-
seum of Natural History; UCMP, University of California Museum of Paleontol-

ogy, Berkeley.

Systematic Paleontology

Order Rodentia Bowdich, 1821

Family Mylagaulidae Cope, 1881

Genus Trilaccogaulus Korth, 1992

Trilaccogaulus bettae, new species

(Fig. 2, Table 2)

Holotype .—CM 27734, left fragment of mandible with P4 .

Horizon and Locality .—Anceney local fauna, center N 1/2, sec. 13, T2S, R3E,
Madison Valley Formation, Gallatin County, Montana.
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mesofossette

RP
4

Fig. 1 .—Schematic diagrams showing the dental nomenclature for the premolars of Mylagaulidae used

in this text. Anterior is to the left of the page, lingual to the bottom of the page.

Age .—Early Barstovian (middle Miocene).

Referred Specimens.—CM 27742-27751, KU 28460-28464, dP4
; CM 27728-27733, KU 28453-

28459, P4
; CM 27752-27759, KU 28434-28443, M 1

; CM 27760-27771, CM 27773, KU 28418-
28433, M2

; CM 27787-27791, M3
; CM 27798-27803, KU 28401-28402 dP4 ; CM 27734-27741, KU

28444-28452, P4 ; CM 27772-27778, KU 28415-28417, M,; CM 27779-27786, KU 28405-28414,
M2 ; CM 27792-27797, KU 28403-28404, M3 .

Diagnosis .—Premolars much higher crowned than in other species; anteroconid

on unworn P4 closes off anterofossettid anteriorly (not open as in other species);

protofossette and mesofossette of P4
is retained until much later in wear than in

other species.
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Fig. 2.—Cheek teeth of Trilaccogaulus bettae and ICynomys sp. A—H, T. bettae. A

,

left dP4
, CM

27750. B, left P4
, CM 27728. C, right P4

, CM 27733. D, left M\ CM 27753. E, left M„ CM 27773.

F, right dP4 , CM 27801. G, right P4 ,
CM 27738. H, left P4 (holotype), CM 27734. I-J, ICynomys sp.

I, left P3
, CM 27843. I, left M3 , CM 27842.

Etymology.—Patronym for Elizabeth Hill of the Carnegie Museum of Natural History.

Description.—DP4
is very low crowned and has a root under the anterocone, protocone, and me-

tacone. Unlike that in P4
, the anterocone of dP4 does not wear as quickly as the rest of the tooth, and

the mesostyle is much more prominent. The mesofossette is sigmoid transversely but is shallow and

disappears early in wear. The protofossette is either single or split into two fossettes.
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Table 2.

—

Dental measurements of Trilaccogaulus bettae. Measurements given in mm. Abbreviations:

a-p, anteroposterior length; a-p(o), anteroposterior length of the occlusal surface; a-p(m), maximum
anteroposterior length; tr, transverse width; tr(o), transverse width of the occlusal surface; tr(m),

maximum transverse width. Statistical abbreviations: n, number of specimens; x, mean; or, range of
measurements; s, standard deviation; cv, coefficient of variation.

n X or S CV

dP4 a-p 15 2.94 2.65-3.22 0.17 5.74

tr 14 2.60 2.48-2.89 0.13 5.07

P4 a-p(o) 12 3.33 2.81-4.10 0.43 12.85

a-p(m) 12 4.27 4.00-4.62 0.20 4.77

tr(o) 12 2.32 1.87-2.94 0.36 15.38

tr(m) 12 3.00 2.51-3.33 0.27 8.96

M 1 a-p 15 2.21 1.90-2.38 0.14 6.33

tr 16 2.40 2.20-2.56 0.11 4.41

M2 a-p 26 2.15 1.83-2.40 0.15 6.93

tr 26 2.23 1.90-2.49 0.14 6.36

M3 a-p 5 1.60 1.42-1.79 0.14 8.87

tr 5 1.50 1.39-1.64 0.10 6.66

dP4 a-p 8 3.05 2.91-3.25 0.13 4.36

tr 8 2.03 1.84-2.22 0.13 6.50

P4 a-p(o) 16 3.41 2.58-4.58 0.66 21.41

a-p(m) 16 4.34 3.50-4.70 0.36 8.31

tr(o) 16 2.11 1.84-2.74 0.24 11.42

tr(m) 16 2.46 2.14-2.80 0.21 8.41

M, a-p 10 2.46 2.25-2.69 0.16 6.30

tr 10 2.14 1.89-2.32 0.14 6.30

m2 a-p 18 2.33 2.00-2.52 0.13 5.49

tr 18 2.04 1.88-2.18 0.09 4.25

m3 a-p 8 1.54 1.42-1.69 0.09 6.13

tr 8 1.69 1.53-1.85 0.10 5.62

Except for the hypocone, the primary cusps and conules are all distinct in unworn P4
s. There is no

evidence of a hypocone; rather, a large central protocone slopes toward the anteroloph and posteroloph.

The paracone and metacone are joined to the protoconule and metacoeule respectively by narrow

crests and the protoconule is weakly joined to the protocone. All of these crests increase in width

with wear and become broader connections, isolating the fossettes. A small mesostyle is variably

developed on the labial margin of the tooth. As wear proceeds, the mesofossette is the first to form,

followed by the hypofossette. With further wear the rest of the flexi close until there are five or six

fossettes: three small posterior fossettes (mesofossette, metafossette, and hypofossette) and two or

three anterior fossettes (an elongate parafossette, and an elongate protofossette which may divide into

two separate small fossettes). In only one fragmentary specimen (KU 28459) has wear proceeded far

enough to produce a Y-shaped parafossette.

The occlusal outline of M 1

is almost square with a distinct mesostyle that blends into the labial

margin of the tooth in later wear. The early stages of wear show five fossettes, but in later stages the

mesofossette is lost. The arrangement of cusps and conules is similar to P4
, but there is no anterocone.

The tooth is noticeably wedge-shaped from crown to root. This structure presumably allows room for

the erupting P4 to eventually displace the tooth entirely. The two roots occur beneath the mesostyle

and the posterior margin of the protocone, allowing more room anteriorly for P4
.

The occlusal pattern and wear of the second molar is similar to M 1

, but M 2
is smaller in occlusal

dimensions. Crown height is much greater than in M 1 and the tooth lacks the compressed roots. Instead,

it is cylindrical in cross section, with the roots remaining open until late wear. The tooth is also slightly

curved, so that the root is more posteriorly placed than the occlusal surface.

M 3
s are reduced in size and occlusal pattern with a prominent protocone and paracone present on

the anterior margin of the tooth. From this point a posterior crest slopes posteromedially to connect
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the two cusps. In some specimens a small dam isolates two fossettes on the tooth; in others the dam
is not present and the two fossettes are not formed until late wear by the confluence of the bases of

the protocone and paracone. Occasionally, there is a slight swelling on the posterolabial part of the

descending crest which may be the remnant of a metacone.

DP4 is similar to P4 in all aspects of the occlusal surface. The crown height is very low and the

pattern is quickly worn from the tooth. The two widely spread roots originate under the anteroconid

and the posterolabial corner of the tooth.

The lower permanent premolar is oval in outline with lateral compression. A small anteroconid

closes a pit between the subequal protoconid and metaconid in some specimens, while in others the

anteroflexid remains open until later wear. The protoconid and metaconid are joined posteromedially,

and a small metastylid is closely appressed to the metaconid. This metastylid is quickly worn away,

leaving the appearance of an elongate metaconid. The hypoconid is low and compressed, blending

with the posteroloph which terminates at the posteromedial border of the tooth.

In later stages of wear the flexids are closed, resulting in four fossettids: anterofossettid, mesofos-

settid, metafossettid, and hypofossettid. The hypofossettid is the last to close and remains open until

very late in wear. The three remaining fossettids close after little additional wear and form an anter-

oposterior row of three lakes. In the holotype (CM 27734), P4 is moderately worn and the hypoflexid

is still open lingually.

M, is roughly rectangular in shape with the metaconid and associated metastylid being the highest

point on the tooth. There is no anteroconid, and the protoconid and hypoconid are low. A small crest

from the metaconid isolates a small ephemeral fossettid labial to the metastylid. This fossettid even-

tually becomes part of the mesofossettid with wear. The metaflexid opens posteriorly and the hypo-

flexid remains open until very late wear. The shape of the tooth modifies with wear due to the severe

anteroposterior compression of the basal part of the crown and roots. As in M 1

, the shape of M, allows

for enlargement of the premolar with attrition.

M2 is similar to M, in occlusal outline but is much higher crowned, with no constriction of the

basal part of the crown or roots. In late wear the mesofossettid is lost and only the anterofossettid,

hypofossettid, and metafossettid remain. The shape of the tooth varies little with wear and is essentially

square, with the trigonid only slightly wider than the talonid.

The lower third molar is smaller than M 2 and is curved so that the root lies almost parallel to the

occlusal plane. The metaconid and bulbous protoconid are separated by a small cuspule (?anteroconid)

on the anterior margin of the tooth. This cuspule is usually united to the metaconid by a short crest

and disappears with wear. Posteriorly, the talonid may be a single pit surrounded by a crest from the

metaconid to the protoconid or it may be divided into fossettids.

Only two specimens preserve fragments of the jaw, the holotype (CM 27734) and a right mandible

fragment with dP4 (KU 28401). Both specimens are broken immediately behind and below the

premolar, so jaw depth cannot be measured. CM 27734 has the diastema intact, which is relatively

short and strongly recurved. The alveolus for the incisor indicates that it carried a rather stout tooth

approximately 2.5 mm in diameter. The holotype is broken through the mental foramen so that only

the dorsal margin of the foramen is intact. The mental foramen is slightly anterior to P4 and posterior

to the deepest part of the diastema. The foramen is well down the side of the jaw at the level of

the roots of P4 . In KU 28401 the entire foramen is preserved and is widely oval in shape. The
posterior part of the foramen is deep. Anteriorly, it shallows as a widely flaring groove coursing

anterodorsally.

Discussion .—This species is clearly referable to Trilaccogaulus because of the

simplified pattern of three persistent fossettids on P4 (Korth, 1992). P4 retains two
additional fossettes (mesofossette and protofossette) that are lost in early stages

of wear in all other species (also see Rensberger, 1979).

Trilaccogaulus bettae has markedly higher crowned premolars than any of the

other species of the genus, approaching the crown height seen in species of My-
lagaulus. Trilaccogaulus bettae also postdates all other species, the most recent

being from the late Arikareean (Rensberger, 1979; Korth, 1992). Specimens sim-

ilar in morphology to T. bettae are also present in the collections of the American
Museum of Natural History from the earliest Barstovian Observation Quarry of

Nebraska.

The species of Trilaccogaulus represent a distinct lineage of mylagaulids rang-

ing from the early Arikareean to the early Barstovian, T. bettae being the youngest
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and most advanced species. Geographically, the occurrence of T. bettae is con-

sistent with those of the Arikareean species known from the northern Great Plains

and intermontane areas of Montana and Idaho (Nichols, 1976; Rensberger, 1979;

Korth, 1992).

Genus Mylagaulus Cope, 1878

Mylagaulus vetus Matthew, 1924

(Fig. 3, Table 3)

Mesogaulus vetus (Matthew) Cook and Gregory, 1941.

Mesogaulusl cf. M. ballensis Riggs, Dorr, 1956.

Referred Specimens.—CM 8865, edentulous mandible; CM 27804, dP4
; CM 27805, P4

; CM 27806-

27807, M 1

; CM 27808, KU 28398, M3
; CM 27809, KU 28399, dP4 ; CM 27810, KU 28400, P4 ;

CM
27811-27814, M,.

Description .—The only specimen of P4
, CM 27805, is at a very late stage of wear. It is wider

posteriorly than anteriorly and generally oval in shape. There is a thick cement band surrounding the

tooth which thins on the posterior margin of the crown. On CM 27805, the cement is cracked away
from the labial and part of the lingual margin of the tooth. The occlusal surface has six fossettes, with

the protofossette being the largest and slightly sigmoid in shape. The parafossette is also long and is

more arc-shaped, bowing out toward the labial border. A small anterior fossette (?anterofossette) is

still present but is nearing exhaustion. On the posterolabial corner of the tooth the mesofossette and

metafossette lie next to each other, with the metafossette extending anteriorly to the posterolabial

margin of the parafossette. The hypofossette abuts the posterior end of the parafossette and extends

posteriorly along the midline of the tooth.

A single dP4 was recovered (CM 27804) and is only slightly worn. There is a prominent mesostyle,

and the other primary cusps are distinct. Labially, the metacone is connected to the anterior margin

of the metacone by a narrow crest, but it is not connected to any other crest or cusp in this early stage

of wear. With wear it would join the short crest connecting the protocone and protoconule. The
protoconule is also connected to the anterocone and the paracone by short crests. In the unworn tooth

there are only four fossettes or flexi present: parafossette, protofossette, hypofossette, and metafossette.

With wear it is evident that a small, central mesofossette will separate from the hypofossette. The
tooth is low crowned, as would be expected from a deciduous tooth, with roots under the protocone,

anterocone, and metacone.

Two M's with moderate wear were recovered (CM 27806 and CM 27807). These teeth are roughly

square in occlusal outline with a large mesostyle. With wear, four fossettes are produced as well as a

short-lived mesofossette, which unites with the parafossette with wear. The remaining fossettes (pro-

tofossette, metafossette, hypofossette) close relatively early in wear, with the metafossette being the

last to close. The roots and basal part of the crown are anteroposteriorly compressed as in other species

of mylagaulids. The mesostyle is persistent until late wear judging from its prominent ribbed structure

which extends down to the roots.

M3
is high crowned and curved posterolabially. Five fossettes are present in a moderately worn

specimen (CM 27808) with a small protofossette and larger hypofossette. The metafossette, mesofos-

sette, and parafossette are subequal in size and persist through later stages of wear, while the proto-

fossette and hypofossette unite. A small mesostyle is discernible on the labial margin of the tooth, but

is soon lost with wear.

dp4 is relatively complex and low crowned. A prominent anteroconid is present on the anterior

margin of the tooth connected to the high metaconid and lower protoconid. Immediately posterior to

the protoconid is a small cusp (ectostylid) which is low and crest-like in CM 27809 but high and

pillar-like in KU 28399. The metaconid is elongate and has a distinct metastylid on its posterior border.

The entoconid is bilobed in the unworn state but becomes crest-like in later stages, as does the

hypoconid. A single mure on the midline of the tooth starts at the protoconid-metaconid juncture and
runs posteriorly to join the hypoconid, entoconid, and ectostylid. This mure would isolate five fos-

settids if wear proceeded further.

Two P4s were recovered, one of which is quite worn (KU 28400) and the other showing moderate
wear (CM 27810). In the worn specimen there are five fossettids: anterofossettid, protofossettid, me-
sofossettid, hypofossettid, and metafossettid. In CM 27810 there are six fossettids. Two small fossettids

are about to join, forming the mesofossettid in later wear. In the lower premolars there is only a thin

layer of cement on the outside of the teeth.

M, has anteroposteriorly constricted roots as does M 1

, and the crown tapers toward the base of the
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2 mm
Fig. 3.—Cheek teeth of Mylagaulus vetus. A, left P4

, CM 27805. B, left M 1 or M2
, CM 27807. C,

right M3
, CM 27808. D, left dP4

, CM 27804. E, right M„ CM 27811. F, right P4 , CM 27810. G, left

dP4 , CM 27809. H, right P4-M„ AMNH 18905 (holotype from Nebraska).

crown. The metaconid is the highest cusp and it slopes posteriorly, ending in a laterally compressed

metastylid. There is no recognizable anteroconid on M,. The anterofossettid is split into two fossettids

in early wear but becomes joined in late wear. The protoflexid is forked and in one specimen (CM
27812) has become confluent with the metafossettid. Both the protoflexid and mesoflexid stay open

until very late wear. CM 27814 differs from the other specimens in having a small ectostylid, a double

metastylid, and a slight swelling anterior to the protoconid which could be the remnants of an anter-

oconid.
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Table 3 .—Dental measurements of Mylagaulus vetus. Measurements in mm. Abbreviations as in

Table 2 .

a-p tr

dp4 CM 27804 3.90 3.26

P4 CM 27805 6.80 5.55

M ! CM 27806 3.24

CM 27807 3.27 3.33

M3 CM 27808 1.83 2.25

KU 28398 2.29 3.05

dP4 CM 27809 3.95 2.64

KU 28399 4.21 —
P4 CM 27810 7.75 4.00

KU 28400 6.94 3.85

M, CM 27811 3.31 2.76

CM 27812 3.40 2.85

CM 27813 3.05 2.50

CM 27814 3.36 2.57

Discussion. The Anceney specimens can be referred to Mylagaulus vetus with

confidence. An isolated P4 (CM 27810) is nearly identical to P4 in the holotype

of M. vetus, AMNH 18905. The holotype is slightly more worn and therefore has

slightly larger occlusal dimensions, but is comparable in its maximum measure-
ments with CM 27810. The morphological difference between the holotype and
the Anceney specimen is in the mesofossettid. In the holotype it is a single,

elongate fossettid, whereas in CM 27810 it is two smaller fossettids. It appears

that after wear these two small fossettids will fuse in the Anceney specimen,

making it virtually identical to P4 in the holotype.

Similarly, the P4 from Anceney, CM 27805, is comparable in size and mor-
phology to topotypic material of M. vetus from Nebraska. Due to the very late

stage of wear of CM 27805, the fossettes are more anteroposteriorly elongate than

in the less worn specimens from Nebraska, but the occlusal pattern is essentially

identical to these specimens.

Black (1961) reported a single P4 from the early Barstovian Flint Creek fauna
of Montana that he referred to Mesogaulus paniensis. This specimen, CM 9564,
is referable to Mylagaulus vetus. Mesogaulus paniensis differs from Mylagaulus
predominantly in the occlusal pattern and outline of the premolars. Besides having
fewer and less elongate fossettes, in all species of Mesogaulus the outline of P4

maintains a discernible buccal projection (mesostyle) and a distinct lingual in-

vagination on the anterolingual comer, outlining the anterocone (see Wilson, 1960:

fig. 47—49). In contrast, the P4
s of Mylagaulus are nearly oval in outline, with

little or no indication of distinct cusps. Lower premolars of Mylagaulus, like the

P4
s, have more fossettids that are more elongate than do P4s of Mesogaulus. Based

on this distinction, M. vetus is the most primitive species of Mylagaulus

,

being
more advanced than any Mesogaulus but more primitive than other Barstovian

species of Mylagaulus, M. laevis and M. monodon.
Munthe (1988) described a skull, several mandibles, and numerous isolated

teeth of Mesogaulus vetus from the late Hemingfordian Split Rock fauna of Wy-
oming. He referred this material to Mesogaulus rather than to Mylagaulus ,

fol-
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lowing the admittedly arbitrary biostratigraphic boundary between the genera

(Hemingfordian = Mesogaulus’, Barstovian = Mylagaulus) established by earlier

authors (Cook and Gregory, 1941). Mylagaulus vetus is clearly transitional in

morphology between species of Mesogaulus (e.g., M. paniensis) and Mylagaulus
(e.g., M. laevis). No diagnosis currently exists that clearly separates Mesogaulus
from Mylagaulus. A complete review of the species of Mylagaulidae is necessary

to determine the validity of the genera and species.

Douglass (1903) described two species of Mylagaulus from the Madison Valley

Formation, Montana, based on single specimens: M. pristinus (CM 742) and M.
proximus (CM 843). Black (1961) mentioned that possibly M. paniensis from
Flint Creek (referred above to M. vetus), M. pristinus, and M. proximus were
synonymous. The type of M. pristinus differs little from the Anceney specimens
of M. vetus, except for some variations due to wear. The holotype of M. proximus
is the mandible of an immature animal with P4 unerupted, dP4 roots still in place,

and M3 unerupted as well (Douglass, 1 903 :fig. 27). The structure of the preserved

portions of the mandible of M. proximus is definitely that of an immature animal

and differences in size and strength of the masseteric ridges can easily be ac-

counted for on the basis of age. It is likely that these species are synonyms. If

these species should be synonymized in the future, they would be referred to the

senior synonym, either M. pristinus or M. proximus both named by Douglass

(1903).

Family Sciuridae Gray, 1821

Subfamily Sciurinae Gray, 1821

Tribe Tamiini Moore, 1959
Genus Tamias Illiger, 1811

Tamias sp.

(Fig. 4, Table 4)

Referred Specimens.—CM 27846, 27847, P4
; CM 27848-27854, M 1 or M 2

; CM 27855, M3
; CM

27856, P4 ; CM 27857-27862, M, or M2 ; CM 27863, M 3 .

Description .—The upper teeth are similar to other Tamias teeth described from various Miocene
deposits in North America and only a brief description will be given here. The upper premolar is

triangular with well-developed metaconule, protoconule discernible on unworn teeth, and metaloph

with weak connection to the protocone. The anterior and posterior cingula are short and there is a

reasonably well-developed mesostyle. The upper molars are similar, with the cingula more expanded

lingually, giving the teeth a more squared appearance. The metaloph is incomplete or only narrowly

connected to the protocone, the metaconule is developed, and there is no distinguishable protoconule.

M3
is expanded posterolabially and there is no sign of a metaloph or metaconule.

P4 is narrow anteriorly with the protoconid and metaconid closely appressed, reducing the trigonid

basin to a slit which is lost with wear. The posterolophid is relatively straight, ending lingually in

a small but well-defined entoconid. The lower molars are basically square with some rounding of

the posterointernal corners of the teeth at the entoconids. The trigonids are closed on most specimens

but open posteriorly on CM 27857. There are no mesoconids and only slight indications of mesos-

tylids, which are lost with wear. CM 27863 is the only M 3 recovered, and it is extremely worn. It

is elongate, being expanded mainly in the regions of the hypoconid and entoconid. The trigonid

basin is closed.

Discussion .

—

The genus Tamias is used here rather than Eutamias as has been

favored by a number of authors for middle Tertiary tamiines (Hall, 1930; Sho-

twell, 1970; Voorhies, 1990a) for biogeographic reasons. However, Recent species

of Eutamias maintain P3 in the upper dentition, whereas this tooth is lacking in

species of Tamias. None of the P4
s referred to Tamias from Anceney have an

interdental wear facet along the anterior edge of the tooth to accommodate P3
.
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Fig. 4.—Dentition of Tamias sp. and Euroxenomys inconnexus from Anceney local fauna. A-F, Tamias
sp. A, right P4

, CM 27847. B, right M 1 or M2
, CM 27848. C, right M3

, CM 27855. D, right M, or

M2 , CM 27858. E, right P4 , CM 27856. F, left M3 , CM 27863. G-H, E. inconnexus, CM 8925. G,

right P^M 3
. H, right P4-M,.
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Table 4 .—Dental measurements of Tamias sp. from Anceney local fauna . Measurements in mm. Ab-
breviations as in Table 2. Additional abbreviations : tra, anterior transverse width; trp

,
posterior

transverse width.

n X or s cv

P4 a-p 2 1.24 1.23-1.24

tr 2 1.65 1.61-1.69 — —
M 1 or M2 a-p 6 1.54 1.42-1.64 0.06 4.22

tr 7 1.78 1.67-2.13 0.15 8.52

M3 a-p 1 1.69 — —
tr 1 1.67 — — —

P4 a-p 1 1.40 — —
tra 1 0.93 — — —
trp 1 1.30 — — —

M, or M2 a-p 6 1.45 1.38-1.53 0.05 3.53

tra 5 1.46 1.33-1.54 0.07 4.86

trp 6 1.58 1.48-1.68 0.07 4.22

m3 a-p 1 1.72 — — —
tra 1 1.63 — — —
trp 1 1.47 — — —

Therefore, it is believed that none existed, making the material referable to Tamias
rather than Eutamias.

Pratt and Morgan (1989) erected Nototamias and included T. ateles as a referred

species. The majority of the differences cited by Pratt and Morgan as separating

their new genus from Eutamias and Tamias were characters of the mandible and

the number of roots on the lower molars (two in Nototamias and four in other

tamiines). However, the mandible of T. ateles has never been reported, so these

characters are not applicable, and there are four roots on the lower molars of the

species (Pratt and Morgan, 1989:97), the four rooted condition being a derived

feature rather than a primitive one as suggested by Pratt and Morgan (Korth,

1992:101). Hence, T. ateles is retained here in Tamias rather than Nototamias.

The lower molars of the Anceney Tamias are clearly four- rooted and therefore

cannot be referred to Nototamias.

The specimens discussed here are slightly larger than the Hemingfordian spec-

imens from Split Rock, Wyoming (Black, 1963; Sutton, 1972), which may be

referable to Nototamias. They agree in having a reduced mesostyle and in the

structure of the lower molars; however, the upper molars are more nearly square

and the metaloph is not as well developed as in the Wyoming specimens. The
constriction of the metaloph is a character found in many Recent species of chip-

munks and in T. ateles (Hall, 1930; Black, 1963). Tamias ateles is from the

Barstovian of California, close in age to the Anceney fauna. Although it is similar

in size, 7. ateles differs from the Anceney material in having larger mesostyles

on the upper molars and a metaconule on M3
. The Anceney material probably

represents a species distinct from T. ateles

,

but until additional and more nearly

complete material is recovered for both T. ateles and Anceney Tamias, no new
species can be named.
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Tribe Marmotini Simpson, 1945

Genus Spermophilus Cuvier, 1 825

Subgenus Otospermophilus Brandt, 1844
Spermophilus (Otospermophilus) jerae, new species

(Fig. 5, Table 5)

Holotype.—CM 27834, crushed skull with upper cheek teeth.

Referred Specimens.—CM 27835, crushed skull; CM 27836-27840, mandibles; CM 27844, partial

postcranial skeleton.

Horizon and Locality.—Anceney local fauna, center N 1/2, sec. 13, T2S, R3E,
Madison Valley Formation, Gallatin County, Montana.

Age.—Early Barstovian (middle Miocene).

Diagnosis.—Protocones narrow rather than rounded as in other species; unique

combination of slightly elevated parastyles and low mesostyles on upper molars;

masseteric fossa terminates under anterior roots of M„ more posterior than in

other species; M, less compressed than M 2 (molars identical in other species); P4

with distinct protoconid and metaconid, not fused as in S. primitivus.

Etymology.—Patronym for Jere Sutton.

Description

.

—Both of the skulls representing this species are badly crushed and incomplete. The
skulls appear lightly built with a relatively short rostrum and broad neurocranium. The only observable

cranial foramina do not differ from those of other sciurids. The infraorbital foramen is compressed

and slit-like. External to it is a prominent masseteric tubercle. The posterior palatine and posterior

maxillary foramina are preserved on the holotype. The posterior palatine foramen is small and even

with the anterior margin of M3
. The posterior maxillary foramen is large and nearly circular in outline

but, because of breakage, it is uncertain whether it was enclosed laterally. The incisive foramen appears

very short as in other sciurids but its actual length cannot be measured, again due to breakage.

The upper incisors are deeper (anteroposteriorly) than wide. The anterior enamel surface is gently

convex with numerous minute longitudinal ridges. Enamel extends just slightly onto the lateral sides

of the incisors.

P3
is small and peg-like, with a small posterior cingulum. P4

is smaller than the molars, somewhat
anteroposteriorly compressed and triangular in occlusal outline. The protoloph is straight with no
protoconule evident, and the metaloph curves anteriorly toward the protocone from the distinct me-
taconules but does not meet the protocone. The anterior cingulum is long and shelf-like, extending

from the lingual margin of the protocone to the anteroexternal portion of the paracone. A low rne-

sostyle is located close to the metacone.

M 1 and M2 are similar to P4 but are wider lingually, due primarily to the flared lingual margin of

the posterior cingulum. This area is better developed on M 1 than M2
,
giving M 1 an almost square

occlusal outline. The mesostyles are low and somewhat closer to the paracone than to the metacone.

The anterior cingula are well developed, ending labially in an elevated parastyle. The protoloph is

straight but the metaloph is oblique to the protocone and slightly compressed as it joins the protocone.

A small anteroposteriorly compressed metaconule is discernible in the metaloph, and there is no

protoconule on the protoloph.

Anteriorly, M3
is similar to the other two molars; however, the protoloph is not perpendicular to

the lingual margin but rather slants posteriorly from the anterior face of the protocone. The anterior

cingulum is well developed but not as wide as those of the anterior molars, and there is no distinct

parastyle. M3
is expanded posteriorly, with no evidence of a metacone or metaloph. The expanded

posterior cingulum joins the protocone at a deep notch just posterior to the protocone.

The mandible is relatively slender with a shallow diastemal depression, although not as shallow as

that in the Barstovian Spermophilus primitivus from Madison Valley (Bryant, 1945; Black, 1963). The
diastema is long, ending at the level of the tooth row, and the mental foramen is slightly anterior to

the midpoint of the diastema. The masseteric fossa is rounded anteriorly and terminates below the

anterior end of M,. The masseteric crests are well defined but are not heavy as in S. primitivus. The
pit for insertion of the masseter temporalis behind M3 is not as well developed as that of S. primitivus.

The lower incisor is similar to the upper incisor in cross section. The anterior enamel surface also

has the numerous longitudinal ridges seen on I
1

.

P4 is wider posteriorly than anteriorly because the protoconid and metaconid are closely set, sepa-
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I mm
Fig. 5.—Mandible and dentitions of Spermophilus (Otospermophilus) jerae. A, left P3-P4

, M2-M3
,

CM 27834 (holotype). B, right M'-M\ CM 27835. C-D, CM 27836. C, right P4-M3 . D, lateral view

of mandible.
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Table 5.

—

Dental measurements of Speromphilus (Otospermophilus) jerae. Measurements in mm. Ab-

breviations as in Table 2. Additional abbreviations: L, left; R, right.

P3 p4 M 1 M2 M3

a-p tr a-p tr a-p tr a-p tr a-p tr

CM 27834 L 0.60 0.71 1.50 1.82 — — 1.92 2.26 2.27 2.17

R 0.06 0.71 1.45 1.84

CM 27835 1.78 2.10 1.92 2.21 2.22 2.1

1

p4 M, m2 m3

a-p tr a-p tr a-p tr a-p tr

CM 27836 1.62 1.64 1.90 2.20 2.11 2.26 2.32 2.15

CM 27838 1.54 1.52 — — 2.06 2.20 2.26 2.25

CM 27839 1.42 1.50 1.62 1.81 1.75 2.12 2.12 2.08

CM 27840 - — 1.82 2.17 2.62 2.28 2.23 2.19

rated only by a narrow slit. There is no sign of a metalophid closing the trigonid basin. The buccal

valley is narrow and shallow, being blocked internally by a low ectolophid. The posterolophid is low

and arcs gently anteriorly to end in a small but distinct entoconid. A small mesostylid is present.

Mj is slightly compressed anteriorly and has a high metaconid. The anterior cingulum is short,

ending in an anteroconid near the base of the protoconid. The short metalophid is complete, isolating

a small, lingually displaced trigonid basin. The buccal valley is short, shallow, and blocked by a

poorly defined mesoconid. The posterolophid forms a smooth arc from the hypoconid to the entoconid,

which is almost completely submerged in the posterolophid. There is only the slightest hint of a

mesostylid on the lingual border of the tooth.

M2 is similar to M, but is more anteroposteriorly compressed. On CM 27836 the trigonid is open,

with the metalophid trailing off into the talonid basin, not making contact with the metaconid, and

there is a better developed mesostylid. The rest of the specimens all have closed trigonids and poorly

developed mesostylids as on M,.

M, has an open trigonid or slightly closed trigonid and is similar anteriorly to the anterior molars.

Posteriorly, the tooth does not show anteroposterior compression but has an inflated posterolophid,

especially in the region of the hypoconid. The posterolophid terminates in an entoconid which is not

completely submerged into the lophid except in CM 27836 in which the entoconid region is indistinct.

Also in CM 27836, the width of the talonid basin is narrower than in other specimens.

Some postcranial material was recovered in association with the skulls and mandibles (CM 27844);

however, most of it is shattered or incomplete. A partially articulated rear foot and associated astragalus

indicate that, in general, the foot was comparable to that of the Recent S. (Otospermophilus) varigatus.

Other postcranial elements, such as the proximal part of a femur and ulna, agree in structure, but are

smaller than in S. varigatus.

Discussion.—Of the Tertiary spermophiles that have been described, Sper-

mophilus jerae is most similar to S. tephrus from the late Hemingfordian of

Oregon (Gazin, 1932) and S. primitivus from the Barstovian of Montana (Bryant,

1945). Spermophilus tephrus, known from three skulls and no mandibular mate-

rial, seems to provide a reasonable ancestral condition. Spermophilus jerae differs

from S. tephrus in having a reduced mesostyle on the upper molars and an ele-

vated parastyle. Black (1963) stated that S. primitivus was probably descended
from 5. tephrus with modifications in the zygomatic plate and parastyles of the

upper cheek teeth. Spermophilus jerae resembles S. primitivus in the high par-

astyles but not in the large mesostyles and, in the mandible, the heavy develop-

ment of the masseteric crests. If S. primitivus and S. jerae are derived from a S.

tephrusAike condition, they have developed along different morphological paths,

with S. jerae being a smaller, lightly muscled form, and S. primitivus being larger

with a heavier masseteric complex. Both forms are primitive in the extent of the
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masseteric fossa, which extends only to below M, and not forward to the P4 as

in most Barstovian to Recent species.

Genus Cynomys Rafinesquo, 1817

1Cynomys sp. indet.

(Fig. 2)

Referred Specimens .—CM 27842, left mandible fragment with M3 ; CM 27843, left P3.

Measurements .—CM 27842, M3 : a-p, 3.53 mm; tra, 2.74 mm; trp, 2.16 mm. CM 27843, P3
: a-p,

1.87 mm; tr, 2.08 mm.
Description .—The upper premolar (CM 27843) differs little in structure from that of advanced

marmotines except in size and crown height. The tooth is round in occlusal outline and has a high

central transverse crest flanked anteriorly and posteriorly by shelves emarginated by cingula. The
anterior shelf is short and slopes lingually, while the posterior shelf is widest at the midpoint of the

tooth and also slopes lingually.

M 3 is elongate, and the trigonid is high, closed anteriorly and posteriorly, and strongly compressed
anteroposteriorly. The metalophid is complete, extending from the protoconid to the base of the meta-

conid. The trigonid basin is also compressed, pit-like, and close to the protoconid. The buccal valley

is moderately deep but short, with a prominent mesoconid on the short ectolophid blocking the valley

lingually. The talonid basin is deep and rugose, resulting from a crest-like structure originating at the

mesostylid and extending to the mesoconid, and anterolingually from there to submerge into the floor

of the basin. The posterolophid is moderately high and inflated with only a slight thinning between

the entoconid and the hypoconid. The posterolophid is heavier than in living spermophiles, and the

posterior segment of the basin is laterally compressed, resulting in a narrower talonid basin than in

most spermophiles. The entoconid is separated from the mesostylid by a shallow notch, and the lingual

margin of the tooth extends uninterrupted from the mesostylid to the metaconid. The talonid basin is,

therefore, completely closed. The floor of the talonid basin has several deep pits.

Discussion .

—

The two specimens questionably referred here to Cynomys differ

from the same cheek teeth of Recent C. ludovicianus in being smaller and slightly

lower crowned. No species of Spermophilus has the accessory lophid in the tab

onid basin of M3 that is shared by the Anceney specimen and Cynomys. P3 from
Anceney, CM 27843, is more lophate than that of any species of Spermophilus,

and the anterior cingulum is also much better developed in CM 27843.

Previously, the earliest occurrence of Cynomys in the fossil record was from
the late Blancan (Hibbard, 1942; Eshelman, 1975), leading to speculation that it

evolved rather rapidly from spermophiles (Black, 1963). However, if these An-
ceney specimens are on the evolutionary line leading to Cynomys, future collec-

tions should reveal intermediate species and substantiate this occurrence.

Family Castoridae Gray, 1821

Genus Euroxenomys Samson and Radulesco, 1973

Discussion.—-Euroxenomys was named by Samson and Radulesco (1973) for

the species Chalicomys minutus Meyer (1838) from the Miocene (Astracian) of

Europe. It was diagnosed as a small beaver with: anteriorly convex incisors;

mesodont, rooted cheek teeth; premolars larger than molars; P4 with deep parastria

and hypostria; P4 with only one lingual striid (mesostriid); M 3 longer than M 2
;

and three open flexids on the lower molars. They distinguished this genus from

Monosaulax by the persistent parastria on P4 and elongate M3
.

Euroxenomys minutus was viewed as a primitive member of the lineage that

possibly led to the Plio-Pleistocene Eurasian Trogontherium (Samson and Rad-

ulesco, 1973). Savage and Russell (1983) listed this species as Trogontherium

minutus. However, the much larger size, greater hypsodonty of the cheek teeth,

greater complexity of the occlusal pattern of the molars, and unique morphology
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Table 6.—Dental measurements of Euroxenomys inconnexus. Measurements in mm. Abbreviations as

in Table 2.

n X or S cv

P4 a-p i 3.25 — — —
tr i 3.22 — — —

M> a-p 7 2.91 2.35-3.20 0.27 9.44

tr 7 2.96 2.51-3.25 0.29 9.94

M 2 a-p 2 2.83 2.80-2.85 — —
tr 2 2.98 2.97-3.00 — —

M3 a-p 2 2.65 2.60-2.70 — —
tr 2 2.70 2.55-2.85 — —

P4 a-p 1 4.60 — — —
tr 1 3.50 — — —

M, a-p 4 2.80 2.45-3.00 0.21 7.52

tr 5 3.30 2.63-3.63 0.35 10.73

of the incisors of Trogontherium clearly distinguish it from Euroxenomys . Both
of these genera share the derived feature of an elongate M3

,
however, which may

indicate a close relationship.

Euroxenomys inconnexus, new species

(Fig. 4, Table 6)

Monosaulax pansusl (Cope) Dorr, 1956.

Holotype.—CM 8925, partial skull with incisors and right P4-M3 and right

mandible with I,, P4-M ,

.

Horizon and Locality.—Anceney local fauna, center N 1/2, sec. 13, T2S, R3E,
Madison Valley Formation, Gallatin County, Montana.

Age.—Early Barstovian (middle Miocene).

Referred Specimens.—CM 28558-28563, KU 40354^t0355, isolated upper molars; CM 10878,

28564-28566, isolated lower molars; CM 10869, incisors.

Diagnosis.—Differs from the type species, E. minutus in being smaller and
having the mesoflexid on lower molars remain open until moderately worn (re-

mains open longer on type species).

Etymology.—Latin, inconnexus, separate or unjoined.

Description.—CM 8925 consists of a crushed partial skull and partial right mandible. The braincase

is missing from the specimen and the premaxillary-nasal area of the skull is badly distorted. The
upper incisors are preserved and are anteriorly convex in cross section as is typical for Monosaulax.

The diastema appears to be highly arched and reasonably short. The zygomatic plate is fairly large

and is preserved only on the left side of the skull. The orbital areas are not preserved well enough
for description. The palatine area has two posterior palatine foramina at the level of M2 with the suture

just anterior to them. The mandible is broken behind M2 and below P4 , but the diastema is intact and

not sharply recurved but elongate. The mental foramen is below and anterior to the roots of P4 and
is rounded in outline. The teeth are relatively high crowned and rooted with very little cement visible.

P4
is the largest upper cheek tooth and is characterized by a deep hypostria extending to the base

of the crown. Anteroexternally, the parastria also is very long, extending to the base of the enamel
on the erupting tooth. The parastria is deep but not as deep as the hypostria. There is also a very

shallow mesostria which will close in very early wear stages. The paraflexus remains open until very

late wear, but the mesoflexus will close very early. Behind the mesoflexus is a small metafossette

which does not open to form a flexus at any point.

M 1 and M2 are extremely similar and cannot be distinguished from one another when isolated. In



284 Annals of Carnegie Museum vol. 64

all specimens recovered, the parafossette and metafossette are closed. The parafossette abuts the hy-

poflexus and the mesofossette arcs posteriorly to terminate on or near the posterior border of the tooth.

The metafossette is in the posterolabial corner of the tooth. Both M 1 and M2 taper toward the base of

the crown.

M3 is similar to the first two molars and is rounded along its posterior border, with the metafossette

being central rather than posterolabial. The mesofossette terminates posterolingually rather than cen-

trally, and the parafossette abuts the hypoflexus as in the other molars. Unlike the anterior molars, M3

widens toward the base of the crown instead of tapering.

In CM 8925, P4 is unworn and has a deep hypoflexid extending to the base of the tooth and a

mesoflexid which extends about 3/4 of the total height of the crown. The parafossettid is completely

enclosed and connected to the metafossettid by a thin central mure. The metafossettid is also enclosed

but, in the unworn state, is divided by a very thin enamel ridge into two fossettids. This condition is

presumably lost very early in wear.

On M, and M2 the deep hypoflexid and mesoflexid do not abut as they do in P4 , but rather the

mesoflexid passes anteriorly to the posteriorly directed hypoflexid. The hypoflexid abuts the postero-

lingual metafossettid while the parafossettid contacts the lingual margin of the tooth and arcs anteriorly

to the midpoint of the anterior margin.

Discussion .—The Anceney castorid is referable to the otherwise Eurasian genus

Euroxenomys based on the deep parastria of P4
,
simple P4 (only mesostriid on

lingual side), small size, mesodont cheek teeth, and anteriorly convex incisors.

Euroxenomys was also diagnosed as having M 3 longer (anteroposteriorly) than

M2 (Samson and Radulesco, 1973). The anteroposterior occlusal measurement of

M3 in the holotype of E. inconnexus is less than that of M2 (Table 6). However,

CM 8925 is a young individual (permanent premolars just coming into occlusion).

Due to the tapering of M2 and the widening of M 3 toward the bases of the crowns

of these teeth, it is evident in labial view that after only a moderate amount of

wear, M 3 will be longer than M2
. The anteroposterior measurements of M2 taken

1 mm above the present occlusal surface on the labial side is 2.1 mm. On M3

this measurement is 2.7 mm. Clearly, M3
is longer than M2 in E. inconnexus

except in early stages of wear. Euroxenomys inconnexus differs from the European

type species in being smaller.

Although similar in size, E. inconnexus differs from Monsaulax curtus from

the early Barstovian Olcott Formation of Sioux County, Nebraska (Matthew and

Cook, 1909), in the greater depth of the parastria on P4 and elongation of M3
.

Two specimens containing upper dentitions from the Olcott Formation are present

in the collections of the American Museum of Natural History (FAM 64839 and

FAM 64840). Both are equivalent in size to the type mandible of M. curtus and

the cheek teeth are of the same crown height. These specimens lack labial striae

on the upper premolars unlike P4
s of Euroxenomys. The M 3

s of referred specimens

of M. curtus are also not elongated as in E. inconnexus and the European type

species. The Anceney species, however, has a P4 with only one lingual striid

(mesostriid) and thus fits part of the diagnosis of Monosaulax (Stirton, 1935).

Structurally, the Anceney species resembles the older Hemingfordian Martin

Canyon Quarry A material from northeastern Colorado, first described by Gal-

breath (1953) as Monosaulax nr. M. curtus and discussed at length by Wilson

(1960). Wilson referred this material to Monosaulax n. sp. Euroxenomys incon-

nexus is more advanced than the Colorado species in its greater crown height and

length of hypostria on the upper cheek teeth. M3 of the Colorado species is longer

than M2
, diagnostic of Euroxenomys. This suggests the possibility that the An-

ceney species may be derived from a species very similar to
“Monosaulax n.

sp.,” and that it is also referable to Euroxenomys. The occurrence of an otherwise
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European genus from the Quarry A fauna is consistent with the remainder of the

fauna in that several other European genera have been cited (Wilson, 1960).

Family Heteromyidae Gray, 1868

Subfamily Heteromyinae Gray, 1868

Genus Mookomys Wood, 1931

Mookomys thrinax, new species

(Fig. 6, Table 7)

Holotype .

—

CM 28502, left mandible with I, and P4-M2 .

Horizon and Locality.—Anceney local fauna, center N 1/2, sec. 13, T2S, R3E,
Madison Valley Formation, Gallatin County, Montana.

Age.—Early Barstovian (middle Miocene).

Referred Specimens.—

C

M 27987, 27991, 27995, 38509, 28576, 28577, KU 28562, maxillae with

upper cheek teeth; CM 28005, 28019, 28021, 28038, 28050, 28056, 28074, 28076, 28079, 28080,

28083, 28089-28091, 28097, 28100, 28129, 28140, KU 28548, 28569, 28582, 28609, 28613, 28651,

isolated P4
s; CM 28023, 28373, 28382-28386, 28429, 28434, 28445, 28449, 28452, 28453, 28456,

28495, 28497, 28499, KU 28579, 28674, isolated upper molars; CM 28508, 28515, 28516, 28517,

mandibles with cheek teeth; CM 28310, 28338, 28340, 28342, 28476, KU 28685, isolated P4s; CM
28251, 28253, 28283, 28480, 28485, 28489, 28493, 28494, isolated lower molars; CM 40860, six

isolated upper incisors.

Diagnosis.—Differs from the type species, M. altifluminis in having hypolophid

cusps of P4 anteroposteriorly compressed, and cheek teeth slightly higher

crowned; differs from all known heteromyids by the morphology of the anterior

cingulum of M 1 (cingulum extends extends anteriorly from paracone, then lin-

gually, isolating the protocone).

Etymology.—Greek, thrinax, three-pronged fork, intended to refer to Three Forks Basin, Montana.

Description .—The upper incisors referred to M. thrinax are narrow (buccolingually) with a gently

convex anterior enamel surface and a distinct, narrow, but deep central groove.

The cheek teeth are mesodont. P4 has an isolated oval protocone on the protoloph. A minute

paracone occurs in some specimens on the buccal slope of the protocone. The metaloph is typically

three-cusped with the hypostyle only slightly anterior to the other cusps. Unlike most heteromyines,

the union of the protocone to the metaloph is just lingual to the center of the metaloph, as in the

premolars of perognathines.

The upper molars are typically bilophate, with three cusps on each loph. The lingual cusps (hypo-

style and protostyle) are the smallest, the buccal cusps (paracone and metacone) are anteroposteriorly

compressed, and the central cusps (hypocone and protocone) are the largest. The protoloph is wider

than the metaloph (buccolingually) on the upper molars, and M 1

is larger than M2
. A unique feature

of M 1

is the configuration of the anterior cingulum. It arises from the lingual end of the paracone, is

directed anteriorly, then bends lingually, fusing to the buccal side of the protostyle. This isolates the

protocone from the anterior cingulum and creates a small enamel lake between the anterior cingulum
and the protocone. There is no evidence of a posterior cingulum on the upper molars. The anterior

cingulum on M2
is reduced to a small anterior bulge at the anterolingual corner of the paracone. In

all other features, M2 resembles M 1

. M3
is unknown.

The mandible is slender with a flat ventral border. The masseteric scar extends well anterior to the

tooth row, relatively high on the side of the mandible and is ventrally continuous with a ridge, marking
the attachment of the masseter. The mental foramen is anterior and ventral to the masseteric ridge.

The diastema is shallow.

The lower incisor is laterally compressed, as is I
1

, and the anterior enamel surface has a narrow,

flat central part, but is otherwise convex.

The metalophid of P4 is narrower (buccolingually) than the hypolophid and consists of only two
subequal cusps (metaconid and protostylid). A distinct valley separates the metalophid cusps, and a

transverse valley separates the metalophid from the hypolophid. The hypolophid also consists of only

two cusps (hypoconid, entoconid). The cusps of the hypolophid are, however, anteroposteriorly com-
pressed making them buccolingually elongate. There is no indication of accessory cusps on the referred
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I mm

Fig. 6.—Mandible and dentitions of species of Mookomys thrinax. A, right P4-~M2
, CM 28576. B, left

P4
- -M2 , CM 28502 (holotype). C-D, CM 28517. C, right P4 . D, lateral view of mandible. E, lateral

view of left I
1

, CM 40860.

lower premolars. The metalophid appears to unite lingually with the hypolophid after wear (metaconid

to hypoconid) as in M. altifluminis.

The molars are wider than P4 and consist of two rows of three cusps each. A short anterior cingulum

is anterior to the protoconid and continuous with the protostylid. After only moderate wear, it fuses

with the protoconid and the remainder of the metalophid. With wear the lophs of the molars unite

either centrally or buccally. M3 is the smallest of the molars and differs from the anterior molars only

in having a narrower (buccolingually) hypolophid that has more aeteroposteriorly compressed cusps.
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Table 7.

—

Dental measurements of Mookomys thrinax. Measurements in mm. Abbreviations as in

Tables 2 and 5.

n X or S cv

P4 a-p 28 1.24 1.04-1.41 0.09 7.26

tra 28 0.61 0.47-0.77 0.07 10.98

trp 28 1.27 1.09-1.44 0.07 5.43

M 1 a-p 21 0.97 0.87-1.10 0.05 5.46

tra 21 1.32 1.18-1.43 0.07 5.23

trp 21 1.26 1.14-1.38 0.06 5.08

M2 a-p 4 0.88 0.82-1.00 0.08 9.66

tra 4 1.18 1.11-1.23 0.05 4.58

trp 4 1.05 0.99-1.09 0.04 4.00

P4 a-p 7 1.01 0.93-1.09 0.06 5.94

tra 7 0.76 0.70-0.82 0.04 5.53

trp 7 0.92 0.85-1.00 0.06 6.20

M, a-p 8 1.01 0.96-1.10 0.04 4.06

tra 8 1.18 1.10-1.25 0.05 4.41

trp 8 1.18 1.13-1.21 0.04 3.05

m2 a-p 3 1.02 1.00-1.07 0.04 3.92

tra 3 1.17 1.13-1.20 0.04 3.25

trp 3 1.13 1.09-1.19 0.05 4.69

m3 a-p 1 0.91

tra 1 0.98

trp 1 0.90

Discussion.—This species is clearly referable to Mookomys as diagnosed by
Wood (1931) because of its simple four-cusped P4 , similar crown height of the

cheek teeth, and sulcate upper incisor. No upper incisors were found in association

with the cheek teeth referred to M. thrinax, but among the fauna from Anceney,

only one other rodent (of similar size) is known to have grooved incisors, Pe-

rognathus. Perognathus is quite rare in the Anceney fauna (fewer than 19 spec-

imens) while M. thrinax is the second most abundant heteromyid, represented by
more than 70 specimens. Therefore, the assignment of the isolated incisors to the

latter is far more likely than to Perognathus.

Mookomys thrinax differs from the type species of the genus only in its slightly

higher crowned cheek teeth and in having more anteroposteriorly compressed
cusps on P4 .

“Mookomys” cf. “M.” formicarum Wood, 1935

(Fig. 9F)

Referred Specimens.—CM 28496, CM 28500, isolated M's.

Measurements.—CM 28496: a-p, 0.96 mm; tra, 1.28 mm; trp, 1.24 mm. CM 28500: a-p, 0.93 mm;
tra, 1.26 mm; trp, 1.18 mm.

Description .—

M

1

is low crowned with six cusps inflated and completely separate from one another

to their bases, with the exception of the hypostyle and protostyle, which are only slightly joined to

the hypocone and protocone respectively. There is no evidence of either an anterior or a posterior

cingulum connecting the cusps. The central transverse valley is shallow lingually, deep labially, and

straight, paralleling the protoloph. The metaloph is slightly convex, with the hypocone being the most

posterior cusp. The crown of the tooth is inflated basally, under which are three well-developed and

strongly separated roots.

Discussion .—The two teeth representing this taxon could not be associated with
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any other teeth in the fauna. Since they are distinct in morphology, it is unlikely

that other aspects of the dentition have gone unnoticed. The Anceney material

corresponds to what has been called Mookomys formicarum from the Arikareean
of Nebraska, but is slightly larger (Wood, 1935: table II). This material is also

comparable to that described as Mookomys cf. M. formicarum from the Barstovian

of California, and there is little difference in comparable dental elements (Lindsay,

1972). In the original description of M. formicarum , Wood (1935: fig. 8b) desig-

nated CM 10177 as the type and identified it as an M,. However, it is more likely

an M 1 (Lindsay, 1972). Since at least the mid-1950s, the holotype of M. formi-
carum has been lost (Reeder, 1956), complicating matters even more.

It is questionable whether M. formicarum should be referred to Mookomys. The
cheek teeth referred here and elsewhere to M. formicarum differ from the type

species of the genus in both crown height and degree of lophodonty. Reeder

(1956) first noted the difference in crown height of this species from that of the

genotypic species M. altifluminis from the Hemingfordian of Montana. Because
of this difference he referred M. formicarum to Perognathus. However, on all the

reported specimens of M. formicarum the cusps of the teeth are entirely isolated

from one another and no semblance of a loph exists. The cheek teeth of all species

of Perognathus have distinct lophs developed. Similarly, on the holotype of M.
altifluminis as well as the material of the referred species (described above), the

major transverse lophs of the molars are clearly distinguishable, unlike the teeth

referred to M. formicarum. It is evident that M. formicarum belongs in a heter-

omyid genus other than Mookomys. However, the peculiar lack of lophodonty and
cingula on the molars of M. formicarum are unknown among other recognized

heteromyids. It is possible that M. formicarum should be included in a new genus

of heteromyid, but it is so poorly known that naming such a new genus would
be inappropriate at this time. Therefore, this species is included in Mookomys here

only as a matter of convenience.

Wood (1935), in naming Mookomys “formicorumf incorrectly applied the

masculine or neuter Latin ending to his species name. The correct form of the

trivial name with the feminine ending should be formicarum (Reeder, 1956:135).

Genus Peridiomys Matthew, 1924

Peridiomys sp.

(Fig. 7)

Referred Specimen .—CM 27876, left mandible with incisor and P4-M3 .

Measurements.—

P

4 : a-p, 1.37 mm; tra, 1.10 mm; trp, 1.30 mm. M,: a-p, 1.22 mm; tra, 1.48 mm;
trp, 1.48 mm. M2 : a-p, 1.17 mm; tra, 1.40 mm; trp 1.36 mm. M 3 : a-p, 1.06 mm; tra, 1.18 mm; trp,

1.07 mm.
Description .—The mandible is not flat ventrally but curves gently from the angular process to the

diastema, where it turns sharply dorsally. The body of the ramus is heavy and deep, appearing almost

geomyid-like. The diastema is sharply recurved and ends in the incisive alveolus above the level of

the molariform teeth. Laterally, the surface is smooth except for the well-developed masseteric crest

beginning below M2 near the base of the jaw, and extending dorsally in a straight line to end just

anterior to P4 above middepth of the diastema. The mental foramen is anterior to and slightly below

the terminus of the masseteric crest at middepth of the jaw. Posteriorly, the ascending ramus arises at

the anterior margin of M2 , but its full extent cannot be seen due to breakage. The incisor capsule is

Fig. 7 .—Peridiomys sp., CM 27876. A, Occlusal view of left P4-M3
. B, Cross section of left I, (anterior

to top, lateral side to left). C, Lateral view of mandible.
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preserved and obvious as an inflated area on the lateral side of the ascending ramus. Ventrally, only

a small part of the angular process remains and, judging from the small amount preserved, appears

to have been sharply inflected.

The lower incisor is heavy and flattened anteriorly. The metalophid of P4 is composed of four cusps.

Labially, a small, rounded protostylid is discernible. Lingually, a much larger and more anterior

metaconid is present. Along the anterior margin of the tooth are two smaller anterostylids that form
a continuous, anteriorly convex loph between the protostylid and metaconid that preserves a shallow

trigonid basin. The central transverse valley of the tooth is shallowest at its center, from which it

slopes labially and lingually. The lingual opening of the valley is deeper and wider than the labial.

The hypolophid is worn, with all cusps conjoined to form a straight lophid.

The lower molars are all well worn, with M, and M2 similar in size and configuration, and M3 only

slightly smaller. The remaining pattern indicates that the protostylid was elongate and the transverse

valley was deflected posteriorly. As wear proceeded the metalophid and hypolophid joined across the

stylids, centrally isolating a small, persistent pit between the two points of union. The teeth are only

moderately high crowned but very heavily rooted.

In occlusal view, M3 is almost rounded and union of the metalophid and hypolophid occurred

labially and progressed lingually. There is no evidence of a pit developing between the stylids and

the center of the tooth as in the anterior molars.

Discussion .—This specimen is clearly referable to Peridiomys because the low-

er incisor is broad and flattened anteriorly, the cheek teeth are moderately low
crowned, the metaconid of P4 is markedly larger than the protostylid, and P4

preserves the characteristic heteromyine central enamel pit.

The greatest difference between Peridiomys sp. and the type species, P. rusticus

Matthew (1924), is its much smaller size. P4 of Peridiomys sp. has multiple an-

terostylids and is longer (anteroposteriorly) than wide. In the type species, P4 is

wider than long and there are no accessory cuspules on the metalophid (Matthew,

1924; Wood, 1935). Peridiomys sp. differs from P oregonensis again in being

smaller, having a broader lower incisor, and having the metaconid of P4 much
larger than the protostylid. These cusps are subequal in size in P. oregonensis

and P. borealis (Gazin, 1932; Wood, 1935; Storer, 1970, 1975).

It is possible that this specimen, CM 27876, belongs to Peridiomys kalis (de-

scribed below). However, it is about 11% smaller than the smallest specimen of

P. kalis and nearly 25% smaller than the mean measurements of P. kalis (Table

8). The metalophid of P4 of Peridiomys sp. is also relatively broader than those

of P. kalis. The specimen referred here to Peridiomys sp. may represent a new,

small species of Peridiomys. However, no new name will be proposed until ad-

ditional material is collected, and its differences from P. kalis can be shown to

be consistent.

Peridiomys kalis, new species

(Fig. 8, Table 8)

Holotype .—CM 40861; partial skull with incisors and left P4-M2
, associated

mandible with incisor and right P4-M3 , and partial postcranial skeleton.

Referred Specimens.—CM 27869-27870, 27873, 27874, 27877, KU 28472-28473, partial maxillae

with cheek teeth; CM 27879-27891, KU 28476, dP4
; CM 27872, 27878, 27882-27884, 27887-27895,

KU 28471, 28474, 28477-28487, P4
; CM 27898-27908, 27910, KU 28469-28470, 28475, 28488-

28495, M 1

; CM 27911-27916, 27918-27921, KU 28496, 28498-284503, M 2
; CM 27922-27925,

27927-27928, KU 28504, 28506-28508, M3
; CM 27930-27934, KU 28509-28514, M 1 or M2

; CM
40857, partial mandible with P4-M,; CM 27948-27950, dP4 ; CM 27935-27939, 27941, 27944-27947,

40858, KU 28515-28521, P4 ; CM 27868, 27951-27958, KU 28522-28527, M,; CM 27959-27969,

KU 28528-28535, M2 ; CM 27970-27974, KU 28536-28540, M3 ,
CM 27975-27978, M, or M2 .

Horizon and Locality .—Anceney local fauna, center N 1/2, sec. 13, T2S, R3E,
Madison Valley Formation, Gallatin County, Montana.
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Table 8.

—

Dental measurements o/Peridiomys halis. Measurements in mm . Abbreviations as in Tables

2 and 5.

n X or 5 cv

dP4 a-P 3 2.03 2.00-2.90 0.05 —
tr 3 1.99 1.90-2.08 0.09 —

P4 a-p 30 2.11 1.82-2.32 0.13 5.99

tra 31 1.14 0.93-1.32 0.10 8.54

trp 31 2.12 1.92-2.30 0.01 5.81

M 1 a-p 27 1.57 1.39-1.72 0.10 6.34

tra 26 2.11 1.85-2.34 0.14 6.68

trp 26 1.98 1.67-2.25 0.15 7.40

M2 a-p 19 1.47 1.20-1.64 0.13 8.94

tra 19 1.92 1.71-2.23 0.13 6.94

trp 19 1.76 1.58-1.94 0.12 6.57

M3 a-p 11 1.27 1.09-1.28 0.12 9.49

tr 11 1.44 1.44-1.63 0.12 8.07

dP4 a-p 2 2.05 2.00-2.10 — —
tr 2 1.34 1.28-1.48 — —

P4 a-p 19 1.84 1.64-2.03 0.12 6.40

tra 19 1.39 1.03-1.63 0.13 9.45

trp 19 1.64 1.28-1.81 0.12 7.37

M
f

a-p 17 1.58 1.39-1.73 0.11 6.70

tra 17 1.94 1.75-2.20 0.15 7.82

trp 18 1.91 1.68-2.20 0.16 8.27

m2 a-p 21 1.50 1.33-1.67 0.11 7.61

tra 21 1.94 1.61-2.12 0.12 6.17

trp 21 1.81 1.54-1.96 0.14 7.52

m3 a-p 12 1.34. 1.20-1.45 0.07 5.54

tra 12 1.58 1.41-1.67 0.07 4.52

trp 12 1.31 1.18-1.47 0.08 5.89

Age. Early Barstoviae (middle Miocene).

Diagnosis.—Differs from type species, P. rusticus in having P4 longer than

wide with at least one large anterostylid, and central protoconid variably present

on P4 . Differs from all other species of the genus in its larger size.

Etymology.=—Greek, halis, in abundance.

Description.—Only the rostrum and part of the palate are preserved in the skull of the holotype.

The rostrum is long, dorsoventrally deep, and transversely narrow. The diastema is long (9.6 mm) and

essentially flat ventrally with a slight ventral curve at the anterior end just behind the incisors. Two
shallow, parallel grooves are preserved on the palate beginning at the incisive foramina and running

posteriorly. The incisive foramina are small, about 35% of the length of the diastema. The premax-

illary-maxillary suture crosses the palate at the posterior ends of the incisive foramina. The infraorbital

foramen is accompanied by a larger anterior rostral perforation that is just ventral to middepth of the

rostrum, dorsal to the incisive foramen. A small bony bulge is ventral to the infraorbital foramen. No
other features of the skull are discernible due to breakage and poor preservation.

The upper incisors are broad and asulcate. The anterior enamel surface is only slightly convex and

nearly flattened.

DP4
is triangular and has three rows of cusps. The anterocone is single or slightly doubled and

forms the anterior margin of the tooth. The protocone is central and is connected to the smaller

paracone by a short crest. These cusps become joined early in wear. Forming the posterior margin of

the tooth is the large hypocone. A large hypostyle joins the hypocone posteriorly and is taller than

the remainder of the cusps. The hypostyle is directed anteroposteriorly and extends to the anterocone.
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5 mm
Fig. 8.—Mandible and dentiton of Peridiomys halts. A, left P4-M\ CM 40861 (holotype). B, right

P4-M2
, CM 27870. C, right dP4 (broken), CM 27949. D, left P4 ,

CM 40858. E-H, CM 40861 (holo-

type). E, right P4-M3 . F, right I) (anterior to top). G, right F (anterior to top). H, Lateral view of

mandible.
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P4
is triangular in occlusal outline and is about as wide as long. It is moderately high crowned and

has three distinct roots. The protocoee is slightly oval, wider than long, and usually unites with wear
to the lingual margin of the hypocone or to the hypostyle. The protocone may have an accessory

cuspule either anterolingually or labially. In two specimens (KU 28479 and KU 28482) the labial

cuspule is large and distinct, giving the protoloph an appearance of being almost as wide as the

metaloph. In most specimens, the transverse valley is highest between the hypocone and protocone,

falling off steeply from that point both labially and lingually. The metaloph is composed of the

hypostyle, hypocone, and metacone, the largest of which is the central hypocone. The metacone is

only slightly smaller and is closely joined to the hypocone by the posterior cingulum. With slight

wear the two cusps become conjoined. The hypostyle is anteroposteriorly elongate in most specimens

and is equal to the metacone in size. In most specimens it is set forward in relation to the rest of the

metaloph and connected to the hypocone by the posterior cingulum. In several specimens the hypostyle

is more in line with the rest of the metaloph.

M 1
is anteroposteriorly compressed with three well-developed roots. The protoloph is narrow, with

the protocone set posteriorly from the paracone but connected to it by a short loph. The anterior

cingulum passes from the internal margin of the paracone to the anteroexternal margin of the laterally

compressed protostyle. A shallow valley is present between the anterior cingulum and the protocone,

passing posteriorly between the latter and the protostyle to end in the transverse valley. The anterior

valley is very short-lived, being obliterated in early wear. The transverse valley is deep and straight

with closure of the lophs occurring first at the lingual styles and progressing labially from that point.

In late wear there is no recognizable occlusal pattern except for the circular enamel band surrounding

the occlusal part of the tooth with a slight labial inflection, an indication of the final junction of the

two lophs.

There is only a slight difference between M 1 and M2
, with the difference in size being most no-

ticeable. Second molars are smaller in all dimensions and the metaloph is obviously relatively shorter

in M2
. M2 also lacks the anterior cingulum, and the three cusps of the protoloph are aligned transversely

across the loph. The transverse valley is as deep as on M 1 but is wider because the crescent-shaped

metaloph slants posteriorly. Junction of the two lophs begins at the styles and progresses labially as

on M 1

, but the lophs remain distinct for a longer time due to the wide valley and deep labial sulcus

extending almost to the base of the crown.

M3
is the smallest and most variable of the dental battery. The tooth is essentially round in occlusal

outline, with the hypostyle and protostyle showing various stages of fusion. The styles may be either

free and completely separate at their apices or completely fused throughout their height. The protoloph

is curved with a distinct protocone and paracone. The protocone is set posteriorly, and the anterior

cingulum varies from complete (protostyle to paracone) to absent. The metaloph is concave throughout

its length, with the cusps illustrating various stages in development. A shallow labial sulcus is present

but is obliterated with wear, leaving only a deep central pit representing the transverse valley in later

stages of wear.

The right mandible of the holotype is nearly complete, lacking only the coronoid process, condyle,

and the most posterior part of the angle. The mandible is robust and deep. The diastema is shallow

with a gently concave dorsal margin. The symphysis extends ventrally to produce a small “chin

process.” The masseteric scar is similar to that of other heteromyids, ending anteriorly in a small bony
shelf anterior to the tooth row. Anteriorly, the shelf is nearly vertical in orientation and is continuous

with a ventral ridge that curves posteriorly toward the angle of the mandible. The coronoid process

is not preserved, but its base is clearly very small, indicating a delicate process, typical of heteromyids.

The base of the lower incisor is marked on the ascending ramus as a posterolateral expansion of bone,

just ventral to the coronoid process. The angle of the mandible appears broad and is medially inflected.

DP4 is characterized by three pairs of cusps and an anterior ridge of cuspules. The two posterior

cusps (hypoconid, entoconid) are joined near the center of the tooth by ridges which extend from the

cusps anteriorly to a point between the next cusp pair. On the posterior margin of the tooth, a small

cuspule (hypoconulid) exists between these two cusps as well as a labial cuspule (hypostylid). The
middle pair of cusps is marginal with the lingual cusp (metaconid) being larger and not joined to any
other cusp. The labial cusp (protostylid) joins the confluence of the crests from the posterior cusps.

Anteriorly, a pair of laterally compressed cusps are joined to the concave anterior cingulum which
has a series of cuspules on it.

P4 is variable, especially in the configuration of the metalophid. The protostylid may be circular or

ovate in occlusal outline and may be isolated from the remainder of the lophid until late wear. The
metaconid is generally elongate and larger than the protostylid. The protostylid is more posterior than

the metaconid. A small cuspule (anterostylid) is always present anterior and lingual to the protostylid,

and is nearly equal in size to it. The protostylid and metaconid are connected with wear across the

anterior border of the tooth. In some specimens, such as the holotype, a second anterostylid is present.
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On the hoiotype a prot.oco.md is formed lingual to the protostylid. The trigonid basin is a shallow

enamel valley that persists until very late wear. The transverse valley is deep and slopes laterally and
lingually from a point between the protocoeid and hypoconid. With wear, the metalophid and hypo-
1 opioid join laterally between these cusps. The hypolophid is relatively straight and bicuspid with a

subequal hypoconid and entoconid. The two cusps are joined at their bases and in late wear become
a single oval loph. On P4 of the holotype a small hypostylid is present labial to the hypoconid. No
other specimen shows this feature.

M, is nearly square in occlusal outline with the metalophid only slightly wider than the hypolophid.

The protoconid and metaconid are subequal in size, but the latter is more anteroposteriorly compressed.

The two cusps join at the anterior margin of the tooth at midheight of the cusps, at which point the

anterior cingulum connects them with the small lateral protostylid. The cingulum makes a right angle

toward the metaconid at the posterolabial corner of the tooth. A shallow valley begins at the antero-

labial margin of the protoconid and then turns posteriorly between the protoconid and the cingulum-
protostyle. Remnants of this valley are seen into late wear. The transverse valley is deep and straight

but is relatively shallow at the stylids where it first closes. There is also a secondary closure of the

valley in later wear between the metaconid and hypoconid. Three cusps comprise the hypolophid: a

subequal hypoconid and entoconid joined at their centers, and a small lateral hypostylid. The result

is an elongate oval hypolophid in early wear. The hypostylid is still discernible until late wear. CM
27958 and CM 27952 have a low posterior cingulum between the bases of the entoconid and the

hypoconid. This structure is not seen on any of the remaining specimens.

M2 is wider anteriorly than posteriorly. The protoconid and metaconid are essentially subequal, but

the metaconid is anteroposteriorly compressed. The anterior cingulum terminates at the anterior margin
of the protoconid and is continuous with the protostylid. A shallow valley is formed between the

protostylid-anterior cingulum complex and the protoconid, and lasts until moderate wear as in M,.

The hypolophid consists of three cusps as on M,. The hypostylid is variably developed and may be

extremely weak on some specimens. The transverse valley is straight and deep, with primary union

between the lophs occurring between the hypoconid and protoconid, giving a central connection.

Secondary union occurs across the stylids. The hypolophid is lower than the metalophid, unlike M,
in which both lophs are essentially the same height.

A characteristic feature of M 3 is the reduction in the hypolophid and to some extent the metalophid.

The anterior cingulum is short and high, dropping very steeply into the transverse valley. The pro-

toconid and metaconid are closely appressed to the apices and appear almost as one cusp with wear.

The hypolophid is composed of two cusps which are quickly conjoined into one small crest. Junction

of the lophs is central and, as in M2 ,
the hypolophid is much lower than the metalophid.

The partial postcranial skeleton included in the holotype preserves most of the right hindlimb, and

some sacral and caudal vertebrae. In general proportions, the known skeletal elements of Peridiomys

halis are more robust than that of Recent Heteromys and other heteromyids. In this way it is similar

to the skeleton of the Clarendonian heteromyine
“Diprionomys” agrarius described by Wood (1935).

The limb elements of P. halts are also very close in size to those listed for “D.” agrarius (Wood,
1935:table III), but none of the long bones of the holotype of P. halis is complete, so no precise

measurements can be taken. Unfortunately, no bones of the forelimb are preserved, so it cannot be

determined whether there was a reduction of this limb with respect to the hindlimb as in other het-

eromyids.

Discussion,—Peridiomys halis is clearly referable to this genus based on its

relatively low-crowned, robust cheek teeth, heteromyine pattern of wear on P4

and P4 , and anteriorly flattened I,. This species differs from the type species in

having P4 longer than wide (wider than long in P rusticus) and consistently

having a well-defined anterostylid on P4 . In some species of heteromyids the

presence of accessory cuspules on P4 is highly variable (Lindsay, 1972; Korth,

1979; Barnosky, 1986a). However, all specimens of P. halis have this cusp, and

it is subequal in size to the other metalophid cusps, rather than appearing as a

minute cuspule much smaller than the major cusps as in other heteromyids in

which the occurrence of this cusp is variable. The holotype and only known
specimen of P. rusticus

,

AMNH 18894, has a well-developed hypostylid on P4

(Wood, 1935ifig. 97). Only the holotype of P. halis has this cusp on P4 .

Peridiomys halis is larger than all other species of the genus (Wood, 1935 Table

II; Storer, 1975:98). The skull of P. halis has a much deeper and longer rostrum
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than that of P. oregonensis. Both the upper and lower incisors of P. oregonensis

are concave anteriorly and not anteriorly widened as in P. halis and other species

for which the incisor is known (Peridiomys sp., P. rusticus). The less robust skull,

mandible, and incisors of P. oregonensis suggest that it may not be referable to

this genus.

Subfamily Perognathinae Coues, 1875

Genus Perognathus Maximillian, 1839

Perognathus ancenensis, new species

(Fig. 9, Table 9)

Holotype.—CM 28324, left P4 .

Referred Specimens .—CM 28503-28505, 28563-28564, 28573, maxillae with upper cheek teeth;

KU 28583, 28683, 28684, isolated upper cheek teeth; KU 28657, CM 28370, 28352, isolated P4s; CM
28479, 28481-28483, 28488, 28491-28492, isolated lower molars.

Horizon and Locality.—Anceney local fauna, center N 1/2, sec. 13, T2S, R3E,
Madison Valley Formation, Gallatin County, Montana.
Age .

—

Early Barstovian (middle Miocene).

Diagnosis.—Differs from all other species of the genus in: union of lophs on
P4 buccal to center of tooth (between protostylid and hypoconid) instead of cen-

tral; protostylid and metaconid of P4 unite anteriorly rather than posteriorly; an-

terior cingulum continuous across entire width of M 1 and M2 (not reduced as in

P. parvus); lophs of lower molars do not unite across stylids; lophs of upper

molars unite more readily across stylids than in other species.

Etymology.—Latin, -ensis, suffix denoting place or location; intended to refer to the Anceney fauna.

Description .—In general configuration, the teeth are low crowned and strongly rooted with well-

developed cingula present on both upper and lower molars. The morphology of the teeth does not

differ significantly from that of Recent specimens of Perognathus parvus from Wyoming and Utah
except in size, development of the cingula, and slightly lower crowns.

P4
is triangular in occlusal outline with a low, bulbous anterior protocone and convex metaloph

composed of a large central hypocone, small lingual hypostyle, and an anteroposteriorly elongate

metacone. The metaloph is well separated from the protocone (protoloph) and does not join until late

wear, at which time the hypocone and protocone join centrally. The protocone has a distinct anterior

bulge near its base before passing into a strong anteriorly directed root. Two other roots are present,

one below the metacone and another beneath the hypostyle. Posterior cingula are variably developed

either between the hypocone and hypostyle or between the hypocone and metacone.

M 1

is quadrate in shape with prominent anterior and posterior cingula developed. The tooth is

sexicuspidate, forming two transverse lophs with wear. The cusps themselves are low and bulbous

except for the protostyle and hypostyle, which are elevated and quickly incorporated into the cingula

with wear. The transverse valley is therefore blocked lingually, with wear resulting in a U-shaped
pattern opening labially. The transverse valley closes with wear from the lingual margin to the labial

margin. The second molar is very similar to the first except that it is slightly more oval in shape,

resulting from a closer appression of the protostyle and hypostyle as well as a slightly reduced me-
taloph. The last upper molar is rounded and has a reduced metaloph with the metacone existing only

as a small protuberance on the labial end of the posterior cingulum. The hypostyle is also reduced in

comparison to the protostyle.

Only four P4s have been recognized as belonging to this species. Each has a widely separated and
conical hypoconid and entoconid forming the hypolophid, and a closely set protostylid and metaconid.

The anterior pair joins along the anterior border but remains distinct posteriorly. The two lophs show
a tendency to unite labial of the center, between the protostylid and hypoconid. A single specimen
(CM 28370) has a small cuspule between the hypoconid and entoconid (=?hypoconulid). The lower

molars are quadrate as in the uppers but have reduced cingula. The anterior cingulum extends from
the laterally compressed protostylid to join both the protoconid and metaconid. The protoconid is

joined to the cingulum by a short crest while the metaconid is slightly compressed anteroposteriorly

and narrowest as it meets the cingulum. The principal cusps are generally conical and separate at their



296 Annals of Carnegie Museum vol. 64

Fig. 9.—Dentitions of species of Perognathus and ’‘Mookomys” cf. “M.” formicarum from the An-
ceney local fauna. A-E, Perognathus ancenensis. A, left FMVI2

, CM 28503. B, right M'-M3
, CM

28573. C, left P4 , CM 28324 (holotype). D, right P4 , CM 28352. E, right M, or M2 , CM 28479
(occlusal view above, buccal view below). F,

“Mookomys” cf. “M.” formicarum, right M 1 or M2
, CM

28500. G, Perognathus sp. indet, left P4—

M

1

, CM 28507.

bases. The transverse valley is straight and relatively deep remaining open across the occlusal surface

even in late wear stages. If joining occurs, it will be between the protoconid and hypoconid rather

than across the stylids as in the upper dentition. The hypolophid is straight and terminates in a variably

developed hypostylid. The remainder of the lower dentition was not recognized in the sample although

it is possible that M, and M 2 are represented here since they would be extremely similar in size and

morphology.
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Table 9.

—

Dental measurements of Perognathus ancenensis. Measurements in mm. Abbreviations as

in Tables 2 and 5.

n X or S cv

P4 a-p 3 0.95 0.93-0.96 0.01 1.49

tra 3 0.47 0.45-0.52 0.03 7.02

trp 3 1.01 0.96-1.10 0.06 6.53

M 1 a-p 4 0.91 0.87-0.93 0.02 2.69

tra 4 1.15 1.09-1.19 0.04 3.60

trp 4 1.14 1.09-1.19 0.04 3.19

M2 a-p 2 0.83 0.80-0.86 — —
tra 2 1.08 1.05-1.10 — —
trp 2 1.04 0.98-1.10 — —

P4 a-p 4 1.07 1.03-1.11 0.03 2.72

tra 4 0.71 0.68-0.80 0.05 7.14

trp 4 0.95 0.89-1.00 0.04 4.10

M, a-p 7 1.04 1.00-1.12 0.05 4.62

tra 7 1.12 1.07-1.21 0.04 3.86

trp 7 1.08 1.00-1.14 0.06 5.21

Discussion

.

—Unique features of the cheek teeth of Perognathus ancenensis are

the morphology of P4 and the anterior cingula of the upper molars. The protostylid

and metaconid of P4 unite anteriorly, and the metalophid joins the hypolophid

buccal to the center of the tooth, between the protostylid and hypoconid. In other

species of Perognathus the cusps of the metalophid remain distinct anteriorly and

merge posteriorly to unite with the center of the hypolophid (X-pattern of Wood,
1935).

The second diagnostic feature of P. ancenensis is the complete anterior cin-

gulum on both M 1 and M2
. In some Recent and later Tertiary species of Perog-

nathus the anterior cingulum is lost on M2 and reduced to a small cuspule between

the paracone and metacone on M 1 (Martin, 1984). The Barstovian species of

Perognathus, P. furlongi and P. brevidens, maintain a complete anterior cingulum

on M 1

, but reduce the anterior cingulum on M2
. The only specimens of Perog-

nathus that share this latter feature with P. ancenensis are teeth referred by Lind-

say (1972) to Perognathus minutus from the Barstow Formation of California.

These specimens are smaller than those referred to P. ancenesis (Lindsay, 1972:

table 9). The upper molars of the Barstow sample maintain an anterior cingulum

for nearly their entire width as in P. ancenensis.

In size, Perognathus ancenensis is closest to P. furlongi (Lindsay, 197 2:table

9) and P. brevidens (Korth, 1979: table 1; Korth 1987:table 1). Perognathus an-

cenensis differs from these species in several important features. Besides the char-

acters discussed above, P. ancenensis differs from P. furlongi in that the lower

molars tend to wear without closing the transverse valley across the stylids. If

wear does proceed to the point of extinction of the lophids, they tend to join

centrally as in Recent Perognathus. In P. furlongi the union is across the stylids

in very early wear in at least 50% of the known sample (Lindsay, 1972). The
unique oblique connection of the lophids of P4 in P. brevidens and its overall

shortened and broadened shape are not shared with P. ancenensis.
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Perognathus sp. indet.

(Fig. 9G)

Referred Specimen .—CM 28507, partial maxilla with left P4-M’.
Description .—

P

4
is similar in size (a-p, 0.92 mm; tra, 0.46 mm; up 0.95 mm) to P.furlongi (Lindsay,

1972: table 9) or P. ancenensis (Table 9). It has the typical inflated base of the protocone and enlarged

anterior root with the metaloph composed of three cusps: an elongate metacone, central hypocone,
and smaller rounded hypostyle. The hypocone and metacone are broadly joined due to the advancing
wear of this specimen and the hypostyle has only recently joined the hypocone but is still discernible.

The protocone is just beginning to show signs of joining the hypocone centrally. Except for a more
vertical anterior root of P4

, there is little to distinguish this premolar from specimens of Perognathus
ancenensis.

M 1

, however, is quite distinctive in its small size, even though it is quite worn (a-p, 0.66 mm; tra,

O.87 mm; trp, 0.87 mm). The details of the cusp pattern have been worn away, but it appears to have
had highly conjoined styles, and closure of the transverse valley has proceeded from the lingual margin
progressively to the labial margin. In spite of the fact that Perognathus molars are somewhat tapered

ventrally, the combined reduction from wear and taper is not enough to account for the small size of

this tooth.

Discussion

.

—The species represented by CM 28507 cannot be readily referred

to Perognathus ancenensis
,
primarily due to the small size of M ! relative to the

premolar. If the P4 of CM 28507 were found isolated rather than associated with

this small Ml it would probably be identified as P. ancenensis. This situation is

indeed unique since it appears that M 1

is smaller than P4 in width. Generally,

even in heavily worn dentitions of Recent and fossil Perognathus, M 1 and P4 are

of equal width or M 1

is slightly larger. P4
is within the size range of P. furlongi

or P. ancenensis, but M 1

is smaller than that in the smallest species of the genus,

P. minutus (Lindsay, 1972:table 9) and P. trojectioansrum (Korth, 1979: table 2).

Only less worn material will help to understand the true relationships of this small

heteromyid.

Genus Cupidinimus Wood, 1935

Cupidinimus madisonensis (Dorr, 1956)

(Fig. 10, Table 10)

Perognathoides madisonensis Dorr, 1956.

Perognathoides halli Wood, Lindsay, 1972 (in part).

Cupidinimus madisonensis (Dorr) Barnosky, 1986a.

Holotype .—CM 8770, right mandible with P4-M2 .

Referred Specimens.—CM 27979-27980, 27982-27986, 27989-27990, 27994, 27997-27999,

28006, 28465, KU 28544-28546, 28548-28540, 28552-28554, 28556, 28558-28561, maxillae with

cheek teeth; CM 27886, 27992, 28000-28004, 28007-28015, 28017-28018, 28020, 28026-28027,
28029-28031, 28033-28037, 28039, 28041, 28043-28049, 28051-28055, 28057-28073, 28075,

28077-28078, 28081-28082, 28084-28088, 28092-28096, 28098-28099, 28101-28107, 28109,

28111-28116, 28119-28120, 28122, 28124-28127, 28128, 28130-28141, 28143-28147, KU 28541-
28543, 28551, 28565-28568, 28570-28575, 28584-38597, 28599-28608, 28610, 28612, 28614-
28616, 28618, 28650, P4

; CM 28024-28025, 28372, 28374-28381, 28387-28388, 28390-28401,
28405-28407, 28421-28427, 28430-28433, 28435-28444, 28446-28448, 28450-28451, 28454-
28455, 28458-28464, KU 28576-28578, 28580, 28667-28670, 28672-28673, 28675, 28682, M 1

; CM
28408-28410, 28412-28416, 28466, 28468-28474, 28498, 28511, KU 28671, 28677, M2

;
KU 28581,

M3
; CM 28506, 28519, 28521-28525, 28527-28528, 28530, KU 28678, 28679, 28680, mandibles

with cheek teeth; CM 28305-28306, 28308-28309, 28311-28313, 28315-28323, 28325-28326,

28328, 28331-28337, 28339, 28341, 28343-28346, 28349-28350, 28354-28355, 28357-28258,
28360-28369, 28371, 28377-28378, 28512-28513, 28516-28518, KU 28653-28656, 28658-28662,

28664, 28666, P4 ; CM 28148-28164, 28167-28174, 28176-28177, 28179-28193, 28195-28203,

28205, 28238-28248, 28253-28260, 28262, 28264-28265, 28267-28282, 28490, KU 28619-28629,

28637-28643, 28652, M,; CM 28206-28214, 28216-28231, 28284-28302, KU 28630-28635, 28644-

28648, M2 .
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l mm

Fig. 10.—Dentitions of species of Cupidinimus from the Anceney local fauna. A-D, Cupidinimus

madisonensis. A, right P4-M2
, CM 27990. B, left P4-M\ CM 27984. C, right P4-M2 , CM 8770

(holotype). D, left P4-M2 , CM 28530. E-F, Cupidinimus cf. C. eurekensis, CM 28575. E, Occlusal

view, right P4 , M2 . F, lateral view of mandible.

Horizon and Locality

.

—Anceney local fauna, center N 1/2, sec. 13, T2S, R3E,
Madison Valley Formation, Gallatin County, Montana.

Age.—Early Barstovian (middle Miocene).

Emended Diagnosis.—Larger than Cupidinimus eurekensis, C. lindsayi, and C.
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Table 10.

—

Dental measurements of Cupidinimus madisonensis. Measurements in mm. Abbreviations

as in Tables 2 and 5.

n X or S cv

P4 a-p 166 1.22 1.00-1.39 0.08 6.89

tra 166 0.62 0.43-0.82 0.06 10.00

trp 166 1.23 1.06-1.43 0.07 5.45

M 1 a-p 105 0.88 0.78-1.13 0.06 6.48

tra 105 1.18 1.00-1.51 0.08 6.78

trp 105 1.15 1.00-1.38 0.07 6.26

M2 a-p 33 0.81 0.72-1.00 0.06 7.81

tra 28 1.07 0.97-1.24 0.07 6.30

trp 33 0.96 0.77-1.09 0.07 7.71

P4 a-p 79 1.06 0.88-1.19 0.07 6.32

tra 79 0.79 0.63-0.88 0.05 6.71

trp 79 0.94 0.83-1.05 0.05 4.89

M, a-p 124 0.96 0.85-1.12 0.06 6.15

tra 124 1.14 0.96-1.27 0.06 5.44

trp 124 1.13 0.95-1.30 0.06 5.58

m2 a-p 62 0.86 0.77-1.00 0.05 5.93

tra 62 1.11 0.95-1.32 0.06 5.50

trp 62 1.05 0.91-1.27 0.08 7.14

nebraskensis
,
smaller than all other species; cheek teeth relatively low crowned

(equivalent to those of C. lindsayi, C. whitlocki, and lower crowned than C.

nebraskensis, the type species); accessory cuspules occur on P4 less frequently

than in Great Plains species and more frequently than in C. whitlocki and more
western species; hypostylid never present on P4 as in C. nebraskensis.

Description.—

P

4
is typical for heteromyids in its basic construction, being composed of an anterior

pillar-like protocone and a metaloph composed of a metacone, hypocone, and hypostyle forming a

convex loph behind the protocone. The protocone itself is generally somewhat flattened anteroposte-

riorly and may or may not have an accessory cuspule attach to it. If the cuspule is present it can be

variably developed in that it may be a prominent cuspule remaining throughout much of the life of

the tooth or it may be just a small cuspule near the crest of the protocone which is lost in early wear.

The protocone itself does not fuse to the metaloph until considerable wear has occurred and when it

does meet the metaloph it generally meets the center of the enlarged hypocone, although it may also

meet lingual to this point between the hypocone and hypostyle. In rare instances it may fuse to the

hypostyle as in heteromyines. The metaloph is composed of a large posterior hypocone which is

closely conjoined to an anterior compressed metacone and a smaller, more rounded hypostyle which
may or may not be joined to the hypocone by a posterior cingulum. The wear pattern on the tooth

varies, presumably depending on the structure and occlusal action of the P4
.

M 1

is divided into two distinct lophs separated by a deep, straight transverse valley. The protoloph

is composed of a laterally compressed protostyle from which the anterior cingulum passes in front of

the protocone to connect with the anteroposteriorly compressed paracone. The protocone is conical

and connects to the paracone after slight wear and to the anterior cingulum only in later wear. The
metaloph is also three-cusped with a continuous posterior cingulum connecting the posterior margins

of the hypostyle, hypocone, and metacone. As wear progresses, the lingual margin of the transverse

valley closes first across the styles followed by a labially directed closure. The tooth is high crowned
but rooted and is widest at the crown surface but tapers ventrally toward the roots.

M2 differs from M 1 in its discontinuous anterior cingulum extending from the protostyle to the protocone

and from the protocone to the metacone. Therefore, the protocone is not isolated as on M 1

. The transverse

valley is closed lingually and more sinuous, with secondary closure between the metacone and paracone,

isolating an ephemeral internal basin. The metaloph is shorter than the protoloph, unlike M 1

.

M3
is considerably smaller than the preceding molars and is round in occlusal view. The protoloph

is reduced to an anteroposteriorly elongated protostyle with a cingulum extending to the protocone.
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The metacone is reduced to an anteroposteriorly elongate ridge connected to the protocone. The
metaloph is low and continuous from the hypostyle through a ridge ending at the metacone. There

are no distinct cusps evident on this ridge. The transverse valley is reduced to a central pit which

persists until late wear.

The type mandible (CM 8770) is characterized by a diastema which is relatively flat but not as flat

as that of Mookomys altifluminis. The masseteric crest is short and relatively low, extending from the

level of the posterior margin of P4 , near the base of the mandible rising to middepth, just anterior to

P4 . The mental foramen is round, just anterior and slightly below the terminus of the crest. The incisor

is slightly rounded on its ventral margin. None of the ascending ramus is preserved in the type or in

any of the referred material. Other specimens indicate that the masseteric crest may be stronger or

weaker, and that the mental foramen may be slit-like or rounded and may occur more anteriorly than

described above. The incisor may be more recurved and flattened ventrally.

P4 is perhaps the most variable tooth in the series. In the type specimen, this tooth is badly worn
but appears to have had four primary cusps uniting centrally after union of the two posterior cusps to

form the hypolophid. In general, the metalophid is comprised of an anterior metaconid and more
posteriorly placed protostylid, while the hypoconid and entoconid form the hypolophid. The most
common configuration of these cusps results in the hypoconid and entoconid joining to form an

anteroposteriorly compressed hypolophid, while the metaconid and protostylid do not unite but rather

join with the hypolophid in the center of the transverse valley. Only late in wear will the anterior

cusps unite at their centers. Variations on this theme seem to be unlimited. In many cases, small

accessory cuspids are found in the center of the hypolophid (hypoconulid), anterior to the protostylid

(anterostylid), or between the protostylid and metaconid (protoconid) which serves to unite the cusps

of the metalophid anteriorly. The union of the lophs is not always central but sometimes is subcentral

or even labial. The tooth is high crowned and rooted with a long vertical posterior root and anteriorly

sloping anterior root. Posteriorly, the tooth is convex with the hypolophid slightly slanted anteriorly.

M, is equal to or slightly wider than P4 and rectangular in occlusal outline. It is high crowned and

rooted with the cusps uniting into lophs fairly early in wear. The protostylid is laterally compressed

and gives rise to the anterior cingulum which runs directly anteriorly to the anteroexternal corner of

the tooth, where it angles sharply to the internal margin of the tooth. It passes into the compressed

metaconid and also joins the protoconid, forming the metalophid. As wear proceeds, a small valley

between the protoconid and protostylid-cingulum complex remains open but closes just before the

metalophid and hypolophid unite. The hypolophid is three-cusped and is composed of the subequal

hypoconid and entoconid with a low, external hypostylid which does not unite with the hypoconid
until relatively late wear, just before the transverse valley is blocked. This blockage usually occurs at

the midpoint of the tooth by union of the two lophs between the hypoconid and the protoconid-

metaconid complex. In some specimens the protostylid and hypostylid are closer together, essentially

blocking the transverse valley, causing the first union of the lophs to be labial rather than central.

Discussion .—Dorr (1956) distinguished Cupidinimus (=Perognathoides) madi-

sonensis from C. halli (Wood, 1936a) and other members of the genus by its small

size and the presence of an anterior reentrant on the anterior face of P4 . As pointed

out above, the latter character can be extremely variable due to the complexities of

adding an extra cuspule to the tooth, a phenomenon quite common in Cupidinimus.

Lindsay (1972) recognized this fact as well and indicated that C. halli also had an

anterior reentrant on P4 , but further argued that C. halli and C. madisonensis were
of the same size and were therefore synonymous. The measurements of C. madi-

sonensis given by Dorr (1956Table 3) and those appearing in this paper (Table 10)

place the species at the extreme low end of the range given for C. halli (Lindsay,

1972:table 9); in fact, Dorr’s measurements fall outside the range given by Lindsay.

Measurements of the entire sample from Anceney indicate that C. madisonensis is

consistently smaller than C. halli . A statistical “t-test” was run on the anteropos-

terior measurements of the upper premolars and first molars of C. halli and C.

madisonensis. All differences were significant at the .001 level. A test run on the

transverse measurements of M, provided the same level of significance. The second

lower molars are extremely similar in length. However, they are also quite variable

in size within each species. The test showed no significance. Barnosky (1986a):fig.

10) measured the crown height of the lower molars of species of Cupidinimus and
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demonstrated that the molars of C. madisonensis were much lower crowned than

those of C. halli. Lindsay (1972:56) noted that a minute hypostylid occurs on P4

of many specimens of C. halli whereas this cuspule is not present on specimens

from Anceney referred to C. madisonensis. Clearly C. madisonensis and C. halli

are not be synonymous.

Cupidinimus sp., cf. C. eurekensis (Lindsay, 1972)

(Fig. 10E, F)

Referred Specimen .—CM 28575, mandible with right P4 and M2 .

Measurements-P4 : a p, 0.69 mm; tra, 0.48 mm; trp, 0.59 mm. M,: a-p, 0.69 mm; tra, 0.75 mm; trp

0.72 mm.
Description .—The mandible is complete from behind M 2 to the incisor. It is comparatively deep

for its size, with a pronounced masseteric crest extending from the base of the jaw below the alveolus

I mm
Fig. 11.—-Isolated cheek teeth of Phelosaccomys cf. P. annae from the Anceney local fauna. A, left

P4
, CM 27896 (lingual view below). B, left M 1 or M2

, CM 28404 (lingual view below). C, left M, or

M 2 , CM 28303 (buccal view below).
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for M
1
in a straight line to just anterior to P4 and below the dorsal margin of the diastema. The mental

foramen is immediately anterior to the crest and just ventral to its terminus. The diastema is curved
throughout its length, ending at a level above the occlusal surface of the cheek teeth. The ventral

margin of the mandible is slightly arched. The incisor is moderately recurved, relatively wide, but not

exceptionally deep anteroposteriorly.

Only two cheek teeth are present, P4 and M2 . Both teeth are quite high crowned for the size of the

animal. Occlusally, P4 is composed of four cusps with the anterior pair smaller and more closely

conjoined than the posterior pair. The protostylid and metaeonid are joined posteriorly, and a valley

opens anteriorly extending for only a short distance down the anterior face of the tooth. Neither cusp

is more anteriorly positioned than the other. The posterior pair, hypoconid and entoconid, are subequal

and only slightly compressed anteroposteriorly. The valley between them is deeper than that separating

the anterior pair. The junction between the lophs will definitely be central since that is the highest

point of the transverse valley from which it slopes steeply labially and lingually to end about midheight
of the crown. Wear past this point would yield only a circular tooth of dentine ringed with enamel.

M2 is also high crowned. The lophs persist for half of the enamel height. The metalophid typically

shows the protoconid and metaeonid joined anteriorly and uniting with the anterior cingulum, which
extends from the laterally compressed protostylid. The cingulum extends anteriorly from the protos-

tylid and arcs sharply lingually to join the metalophid. The hypolophid is straight and composed of a

laterally compressed hypoconid and entoconid and a small lower hypostylid. All cusps on the tooth

appear to wear fairly early into lophs. The transverse valley is straight, wide, and deep, with its first

blockage probably occurring centrally, between the bases of the protoconid and hypoconid. What
remains of the alveolus for M3 appears to have contained a tooth with a single anteroposteriorly

flattened root about half the size of M2 .

Discussion —In. size and crown height of the cheek teeth, CM 28575 cannot

be distinguished from specimens of Cupidinimus eurekensis from the Barstow
Formation of California (Lindsay, 1972). Barnosky (1986a:fig. 12) measured the

crown height of the premolars of species of Cupidinimus and presented them as

a ratio to the maximum width of the tooth (LEHP/T). The two P4s referred by
Lindsay (1972) to C. eurekensis yielded crown height ratios of 0.60 and 0.80.

The P4 of CM 28575 has a crown height ratio of 0.68, well within the range of

the species.

The only factor barring CM 28575 from referral to C. eurekensis is the degree
of wear on the holotype and topotypic specimen from California (UCMP 78164,
UCMP 78165). Both of these specimens have lost the occlusal pattern of cusps

on the cheek teeth (Lindsay, 1972:fig. 29) so no comparison can be made between
them and CM 28575, which preserves the occlusal morphology without wear.

Additional unworn specimens from the type area for C eurekensis are necessary

for a definite allocation of the Anceney specimen to this species.

Family Geomyidae Bonaparte, 1845
Subfamily uncertain

Genus Phelosaccomys Korth and Reynolds, 1994
Phelosaccomys sp., cf. P. annae (Korth, 1987)

(Fig. 11, Table 11)

Lignimus cf. L. hibbardi Storer, Korth, 1979.

Parapliosaccomys annae Korth, 1987.

Phelosaccomys annae (Korth) Korth and Reynolds, 1994.

Referred Specimens,—CM 28022, partial maxilla with left M !-M2
; CM 27896, isolated P4

;
CM

28389, 28404, 28411, 28418, isolated upper molars; CM 28165-28166, 28204, 28250, 28263, 28303,
KU 28631, 28649, isolated lower molars.

Description .—-The cheek teeth of this species are all high crowned, rootless, and exhibit enamel
failure both laterally and lingually. Enamel failure is variably developed, being less distinct on the

upper premoiar.

P4
is subequal in size to M 1

. The protocone is a transversely elongate oval. The metaloph consists

of three cusps and is slightly convex posteriorly. The central hypocone is the largest cusp. The hy-
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Table 11.—Dental measurements of Phelosaccomys cf P. annae from the Anceney local fauna. Mea-
surements in mm. Abbreviations as in Tables 2 and 5.

n X or S cv

P4 a-p i 1.54 — — —
tra i 0.84 — — —
trp i 1.69 — —

M 1 a-p 3 1.14 1.09-1.19 0.04 3.0

tra 3 1.69 1.65-1.75 0.04 2.6

trp 3 1.62 1.51-1.66 0.05 3.0

M2 a-p 3 1.06 1.00-1.10 0.04 4.1

tra 3 1.46 1.40-1.52 0.05 3.4

trp 3 1.25 1.22-1.30 0.04 2.8

M, a-p 5 1.18 1.13-1.23 0.04 3.2

tra 5 1.53 1.45-1.62 0.06 3.9

trp 5 1.55 1.48-1.59 0.04 2.4

m2 a-p 3 0.98 0.95-1.04 0.04 4.1

tra 3 1.40 1.32-1.54 0.10 7.2

trp 3 1.33 1.30-1.38 0.04 2.8

postyle is positioned slightly anterior to the rest of the metaloph and union with the protocone will

be with the anterior end of the hypostyle. A small posterior cingulum originates at the apex of the

hypocone and extends lingually but stops before joining the hypostyle. It appears that this cingulum

will disappear in very early stages of wear.

M 1

is composed of two nearly subequal lophs, each composed of three cusps. The protostyle and

hypostyle effectively block the lingual exit of the transverse valley in relatively unworn specimens.

The protostyle is connected to the paracone by a thin and ephemeral anterior cingulum which does

not contact the protocone. The protocone connects directly to the paracone. The metaloph is composed
of three cusps which are almost linearly aligned. The transverse valley is shallowest lingually and

deepest labially, but the entire occlusal pattern is very shallow and is quickly lost with wear. M 2
is

similar to M 1 except that the styles are fused to block completely the transverse valley, and the

metaloph is more convex. The shaft of the tooth is also more curved than in M 1

.

The lower molars are also high crowned. Enamel failure is also present and the occlusal pattern is

very shallow. The metaconid of M, is anteroposteriorly compressed with the protoconid rounded. Both

cusps are connected to the anterior cingulum, which is weak anteriorly but strong as it extends forward

from the protostylid. The hypolophid is linear and the hypostylid is the last cusp to be fully incor-

porated into the loph, as it is slightly smaller and lower than the hypoconid and entoconid. Junction

of the lophs is central, extending to the labial margin shortly after wear. The labial margin of the

transverse valley is the last to close.

Discussion .—In all observable features, the specimens from Anceney are iden-

tical to the topotypic material of Phelosaccomys annae from the late Barstovian

of Knox County, Nebraska, except for being slightly smaller (Korth, 1979:table

5, 1987 Table 1). The degree of hypsodonty of the cheek teeth is nearly identical

to that of P. annae, slightly higher than the unnamed species from the middle

Barstovian of Brown County, Nebraska (Voorhies, 1990a), and lower than that

of P. shotwelli from the Clarendonian of California.

Family Cricetidae Rochebrune, 1883

Genus Copemys Wood, 1936b

Copemys lindsayi, new species

(Fig. 12, Table 12)

Holotype .—CM 27711, right mandible with

Referred Specimens.—CM 27709, 27710, 27713-27715, upper dental elements; CM 27712, 27716,

27717, 27864, 27865, KU 28391, lower dental elements.
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I mm

Fig. 12.—Mandible and dentitions of Copemys lindsayi. A, right M'-M3
, CM 27709. B, left M 1

, CM
27710. C, left Mj, CM 27717. D-E, CM 27711 (holotype). D, right M,-M2 . E, Lateral view of

mandible.
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Table 12.—Dental measurements of Copemys lindsayi. Measurements in mm. Abbreviations as in

Tables 2 and 5.

a-p tra tip

M 1 CM 27709 1.65 0.99 1.00

CM 27710 1.53 1.00 1.10

CM 27713 1.60 1.10 1.11

CM 27714 1.65 1.13 1.11

M2 CM 27715 1.17 1.13 0.98

CM 27709 1.27 1.11 1.03

M 3 CM 27709 0.09 0.97

M, CM 27711 1.28 0.95 1.06

CM 27712 1.28 0.86 0.96

CM 27717 1.34 0.84 0.99

CM 27864 1.36 0.89 1.10

M2 CM 27716 1.29 0.97 1.00

KU 28391 1.23 0.93 0.89

CM 27865 1.24 0.95 0.99

CM 27711 1.24 1.04 1.10

CM 27712 1.17 0.99 0.96

Horizon and Locality .—Anceney local fauna, center N 1/2, sec. 13, T2S, R3E,
Madison Valley Formation, Gallatin County, Montana.
Age .—Early Barstovian (middle Miocene).

Diagnosis .—Smallest species of the genus; similar to C. pagei in morphology,
differing only in its smaller size and lacking a long anterior arm of the protoconid.

Differs from other species in lacking a paralophule on M 1

; and having mesolophs
of differing lengths on the upper molars (intermediate on M 1

, long on M 2
); me-

soloph is long on M, as in C. pagei.

Etymology.—Patronym for E. H. Lindsay in recognition of his detailed work on later Tertiary

cricetids.

Description .—The first upper molar is constricted anteriorly in the area of the anterocone but the

remainder is of equal width. The anterocone is iabially displaced and slopes steeply to join the base

of the protocone and paracone on the margins of the tooth. The paracone slopes posteriorly and does

not connect to the anterocone itself but meets the posterior arm of the protocone at the midline of the

tooth. The anterior arm of the protocone connects medially with the anterocone but the paracone is

isolated from the anterocone and joins the posterior arm of the protocone on the midline of the tooth.

The mesoloph varies in length but usually reaches about halfway to the lingual margin. One specimen

(CM 27714) is completely unworn and has a small but distinct mesostyle. Posteriorly, the metacone

is also isolated but may connect to the posterior cingulum by a narrow metalophule in unworn spec-

imens. The posterior cingulum slopes downward from the hypocone and past the metacone to end at

the posterolingual corner of the tooth.

M2
is square in occlusal outline with the posterointernal corner being slightly rounded, narrowing

the posterior width of the tooth. The anterior cingulum is straight and runs the entire anterior margin

of the tooth. At the center of the anterior cingulum, the anterior arms of the protocone and paracone

intersect. The posterior arms of these cusps also meet at the midline as on M 1

. The mesoloph is

complete and ends lingually in a mesostyle. The metacone is connected to the hypocone by a low,

thin metalophule and the posterior cingulum is completely isolated from the metacone.

M3 is represented by a single worn specimen and little of the occlusal detail is distinguishable. The
shape is roughly triangular because the posterior half of the tooth is reduced. The labial margin is

complete, but the metacone is rotated posterointernally to lie almost on the midline of the tooth. The
protocone appears to be unreduced; however, the anterior cingulum is compressed against these cusps.

The hypocone is apparently absent on M 3 or at best only slightly developed.

Two fragments of mandibles were recovered but both are broken anterior to the ascending ramus.

The masseteric fossa is well defined and terminates below the posterior root of M,. The diastema
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slopes strongly downward in front of the molar and is relatively flat anteriorly, arching only slightly

dorsally at the anerior end to terminate below the level of the alveolar line. The mental foramen is

relatively large and round, located just anterior to the anterior root of M, and close to the dorsal

margin of the diastema just below the steepest downward slope. The mandible is very deep, giving

the impression of a massive, somewhat compressed jaw. The ascending ramus originates at the level

of M2 and appears to rise rather steeply.

In the holotype, part of the incisor is preserved. The incisor is laterally compressed and the ventral

surface is smooth with no evidence of any grooving or striations as are common in some of the earlier

cricetids.

M, is elongate and slightly narrower than M 2 . The anteroconid is prominent and connected to the

metaconid and protoconid either by a single lophid which bifurcates or by individual lophids from

the cusps meeting at the anteroconid. The anterior cingulum curves posteriorly from the anteroconid

and descends to the base of the protoconid. The metaconid and anteroconid are separated by a notch

which varies in depth. The posterior arm of the protoconid meets the anterior arm of the hypoconid

in the center of the tooth, the two arms forming a V-shape. From this point, a mesolophid extends to

the lingual margin of the tooth except in CM 27864, which has a short mesolophid. A short hypolophid

connects the entoconid to the anterior arm of the hypoconid. The posterior arm of the hypoconid is

continuous with the posterior cingulum, which ends at the posterointernal corner of the tooth.

M2 is very similar to M, except for the anterior margin, which has no anteroconid but rather an

anterior cingulum. The anterior cingulum is joined to the internal margin of the metaconid and passes

straight across the anterior margin. It curves at the anteroexternal corner of the tooth and descends to

the base of the protoconid. The curve is sharper in M2 than M„ giving the anterior half of the tooth

a more squared appearance than in M,.

There are no third molars present in the collection, but from the alveolus preserved in the holotype,

M3 appears to have been subequal in length to M2 , but narrower posteriorly.

Discussion.—Copemys lindsayi is the smallest species of the genus (see Clark

et al., 1964:table 4; Shotwell, 1967:table I; Lindsay, 1972:table 12). Besides size,

it differs in occlusal pattern of the cheek teeth from other Barstovian species of

the genus. It differs from C. russelli, C. loxodon, and C. niobrarensis (
= C. kel-

loggae) in lacking a well-developed paralophule on M 1

. It also differs from C.

russelli in lacking a weakly bilobed anterocone on M 1

. Copemys lindsayi differs

from C. longidens in having longer mesolophs (-ids) on M2 and the lower molars.

Copemys lindsay differs from C. barstowensis and C. esmeraldensis in having

less robust cusps and lacking the transversely elongate, asymmetrical (sometimes
bilobed) anterocone on M,. Copemys lindsayi is closest in morphology to C. pagei
but differs from it in lacking the long anterior arm of the protoconid of M, present

in the latter.

Lindsay (1972) listed Tregomys shotwelli Wilson (1968) from the Clarendonian

of Kansas as a species of Copemys. This species is very close in size to C.

lindsayi. However, T. shotwelli differs from all species of Copemys in the mor-
phology of M, by having a central, symmetrical anteroconid and a protoconid and
metaconid that are aligned directly opposite one another, rather than showing the

beginnings of alternation as in Copemys. The molars of Tregomys also lack me-
solophs (-ids) and any accessory lophules that are common in species of Copemys.
Tregomys is not synonymous with Copemys.

Voorhies (1990a) also pointed out a number of differences in the morphology
of the mandible of Tregomys and Copemys. The morphology of the mandible of

C. lindsayi is typical for species of Copemys.

Conclusions

Dorr (1956) suggested that the age of the Anceney local fauna was late Bar-

stovian or earliest Clarendonian based on the species he recognized in the fauna

(see Table 1). Among the rodents, a number of the genera present are typical of

other Barstovian faunas but are not necessarily limited to the Barstovian: Cupi-
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Fig. 13.—Divisions of the Barstovian proposed by previous authors.

dinimus , Copemys, Peridiomys, Phelosaccomys, and Perognathus. The combina-
tion of these genera indicates that the Anceney fauna is clearly Barstovian in age

as suggested by Dorr (1956).

Tedford et al. (1987) divided the Barstovian into early and late intervals. In

turn, they divided the late interval into two intervals, early late Barstovian and
late late Barstovian. Voorhies (1990Z?) recognized three levels in the Barstovian

(early, middle, late) but allocated Tedford’s late late Barstovian interval to the

early Clarendonian and included his middle and late Barstovian intervals in what
Tedford et al. (1987) considered their early late Barstovian (Fig. 13).

Two heteromyid genera that are present in the Anceney fauna, Peridiomys and

Mookomys, are also typical of earlier Barstovian and Hemingfordian, respectively.

Munthe (1988) listed the former genus from the Hemingfordian of Wyoming. The
beaver from Anceney, Euroxenomys inconnexus, most closely resembles

“Mon

-

osaulax n. sp.” from the Hemingfordian of northeastern Colorado (Wilson, 1960).

The combination of these taxa suggests an earlier Barstovian age for the fauna.

On the species level, two species present at Anceney are known only from
early Barstovian horizons. The holotype and all referred specimens of Mylagaulus
vetus are from the latest Hemingfordian Split Rock fauna of Wyoming or earliest

Barstovian Sheep Creek Formation in Nebraska. The common mylagaulids of all

other described middle and late Barstovian faunas from the Great Plains are M.
laevis or M. monodon (Gazin, 1932; Storer, 1975; Voorhies, 1990#, 1990h). Both

of these later species are larger and have more complex occlusal patterns on the

cheek teeth than M. vetus.

Cupidinimus eurekensis is known only from the lower levels of the Barstow
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Table 13.—Mammalian faunal list ofAnceney localfauna. * indicates species exclusive to the Anceney
fauna.

Insectivora

Erieaceidae

Brachyerix incertis

Soricidae

Limnoecus n. sp.*

Angustidens cf. A. vireti

Talpidae

Domninoides n. sp.*

Chiroptera

Yepertilionidae

Ancenycteris rasmusseni

Lagomorpha

Ochotonidae

Oreolagus nevadensis

Leporidae

Hypolagus sp.

genus and species indet.

Rodentia

Mylagaulidae

Trilaccogaulus bettae*

Mylagaulus vetus

Sciuridae

Tamias near T. ateles

Spermophilus (Otospermophilus) jerae

ICynomys sp. indet.

Castoridae

Monosaulax cf. M. curtus

Heteromyidae

Mookomys thrinax*
“Mookomys” cf. “M.” formicarum
Peridiomys minutus*

Peridiomys halls*

Perognathus sp. indet.

Perognathus ancenensis*

Cupidinimus madisonensis

Cupidinimus cf. C. eurekensis

Geomyidae

Phelosaccomys cf. P. annae

Cricetidae

Copemys lindsayi*

Carnivora

Caeidae

Tomarctus temerarius

Aelurodon cf. A. wheelerianus

Mustelidae

Plionictis ogygia

Martes cf. M. kinseyi

IMionictis sp.

Leptarctus primus

Perissodactyla

Equidae

Hypohippus cf. H. osborni

Merychippus cf. M. intermontanus

Tapiridae

Genus and species indet.

Rhinoceratidae

Peraceras ceratorhinus

Artiodactyla

Merycoidodontidae

ITicholeptus sp.

Camelidae

Stenomyline, genus and species indet.

Moschidae

Blastomeryx cf. B. elegans

Antilocapridae

Merycodus cf. M. necatus

Formation in southern California (base of Pseudadjidaumo stirtoni zone), again

suggesting an early Barstovian age for the Anceney fauna (Lindsay, 1972 dig. 37).

The remainder of the fauna (Table 13) reflects an age similar to that of the

rodents. The majority of the species are typical of, though not necessarily restrict-

ed to, the Barstovian, and a few species suggest an early to middle Barstovian

age for the fauna. The soricid Aleurodon vireti is known elsewhere only from the

Hemingfordian (Wilson, 1960), and the ochotonid Oreolagus nevadensis is limited

to the early Barstovian (Dawson, 1965). These occurrences also suggest an early

Barstovian age.

The first occurrence of proboscideans is a distinctive marker for the late Bar-

stovian of Tedford et al. (1987) and middle Barstovian of Yoorhies (19901?). There
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are no proboscideans in the Anceney fauna, supporting an early Barstovian age

for the fauna. However, since the majority of the fauna is composed of micro-

mammals and larger mammals are relatively rare, the lack of proboscideans may
be an artifact of the taphonomy of the fossil quarry rather than a true absence.

Presence of the canid Aleurodon wheelerianus in the Anceney fauna is prob-

lematical. Tedford et al. (1987) listed the first occurrence of the genus Aleurodon
in North America as coincident with the first occurrence of proboscideans, at the

beginning of the late Barstovian (= middle Barstovian of Voorhies, 1990b). The
remainder of the fauna suggests an early Barstovian age for the Anceney fauna,

whereas the occurrence of Aleurodon suggests a middle Barstovian age. This

occurrence may indicate that the Anceney fauna is near the boundary between
the early and middle (or early late) Barstovian.

Burbank and Barnosky (1990:fig. 9) defined faunal zones for the Barstovian of

the northern Rocky Mountains based on the mammalian fauna from the Hepburn’s

Mesa Formation of Montana. They defined two zones, an earlier Peridiomys-

Parahippus zone (early Barstovian) and a later Lignimus-Tardontia zone (early

late Barstovian). They suggested that the Anceney fauna was equivalent to the

lower part of the Lignimus-Tardontia zone, making the Anceney fauna early late

(or middle) Barstovian in age.

However, the Anceney fauna does not easily fit into the definitions of these

zones. First, the Anceney fauna lacks nine of the 16 rodent and insectivore taxa

used by Burbank and Barnosky (1990): Mesoscalops, Petauristodon, Mesogaulus
douglassi, Tardontia, Diprionomys, Lignimus , Leptodontomys (= Pseudadjidau-

mo ), Pseudotheridiomys, Schaubeumys. This reduces the number of taxa that can

be compared. Of the taxa listed as restricted to the upper zone, five are present

in the Anceney fauna: Spermophilus, Tamias, Perognathus, Cupidinimus, and

Copemys. However, all of these genera except Spermophilus have been reported

from early Barstovian or Hemingfordian faunas in other parts of North America.

Among the taxa restricted to the earlier Peridiomys-Parahippus zone, Hypolagus
and Merychippus are present in the Anceney fauna. Merycodus is present in the

Anceney fauna and it ranges from the top part of the Peridiomys-Parahippus

zone to the very lowest part of the Lignimus-Tardontia zone. This combination

of taxa limited to the upper zone along with taxa restricted to the lower zone

makes placement of the Anceney fauna in this scheme nearly impossible. If, as

suggested by Burbank and Barnosky (1990), the upper faunal zone is equivalent

to the early late Barstovian of Tedford et al. (1987), which is characterized by
the presence of proboscideans, then the lack of proboscideans suggests an early

Barstovian age for the Anceney fauna.

The Anceney local fauna appears to be later early Barstovian in age, roughly

correlating with the faunas from the Olcott (=Lower Snake Creek) Formation of

Nebraska (Matthew, 1924), Flint Creek fauna from Montana (Black, 1961), and

the Mascall fauna from Oregon (Downs, 1956).

The Anceney rodent fauna lacks a number of genera that appear to be geo-

graphically limited. The Barstovian faunas from the Great Plains consistently

contain zapodids, the heteromyid
“Diprionomys” agrarius, and the geomyoid

genus Lignimus (Storer, 1975; Voorhies, 1990#; Korth, in press) that are generally

absent in Barstovian faunas from the far west (Gazin, 1932; James, 1963; Sho-

twell, 1968; Lindsay, 1972). Similarly, the genus Mojavemys is present in the

western faunas (Lindsay, 1972) but lacking in faunas from the Great Plains. Based
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on these occurrences, the Anceney fauna has greater homotaxial similarity to the

faunas from the west than to those from the Great Plains.

Another Barstovian fauna reported from the Rocky Mountain area is that from
the Colter Formation of Wyoming (Barnosky, 1986Z?). The Wyoming fauna is

different from the Anceney fauna in containing elements of both the western

faunas (Mojavemys) and the Great Plains faunas (Lignimus

,

“Diprionomys”

agrarius, and zapodids) that are lacking in the Anceney fauna. It appears that the

Colter Formation fauna represents an area of overlap between the western and

eastern Barstovian faunas and the Anceney fauna is more closely related to the

western faunas.
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Abstract

Additional skull and lower jaw material of the rare diadectid Desmatodon hesperis is described

from the Late Pennsylvanian Badger Creek locality in the Sangre de Cristo Formation of central

Colorado. A new partial maxilla suggests that the more primitive degree of molarization of the cheek

teeth—one of the features used to distinguish D. hesperis from D. hollandi—may actually reflect a

difference in maturity rather than a taxonomic character. Other characters used to distinguish these

species remain unchallenged. The new material further demonstrates that the cranial morphologies of

D. hesperis and Diadectes are nearly alike, with only the marginal and palatal dentitions providing a

substantial means for distinguishing between them. Previously described differences between the max-
illary dentitions in juvenile and adult stages of growth are further documented. Among the D. hesperis

elements described for the first time here are adult specimens of the dentary and nearly complete

lower jaw; the cheek teeth exhibit the same primitive degree of molarization as the maxillary cheek

teeth when compared with those of comparably sized adult specimens of Diadectes. The presence of

teeth on the transverse flange and twice as many teeth of smaller and variable sizes in the medial

tooth row of the palatal ramus of the pterygoid also separates D. hesperis from Diadectes. The lower

jaw of D. hesperis can also be contrasted with those of comparably sized Diadectes specimens by its

much shallower depth, reflected also in the shape of the adductor fossa and medial fenestra, and its

much lower labial parapet of the dentary. A previously reported occurrence of Desmatodon aff. D.

hollandi from the Late Pennsylvanian Cutler Formation of El Cobre Canyon, New Mexico, may
represent only the second occurrence for the species and the third for the genus.

Introduction

The late Paleozoic tetrapod suborder Diadectomorpha, including the families

Diadectidae, Tseajaiidae, and Limnoscelidae, is now widely accepted as the sister

group of all amniotes (Gauthier et aL, 1988; Panchen and Smithson, 1988; Berman
et aL, 1992; Laurin and Reisz, 1995). In this context, the study of the diadecto-

morphs takes on great significance as a key to better understanding the origin and
early radiation of late Paleozoic amniotes. Most recently, Berman et al. (1992)

presented a novel hypothesis that the Diadectomorpha and synapsids form a sister

clade to that including all other amniotes. If correct, this relationship would confer

amniote status to the Diadectomorpha, a longstanding, controversial topic (Romer,

1946, 1964; Fracasso, 1987; Gauthier et al., 1988; Panchen and Smithson, 1988;

Laurin and Reisz, 1995). The conclusions of Berman et al. (1992) were based on
a restudy of the cranial anatomy of Diadectes, Tseajaia, and Limnoscelis, the type

genera and only representatives known by adequate skull material of the three

recognized diadectomorph families. In the same study an analysis of diadecto-

1 Department of Biology, California State University, San Bernardino, 5500 University Parkway, San
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morph phytogeny was also attempted. The results recognized only one cranial

character each to support the hypotheses that the Biadectomorpha, as defined

above, is a natural group, and that Diadectes and Tseajaia share a more recent

common ancestor than either does with Limnoscelis. A second recent study (Sum-
ida et al., 1992) of the atlas- axis complex of primitive tetrapods identified a

further synapomorphy of the Biadectomorpha.

Any phylogenetic analysis of the Biadectomorpha suffers from reliance on so

few tax a. The family Tseajaiidae is monotypic and based on a single species, Tsea-

jaia campi, represented by complete skeletons from the Early Permian (Vaughn,

1964; Moss, 1972) and Permo-Pennsylvanian (Berman, 1993). The Late Pennsyl-

vanian Limnoscelis paludis and L. dynatis, which are represented by a complete

skeleton and the greater part of a skeleton, respectively (Williston, 1911a, 1911 b;

Romer, 1946; Fracasso, 1987; Berman and Sumida, 1990), provide essentially the

entire basis of the definition of the Limnoscelidae. Four other Pennsylvanian or

Early Permian limnoscelid taxa have been described on the basis of very fragmen -

tary specimens (.Limnosceloides dunkardensis Romer, 1952; Limnoscelops longi-

femur Lewis and Vaughn, 1965; Limnosceloides brachycoles Langston, 1966; and

Limnostegis relictus Carroll, 1967). Romeriscus periallus, described by Baird and

Carroll (1967) as a limnoscelid, has been restudied recently by Laurin and Reisz

(1992), who concluded that the genus cannot be included in the amniotes or lim-

noscelids and should be considered a nomen dubium.

As in the other two diadectomorph families, virtually all of our understanding

of the family Biadectidae is based on a single genus, the highly specialized,

Permo-Perms ylvan ian Diadectes, which is represented by large numbers of ex-

cellently preserved specimens (Olson, 1947, 1950; Berman et ah, 1992). Only
two other extremely rare, earlier occurring Late Pennsylvanian genera are known
well enough to be included confidently in this family. One of these, Diasparactus

zenos, is known by a nearly complete skeleton that includes a fragmentary skull

and differs from Diadectes in only a few minor ways (Case and Williston, 1913).

The other genus, Desmatodon, which is the subject of this report, is even more
poorly known, containing two species that are represented by very fragmentary

remains from only two (Case, 1908; Romer, 1952; Vaughn, 1969, 1972) or pos-

sibly three (Fracasso, 1980; Berman, 1993) North American localities.

The holotype of the type species of Desmatodon, D. hollandi, was originally

described by Case (1908) on the basis of a fragment of left maxilla (CM 1938)

containing four complete teeth and the root of a fifth, although several chevron

bones were also referred to the species. These elements, as well as isolated bones

of an eryopid amphibian, edaphosaurid early synapsid, and diadectid, were col-

lected at Pitcairn, approximately 15 miles east of Pittsburgh, Pennsylvania, from

the Upper Pennsylvanian Red Knob Formation (originally Pittsburgh Red Shale),

about midlevel in the Conemaugh Group. The strong similarity of the teeth of

the holotypic jaw to the unusual molariform cheek teeth of the Lower Permian

Diadectes was noted by Case (1908), who considered those of D. hollandi as

more primitive. Romeris (1952) redescription of the fragmentary left maxilla of

D hollandi also emphasized the similarity of its teeth to those of Diadectes, noting

that the teeth of Desmatodon are more primitive in their lesser degree of motor-

ization.

It was not until over a half century later that new material of the poorly known
Desmatodon was reported. In 1969 and 1972 Vaughn described several isolated

cranial and postcranial elements of a new species, D. hesperis ,
from a highly
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fossiliferous Late Pennsylvanian site that he discovered in the Sangre de Cristo

Formation near the town of Howard in the Arkansas River Valley of Fremont
County, central Colorado. In their review of late Paleozoic tetrapod faunas and

localities, Milner and Panchen (1973) designated this new locality the “Badger
Creek locality.” The Badger Creek quarry has yielded an amazingly diverse fauna.

In addition to the diadectomorph Desmatodon hesperis, Vaughn (1969, 1972)

described a xenacanth shark and paleoniscoid fish, labyrinthodont amphibians, the

aistopod amphibian Coloraderpeton brilli Vaughn (1969), the microsaur amphib-
ian Trihecaton howardinus Vaughn (1972), and several early synapsids that in-

clude an ophiacodont, a sphenacodontid, Edaphosaurus aff. E. raymondi, and

Edaphosaurus cf. E. ecordi. Berman and Sumida (1990) described a new species

of diadectomorph limnoscelid, Limnoscelis dynatis, based on a nearly complete,

disarticulated skeleton that was part of Vaughn’s Badger Creek quarry collections.

The Badger Creek quarry early synapsid remains, as well as new, unreported

specimens, were restudied by Sumida and Berman (1993), who identified one

member each of the families Ophiacodontidae, Sphenacodontidae, and Haptodon-

tidae, and two members of the Edaphosauridae, one referable to lanthasaurus

(Reisz and Berman, 1986). Primarily on the basis of its vertebrate assemblage,

but also utilizing geological work of Mallory (1958, 1960), Vaughn (1969, 1972)

estimated the age of the Badger Creek quarry deposit as Late Pennsylvanian, most
probably Missourian.

From the Badger Creek Desmatodon material, Vaughn (1969) selected a nearly

entire left maxilla with a complete dentition as the holotype of D. hesperis. Al-

though Vaughn pointed out that its maxillary dentition is essentially similar to

that in D. hollandi, he recognized as the principal feature distinguishing the two
species the tendency toward a more primitive, conical-shaped tooth structure in

D. hesperis. Additional elements of D. hesperis, including a braincase with some
attached dermal roofing bones and a maxilla, were recovered and described by
Vaughn (1972) from the Badger Creek quarry. Subsequent to this description

Vaughn recovered more material referable to D. hesperis, none of which has been
described except for an isolated left atlantal neural arch (Sumida et al., 1992).

Importantly, this material includes cranial elements of Desmatodon that not only

provide a more complete knowledge of its morphology, but perhaps a better un-

derstanding of its phylogenetic relationships.

The D. hesperis material described here is part of much larger collections of

vertebrates made by Peter P. Vaughn from the Permian and Pennsylvanian of

southwestern United States and originally catalogued with the University of Cal-

ifornia, Los Angeles, vertebrate paleontology collections. In 1987, through the

generosity of Peter P. Vaughn, these collections were permanently transferred to

the Carnegie Museum of Natural History, Pittsburgh, Pennsylvania. The following

abbreviations are used to refer to repositories of specimens: CM, Carnegie Mu-
seum of Natural History, Pittsburgh, Pennsylvania; FMNH, Field Museum of

Natural History, Chicago, Illinois; MCZ, Museum of Comparative Zoology, Har-

vard, Cambridge, Massachusetts; UCLA VP, University of California, Los An-
geles; UCMP, Museum of Paleontology, University of California, Berkeley; YPM,
Yale Peabody Museum, New Haven, Connecticut.

Description

The undescribed cranial material of Desmatodon hesperis from the Badger
Creek quarry includes: a left premaxilla (CM 47678); the approximate anterior
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Fig. 1.—Desmatodon hesperis. A, B, lateral and medial views of left premaxilla CM 47678. C-E,
lateral, dorsal, and medial views of anterior half of right maxilla CM 47677.

half of a right maxilla containing the first seven teeth (CM 47677); the greater

portions of an articulated right pterygoid and quadrate and closely associated

dorsal and caudal vertebra preserved in a single large block, a nearly entire lower

right jaw with an almost complete dentition, and the posterior end of a left jaw
that includes the glenoid region of the articular and portions of the surangular

and prearticular surrounding the adductor fossa (CM 47670); a right palatine (CM
47674); a nearly entire left dentary with complete dentition (CM 47676); and a

partial right pterygoid (CM 47673) questionably assigned to this species. With
the exception of the maxilla and quadrate the cranial elements listed above are

described here for the first time in Desmatodon.
The left premaxilla CM 47678 (Fig. 1) is nearly complete. The massive rostral

body is subrectangular in lateral view and supports a long, narrow dorsal process

that is missing perhaps only about 1 cm of its distal tip. There is only a slight

narrowing of its distal half. The weak posterodorsal curvature of the dorsal pro-

cess suggests a deep, bluntly rounded snout. The premaxilla holds four teeth: the
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first tooth, represented by an empty aveolus whose lingual wall is absent, was at

least as large as the succeeding two teeth. The second and third teeth are complete

and subequal in size, project vertically from the ventral margin of the premaxilla,

and are distinctly incisiform. Their bases or proximal thirds are oval in horizontal

section, with their long axes directed posteromedially, whereas the posterolingual

surfaces of their distal portions are slightly and broadly concave, giving them a

chisel-like appearance in lateral view. All that remains of the fourth tooth is its

base, which is round in horizontal section with a diameter slightly greater than

half that of the preceding two teeth. Surface sculpturing of the premaxilla consists

of a rather coarse, granular texture with no definite pattern, becoming slightly

more accentuated on the dorsal process, where there are minute, scattered, tuber-

cular prominences. A step-like, semicircular depression on the lateral surface of

the posterior margin of the rostral body of the premaxilla indicates the area over-

lapped by the premaxillary process of the maxilla.

The partial right maxilla CM 47677 (Fig. 1) consists of approximately the

anterior half of the element and includes the anteriormost seven teeth, which are

all well preserved. Anterior to the first tooth is a thin, anteriorly directed, flange-

like extension of the lateral surface of the maxilla, the premaxillary process, that

overlapped the lateral surface of the premaxilla. CM 47677 is slightly larger than

the holotype CM 47654 (formerly UCLA VP 1706), a nearly entire maxilla con-

taining a complete dentition of 12 teeth and believed to represent an adult

(Vaughn, 1972). The adult condition of both maxillae is indicated by their overall

dimensions and the sizes of their teeth. Using the transverse width of the seventh

tooth as a means of comparison, that in the holotype is 7.8 mm, whereas that in

CM 47677 is 9.3 mm. Vaughn (1972) also described a much smaller, nearly entire

right maxilla (CM 47688; formerly UCLA VP 1748) with a complete dental series

of eight teeth as belonging to a juvenile. Although the dentition of CM 47677
described here more closely matches that in the holotypic maxilla than that in the

referred juvenile maxilla, it exhibits some similarities to both. The teeth in CM
47677 are slightly larger in width than those in the holotype, yet they are more
closely packed with slightly shorter spaces between them. The first seven teeth

in CM 47677 are contained in a length of 3.5 cm, compared to 4.2 cm in the

holotypic maxilla. As Vaughn (1972) noted, although the dental row of eight teeth

in the juvenile maxilla occupies a length only slightly less than that occupied by
the first eight teeth in the holotype, the teeth in the juvenile specimen are all much
shorter in anteroposterior length but are separated by much larger gaps. In all

three specimens the first two teeth are alike in more closely approaching the

incisiform structure of the premaxillary teeth than the molariform structure of the

succeeding maxillary cheek teeth; they differ strongly, however, in their overall

size and degree of incisiform development. The first two teeth in the holotype

are much wider but only slightly longer than those of the rest of the series. In

CM 47677 the first tooth is slightly longer but narrower and the second is mark-
edly longer and wider than those of the rest of the series. This gives the second

tooth the appearance of being caniniform In lateral view, yet most of its distal

lingual surface is slightly and broadly excavated. In the juvenile maxilla the first

two teeth are strongly incisiform, being moderately bowed l ingual I y and narrower,

but twice as long as those of the rest of the series (Vaughn, 1972). The poster

iormost five cheek teeth of the partial maxilla CM 47677 exhibit a gradual in-

crease in molarization posteriorly in the series. Anteriorly the crowns are like

those described by Vaughn (1969, 1972) In the holotypic left maxilla CM 47654.
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Table 1.—Maximum crown measurements (in mm) and ratios of largest preserved, midseries maxillary

cheek teeth in selected specimens o/ Desmatodon and Diadectes. Tooth positions or probable positions

noted in parentheses.

Maximum
transverse

width

Maximum
anteroposterior

length

Maximum
height Length/width Height/width

Desmatodon hesperis

CM 47654 (holotype) (positions 7 and 8) 7.8 5.3 8.5 0.68 1.09

Desmatodon hesperis

CM 47677 (seventh, posteriormost preserved 9.3 4.5 8.0 0.48 0.86

tooth)

Desmatodon hollandi

CM 1938 (holotype) (?eighth, posteriormost 9.5 4.3 7.0 0.45 0.74

preserved tooth)

Desmatodon

Aff. D. hollandi YPM 8639 (CM 38044) 9.5 4.3 7.0 0.45 0.74

(positions 9 to 11)

Diadectes lentus

FMNH UC 675 (positions 6 to 8) 13.6 5.3 5.5 0.39 0.40

At the posterior end of the series, however, the crowns exhibit a greater degree

of molarization than those of the holotype in three important ways (Table 1): 1)

the central cusp becomes far less prominent, whereas the lingual cusp becomes
more strongly developed; 2 ) the height of the crown becomes reduced from great-

er to lesser than the transverse width of the crown; and 3) the ratio of the anter-

oposterior length to the transverse width of the crown is greatly reduced. As in

the holotype, however, the cheek teeth of CM 47677 are positioned very close

together.

The greater portions of a right pterygoid and quadrate CM 47670 (Fig. 2) are

preserved and articulated, but their full exposure is precluded by the close asso-

ciation of a dorsal and a caudal vertebra. Exposed almost entirely in medial view,

the palatal ramus has the appearance of a nearly vertical plate, as near its dorsal

margin it curves abruptly laterally. Most of the preserved medial surface of the

palatal ramus is smoothly finished. This portion of the ramus curves very slightly

ventromedially to end in a broadly arching border that lies a short distance above
the narrow, ventromedial, ridge-like edge of the ramus. Short longitudinal ridges

and scattered pits below the smoothly finished area represent the region of contact

of the ramus with its mate. The narrow, ventromedial ridge-like edge of the palatal

ramus is coarsely sculptured and supports a row of 19 well-developed teeth, many
of which are preserved as impressions. The anterior preserved tooth appears to

be the first tooth of the series in that, as the palatal ramus continues anteriorly a

short distance, its nearly intact ventral edge quickly retreats dorsally without any

signs of additional teeth. In the articulated palate, therefore, the paired pterygoids

supported a double row of teeth along the midline. The teeth of the palatal ramus
are alike, consisting of a cylindrical base with minute longitudinal striations and

a sharply pointed conical crown. The teeth are approximately 0.5 mm in height

except for the last eight exhibiting a marked decrease in height to about 0.05 mm.
The transverse flange of the pterygoid consists basically of a narrow, subtrian-

gular plate that projects well below the level of the ventral margins of the palatal



1995 Berman and Sumida—Late Pennsylvanian Desmatodon from Colorado 321

Fig. 2 .—Desmatodon hesperis. A, medial view of articulated right pterygoid and quadrate with closely

associated dorsal and caudal vertebrae CM 47670; B, C, ventral and dorsal views of partial right

pterygoid CM 47673 missing palatal and quadrate rami (anterior toward top of page); D, E, ventral

and dorsal views of right palatine CM 47674 (anterior toward top of page). Abbreviations: cv, caudal

vertebra; dv, dorsal vertebra; ec, area of ectopterygoid contact; m, area of maxillary contact; pmp,
posteromedial process; pps, primary palatal shelf; pt, pterygoid and area of pterygoid contact; q,

quadrate; sps, secondary palatal shelf; tf, transverse flange.
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and quadrate rami. The plane of its palatal or internal surface faces anteromedially

and slightly ventrally. A well-developed, strongly rugose ridge, supporting a sin-

gle row of ten small teeth with spaces for possibly two more, is aligned along

the posteromedial edge of the palatal surface of the flange. The teeth are cylin-

drical with bluntly conical tips and increase in size, determined in part by im-

pressions or the diameters of remaining bases, with increasingly more lateral

position on the flange. The anteromedial corner of the flange is lost, but apparently

would have been continuous with the laterally inflected lip of the dorsal border

of the palatal ramus. Medial to the transverse flange the region of articulation

with the braincase is also lost. The ventral margin of the vertical, wing-like quad-

rate ramus of the pterygoid is greatly thickened to form a smoothly rounded edge.

Anteriorly the edge broadens and divides, with one branch extending slightly

medially to the basicranial articulation region and the other extending laterally to

nearly the toothed ridge of the transverse flange. There is no development of a

medially projecting flange from the thickened ventral edge of the quadrate ramus,

as seen in the diadectomorph Limnoscelis (Berman and Sumida, 1990). Above
the thickened ventral edge the ramus becomes a thin sheet, the incomplete pos-

terior margin of which was applied to the medial surface of the quadrate.

In his preliminary study notes, Vaughn identified a partial right pterygoid (CM
47673) (Fig. 2) as belonging to an adult of Desmatodon hesperis and consisting

of only the region of the basipterygoid articulation. A noteworthy feature of this

element is the absence of teeth on the transverse flange, which he believed might

represent another dental difference between juvenile and adult specimens. Details

of the morphology of this pterygoid, however, do not agree with the tooth-bearing

pterygoid of D . hesperis (CM 47670) described above. Because an alternative

identification cannot be offered, we have retained Vaughn’s assignment of CM
47673 to D. hesperis as questionable.

The right quadrate articulated with the pterygoid (CM 47670) described above

(Fig. 2) is badly fractured and incomplete, missing mainly the anterior third of

the lateral facet of the ventral condyle and the posterior surface above the condyle

that formed the anterior margin of the temporal or otic notch. It agrees in structure

with the fragmentary remains of two right quadrates of Desmatodon hesperis (CM
47666 and 47667, formerly UCLA VP 1746 and 1747, respectively) described

by Vaughn (1972) from the Badger Creek locality. The articular surface of the

ventral condyle is divided into two subequal, anteroposteriorly elongated facets

by a deep channel. The larger medial facet lies in direct line with the ventral edge

of the quadrate ramus of the pterygoid. Above the ventral condyle the quadrate

consists of a broad, subtriangular dorsal lamella, the posterior margin of which

is poorly preserved. The posterior margin of the dorsal lamella is slightly concave

in lateral view, but turns abruptly posteriorly just before reaching a dorsal condyle

at its summit. The dorsal condyle has a medially facing facet that articulated with

the prootic of the braincase (Watson, 1954).

The isolated palatine CM 47674 (Fig. 2) is so similar to that of Diadectes that

there is no doubt as to its assignment to Desmatodon. An unusual feature of the

palatine is the development of a pronounced, arcuate, secondary palatal shelf that

extends medially from its contact with the inner margin of the maxillary alveolar

shelf and ventral to the primary shelf of the palatine. A narrow, anteroposterior

ridge distinctly marks the medial extent of the maxillary contact with the lateral

portion of the ventral surface of the palatine. The exposed ventral surface of the

secondary palatal shelf is distinctly sculptured by short, shallow, irregular chan-
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nets and low ridges, and a few, scattered, minute tubercular prominences. The
secondary palatal shelf of the palatine extends farther medially than the primary

palatal shelf and a deep, medially opened channel is formed between them. The
posterior end of the channel is nearly closed by a thick, ventral) y rounded ridge

that extends a short distance across the ventral surface of the primary shelf and

then continues as a short posteromedial projection, referred to here as the poster-

omedial process; this process contacted the anterior margin of the transverse

flange of the pterygoid. The ventral surface of the ridge on the primary palatal

shelf, its posteromedial process, and the posterior third of the dorsal surface of

the secondary palatal shelf are covered by a shagreen of denticles. The presence

of minute denticles in this area of the palatine would seem to argue against the

theory that the secondary palatal shelf represents a partially developed secondary

palate (Olson, 1947).

If the relationships of the palatine to its neighboring elements is as in Diadectes,

then the anterolateral margin of the primary palatal shelf contacted the pterygoid

(Fig. 2). This area of the palate in Diadectes has not been fully described, even

in the most recent descriptions (Olson, 1947), and if our interpretation is correct,

it can be considered very likely that the pterygoid in Desmatodon not only pre-

vented the palatine from contacting the vomer, but also formed a substantial por-

tion of the posterior medial border of the internal naris. Furthermore, the pterygoid

also contacted the entire medial margin of the primary palatal shelf. The ectop-

terygoid contact with the palatine was restricted to the area extending between
the posterolateral end of the secondary palatal shelf and the lateral margin of the

posteromedial process.

The lower jaw of Desmatodon hesperis is well represented in the undescribed

material from the Badger Creek quarry. Particularly important is the nearly com-
plete right lower jaw (CM 47670) which possesses an almost intact dentition (Fig.

3). Its most serious loss is the glenoid portion of the articular and most of the

ventral lamina of the dentary on the lateral surface of the jaw. The jaw has

suffered considerable mediolateral crashing. This has resulted in the thick alveolar

shelf of the dentary protruding nearly a centimeter beyond the plane of the inner

surface of the jaw and the dorsal margin of the lateral surface of the dentary

protruding a half centimeter beyond the outer surface of the jaw. Sculpturing is

confined to the lateral surface of the jaw and consists of an irregular pattern of

fine grooves that grades into a coarser granular texture of very small, closely

spaced, irregular protuberances.

The adductor fossa of CM 47670 is long and narrow, and opens mainly dor-

sally, as the medially bounding rim formed by the prearticular arches ventral ly

only slightly below the level of the lateral rim of the fossa. This condition, how-
ever, is contradicted by the posterior end of a left jaw CM 47670 (not illustrated),

believed to belong to the same individual as the right jaw, because they were
found closely associated and are of the appropriate size. In that jaw the medial

rim of the fossa extends much farther below the level of the lateral rim. The large,

anteroposteriorly elongate opening located about midlength along the medial sur-

face of the right jaw CM 47670 is referred to here as the medial fenestra (Welles,

1941), although the alternative names of inframeckelian, Meckelian, and infra

mandibular fenestra or fossa have been used. Welles (1941) also identified in

Diadectes a small anterior fenestra a short distance directly anterior to the medial

fenestra that opens on the dentary—splenial suture, but noted its absence in a

fragmentary jaw examined by him. He referred to this opening as the anterior
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Fig. 3 .—Desmatodon hesperis CM 47670. A-C, lateral, dorsal, and medial views of right lower jaw.

Abbreviations: a, angular; ar, articular; c, coronoid; d, dentary; pra, prearticular; sa, surangular; sp,

splenial.

fenestra and described it as communicating with the Meckelian canal or, as he

preferred, the primordial canal. At the position of this fenestra in the Desmatodon
right lower jaw CM 47670, the dentary and splenial are very narrowly separated,

and the dentary margin has a smoothly rounded edge.
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Fig. 4 .—Desmatodon hesperis CM 47676. A-C, lateral, dorsal, and medial views of left dentary.

The dentary is represented by the complete right jaw CM 47670 and the nearly

complete, isolated left dentary CM 47676 (Fig. 4). The two dentaries are seem-
ingly the same length, 9.88 cm, but the teeth of the former are slightly larger,

with the largest cheek teeth being about a millimeter greater in transverse width.

Lateral to the bases of the cheek teeth is a shallow groove, the outer wall of which
is formed by a vertical extension of the lateral surface of the dentary into a low,

thin ridge or parapet. It is assumed that, as in Diadectes, the lateral surfaces of

the parapet and lower jaw proper occupy the same plane. As already noted, how-
ever, the lateral surface below the parapet is depressed due to crushing in the

right jaw CM 47670. The parapet is low, attaining a height throughout its length

equal only to the level of the bases of the cheek teeth. In medial view the alveolar

shelf, which in CM 47670 is covered posteriorly by the coronoid, exhibits a

gradual, overall reduction in vertical depth of about 50% posteriorly. The dentary

forms the greater part of the well-developed mandibular symphysis. Both dentaries

possessed 14 teeth, with the fourth tooth in CM 47670 and the fifth tooth in CM
47676 represented by empty alveoli. The first three teeth are incisiform, and the
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fourth is intermediate in form between the anterior incisors and the posterior cheek
teeth. The incisors decrease markedly in size posteriorly and are separated by
wide spaces. The cheek teeth increase gradually in size posteriorly to about the

eleventh tooth, then decrease markedly to the end of the series, and all are sep-

arated by very narrow spaces. The teeth have the same general morphology and
wear patterns as those in Diadectes (Welles, 1941).

The coronoid is nearly complete in CM 47670, but has been broken into two
pieces at the level of the posterior end of the maxilla by the mediolateral crushing

of the jaw. An anterior, thin, flat, rectangular portion sheaths the posterior half of

the medial surface of the alveolar shelf of the dentary, and in the absence of

crushing would have contacted the prearticular along its ventral margin. The cor-

onoid is incomplete anteriorly, reaching the level of the ninth tooth. Judging from
a faint sutural scar on the alveolar shelf, however, it must have reached at least

the level of the eighth tooth. A small, narrowly rectangular portion of the coronoid

forms the coronoid eminence at the anterior end of the lateral margin of the

adductor fossa, contacting the surangular on its posteroventral margin. Here the

coronoid is visible in both lateral and medial views of the jaw and attains a

dorsalmost level slightly above that of the cheek teeth. The remaining posterior

portion of the lateral margin of the adductor fossa is formed by a smoothly round-

ed, thickened edge of the surangular that rises slightly anterodorsally in a broadly

concave arc. Almost the entire margin of the surangular exposure is preserved on

the lateral surface of the right jaw. Just below the coronoid the anterior margin

of the surangular is deeply incised by the dentary, forming a strongly sigmoid

suture between them. The surangular appears to have extended to the posterior

limit of the jaw, obscuring the entire glenoid region of the articular from lateral

view.

The splenial is exposed on both the lateral and medial surfaces of the jaw, as

it forms the ventral keel of the anterior portion of the jaw. Poor preservation,

however, prevents description of the narrow extent of the splenial along the ventral

margin of the lateral surface of the jaw, where its dorsal margin contacts the

dentary. On the medial surface of the jaw the splenial forms a small to moderate

portion of the coarsely textured, thickened symphyseal surface. From here it con-

tinues posteriorly as a smoothly finished surface that divides after a short distance

to enclose the anterior end of the medial fenestra. A narrow, dorsal band forms

the anterior fourth of the dorsal border of the fenestra. The posterior margin of

the band contacts the prearticular, but its dorsal margin has been displaced laterally

by crushing from its contact with the anterior end of the ventral margin of the

alveolar shelf of the dentary; it may have also had a very narrow contact with

the anteroventral corner of the coronoid. The ventral, posterior extension of the

splenial forms the anterior half of the ventral margin of the medial fenestra and

ends in a contact with the angular.

The glenoid surface of the articular of the partial, posterior end of left jaw CM
47676 is nearly complete, consisting of a pair of laterally facing facets that are

separated by a low keel. The complete lateral or dorsal facet is anteroposteriorly

oval in outline, and, whereas much of the perimeter of the medial or ventral facet

is incomplete, the two facets appear to have been comparable in size, outline, and

orientation. A mediolaterally flattened, blade-like anterior process of the articular

extends anteriorly from the anterolateral edge of the medial facet and is applied

to the lateral surface of the prearticular. In medial view of the right jaw CM
47670 it is visible only as a very narrow band along the posterior end of the
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dorsal margin of the medial fenestra. In the posterior end of the left jaw CM
47676 (not illustrated) a proximal, disjunct portion of the anterior process of the

articular is preserved. It extends between the adductor fossa and the medial fe-

nestra and is almost entirely exposed in lateral view due to the incomplete pres-

ervation of the surangular. The partially preserved prearticular, however, covers

all but a narrow, ventral portion of the medial surface of the process as in CM
47670. The absence of the surangular at this level indicates that the dorsal margin
of the anterior process of the articular nearly reaches the adductor fossa.

Although the extent of the angular on the lateral surface of the right jaw CM
47670 is poorly preserved, it clearly occupied a large oblong area at the postero-

ventral comer of the jaw ventral to the surangular. A narrow portion of its pos-

terior margin that laterally overlapped the articular is lost, whereas its poorly

defined anterior margin apparently reached a level just beyond the surangular. In

medial view the angular forms the posterior half of the ventral margin of the

medial fenestra. From the extreme posterior comer of the fenestra to the incom-
plete posterior angle of the jaw it has a nearly horizontal, dorsal sutural margin
that first broadly contacts the prearticular, then narrowly contacts the articular.

The prearticular is exposed on the medial surface of the jaw as a smooth, fiat,

strap-like element; only its posterior contact with the articular is lost. It forms the

entire ventromedial border of the adductor fossa. Anteriorly there is a marked
reduction in its vertical width as it contacts the ventral margin of the coronoid

(separated by the mediolateral crushing of the jaw CM 47670) and forms a large

central portion of the dorsal margin of the medial fenestra.

Comparisons and Discussion

Desmatodon hesperis and D. hollandi.—The new material of Desmatodon hes-

peris described here provides a limited basis for reviewing the specific diagnosis

given by Vaughn (1969) for this species, inasmuch as the holotype and only

identified specimen of D. hollandi (CM 1938) consists of only a fragment of left

maxilla with four teeth and the root of a fifth. As noted in the preceding descrip-

tion, the last four teeth in the anterior half of the right maxilla CM 47677 of D.

hesperis (tooth positions three through seven) exhibit several gradual changes
posteriorly in the series toward a greater degree of molarization. Most importantly,

these changes more or less bridge the gap between the primitive state of molar-

ization seen in the holotypic maxilla of D hesperis and the more advanced state

seen in the holotype of D. hollandi . Direct comparison between CM 47677 and
the holotype of D. hollandi is facilitated by the fact that their dentitions include

teeth from nearly the same region of the maxillary series. The four complete teeth

of the holotype of D. hollandi are undoubtedly from near the anterior end of the

maxillary series and likely include, as Vaughn (1969:17) determined, the fifth

through eighth and the root of the ninth. In contrast to the holotypic maxilla of

D. hesperis
, the posteriormost preserved cheek tooth In the maxilla CM 47677

essentially matches those at the posterior end of the preserved series in the ho-

lotype of D. hollandi. This is a result of the following changes in the crown
morphology of CM 47677 (Table 1): 1) reduction in height, not only absolutely,

but also relative to the increased transverse width, resulting in a crown height- to

width ratio of 0.86 for the seventh tooth compared to 0.74 for the probable eighth

tooth in the holotype of D. hollandi
; 2) reduction in anteroposterior length, not

only absolutely, but also relative to the increased transverse width, resulting in a
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crown length-to-width ratio of 0.48 for the seventh tooth compared to 0.45 for

the probable eighth tooth in the holotype of D. hollandi’, and 3) concomitant with

the two preceding changes is a reduction in the prominence of the central cusp

and an increased development of the lingual cusp. The degree of molarization of

the midseries cheek teeth in the lower jaw CM 47670 and the isolated dentary

CM 47676 of D. hesperis is also comparable to that in the holotypic maxilla of

D. hollandi.

Greater maturity undoubtedly accounts for the greater degree of molarization

of the cheek teeth in the D. hesperis maxilla CM 47677 compared to those in the

holotypic maxilla CM 47654. The maxilla CM 47677 is larger than that of the

holotype of D. hesperis and closer in overall size to the still larger holotypic

maxilla of D. hollandi. It should also be recalled from the preceding description

that with increasing size of the maxillae of D. hesperis are pronounced changes

in the dentition other than degree of molarization. Still, it is unknown whether an

individual of D. hesperis attaining the same size as the holotype of D. hollandi

would possess cheek teeth of equivalent molarization.

Two other characters used by Vaughn (1969:13) to distinguish the two species

of Desmatodon remain unchallenged by the new material of D. hesperis: 1) in D.

hesperis the lingual wall of the maxilla does not extend as far ventrally as the

labial wall, permitting a greater exposure of the tooth bases on the lingual side,

whereas in D. hollandi the lingual and labial walls extend to about the same level;

and 2) in D. hesperis the cheek teeth are set very close together, whereas in D.

hollandi the spacing between a pair of teeth is equal to almost half of the anter-

oposterior length of the tooth bordering the space anteriorly. The validity of the

latter comparison applies only to maxillae in adult specimens of comparable size,

because, as described above, the spacing of the cheek teeth in the much smaller

juvenile maxilla of D. hesperis CM 47677 is very large and probably relatively

greater than that in D. hollandi.

Juveniles of Desmatodon and Diadectes.—As our understanding of the cranial

morphology of Desmatodon grows, it becomes increasingly evident that the fea-

tures which distingush it from the very closely related Diadectes are in the den-

tition. In this paper, but more so in that by Vaughn (1972), it has been pointed

out that there are several dramatic changes in the maxillary dentition of D. hes-

peris in the transition from juvenile to adult. Vaughn (1972) also noticed that

some of these developmental changes are not known to occur in Diadectes spec-

imens of any growth stage. The availability of some extremely small, juvenile

specimens of Diadectes, as well as adult specimens comparable in size to those

of D. hesperis, allows the recognition of possibly two classes of differences be-

tween the maxillary and dentary dentitions of Desmatodon and Diadectes: 1)

Desmatodon exhibits juvenile stages of dental development that are not present

in juvenile specimens of Diadectes, and 2) Desmatodon and Diadectes exhibit

dental differences as adults. In the following comparison of the dentitions of

Desmatodon and Diadectes two important assumptions are made. Firstly, it is

assumed that, despite the limited number of known Desmatodon specimens, the

considerably larger, overall sizes commonly attained by Diadectes specimens

compared to those of Desmatodon reflect an actual difference in the maximums
of their size ranges. If this assumption is accepted, then it is reasonable to con-

clude also that when comparing similarly sized specimens of both genera, those

of Diadectes may represent relatively less mature individuals. Secondly, it is nec-
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Fig. 5 .—Diadectes sp. MZC 2780. A, B. lateral and dorsal views of partial, right juvenile maxilla.

essarv to assume that the largest Desmatodon specimens represent nearly or fully

adult individuals.

The juvenile Desmatodon hesperis maxilla CM 47668 exhibits at least four

dental features which are absent or greatly reduced in mature specimens of this

genus and apparently not present in specimens of Diadectes species of any age;

these were discussed by Vaughn (1972) and are more fully documented here: 1)

fewer number of teeth, 2) greater relative spacing of teeth, 3) first two maxillary

teeth relatively longer and more incisiform, and 4) absence of wear facets. The
juvenile maxilla CM 47668 of D. hesperis possesses only eight teeth, which are

separated by very wide gaps, in a length of 42 mm. By way of contrast with

Diadectes, Vaughn (1972) noted that in the skull of the immature specimen Dia-

dectes sanmiguelensis MCZ 2989, from the Lower Permian Cutler Formation of

Colorado (Lewis and Vaughn, 1965), the maxilla possesses a total of 1 1 teeth and
empty alveoli in the much shorter span of about 36 mm. The spaces between the

teeth are also relatively much shorter, usually about one half or less, than those

in the juvenile Desmatodon CM 47668. Apparently, a larger number of maxillary

teeth set more closely together appears much earlier in juvenile specimens of

Diadectes. This is dramatically illustrated in a large collection of undescribed,

isolated maxillae and dentaries and mainly disarticulated postcranial elements of

several extremely small individuals of Diadectes from the Early Permian of Texas
that are collectively catalogued as MCZ 2780 without specific assignment. In-

eluded in the collection is a pair of very small maxillae, measuring 45 and 48
mm in preserved length, that consist almost entirely of the alveolar shelf and the

bases of the teeth. Each possesses 12 very closely spaced teeth in a length of
only 39 mm, which is within the 11 to 13 range found in adults specimens of

Diadectes. It was emphasized by Vaughn (1972) that the first two teeth in the

juvenile maxilla of D. hesperis (CM 47668) differ from those in the adult holotype

(CM 47654) in being relatively much longer and more incisiform in structure;

thus, they more closely resemble the incisors of the premaxilla than the succeeding
maxillary cheek teeth. Although the partial maxilla of D. hesperis CM 47677 is

slightly larger than the holotype, its second tooth is considerably longer, giving

it a strongly caniniform appearance. The first two maxillary teeth are poorly

preserved in almost all of the juvenile specimens of Diadectes at hand. However,
the first two teeth of the maxillae in the immature specimen of D. sanmiguelensis
(MCZ 2989) are complete enough to state, as Vaughn (1972) had, that they are

more like the cheek teeth of the maxilla in their length and crown structure than

the incisors of the premaxilla. This is even truer in mature specimens of Diadectes .

Lastly, Vaughn (1972) noted the remarkable absence of wear facets on any of the
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teeth in the juvenile D. hesperis maxilla CM 47668, whereas distinct facets are

found on most of the teeth of the adult maxillae of this species. Vaughn (1972)
speculated that these changes in the maxillary dentition in the transition from
juvenile to adult specimens of D. hesperis reflect a shift in dietary habits.

It is important to point out here that the maxillary and dentary cheek teeth in

the very immature specimens of Diadectes MCZ 2780 and D. sanmiguelensis

MCZ 2989 exhibit a strikingly lesser degree of molarization than that seen in

mature specimens of the genus. In general, the cheek teeth in these juvenile spec-

imens (Fig. 5) show little or no transverse widening, but rather are bulbous, with

a weakly developed central cusp and essentially no lingual or labial cusps. In

these features the maxillary cheek teeth in extremely small or very immature
specimens of Diadectes differ from those in the somewhat larger and presumably
more mature juvenile specimen of Desmatodon hesperis CM 47688. The lack of

specimens of appropriate sizes, however, makes it impossible to determine wheth-

er this initial stage in the development of the cheek teeth in Diadectes also occurs

in Desmatodon. The incisiform teeth of the premaxilla and the dentary in D.

hesperis and Diadectes do not exhibit any noticeable changes in their morphology
in the transition from juvenile to adult and appear to be similar in the two genera.

Adults of Desmatodon and Diadectes.—If the Desmatodon hesperis maxillae

CM 47654 and 47677 and the nearly complete lower jaw CM 47670 are consid-

ered to belong to adult or nearly adult specimens, then it can be stated that their

cheek teeth do not exhibit the same advanced degree of molarization as that seen

in adult specimens of Diadectes. This is especially evident when the dentitions

in the above D. hesperis specimens are compared with those in comparably sized

specimens of Diadectes. Among the specimens at hand, the nearly complete skull

and left lower jaw of Diadectes lentus FMNH UC 675 from the Permo-Penn-
sylvanian of New Mexico best exemplify the greater molarization of the cheek

teeth in this genus compared to that in comparably sized specimens of D. hesperis.

The Diadectes skull FMNH UC 675 is 17 cm or sightly greater in overall length

and is clearly that of an adult; its maxillae have an estimated length of about 70
mm and possess 1 1 teeth and empty alveoli each. Although the 77 mm-long
holotypic maxilla of D. hesperis

,
possessing 12 teeth, suggests a greater overall

skull size than that of FMNH UC 675, its cheek teeth exhibit a far lesser degree

of molarization (Table 1). In FMNH UC 675 the crowns of the largest preserved,

midseries maxillary cheek teeth (positions 6 to 8) have the following maximum
measurements: transverse width 13.6 mm, anteroposterior length 5.3 mm, and
height 5.5 mm. The corresponding maximum measurements for the largest cheek

teeth (positions 7 and 8) in the holotypic maxilla of D. hesperis are 7.8, 5.3, and

8.5 mm, respectively. Direct comparisons of these measurements clearly indicate

a much more molariform structure of the cheek teeth in FMNH UC 675 than in

CM 47654, as the crowns of the former are over 70% wider and shorter, and

nearly 50% lower. The greater molarization of the crowns in FMNH UC 675 can

also be expressed in terms of their considerably smaller length-to-width and

height-to-width ratios of 0.39 and 0.40 compared to those of 0.68 and 1.09, re-

spectively, calculated for the holotypic maxilla of D. hesperis. As already noted,

the partial D. hesperis maxilla CM 47677 is slightly larger than the holotypic

maxilla in overall size, and the crown of its largest and posteriormost preserved

tooth, the seventh, exhibits an even greater degree of molarization than the cheek

teeth in the holotype. In addition to the crown of the seventh tooth in CM 47677
having a greater transverse width of 9.3 mm, its anteroposterior length of 4.5 mm
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Table 2.—Maximum crown measurements (in mm) and ratios of largest preserved, midseries dentary

cheek teeth in selected specimens ofDesmatodon and Diadectes. Tooth positions or probable positions

noted in parentheses.

Maximum
Maximum anteroposterior

transverse width

Desmatodon hesperis 8.8

Desmatodon hesperis

CM 47661 (isolated crown) 10.5

Diadectes lentus

FMNH UC 675 (probable 11.6

positions 8 to 10)

length Maximum height Length/width Height/width

4.7 7.0 0.53 0.80

5.7 6.8 0.54 0.65

4.7 5.5 0.41 0.47

and height of 8.0 mm are less than the maximums for these measurements in the

holotypic maxilla; conversion of these measurements to the length-to-width and
height-to-width ratios of 0.48 and 0.86, respectively, also indicates a relatively

shorter and lower crown (Table 1). Concomitant with the increased width and the

decreased height of the crowns of the cheek teeth in FMNH UC 675 is an in-

creased development of the lingual cusp and a reduced prominence of the central

cusp.

As in the comparisons made with the maxillae above, although the right lower

jaw of Desmatodon hesper is CM 47670 is slightly larger than that in Diadectes

FMNH UC 675—their lengths being 14.94 and 13.32 cm, respectively—similar

contrasting measurements of the cheek teeth demonstrate a greater degree of mo-
larization in the latter (Table 2). Maximums for the transverse width, anteropos-

terior length, and height of the crowns of the largest cheek teeth (positions 9 to

11) in CM 47670 are 8.8, 4.7, and 7.0 mm, respectively, whereas the correspond-

ing measurements for the largest cheek teeth (probably positions 8 to 10) in

FMNH UC 675 are 1 1.6, 4.7, and 5.5 mm. Not only are the transverse widths of

the crowns greater in FMNH UC 675, but also shorter and lower relative to the

width, with length-to-width and height-to-width ratios of 0.41 and 0.47, respec-

tively, compared to 0.53 and 0.80 for the same ratios in CM 47670. In addition,

accompanying the increased width and the decreased height of the crowns in

FMNH UC 675 are a pronounced increase in the development of the labial cusp
and a reduction in the prominence of the central cusp.

Approximately 18 isolated teeth of Desmatodon hesperis have been collected

from the Badger Creek quarry, indicating the probable presence of several indi-

viduals other than those represented by the described maxillae and demanes. Yet,

only one of the teeth, a cheek tooth (CM 47661; formerly UCLA VP 1713), is

noticeably larger than those of the preserved dentitions. It was described by
Vaughn (1969) as probably belonging to a dentary. The crown measures 10.5,

5.7, and 6.8 mm in transverse width, anteroposterior length, and height, respec-

tively, giving it a more molariform structure than the cheek teeth in the D hesperis

lower jaw CM 47670 (Table 2). Not only is the absolute width of the isolated

crown CM 47661 greater, but its height-to-width ratio of 0.65 is smaller; on the

other hand, length-to-width ratios for the two specimens are essentially equal. Yet,

the degree of molarization of the crown CM 47661 still does not approach that

demonstrated by the cheek teeth in the Diadectes dentary FMNH UC 675, as

determined by the same criteria used above.
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Two other important dental characters further distinguish Desmatodon hesperis

and Diadectes. Most importantly, the transverse flange of the pterygoid in D.

hesperis CM 47670 possesses a single row of small teeth supported by a well-

developed, rugose ridge, whereas in Diadectes the transverse flange is smoothly
finished and lacks teeth of any size. The pterygoid CM 47670 is at least as large

as that in the adult Diadectes skull FMNH UC 675, which lacks teeth on the

transverse flange. This would seem to eliminate the possibility that the presence

of teeth on the transverse flange of the pterygoid in D. hesperis is a juvenile

feature. In addition, the medial margin of the ventral surface of the palatal ramus
of the pterygoid CM 47670 supports a row of 19 well-developed teeth that vary

considerably in size. On the other hand, this tooth row in Diadectes FMNH UC
675 includes only half as many teeth that vary little in size and are relatively

larger.

If the lower jaws of Desmatodon hesperis CM 47670 and Diadectes FMNH
UC 675 belong to adults of comparable sizes, then two striking, nondental dif-

ferences can be used to distinguish them. Most notably, the jaw of CM 47670 is

much shallower, as are its medial fenestra and adductor fossa. By way of com-
parison, the right lower jaw of CM 47670 has a height (5.00 cm, measured at the

highest level of the coronoid)-to-length (14.94 cm) ratio of nearly 1:3, whereas
in Diadectes FMNH UC 675 the same measurements of its higher (6.67 cm) but

slightly shorter (length 13.32 cm) right jaw yield a ratio of nearly 1:2. Essentially

the same 1:2 ratio was calculated for the larger lower jaws of Diadectes specimens

UCMP 33903 and 59023 (from the Lower Permian of New Mexico and Texas,

respectively), having lengths of 16.3 and 25.5 cm, respectively. The second feature

of the lower jaw distinguishing Desmatodon and Diadectes is the development
of the labial parapet lateral to the bases of the cheek teeth. In CM 47670 the

labial parapet is much lower and is the same height throughout its length. As a

result, all of the cheek teeth are visible in lateral view, whereas in the lower jaw
of Diadectes FMNH UC 675 there is decreasing visibility of the crowns from
full exposure anteriorly to complete concealment at about midlength in the series

and farther posteriorly. The preceding features of the lower jaw of Diadectes

FMNH UC 675 become more pronounced in larger specimens of the genus,

whereas the contrasting features in D. hesperis CM 47670 are seen in Diadectes

only in the very small lower jaw (length 8.8 cm) of the juvenile specimen D.

sanmiguelensis MCZ 2989.

New Synapomorphy ofDesmatodon and Diadectes.—The articulars of the lower

jaws of Desmatodon hesperis CM 47676 and 47670 were described as possessing

a very unusual anterior process extending from the anterolateral edge of the me-
dial facet. The mediolaterally flattened, blade-like process contacts the lateral

surface of the prearticular, so that in the nearly complete right lower jaw CM
47670 its exposure is limited to a very narrow strip along the the posterodorsal

border of the medial fenestra. Welles (1941) described the identical structure of

the articular in Diadectes as nearly reaching the posterior end of the alveolar shelf

of the dentary. In the very large left lower jaw (length 25.5 cm) of Diadectes

UCMP 59023 from the Lower Permian of Texas the anterior process of the prear-

ticular extends to the level of the anterior end of the dorsal border of the medial

fenestra. It would appear that the structure of the articulars in Diadectes and

Desmatodon are not only identical, but unique among all Paleozoic tetrapods in

their possession of this long anterior process.

Basicranial Articulation in Desmatodon and Diadectes.—In Vaughn’s (1972:



1995 Berman and Sumida—Late Pennsylvanian Desmatodon from Colorado 333

22-23) description of the braincase of the immature specimen of Desmatodon
hesperis (CM 47665; formerly UCLA VP 1746) he notes that the basipterygoid

process has smooth anterodorsal and anteroventral articular surfaces that are di-

rected anteriorly and laterally and that the joint between the braincase and palate

was obviously mobile. He contrasted this with the firmly joined condition in

Diadectes, citing the description by Olson (1947). The possession of a mobile
basicranial joint was interpreted by Vaughn (1972) as a possible primitive feature

of D hesperis, noting, however, that it might also represent another sign of im-

maturity of the specimen. His latter suspicion appears to be the correct interpre-

tation, inasmuch as this feature can also be demonstrated in a partial, disarticulated

skull of a juvenile specimen of Diadectes (CM 38047) from the Permo-Pennsyb
vanian of New Mexico (Berman et aL, 1992). The basipterygoid articular surfaces

of its disarticulated basiparasphenoid are quite distinct, joining at a right-angle

margin of the process so as to be divided into nearly equal anteriorly and laterally

facing facets. This approximates the condition in D hesperis CM 47665. In ma-
ture specimens of Diadectes at hand the basicranial joint appears to be firmly

fused.

Status of Desmatodon off. D. hollandi from New Mexico .—Fracasso (1980)
reported what he believed to be the first record of Desmatodon aff. D hollandi

from the Late Pennsylvanian Cutler Formation of El Cobre Canyon, north-central

New Mexico. This was based on a tooth-bearing right premaxilla and maxilla and
some badly crushed skull fragments YPM 8639. A silastic rubber cast of this

specimen (CM 38044) indicates a size appropriate for comparison (Table 1) of

its maxillary dentition with those in Desmatodon hesperis (CM 47654 and 47677),

the holotype of D. hollandi (CM 1938), and the Diadectes lentus skull FMNH
UC 675. Maximum measurements for the transverse width, anteroposterior length,

and height of the crowns of the largest cheek teeth (positions 9 to 1 1 ) of the New
Mexico specimen of Desmatodon YPM 8639 are 9.5, 4.3, and 7.0 mm, respec-

tively, and convert to length-to-width and height- to width ratios of 0.45 and 0.74,

respectively. These figures compare closely with those for the partial maxilla of

D. hesperis CM 47677 and in particular the holotypic maxilla of D. hollandi. In

addition, the cheek teeth in YPM 8639 also more closely duplicate those in the

above specimens of D. hesperis and D hollandi in the lesser development of the

lingual cusp and the greater prominence of the central cusp. The anterior two
maxillary teeth of YPM 8639, however, more closely match those in D. lentus

FMNH UC 675 and this genus in general by their greatly reduced height and a

morphology more like that of the succeeding cheek teeth than the incisiform teeth

of the premaxilla. YPM 8639 is not preserved well enough, however, to determine

whether the ventral extent of the lingual wall of the maxilla, as utilized by Vaughn
(1972), is more like that of D. hesperis or D. hollandi. The spacing between the

cheek teeth in YPM 8639, however, is closer to that in D. hollandi than that in

D. hesperis. If YPM 8639 does pertain to Desmatodon
, then it should probably

be referred to D hollandi , as Fracasso (1980) argued.

Conclusions

1. Differences in the degree of molarization of the maxillary cheek teeth pre-

viously used to distinguish Desmatodon hesperis and D. hollandi may reflect

differences in maturity and, therefore, cannot be considered a reliable taxonomic
character; however, the greater ventral extent of the lingual wall of the maxilla
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and the greater spacing between maxillary cheek teeth still appear to be valid

criteria for distinguishing D. hollandi from D. hesperis.

2. The cranial morphologies of Desmatodon and Diadectes are essentially alike

except for their dentitions and perhaps a few proportional differences in the lower

jaws of adult specimens.

3. The juvenile maxillary dentition of Desmatodon hesperis differs from that

of Diadectes at any growth stage by the following characters (Vaughn, 1972): 1)

fewer teeth, 2) greater spacing of teeth, 3) first two teeth relatively longer and
more incisiform, and 4) absence of wear facets.

4. The maxillary and dentary dentitions of comparably sized, adult specimens

of Desmatodon hesperis and Diadectes can be distinguished by the greater degree

of molarization of the cheek teeth in the latter, as expressed in the following

features: 1) the crowns are transversely wider, and their anteroposterior length-

to-width and height-to-width ratios are smaller; 2) the lingual cusps of the max-
illary and the labial cusps of the dentary cheek teeth are more strongly developed;

and 3) the prominence of the central cusps is reduced. Further, in contrast to the

condition in D. hesperis the first two maxillary teeth in Diadectes are greatly

reduced in height and are more like the succeeding cheek teeth than the incisiform

teeth of the premaxilla.

5. The presence of teeth on the transverse flange and twice as many teeth of

smaller and variable sizes forming the single medial row on the palatal ramus of

the pterygoid also distinguishes Desmatodon hesperis from Diadectes.

6. The adult lower jaw of Desmatodon hesperis differs from that of comparably
sized Diadectes specimens in being much shallower, as are its adductor fossa and
medial fenestra, and in having a much lower labial parapet.

7. The long, mediolaterally flattened, blade-like anterior process of the articular

that is applied to the lateral surface of the prearticular and is almost completely

hidden from medial view by that bone is a feature unique to Diadectes and Des-

matodon, and possibly all diadectids, among late Paleozoic tetrapods.

8. Fracasso’s (1980) report of Desmatodon aff. D. hollandi from the Late Penn-

sylvanian Cutler Formation of El Cobre Canyon, New Mexico, may represent

only the second occurrence for the species and the third for the genus.
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