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MAMMALIAN HAIR DIAMETER AS A POSSIBLE MECHANISM
FOR HOST SPECIALIZATION IN CHEWING LICE
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We examined the relationship between mammalian hair diameter and body mass at several
taxonomic levels (interordinal, intrafamilial, intrageneric, and intraspecific) and showed a
significant, positive allometric relationship between hair diameter and body size at all tax-
onomic levels examined. The allometric coefficient (a) ranged from 0.13 to 0.33. Within
pocket gophers (Geomyidae), a significant positive relationship exists between hair diameter
and rostral groove dimensions of their chewing lice, Geomydoecus, which use the rostral
groove to grasp hairs of their host. Coupled with previous evidence of a strong allometric
relationship between rostral groove width and louse body size, our findings suggest that
hair diameter of the host is an important determinant of body size in chewing lice that
parasitize pocket gophers.
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Body size of host and parasite often are
correlated positively. Harvey and Keymer
(1991) and Morand et al. (2000) demon-
strated this trend for chewing lice (Phthir-
aptera: Trichodectidae) and their pocket go-
pher hosts (Rodentia: Geomyidae). Specif-
ically, Harvey and Keymer (1991) used the
comparative method to demonstrate that in-
creased body size in pocket gophers is as-
sociated invariably with increased size of
their ectoparasites. They suggested that lice
grow larger on larger hosts because those
hosts presumably live longer, allowing their
lice more time to grow. Although intrigu-
ing, this explanation seems unlikely, given
that generation time of chewing lice (about
40 days—Rust 1974) is almost an order of
magnitude less than generation time of even
the shortest-lived species of pocket gopher
(about 1 year—Nowak 1999).

Other potential explanations exist for the
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body-size correlation documented by Har-
vey and Keymer (1991). For example, abil-
ity of the host to detect and destroy ecto-
parasites may scale with host body size,
thereby placing an upper limit on body size
of the parasite. Eolutionary changes in the
body mass of the host also might alter hab-
itat of chewing lice in terms of temperature,
humidity, hair length and diameter, and other
habitat parameters. Because lice are ex-
tremely host specific (Price and Emerson
1971; Reed and Hafner 1997) and inextri-
cably tied to their host for survival (Kellogg
1913; Marshall 1981), it seems likely that
lice would show finely tuned adaptations for
life on their host. Characteristics of the hair,
particularly hair diameter, should be impor-
tant components of the environment of the
louse (Fig. 1) because of the pivotal role that
hair plays in louse feeding, locomotion, ovi-
positing, and survival (Murray 1957).

Mammal pelage consists of 2 basic types
of hairs: guard hairs, which are relatively
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FIG. 1.—Electron micrograph (left) of a chewing louse (Geomydoecus aurei) attached to the hair
shaft of a pocket gopher (Thomomys bottae). Magnified view (right) of rostral groove and hair shaft.

long and thick, and wool hairs (or underfur),
which are shorter, thinner hairs (Mayer
1952). Our observations of chewing lice re-
veal that lice spend most of their time mov-
ing among guard hairs and are seldom seen
attached to wool hairs. Accordingly, we fo-
cused this investigation on mammalian
guard hairs. We examined the relationship
between the diameter of guard hair and body
mass at several taxonomic levels in mam-
mals (interordinal, intrafamilial, intrageneric,
and intraspecific) to determine the generality
of the hair size–body size relationship in
mammals. We also investigated whether hair
diameter of the host was correlated with host
and parasite body size in geomyid rodents.

MATERIALS AND METHODS

A single adult individual from each of 18 spe-
cies of nongeomyid mammals (representing 17
families in 9 orders; Appendix I) was examined
to assess variation in hair diameter across differ-

ent orders of mammals. Taxa were selected ran-
domly from the Louisiana State University Col-
lection of Mammals, except that species with
conspicuous spines or quills were avoided and
range of body size was maximized as much as
possible (Appendix I). Because of difficulty in
sampling so many widely divergent taxa, some
specimens were not collected from the wild (Ap-
pendix I) and season of collection was not stan-
dardized.

Guard hairs (n 5 20 per individual) were re-
moved from the nape region of museum study
skins. The nape region was selected to standard-
ize the sampling procedure and reduce the like-
lihood of damage to hairs from grooming. Hairs
were mounted on microscope slides with Per-
mountt and secured with cover slips. Mathiak
(1938) determined that the greatest diameter of
most mammalian guard hairs was found roughly
one-half the distance from the root to the tip. Ac-
cordingly, we measured hair diameter about mid-
way between the root and tip using a light mi-
croscope fitted with an ocular micrometer scale.
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Mass of each mammal in this study was taken
directly from the specimen tag or was estimated
on the basis of information provided by Nowak
(1999).

Fourteen species in the family Geomyidae
(Appendix I) were examined to assess variation
in hair diameter within a single family of mam-
mals. Guard hairs (n 5 200 per specimen) were
sampled from throughout the gopher pelage and
prepared for light microscopy. A single individ-
ual from each of 7 species in the genus Thom-
omys (Appendix I) was examined to assess var-
iation in hair diameter within a single genus of
pocket gophers. Guard hairs (n 5 200 per spec-
imen) were sampled from throughout the pelage
and prepared for microscopy. Likewise, 8 indi-
viduals from a single species, Thomomys bottae,
were examined to assess variation in hair di-
ameter within a single species of pocket gopher.
Guard hairs (n 5 200 per specimen) were sam-
pled from throughout the gopher pelage and pre-
pared for microscopy.

Width of the rostral groove was measured for
adult lice collected from the same individual go-
phers from which hair diameter was measured
and with about equal representation of male and
female lice. Louse samples were Geomydoecus
scleritus (n 5 11) from Geomys pinetus, Geo-
mydoecus panamensis (n 5 11) from Orthogeo-
mys cavator, Geomydoecus setzeri (n 5 8) from
O. underwoodi, Geomydoecus aurei (n 5 10)
from Thomomys bottae, Thomomydoecus minor
(n 5 6) from Thomomys bottae, and Geomydoe-
cus oregonus (n 5 11) from T. bulbivorus. Lice
were cleared for light microscopy by soaking in
the following series of solutions (10–20 min/so-
lution): 50% EtOH, 60% EtOH, 70% EtOH,
10% KOH, 80% EtOH, 90% EtOH, 100%
EtOH, and xylene. Lice were mounted on mi-
croscope slides, secured with a coverslip, and
allowed to dry for 24 h. Rostral groove width
was measured with a light microscope fitted with
an ocular micrometer.

Because comparisons across species bound-
aries potentially are confounded by phylogenetic
relationships, independent contrasts (Felsenstein
1985; Harvey and Pagel 1991) were used to re-
move phylogenetic effects from our data. We
used the computer program CAIC (Comparative
Analysis of Independent Contrasts—Purvis and
Rambaut 1995), which uses a phylogenetic hy-
pothesis to generate independent contrasts of
data. Those independent contrasts were then an-

alyzed statistically. Comparisons among orders
of mammals were not transformed using CAIC
because most mammalian ordinal relationships
are unclear and because such comparisons gen-
erally are considered independent because of the
large phylogenetic distance between terminal
taxa. Hair diameter and body mass measure-
ments for pocket gophers were transformed into
independent contrasts using a composite geo-
myid phylogeny based on phylogenetic studies
by Hafner et al. (1994), Smith (1998), and Spra-
dling (1997). No phylogenetic hypotheses were
available for taxa below the level of species;
therefore, comparisons within Thomomys bottae
were not transformed into independent contrasts.
Model II regression analyses (major axis meth-
od) were performed using the SYSTAT statisti-
cal analysis software package (SYSTAT, Inc.
1992). Model II regression is appropriate when
2 variables lack a clear dependent–independent
relationship and both are measured with error
(LaBarbera 1989; Martin and Barbour 1989; Sil-
va 1998). Regressions of independent contrasts
were constrained through the origin, as required
by CAIC to retain d.f. 5 n 2 2 (Garland et al.
1992; Purvis and Rambaut 1995).

RESULTS

The regression analysis of hair diameter
and body mass for 18 species representing
9 orders of mammals (Fig. 2a) revealed a
positive relationship (P , 0.05; Table 1).
The allometric coefficient of this relation-
ship (a 5 0.13 6 0.03) was low, indicating
that body mass increased more rapidly than
hair diameter among mammals examined,
which ranged in body size from a 3.5-g bat
(Pipistrellus) to a 600-kg bear (Ursus).

Regression analysis of independent con-
trasts of hair diameter and body mass for
14 species of pocket gophers (Fig. 2b) re-
vealed a similar allometric trend (a 5 0.25
6 0.05, P , 0.05; Table 1). Thus, when
analyzed at the family level (and control-
ling for phylogenetic relationships within
the family), larger species of pocket go-
phers tended to have thicker guard hairs.

Examination of the relationship between
hair diameter and body mass within a single
genus of pocket gophers (Thomomys; Fig.
2c) showed the same trend evident in the



1002 Vol. 81, No. 4JOURNAL OF MAMMALOGY

FIG. 2.—a) Major axis regressions performed
on ln(mass) and ln(diameter) for 18 species of
mammals. b) Major axis regression through the
origin of independent contrasts of ln(mass) and
ln(diameter) for members of the family Geo-
myidae. c) Major axis regression through the or-
igin of independent contrasts of ln(mass) and
ln(diameter) for pocket gophers in the genus
Thomomys. d) Regression (major axis method)
performed on ln(mass) and ln(diameter) for 8
individuals of Thomomys bottae. Individuals
designated by squares (collected in native de-
sert–scrub habitat) and triangles (collected in al-
falfa fields) are those analyzed by Patton and
Brylski (1987) and Smith and Patton (1988). Re-
gression models are in Table 1, and taxa exam-
ined are listed in Appendix I.

analyses at higher taxonomic levels. In in-
dividuals representing 7 species of Thom-
omys, hair diameter showed a significant al-
lometric relationship with body mass (a 5
0.20 6 0.07, P , 0.05; Table 1).

Regression analysis of hair diameter and
body mass for 8 individuals of Thomomys
bottae (Fig. 2d) also showed a significant,
positive relationship (a 5 0.33 6 0.04, P ,
0.05; Table 1). Thus, larger individuals of T.
bottae tended to have thicker guard hairs
than smaller individuals of the same species.

The regression analysis of louse groove
width and gopher hair diameter (Fig. 3) re-
vealed a positive relationship between those
variables (P , 0.05). The regression coef-
ficient (a 5 1.09 6 0.09) suggested a near-
isometric relationship between groove
width and hair diameter, indicating that the
2 structures varied proportionately. Impor-
tantly, the Y-intercept of the regression
(Fig. 3) was close to zero (b 5 23.9 mm),
indicating that width of the rostral groove
of a chewing louse was very similar in ac-
tual dimensions to maximum width of the
guard hairs of its host.

DISCUSSION

Hair diameter and body size.—Our anal-
yses document a consistent negative allo-
metric relationship between hair diameter
and body mass in mammals, regardless of
the taxonomic level examined. The low al-
lometric coefficient of this relationship
(ranging from a 5 0.13 to 0.33; Table 1)
indicates that larger mammals tend to have
guard hairs that are larger in absolute di-
ameter but proportionately smaller than
guard hairs of smaller mammalian species.
This consistent relationship between hair
diameter and body size in mammals is rem-
iniscent of the negative allometric relation-
ship observed for many other mammalian
features that scale with body size (e.g.,
brain size, longevity, and metabolism) and
suggests that in most species of mammals
hair diameter may be constrained within
certain boundaries by simple growth laws.
This is not to suggest that hair lacks im-
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TABLE 1.—Model II regression analyses (major axis method) of the relationship between hair
diameter (Diam) and body mass at 4 taxonomic levels in mammals (depicted graphically in Fig. 2;
taxa examined are listed in Appendix I).

Taxon (n) Regression model Slope SE 95% CI P

Nongeomyid Mammalia (18)
Geomyidae (14)
Thomomys (7)
Thomomys bottae (8)

ln(Diam) 5 A 1 B * ln(Mass)
ln(Diam) 5 B * ln(Mass)
ln(Diam) 5 B * ln(Mass)
ln(Diam) 5 A 1 B * ln(Mass)

0.13
0.25
0.20
0.33

0.03
0.05
0.07
0.04

0.06–0.19
0.13–0.36
0.02–0.37
0.24–0.43

,0.05
,0.05
,0.05
,0.05

FIG. 3.—Linear regression (general linear model) performed on chewing louse groove width and
pocket gopher hair diameter for 6 species of lice collected from 5 species of pocket gophers (Geomys
pinetus, Orthogeomys cavator, O. underwoodi, Thomomys bottae, and T. bulbivorus). Regression
models are shown in Table 1, and taxa examined are listed in Appendix I.

portant functional significance in most
mammalian species or that adaptation has
not played an important role in evolution of
specialized hairs, such as spines or quills
(specifically excluded from this analysis).
Although hair diameter, per se, may be rig-
idly constrained in many (or most) species
of mammals, other aspects of mammalian
pelage, including detailed microstructure of
the hair, hair length, shape, color, and den-
sity (number of hairs per follicle and folli-
cle density), are less likely to scale with

body size and, thus, may have evolutionary
flexibility to serve in a wide variety of
adaptive contexts.

The analysis of hair diameter and body-
mass relationships within a single species
of pocket gopher (T. bottae; Fig. 2d) em-
phasizes the tight linkage between these 2
variables in this species. This leads us to
predict that a change in mean body mass
within a lineage of pocket gophers over
time (e.g., in response to climate change or
an increase or decrease in food resources)
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will be accompanied by a corresponding
change in hair diameter. To test this, we in-
cluded in our analysis 6 individuals of T.
bottae that also were examined by Patton
and Brylski (1987) and Smith and Patton
(1988). Those studies compared body-size
relationships between gophers collected
from native desert–scrub habitat in 1937–
1971 (indicated by squares in Fig. 2d) to
those collected from the same geographic
region in 1984–1985, many years after the
native vegetation had been converted to ir-
rigated alfalfa fields (indicated by triangles
in Fig. 2d). Smith and Patton (1988)
showed that the pocket gophers collected in
the alfalfa fields (presumably direct descen-
dants of the populations sampled decades
earlier in native habitat) were significantly
larger than their ancestors in overall body
mass and other body dimensions. This in-
crease in body mass is evident in our anal-
ysis (Fig. 2d), and it is clear that the in-
crease in overall body size in these pocket
gophers was accompanied by an increase in
hair diameter.

Hair diameter and parasite size.—Larger
pocket gophers host larger chewing lice
(Harvey and Keymer 1991; Morand et al.
2000), and the previous analyses corrobo-
rate the preliminary evidence presented by
Morand et al. (2000), showing that larger
pocket gophers also have thicker guard
hairs. To establish a meaningful connection
between hair diameter and louse body size,
it is important to focus on some aspect of
the body of the louse that interacts directly
with the hair of the gopher. For this, we
chose the rostral groove of the chewing
louse, which is used to grasp the hair of the
gopher (Fig. 1). Given that the rostral
groove is a rather rigid structure (D. L.
Reed et al., in litt.), we predicted a close fit
between rostral groove width in chewing
lice and hair diameter in pocket gophers un-
der the assumption that a louse with a very
narrow rostral groove would be unable to
grasp a thick hair, whereas a louse with a
very wide groove may slip from a narrow
hair. Murray’s (1957) studies of chewing

lice (Damalinia) on sheep (Ovis) showed
that lice kept in laboratory colonies in
which thin glass fibers were used as artifi-
cial hairs were extremely sensitive to width
of the glass fibers. If fibers were too thick,
lice were unable to grasp them between the
gonopod and abdomen and could not lay
eggs. Similarly, differences in hair shape
(and perhaps diameter) between humans of
African descent and those of European de-
scent have been used to explain reduced
susceptibility of Africans to head lice (Pe-
diculus humanus) from Europe and reduced
susceptibility of Europeans to head lice of
the same species from Africa (United States
Centers for Disease Control 1984). Presum-
ably, lice in the 2 regions have evolved dif-
ferential abilities to grasp flat hairs typical
of humans of African descent versus round
hairs typical of humans of European de-
scent.

Our results corroborate preliminary find-
ings of Morand et al. (2000), which show
a close fit between hair diameter in pocket
gophers and rostral groove width of chew-
ing lice when analyzed at interspecific and
intergeneric levels (Fig. 3). This finding,
coupled with Morand et al.’s (2000) discov-
ery of a relationship between body size and
groove width in chewing lice, suggests that
interspecific variation in body size of lice
may be determined largely by interspecific
variation in diameter of gopher hair. If
small species of lice (with narrow rostral
grooves) are unable to grasp thick hairs of
large pocket gophers and if large lice tend
to avoid hosts with thin hairs, this could
help explain the high level of host specific-
ity observed in chewing lice at zones of
contact between gopher species of very dif-
ferent body sizes (M. S. Hafner, in litt.).
This potentially obligate relationship be-
tween groove size and hair diameter also
may explain why certain species of lice are
unable to survive on certain species of hosts
in laboratory transfer experiments. For ex-
ample, experiments by Reed and Hafner
(1997) have shown that chewing lice trans-
ferred between species of pocket gophers of
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similar body size often are able to establish
successful breeding colonies on foreign
(nonnative) hosts. Lice that occur naturally
on a large species of host occasionally are
able to survive and reproduce on a smaller
species of host, but the reverse does not
seem to be true. This suggests that the ros-
tral groove of lice from the smaller hosts
may be too narrow to grasp thick hairs of
the larger host species. A similar study of
body-size relationships between bird lice
and their hosts has shown that feather size
is a crucial factor in determining success of
lice experimentally introduced onto new
host taxa (D. Clayton, pers. comm.).

Preliminary analyses of individual, sex-
ual, and ontogenetic variation in hair di-
ameter in pocket gophers (Reed et al., in
press.) suggests that variation at these levels
may be within the normal range of toler-
ance for louse rostral grooves. This would
explain why a young pocket gopher does
not ‘‘outgrow’’ its parasites as the gopher
increases in body size (and, thus, hair di-
ameter) ontogenetically. It also would ex-
plain why male and female pocket gophers,
which often show marked sexual dimor-
phism in size (Patton and Brylski 1987),
nevertheless host the same species of chew-
ing louse.

Our analyses demonstrate a negative al-
lometric relationship between hair diameter
and body mass among mammals when an-
alyzed at multiple taxonomic levels. This
relationship is evident in the family Geo-
myidae, even at the intraspecific level. Our
data also reveal a significant positive rela-
tionship between hair diameter of pocket
gophers and rostral groove width of their
chewing lice. In fact, we show a nearly ex-
act fit between hair diameter and groove
width for host–parasite pairs. Given that
lice eventually die if removed from their
host, it seems likely that groove width
would be under strong selective pressure to
conform to host hair diameter. If groove
width in lice scales with overall body size,
then selection for optimal groove width
could indirectly constrain body size in lice.

However, the causal mechanism driving the
positive relationship between host and par-
asite body size (as originally documented
by Harvey and Keymer 1991) remains un-
tested. Further studies involving direct ob-
servation of chewing lice transferred to
nonnative hosts may elucidate the causal
mechanism underlying the empirical obser-
vation that larger species of pocket gophers
tend to host larger species of chewing lice.

ACKNOWLEDGMENTS

We thank the American Society of Mammal-
ogists, Sigma Xi Scientific Society, and the
Theodore Roosevelt Memorial Fund of the
American Museum of Natural History for their
financial support of this research (to D. L. Reed).
We thank D. J. Hafner for his ongoing assistance
with this project. J. L. Patton and the Museum
of Vertebrate Zoology, University of California,
Berkeley, kindly loaned specimens for this pro-
ject. We also thank R. M. Timm and J. L. Patton
for their helpful reviews of this manuscript.

LITERATURE CITED

FELSENSTEIN, J. 1985. Phylogenies and the comparative
method. The American Naturalist 125:1–15.

GARLAND, T., JR., P. H. HARVEY, AND A. R. IVES. 1992.
Procedures for the analysis of comparative data us-
ing phylogenetically independent contrasts. System-
atic Biology 41:18–32.

HAFNER, M. S., P. D. SUDMAN, F. X. VILLABLANCA, T.
A. SPRADLING, J. W. DEMASTES, AND S. A. NADLER.
1994. Disparate rates of molecular evolution in cos-
peciating hosts and parasites. Science 265:1087–
1090.

HARVEY, P. H., AND A. E. KEYMER. 1991. Comparing
life histories using phylogenies. Philosophical Trans-
actions of the Royal Society of London B 332:31–
39.

HARVEY, P. H., AND M. D. PAGEL. 1991. The compar-
ative method in evolutionary biology. Oxford Uni-
versity Press, Oxford, United Kingdom.

KELLOGG, V. L. 1913. Distribution and species-forming
of ectoparasites. The American Naturalist 47:129–
158.

LABARBERA, M. 1989. Analyzing body size as a factor
in ecology and evolution. Annual Review of Ecol-
ogy and Systematics 20:97–117.

MARSHALL, A. G. 1981. The ecology of ectoparasitic
insects. Academic Press, London, United Kingdom.

MARTIN, R. D., AND A. D. BARBOUR. 1989. Aspects of
line-fitting bivariate allometric analyses. Folia Pri-
matologica 53:65–81.

MATHIAK, H. A. 1938. A key to the hairs of the mam-
mals of southern Michigan. The Journal of Wildlife
Management 2:251–268.

MAYER, W. V. 1952. The hair of California mammals



1006 Vol. 81, No. 4JOURNAL OF MAMMALOGY

APPENDIX I
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Talpidae

Cryptotis parva
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LSUMZ 23789
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U
M

4.0
113.4

Chiroptera Pteropodidae
Vespertilionidae

Pteropus
Pipistrellus hesperus

LSUMZ 17726
LSUMZ 22041

M
M

900a

3.5
Primates Cercopithecidae

Lorisidae
Colobus guereza
Nycticebus

LSUMZ 26271b

LSUMZ 28897b

F
M

8,000a

650a

Lagomorpha Leporidae
Ochotonidae

Lepus alleni
Ochotona princeps

LSUMZ 13465
LSUMZ 35909

M
F

3,500a

129.9
Rodentia Heteromyidae

Muridae
Sciuridae

Dipodomys ordii
Baiomys taylori
Sciurus niger

LSUMZ 25321
LSUMZ 4629
LSUMZ 28476

M
F
F

72
8.4

1,000
Artiodactyla Bovidae

Bovidae
Taurotragus oryx
Madoqua

LSUMZ 36155b

LSUMZ 36156b

U
M

600,000a

5,000a

Hyracoidea Procaviidae Procavia capensis LSUMZ 34649b M 4,000a

Perissodactyla Tapiridae
Equidae

Tapirus bairdii
Equus

LSUMZ 6977
LSUMZ 36157b

M
U

250,000a

400,000a

Carnivora Mustelidae
Ursidae

Mustela frenata
Ursus arctos

LSUMZ 28014
LSUMZ 36158b

M
U

207
600,000a
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APPENDIX I.—Continued.

Order Family Species Specimen number Sex Mass (g)

Intrafamilial comparisons

Rodentia Geomyidae Geomys breviceps LSUMZ 31451 M 180
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae

G. pinetus
G. tropicalis
Orthogeomys cavator
O. cherriei
O. heterodus
O. underwoodi
Thomomys bottae
T. bulbivorus
T. mazama
T. monticola
T. talpoides
T. townsendii
T. umbrinus

LSUMZ 23655
LSUMZ 34345
LSUMZ 29253
LSUMZ 29539
LSUMZ 29265
LSUMZ 28368
LSUMZ 35992
LSUMZ 31313
LSUMZ 31398
LSUMZ 31411
LSUMZ 34387
LSUMZ 31264
LSUMZ 34362

M
M
M
M
M
M
M
M
F
M
F
M
M

360
235
875
455
620
260
210
410

87
94
91

300
115

Intrageneric comparisons

Rodentia Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae

Thomomys bottae
T. bulbivorus
T. mazama
T. monticola
T. talpoides
T. townsendii
T. umbrinus

LSUMZ 35992
LSUMZ 31313
LSUMZ 31398
LSUMZ 31411
LSUMZ 34387
LSUMZ 31264
LSUMZ 34362

M
M
F
M
F
M
M

210
410

87
94
91

300
115

Intraspecific comparisons

Rodentia Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae
Geomyidae

Thomomys bottae
T. bottae (juvenile)
T. b. perpes
T. b. perpes
T. b. perpallidus
T. b. perpallidus
T. b. perpallidus
T. b. perpallidus

LSUMZ 35992
LSUMZ 20936
MVZ 166402
MVZ 140497
MVZ 170521
MVZ 170565
MVZ 80595
MVZ 80606

M
M
M
M
M
M
M
M

210
37.5

236
96

189
200

74.2
89.0

a Specimens not collected from the wild.
b Body mass estimated from Nowak (1999).


