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INTRODUCTION

An important objective of this sudy was to evauate chipmunk identification in the
K ootenay region and develop identification keys. Rdiable identification of voucher specimens
taken during our fidd inventories and any existing historica museum specimens collected from
our study areawas essentid. It was dso important to assess the feasibility of digtinguishing T.
amoenus, T. minimus, and T. ruficaudus in the fidld from morphologica traits such as pelage
colour and size. T. amoenus, T. minimus, and T. ruficaudus show eevationa and habitat
separation in the Columbia and Rocky mountains. Nevertheless, because they are pargpatric in
some areas with two or even dl three species co-occurring at some locations (see Chapter 4),
they cannot be identified to species Smply on the basis of eevation or geographic location.
Cowan and Guiguet (1965) provided no identification keysto separate T. amoenus, T.
minimus, and T. ruficaudus in British Columbia. Using skull sze and colour of the fur on the
underside of the tail and abdomen, Howell (1929), Ingles (1965), Hall (1981), and Sutton
(1992) provided generd identification keys for separating these three chipmunk species.
However, because these species demongtrate considerable geographic variation with a number
of distinct subspecies recognized, their keys are of limited use for identifying chipmunksin a
locd region.

Cowan and Guiguet (1965) noted that dthough chipmunks vary geographically across
British Columbia, the species are digtinct in any given region. Neverthdess, identificetion in
some areas of the Columbia Mountains has been problematic. Maillard (1932) identified a
series of chipmunks taken in the Creston Valey in 1928 as T. ruficaudus, but Anderson
(1934) and Cowan (1946) subsequently identified them as T. amoenus. Historica museum
gpecimens housed in the Canadian Museum of Nature that were collected in the Creston Valley,
southern Purcell Mountains, and Invermere region are aso problematic. According to notations
on their sudy skin tags, some were initidly identified as T. ruficaudus and then changed to T.
amoenus. Similarly, using pelage colour and cranid size, Daquest (1948) was unable to
positively identify a number of chipmunk specimens from the Salkirk Mountains in northeastern
Washington State where T. amoenus and T. ruficaudus evidently co-occur. Identification
problems are dso associated with chipmunks taken in the southern Rocky Mountains of
Canada. Higtorical museum specimens housed in the Canadian Museum of Nature that were
collected in the Hathead River vadley wereinitidly identified as T. ruficaudus then changed to
T. amoenus. Cowan (1946) noted a T. ruficaudus taken Jasper Nationa Park that was
described as a northern record for this species by Anderson and Rand (1943) was actudly a
migdentified T. amoenus.

I dentification from morphologicd traits such as pelage colour and cranid Szeis often
hindered by morphologica convergence among different chipmunk speciesin responseto loca
environmenta effects (Sutton and Patterson 2000). Pronounced seasond and age variation is
another limitation of fur colour as an identification trait. The most rdliable morphologicd trait for
identifying chipmunks is the size and shape of the mae and femae genitd bone (i.e., baculum,
baubellum). The utility of genita bones for identifying T. ruficaudus, T. minimus, and T.
amoenus was demongtrated by White (1953) and Sutton (1982, 1995).



To avoid circularity with identifications based on a priori assumptions of species
differencesin ecology, fur colour, or cranid morphology, our approach was to define reference
groupsof T. amoenus, T. minimus, and T. ruficaudus with specimens that we identified to
species solely from genita morphology. These reference groups of the three species were then
used to assessthe rdiability of various morphological traits that could be used to identify live
chipmunks captured in field studies or museum specimens lacking genital bone preparations.
Because populations of T. ruficaudus and T. minimus inhabiting the east and west sides of the
Rocky Mountain trench are differentiated at the subspecies level demongtrating intraspecific
differencesin pelage and other morphologica traits (Cowan and Guiguet 1965), we subdivided
our reference groups into two geographic samples: Columbia Mountains and Rocky Mountains
(seeFig. 2-1).

METHODS

Specimens Examined and Reference Groups

A totd of 134 voucher specimens (Appendix 2-1) were taken during the 1996-99
inventory work. All were prepared as study skins, skulls, and skeletons and were deposited in
the research collections of the Royd British Columbia Museum (RBCM). Before preparation,
voucher specimens were x-rayed in laterd view (life Sze) to reved genitad bone morphology.
Genitaliawere then removed, cleared in a 2% KOH solution, and genital bones were stained
with Alizarin red. The stained genitd bones were then dissected from the genitdia and most of
the tissue was removed. The prepared genita bones were stored in glycerine. In 1996 the
genita bones of 10 specimens were damaged during preparation; therefore, cleared and stained
genital bone preparations existed for 124 of the vouchers. Tissue samples from each specimen
were frozen for possible future DNA studies. Tissues samplesof 15 T. amoenusand 28 T.
ruficaudus were donated to the University of 1daho for phylogeographic studies with
mitochondriad DNA being done by John Demboski and Jeff Good.

In addition to the vouchers collected 1996-99, we examined 214 historical museum
gpecimens housed in 7 museums that were collected from the southern Columbia and Rocky
mountains of British Columbiaand Alberta. Only ten had associated cleared and stained bacula
preparations; none had prepared baubd la. For the 204 specimens lacking genital bone
preparations, we took radiographs of their study skins (dorsa view, actua size) to determine if
their genital bones had been retained in the skins during preparation; 72 study skins had genitd
bones.

Our reference groups conssted of  the 201voucher and historica museum specimens
identified from genita bones: 97 from the Columbia Mountains, 104 from the Rocky Mountains
(Fig.2-1; Appendix 2-2). Our Columbia Mountains sample encompassed the Purcell and
Sdkirk mountainsin British Columbia from the United States border north to Glacier and
Mount Revelstoke Nationd parks. Specimens from low eevations on the west Sde of the
Rocky Mountain trench were included in this sample. The Rocky Mountains sample ranged
from low eevations on the east Sde of the Rocky Mountain trench across the Rocky Mountains
to the eastern dopesin Alberta. Northern limits were defined by the south Side of the Bow



River and Kicking Horse Pass the putetive limits of therange of T. minimus oreocetes
(Banfield 1958).

Species | dentification of From Genital Bones

Cleared and stained genital bones were examined with a stereomicroscope (20X). We
made outline drawings of dl bacula and baubellausing camera lucida projections. Nine bacular
messurements (Sutton and Nadler 1974; Patterson 1982) were taken: total length, shaft length,
tip length, base width, tip width, shaft bend, neck width, ked height, and tip angle. We
messured tip angle with a protractor from camera lucida drawings. We took other
measurements directly with an ocular micrometer. Tip/shaft ratio was derived from the tip length
and shaft length measurements. As an initid exploratory technique, we assessed the bacular data
for adults and subadults with a principa components andys's using a correlaion matrix. With
this technique data are treated as a Single Satistica sample with no a priori assumptions of
groups. Using an ocular micrometer, four measurements (modified from Adams and Sutton
1968; Sutton 1982) were taken from the baubdla: tip to base length, shaft depth, flange length,
and ked height. We compared our genitd bone drawings and measurements with published
datafor T. amoenus, T. ruficaudus and T. minimus (White 1953; Beg and Hoffmann 1977,
Sutton 1982, 1995) to identify voucher specimens to species.

After describing genital bone morphology of the three species from the cleared and
dtained preparations, we tested the reliability of genital bone morphology reveded in their
radiographs to identify our vouchers using the sample of 124 vouchers with radiographs and
associated genital bone preparations. In a blind experiment, both of us independently assigned
the radiographs (marked only with catalogue numbers) taken of carcasses to species on the
badis of sze and shape of the bacular or baubellar image. Our identifications were then
compared with their identifications made from their associated genita bone preparations.
Because the our andyses demongtrated that radiographs were areliable identification tool, we
then assigned the 72 museum skins with genital bones to species using images of their genita
bones in radiographs. Radiographs (dl life size) of carcasses and study skins were taken with a
Hewlitt Packard Faxitron© (mode 43805N) desk top x-ray system. All radiographs were
examined with both alight table and hand lens and a stereomicroscope.

Other Identification Traits

We tested the rediability of three sets of characters for identifying the reference samples
to species. pelage colour, body measurements, and craniad morphology. To control ontogenetic
variation, we classfied chipmunks into three age categories usng the maxillary molariform teeth
(Beg and Hoffmann 1977): juvenile (molars not fully erupted, deciduous premolars), subadult
(molars fully erupted, deciduous premolars), and adult (molars fully erupted, permanent
premolars present). According to Beg and Hoffmann (1977), T. ruficaudus obtainsits
permanent upper premolars by 79 to 87 days. Therefore, our adult category includes both
young-of-the-year (>79 days) and animals one year or older. Although T. minimus, T.
amoenus, and T. ruficaudus demonstrate sexua size dimorphism (Sheppard 1965, Levenson



1990, Schulte-Hostedde and Miller 2000), sample sizes were too small to separate sexesin our
andyses. All morphometric andyses were done with SYSTAT® 9 programs (SPSS Inc.).

A. Pelage colour

After skinswere removed from animals we examined the flesh side of peltsto assess
moult patterns. Dark pigmented regions were sketched onto outline drawings of the ventrd and
dorsdl pets. We aso examined moult lines and evidence of winter pelage on the fur sde of the
prepared study skins. To assess colour, we examined pelage in two regions on prepared study
skins: underside of the tail, and the abdomen. We scored colour using the colour charts from
Smithe (1974, 1975, 1981). Although more sophisticated colour chart systems exist, we used
Smithe's charts because his manuds are designed for describing colour in the field. Colour
descriptions and comparisons were made under a Gregtad Macbeth Sol Source© desk lamp
with a daylight filter.

B. Body size

Standard mammalian body measurements taken included: tail vertebrae length, total
length, hind foot length, ear length (al in mm) and weight (grams). Body length was caculated
from tota length minustall vertebrae length. For historical museum specimens, we used
measurements recorded on their skin tags. We calculated standard univariate statistics and
compared means with anayses of variance. Because the three species generally could not be
separated by any single variable, we used discriminant anayses based on three measurements
(totd length, tail vertebrae length, hind foot length) to caculate linear functions that would best
separate the species. We used a jacknife procedure (leave-one-out method) as a cross-
vaidation technique to assess cdlassfication error in our discriminant functions (Lance et d.
2000). Multivariate techniques require full data sets with no missing variables; therefore, we
excluded any specimens missng atotd length, tail vertebrae length, or hind foot length vaue
from these discriminant andlyses. We did not include the variables ear length or weight in the
discriminant anayses because they were missing for many historical specimens.

C. Cranial morphology

We used 10 cranid measurements (defined by Patterson 1983): greatest length of skull,
zygomatic breedth, nasa length, maxillary toothrow length, interorbital breadth, nasal width,
diagond length of orhit, cranid depth, mandibular length, and coronoid height. Measurements
were taken to the nearest 0.1 mm with dia cdipers. We caculated standard univariate statistics
and compared means with analyses of variance. Because T. amoenus and T. ruficaudus could
not be separated by any single variable, we used discriminant analys's based on the 10 cranid
measurements to calculate linear functions that would best separate the two species. To find the
smallest set of crania variables that would best classify the species, we employed a step-wise
technique. A jacknife procedure (leave-one-out method) was used as a cross-validation
technique to assess classfication error in our discriminant functions (Lance et d. 2000). We
excluded specimens missing more than one measurement from the discriminant analyses. For the
few specimens missing vaues for asingle variable, we estimated values for these variables with
the maximum likelihood agorithm of SYSTAT 9.



RESULTS

|. Identification From Genital Bones

A. Bacula

Thefirg principal component derived from the nine bacular measurements for the 42
gpecimens from the Columbia Mountains described increasing Size (and Size-related shape)
among the linear measurements and decreasing tip angle; the second component was mosily
correlated with increasing tip angle. In totd, the two components accounted for 95.8% of the
variation in the bacular data with the first component accounting for most (84.5%). A bivariate
plot of component scores for the 42 specimens on the first two principa components reveded
three discrete, non-overlapping groups: A, B, C (Fig. 2-2). Group C which separated on the
first component had large robust bacula. We identified thisgroup as T. r. ssmulans because
their morphology and measurements are consistent with White' s (1953) and Patterson and
Heaney’s (1987) data for this taxon. Groups A and B had smdller, thinner bacula than group C.
They overlapped on thefirg axis, but separated clearly on the second axis. Group A differs
from group B primarily by aless obtuse tip angle and a shorter shaft with a broader base. Based
on the illugtrations in White (1953) and Sutton (1995) we identified group A as T. amoenus
and group B as T. minimus. Bacular measurements for the 42 bacula from the Columbia
Mountains are summarized in Table 1. T. ruficaudus show no overlap with the ranges of T.
amoenus and T. minimus for eght linear measurements and the tip/sheft ratio. Ranges of T.
amoenus and T. minimus overlagp for Six linear measurements but they show no overlgp for tip
length, shaft bend, tip angle and tip/sheft retio.

Similar to the sample from the Columbia Mountains, the first principal component
derived from the nine bacular measurements for the 32 specimens from the Rocky Mountains
described increasing size (and sSze-related shagpe) among the linear measurements and
decreasing tip angle; the second component was mostly correlated with tip angle and explained
increasing tip angle. In totd, the two components accounted for 92.8% of the variation in the
bacular data with the first component accounting for most (89.6%). Although groupings were
less digtinct than in the sample from the Columbia Mountains, a bivariate plot of component
scores for the 32 specimens on the first two principal components reveaed three non-
overlapping groups. A, B, C (Fig. 2-3). Smilar to the Columbia Mountains analysis, group C
congsted of specimens with large robust bacula. They are consstent with measurements and
illugtrations given in White (1953), Beg and Hoffmann (1977), and Peatterson and Heaney
(2987) for T. r. ruficaudus. Groups A and B had smaller, thinner baculathan group C. They
separated mogtly on the on the firgt axis. Group A differs from group B primarily by longer
broader tip and a thicker shaft. Based on the illugtrations in White (1953) and Sutton (1995) we
identified group A as T. amoenus and group B as T. minimus. Bacular measurements for the
32 bacula from the Rocky Mountains are summarized in Table 2-1. T. ruficaudus show no
overlgp with the ranges of T. amoenus and T. minimus for saven linear measurements. ratio.
Rangesof T. amoenus and T. minimus overlap for seven linear measurements but they show
no overlap for tip length, ked height, and tip/shaft ratio.



B. Baubella

Three distinct morphs were evident in the samples of baubdlla from the Columbia
Mountains and Rocky Mountains (Fig. 2-4). Although the baubella tended to be more variable
than the bacula especidly at their proximal end, they demondirated greeter interspecific
differences than the bacula. Although the base was the most variable region of the baube lum,
curioudly the mogt digtinctive features for separating the morphs was the curvature, length, and
shape of the base. Both samples contained a large robust morph with along shaft, high ked,
and a base that terminated at the proximal end as two blunt projections with a groove. We
identified thismorph as T. ruficaudus on the basisof Sutton (1982). A second morph had a
amal tip with alow ked and adistinct “U” shaped base that tapered near the proximd end. This
form is consstent with the Sutton’s (1982) figures and descriptionsfor T. minimus. A third
form was characterised by moderately robust baubellawith indistinct bases. In the Columbia
Mountains sample, this morph had a short base and the proxima end was often notched (Fig.
2-4). A amilar baubdlar form
occurred in the some of the Rocky Mountains sample; others had alonger base (Fig. 2-4).
None of these baubella had the curved tapered projection shown by Sutton (1982) for hissingle
T. a. luteiventris specimen from Montana. Nevertheess, we conclude that baubella of this
morph represented T. a. luteiventris. They were too smal and lacked the two projections on
the proximal end of the baseto be T. ruficaudus; they lacked the tapered proxima end
characterigtic of T. minimus. Baubella measurements are summarized in Table 2. T. ruficaudus
showed no overlgp in the ranges of the four measurementswith T. minimus or T. amoenus. T.
amoenus baubellawere larger than those of T. minimus and in both samples the two species
showed no overlap in their ranges for two of four measurements.

C. Radiographs

Of the radiographs taken for the 124 voucher specimens with genital bone preparations,
93 had genita bone images of sufficient qudity for identification. The other 31 radiographs either
failed to reved agenita bone or did not show the baculum or baubelum in aclear laterd view.
Because these x-rays were taken of whole animds, the genital bones were obscured by limb
bones or vertebrae in some specimens. Of the 93 radiographs used in the andysis, 86 (92.5%)
were identified correctly by DN and 83 (89.2%) were identified correctly by NP using their
radiographs. Mogt errorsinvolved T. amoenus and T. minimus.

The radiographs of the study skins reveded clearer images of genita bonesthan the
radiographs of whole animals because they were filled materid such as cotton that readily
transmitted x-rays. An exception were skins that had been trested with metallic preservatives
that obscured the x-ray with awhite shadowing. Of the 204 historica study skins examined, 72
(35.3%) showed genitd bone images on their radiographs that could be confidently identified.
There was no marked sex bias in the occurrence of genital bones: the 72 radiographs with
genital bone images conssted of 40 bacula and 32 baubella. Presumably the genital bones were
inadvertently retained in the skin during preparation. Of the 132 skins that showed no genita
bones in their radiographs, afew had a white shadowing from ametallic preservetive (see
Williams and Hawks 1987) that would have obscured any smal bones. Metd tail wiresalso



could have obscured the genital bonesin afew specimens. However, for most specimens that
did not reved a genita bone image we suspect that these smal bone structures were smply lost
during skinning.

[1. Identification From Other Traits

A. Pelage colour

Dorsd pelage colour was variable but interspecific differences were evident. In the
Rocky Mountains sample, adult T. ruficaudus had a dark reddish wash in the dorsal pelage
that extended along the shoulders and nape (Fig. 2-5). T. minimus tended to have aduller,
more grey dorsal pelage. T. amoenus was intermediate with some buffy or reddish wash but
less pronounced asin T. ruficaudus. We had too few immature skins to evaluate age variaion
but immeature animals tended to be pder. A juvenile T. ruficaudus for example lacked the
reddish wash of adults and resembled T. amoenus (Fig. 2-6). The study skins especidly T.
minimus demonstrated seasond variation related to the moults. At Middle Kootenay Pass
some adult T. minimus were il in pale worn winter pelage, others taken on the same day
were moulting into their brighter summer pelage (Fig. 2-7). Species differencesin dorsa peage
colour differences were less digtinct in Columbia Mountains sample (Fig. 2-8). T. ruficaudus
tended to be duller than the Rocky Mountains population (i.e,, T. r. ruficaudus). Their skins
lacked the bright rufous wash and tended to converge in dorsa pelage colour with T. amoenus.
T. minimus were generdly duller in colour. Sample Szes were sufficiently large for T. amoenus
to assess age and seasond variation (Fig. 2-9). Immature T. amoenus were pder; afew nurang
femaes ill in old winter pelage were paer and duller than adults in summer pelage.

We used 11 colour categories (Table 2-3) to describe ventra tail colour in the three
gpecies. In the Rocky Mountains samples, T. ruficaudus tended to be distinct with dark
rufous ventrd tails (Fig. 2-10). Nevertheless, 6 (23%) adults were assigned to Antique Brown
or Mikado Brown, colours that occurred in several T. amoenus and T. minimus. Ventrd tail
colour was smilar for both T. amoenus and T. minimus with most animas having a Cinnamon
coloured ventrd tail. Samplesszesof immature animas were too small to assess age variation
intall colour among the Rocky Mountains samples. However, an juvenile T. ruficaudus has a
duller ventrd tail and approached T. amoenus in colour (Fig.2-11). Chipmunks from the
Columbia Mountains were more similar their ventrd tail colours (Fig.2112, Table 2-3). T.
ruficaudus generally had darker more rufous ventrd tails as in the Rocky Mountains. But they
lacked the rich, reddish colours that characterize the Rocky Mountains subspeciesT. r.
ruficaudus. Moreover, 9 (37.5%) adult T. ruficaudus were assigned to Cinnamon 123A, the
most frequent ventrd tail colour shown by T. amoenus and T. minimus from the Columbia
Mountains. T. minimus tended to have dightly brighter ventra tailsthan T. amoenus but this
was difficult to ddimit with the coarse range of colours available in the colour chips with adults
of the two species overlgpping extensively in the colour designations. Subadults and juveniles
tended to have paer fur on the underside of the tail. This was especidly evident for the large
sample of subadult T. a. luteiventris. Most had paer tails (Tawny Olive) than the adults.

The most condgtent difference in ventral pelage was the greyish-white fur of T.
minimus (see Figs. 2-10, 2-12). In contrast T. amoenus had a buffy wash or tinge to its ventral
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pelage. T. ruficaudus was variable with some animas having dull greyish-white ventral pelage
amilar tothat of T. minimus, but others showing a buffy tinge to the ventra pelage.

Nonethdess, ventra fur colour was difficult to ddimit with colour chips. We used only four of
Smithe's colour chipsto describe ventral pelage colour in the three species (Table 2-4); none of
these colours closdly matched the actua fur colour. We found that a subjective classfication
assigning animals to two categories (buffy abdomen versus whitish-grey abdomen) as effective
for revedling colour differences as the colour chips. In the Rocky Mountains sample (Fig. 2-10)
, T. minimus demonstrated the palest abdomens with most assigned to Pae Neutra Grey. Only
one had a buffy belly; 13 of 14 (93%) adult T. minimus had whitish-grey abdomens. T.
amoenus and T. ruficaudus demonstrated a greater range of ventra pelage colour (Table 2-4).
Of the 45 adult T. amoenus, 41 (95.6%) had buffy abdomens. T. ruficaudus were more
difficult to identify from ventral colour with 17 of 23 adults (74%) having buffy abdomens.
Among the samples from the Columbia Mountains (Fig. 2-12), dl adult T. minimus had
whitish-grey abdomens and were scored as Pale Neutral Gray by the colour chips (Table 2-4).
T. ruficaudus and T. amoenus from the Columbia Mountains tended to be duller and |acked
the strong buffy abdomens shown by these species in the Rocky Mountains. Of 25 T.
amoenus, 21 (84%) had buffy abdomens. Most T. ruficaudus had greyish-white abdomens
sgmilar to T. minimus, but 6 of 27 adults (22%) were classfied as buffy.

B. Body size

In both groups, the pecies clearly differed in body szewith T. minimus smallest, T.
amoenus intermediate, and T. ruficaudus largest. In the Columbia Mountains sample (Table
2-5), adult T. minimus could be reedily identified from total length which showed no overlap
with either adult T. amoenus or adult T. ruficaudus. Even subadult T. amoenus showed no
overlap with adult T. minimus in ther totd lengths. T. ruficaudus was generaly larger than T.
amoenus in body size. A one-way andysis of variance revedled that T. ruficaudus were larger
in totd length (F= 29.25, P<0.0001), tail vertebrae length (F= 15.67, P<0.0001), and hind
foot length (F=17.67, P<0.0001), but not in ear length (F=0.01, P=0.913) or weight
(F=0.003, P=0.954). However, ranges of their body measurements overlapped and no single
measurement separated adults of the two species. A two-group discriminant analysis of adult T.
amoenus and T. ruficaudus based on tota length, tail vertebrae length, and hind foot length
(Table 2-6) classfied only 77% of the 48 specimens correctly.

In the sample from the Rocky Mountains, a one-way analys's of variance revealed that
T. amoenus, T. minimus, and T. ruficaudus differed in dl body measurements (P<0.0001).
Nevertheless, adults of the three species overlapped in dl their body measurements (Table 2-7)
and the species could not be identified by any sngle measurement. A three-group discriminant
andysis of adults based on tota length, tail vertebrate length, and hind foot length (Table 2-8)
classfied 82% of the 74 specimens correctly.

For the Columbia Mountains sample we could only test age variation in body size
variatiion among adult and subadult T. amoenus (Table 2-5). Adults were larger than subadults
for totd length (F=5.949, P<0.0001), tail vertebrae length (F=6.092, P=0.017), hind foot
(F=5.005, P=0.030), and weight (F=18.618, P<0.001). Only ear length was smilar in the
two age categories. The few juvenile T. amoenus, and subadult, juvenile T. minimus aso
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suggest asmdler body size for immature animas. It is noteworthy that juvenile T. amoenus
overlgp subgtantialy with adult T. minimus in body measurements. For the Rocky Mountains
sample we could test age variaion among juvenile and adult T. amoenus and T. minimus
(Table 2-7). Adult T. amoenus were larger than juveniles for dl body measurements
(P<0.0001) Adult T. minimus were larger than juveniles for totd length (F=5.565, P=0.026)
and weight (F=42.970, P<0.0001) but not for tail vertebrae length, hind foot, or ear length.

C. Cranial morphology

Smilar to body sze, the species clearly differed in crania size in both groups with T.
minimus smalest, T. amoenus intermediate, and T. ruficaudus largest. In the sample of adults
from the Columbia Mountains (Table 2-9), T. minimus could be readily identified on the bas's
of amdl cranid size. It showed no overlap with adult T. amoenus in three measurements:
greatest length of skull, nasal width, and mandibular length. Even subadult T. amoenus showed
no overlap with adult T. minimus in mandibular length. Five measurements (grestest length of
skull, zygométic breadth, nasal width, crania depth, and mandibular length) showed no overlap
among adult T. minimus and T. ruficaudus. A one-way andysis of variance reveded that T.
ruficaudus were larger than T. amoenus in eight variables: greatest length of skull (F= 4.53,
P=0.039), zygomatic breadth (F= 9.27, P=0.004), maxillary toothrow length (F= 10.19,
P=0.002), interorbital breadth (F=8.05, P=0.006), nasa width (F=13.98, P<0.0001),
cranid depth (F=7.01, P=0.011), mandible length (F=13.04, P=0.001), and coronoid height
(F=25.98, P<0.0001). Nasal length and diagond length of the orbit did not differ among the
two species. Nevertheess, their crania measurements overlapped and no single measurement
separated the adult T. amoenus and T. ruficaudus (Table 2-9). The step-wise, two-group
discriminant andysis of adults (Table 2-10) classified 85% of the 46 specimens correctly. The
discriminant function contained only three variables (maxillary toothrow length, nasa width, and
coronoid height) and described a pattern of increasing size.

For the Rocky Mountains sample, T. minimus could be readily identified on the bass
of amdl cranid size. It showed no overlap with adult T. amoenus in greatest length of skull
(Table 2-11); eight measurements (grestest length of skull, zygomatic breadth, nasal length,
maxillary toothrow length, nasa width, diagond length of orbit, cranid depth, and mandibular
length) showed no overlgp among adult T. minimus and T. ruficaudus. A one-way andys's of
variance reveded that T. ruficaudus were larger than T. amoenus in eight variables: grestest
length of skull (F= 95.29, P<0.0001), nasal length (F= 62.21, P<0.0001), maxillary
toothrow length (F= 49.83, P<0.0001), interorbital breadth (F=13.09, P=0.001), diagonal
length of the orbit (F=53.91, P<0.0001), cranid depth (F=86.30, P<0.0001), mandible
length (F=171.10, P<0.0001), and coronoid height (F=54.43, F<0.0001). Zygomatic breadth
and nasd width did not differ among the two species. All crania measurements, however,
overlapped among adult T. amoenus and T. ruficaudus; no single measurement separated the
two species (Table 2-11). The step-wise, two-group discriminant analysis of adults (Table 2-
12) classified 97% of the 59 specimens correctly. The discriminant function consisted of seven
varigbles: grestest length of skull, zygomeatic breadth, nasd length, interorbital breadth, diagona
length of the orbit, crania depth, mandible length, and coronoid height. It described a pattern of
vaiation that contrasted decreasing zygomatic breadth with increasing skull sze and height.



Because of limited sample Szes of immatures, age variation in the Columbia Mountains
sample could only be evaluated among adult and subadult T. amoenus. Adult T. amoenus were
larger for 7 of 10 varigbles: grestest length of skull (F=25.245, P<0.0001), zygomatic breadth
(F=47.43, P<0.0001), nasd length (F=28.079, P<0.0001), maxillary toothrow length
(F=4.607, P=0.0370, diagond length of orbit (F=10.350, P=0.002), mandibular length
(F=17.832, P<0.0001), coronoid height (F=15.997, P<0.0001). Interorbital breadth, nasal
width, and crania depth did not differ among the two age categories. The few specimens of
juvenile T. amoenus and subadult T. minimus suggest that immature skulls are smdler than
adults and they may overlgp with adults of another species (e.g., juvenile T. amoenus versus
adult T. minimus). Limited sample sizes for immature animas (Table 2-11) prohibited a
rigorous evauation of age variationin T. amoenus, T. minimus, and T. ruficaudus from the
Rocky Mountains. But the few immeature skullsof T. amoenus and T. minimus suggest that
immeature animas have smaller skulls

DISCUSSION
| dentification of Vouchersand Museum Specimens

Chipmunks from the southern Columbia and Rocky mountains of Alberta and British
Columbia can be rdiably identified as T. amoenus, T. minimus, or T. ruficaudus from their
genital bone morphology. In both regions, the species can be separated by one or more genital
bone measurements and we captured these traitsin our identification keys (Appendix 2-3).
However, differencesin genital bone morphology among the three species are so pronounced
that a researcher can learn to identify the three species by smple visud ingpection of cleared
and stained bacula and baubellawith a dissecting microscope. Our results provide additiona
evidence for the utility of the chipmunk genital bones for pecies identification and demondrate
the importance of saving the genita bones from any chipmunks collected as voucher specimens.

Unfortunately few exigting chipmunk museum specimens have genita bone preparations.
Only 4% of the 214 historical specimens that we examined from our study area had associated
genital bone preparations and al were bacula. Nevertheless, if the genital bone has been
retained in the skin during preparation, the specimen can be identified from amagnified
radiograph that reveds genital bone morphology. Our data suggest that about a third of the
existing museum study skins may have genita bones inadvertently preserved in thelr skins.
Although Petterson (1984) suggested that the baubellum was more likely to be preserved in
Sudy skins, we found no evidence for sexud bias. About 55% of the skinswith genital bones
were males. Radiographs are asmple, cost effective, and non-destructive tool for verifying
identifications. Mogt identification problemsin our study areainvolve T. amoenus and T.
ruficaudus. The heavy robust mae and femae genitd bonesof T. ruficaudus are readily
discriminated in an x-ray. Our results support Panian (1996) who identified live chipmunks from
the southern Selkirk Mountains of British Columbia by radiographs reveaing genital bones.
Before usng radiogragphs as an identification tool, however, investigetors must familiarize
themsdlves with the genital bone morphology of these chipmunk species by studying cleared
and stained bacular and baubellar preparations.

For museum specimens that lack genital bone preparations or genital bonesin their
Study skins (about 65% of the skins we examined), one has to rely on skull morphology
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(Appendix 2-3). In the southern Columbia Mountains and Rocky Mountains where T. minimus
isgmdler than T. amoenus and T. ruficaudus, adult T. minimus can be readily discriminated
from single measurements that reflect skull length. Inastudy of T. amoenus and T. minimus
from the east dopes of the Rocky Mountains in Alberta, Sheppard (1965) aso found no
overlap in greatest length of the skull, although the two species did overlap in five other skull
measurements. In their key, Hoffmann and Pattie (1968) digtinguished T. minimus from T.
amoenus and T. ruficaudus in Montana on the basis of skull length (occipitonasal length <31. 7
mm), but no Satistics were given.

In contragt, although adult T. ruficaudus are larger than adult T. amoenus, crania
measurements of the two species overlgp and their skulls can only be differentiated by
multivariate discriminant andyss. Published mamma guides and identification keys for the
Rocky Mountains (Hoffmann and Pattie 1968, Smith 1993) have not used crania morphology
asadiagnodtic trait to distinguish T. amoenus and T. ruficaudus but relied on pelage colour or
bacular morphology. Our results demongtrate that in the Rocky Mountains of Canada adults of
these two species separate out clearly on skull morphology. Our discriminant function was a
reliable tool for identifying skulls with only one specimen of each species identified incorrectly.

In contrag, in the southern Columbia Mountains where T. ruficaudus appears to converge with
T. amoenus in Sze and cranid morphology, their skulls are less digtinguishable. The discriminant
function that we caculated for identifying T. amoenus and T. ruficaudus will dassify about
85% of the specimens correctly. In the adjacent Salkirk Mountains of Washington, Daquest
(1948) aso found some specimens of T. amoenus and T. ruficaudus that he could not
positively identify from cranid morphology. These differences among adjacent samples from the
Columbia and Rocky Mountains suggest that there are marked regiond differencesin the
reliability of crania morphology to identify these chipmunk species. Investigators should develop
discriminant classfication functions derived from skulls taken from their loca sudy area

The mgor limitation to usng skull morphology for identifying museum specimensis thet
it can only be gpplied to adults and specimens with measurable skulls. Our inability to identify
subadult or juvenile skullsis not a problem for taxonomic studies because they are usudly based
on mature animas. But, it may preclude using immeature museum specimens for distributiona
records unless their identifications can be confirmed from genital bone morphology.

Field Identification

Genita bone preparations require sacrificing animas. Taking radiographs of
anaesthetised live chipmunks ether in the field or trangporting them to aveterinary lab as
proposed by Panian (1996), is not practica as afied technique especialy for wildlife biologists
conducting surveys in inaccessible apine aress. The only traits that we studied with potentiad as
fidd traits for identifying live animas are pel age colour and body measurements.

A. Pelage Colour

Pelage features such as colour of the belly fur, colour of underside of the tail, darkness
of thelaterd dripes, and the length of the median dorsd stripe are the morphologicd traits most
often used by researchersto distinguish T. minimus, T. amoenus, and T. ruficaudus
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(Sheppard 1965; Meredith 1975; Hoffmann and Pattie 1968; Smith 1993). We observed
some pelage differences among the three speciesin both sudy areas. Nonetheless, it is difficult
to describe these colour differencesin an identification key usng afew smple absolute traits or
colour codes from standard (Smithe 1971, 1974, 1981) colour chips. Colour differences can
only be perceived after examining series of sudy skinsof known identification. Ventrd tail
colour and abdomind fur colour are complex colours that are not easily described with smple
codes from colour chips. Moreover, colour of the undersides of the tail and dorsal pelage are
highly variable influenced by age and the stage of the soring moult. The 1996 specimens were
collected mid September to early October (Appendix 2-1) and they had largely attained their
full summer pelage. In contrast, specimens taken 1997-99 were collected in July and August.
They were gill undergoing the spring moult and many specimens showed amix of old winter
and fresh summer pelage. A few nuraing femaes taken in July and early August were il largely
in old, worn winter pelage. They differed grikingly in colour from adultsin partid or full summer
pelage taken in the same areas. A number of researchers (Merriam 1897; Howell 1929,
Johnson 1943) have observed that colour differences in the summer and winter pelages of a
chipmunk species may be more striking than comparable pelages in different chipmunk species.

Our results generaly support Soper (1964), Cowan and Guiguet (1965), Hoffmann
and Pattie (1968), and Smith (1993) who concluded that in the Rocky Mountains of Canada
and Montana, adult T. amoenus, T. ruficaudus, and T. minimus can be identified from belly
and ventra tail colour. The most distinct festure of adult T. ruficaudus is the rufous on the
undersde of the tail, shoulders, and back. Although Hoffmann and Pettie (1968), Cowan and
Guiguet (1965), and Smith (1963) described the belly fur as white, abdomind fur colour varies
with some individuas having some buffy wash. The most congstent colour trait of T. amoenus
isits buffy abdomen which contrasts with the whitish-grey belly of T. minimus. Soper (1964)
noted the distinct pale grey pelage of the Rocky Mountain race of T. minimus (T. m.
oreocetes), and severd nauraists have described it as 'ghostly’. Neverthel ess, some of thispae
colour can be attributed to old faded, winter pelage. Becauseit is restricted to apine areasin
the Canadian Rocky Mountains (see Chapter 4), the spring moult is delayed in this species with
some animals not acquiring their bright summer pelage until early autumn. Meredith (1975) used
the length of the median stripe on the head areato separate T. m. borealisand T. a.
ludibundus in Jasper Nationd Park, but we found no differencesin thistrait for T. m.
oreocetesand T. a. luteiventris.

T. minimus in the Columbia Mountains is distinguished by its greyish-white albdomen,
but T. amoenus and T. ruficaudus in this region evidently convergein ventrd tail and bely
pelage confounding any identifications usng on fur colour. Dalquest (1948) noted Smilar
identification problems for T. amoenus and T. ruficaudus in the adjacent Selkirk Mountains of
eastern Washington. It is noteworthy that most of the identification problems associated with
historical museum specimens from our sudy areainvolved specimensof T. amoenusand T.
ruficaudus from the Columbia Mountains. Panian’s (1996) conclusion that T. amoenusand T.
ruficaudus in the Sdkirk Mountains of British Columbia can be identified from pelage is flawved
and hisidentification of 30 live capturesas T. r. simulans from pelage is dubious. Panian
(1996) did not provide locality data or catal ogue numbers for the museum skins he examined,
but locdities recorded on specimen tags shown in hisfiguresindicate that his reference samples
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of T. amoenus skins congsted of Washington populationsof T. a. canicaudusand T. a.
affinis, pale subspeciesthat are alopatric with T. r. simulans. The appropriate subspecies for
comparisonisT. a. luteiventris, a subspeciesthat is co-occurswith T. r. smulansin British
Columbia, Washington, northern ldaho, and northwestern Montana. It is notably darker than T.
a. affinisor T. a. canicaudus.

B. Body Size

Although adults of three species differ in body size, they generdly overlgp in their
standard body measurements. One exception is the southern Columbia Mountains where adult
Tamias minimus differ from adult T. amoenus and T. ruficaudus in totd length. This
measurement will also separate subadult T. amoenus from adult T. minimus. However, for T.
ruficaudus and T. amoenus in the Columbia Mountains and al three species in the southern
Rocky Mountains identification cannot be made from any single body measurement and even
discriminant functions calculated from tota length, tail vertebrate length, and hind foot length are
not particularly effective for identification. In the Columbia Mountains where T. ruficaudus and
T. amoenus converge in body size, only 77% of the specimens were identified correctly from
our discriminant function. Although Davis (1939) used a hind foot length of 33 mm to separate
T. r. simulansfrom T. a. luteiventris in Idaho, the two taxa overlgp extensively in hind foot
length in the Columbia Mountains of British Columbia. Overlgp in body sze among the three
pecies was aso evident in the Rocky Mountain with only about 80% of the adult individuds of
each species were identified correctly by our three group discriminant analysis. Sheppard
(1965) reported overlap in total length and tail vertebrae lengthsamong T. minimus and T.
amoenus from the Rocky Mountainsin Alberta. Hoffmann and Pettie (1968) separated T.
minimus from T. amoenus in Montana a body length <110 mm but in the southern Rocky
Mountains of Canada these species overlap subgstantidly in this measurement.

Severd factors may have reduced the effectiveness of body measurements for
identification in our study. We could not separate the sexes because our sample sizes were too
gmdl. T. amoenus, T. minimus, and T. ruficaudus demongtrate sexua size dimorphism with
femaes generaly larger than maesin body size (Sheppard 1965, Levenson 1990, Schulte-
Hostedde and Miller 2000). Partitioning the sexes with larger samples, may improve the
classfication results with discriminant functions. Because our samples included both recent
vouchers collected and measured by us and historical museum specimens measured by various
preparators, measuring differences could have increased the variability of body messurements.
A sample measured by a single investigator may improve the resolution of body measurements
for identification.

C. Recommendations

Our identification keys for identifying adult live chipmunks from the southern Columbia
Mountains and Rocky Mountains (Appendix 2-3) of Canada are based on both pelage and
body measurements. These traits can only be used on anaesthetised or restrained chipmunks
held in the hand. Beg (1969) reputedly discriminated T. ruficaudus and T. amoenus in the
Rocky Mountains of Montana, and Meredith (1975) claimed to identify T. amoenusand T.
minimus from the Rocky Mountains of Alberta using peage traits viewed on animasin the
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field with binoculars. Given the variation demongtrated in our sudy, we suggest that pelage
colour should only be used on animasin the hand. Moreover, we assessed pel age colour under
ided conditions using study skins held under a standard light source. A live animd (even hand
held) viewed in the field would be expected to demongtrate colour differences under different
lighting conditions associated with time of day, weather conditions, or shading from vegetation
cover. Before any fidd study, biologists should examine museum specimensto familiarize
themselves with the various pel ages associated with seasond and age variation. For problematic
animals, voucher specimens will be essentid to confirm identifications. In the Columbia
Mountains where T. amoenus and T. ruficaudus cannot be rdigbly identified from externd
traits, postive identification of these two species can only be made with voucher specimens with
genital bones.

Future Research

A magor limitation of our keysisthat they gpply only to adult animas. Smal sample
sizes prohibited a rigorous assessment of pelage colour, body size, and cranid morphology for
the immature age categories (subadult and juvenile) of T. amoenus, T. minimus, and T.
ruficaudus. Neverthe ess, because our limited samples demondtrate that both juvenile and
subadult animas may differ in body sze and pelage colour from adults, separate identification
keys would have to be developed for immature chipmunks. This requires additiona samples of
immature chipmunks from our study area.

Even if separate keys are developed to identify immature chipmunks, they may be
impossible to gpply on live chipmunks because of problems with distinguishing juvenile,
subadult, and adult chipmunksin the fidd. Although chipmunks captured in early spring (before
emergence of the young) or autumn could be assumed to be adults, captures during the breeding
season would contain amix of age categories. The breeding season of T. amoenus, T.
minimus, and T. ruficaudus has not been determined in our study area but studies from
adjacent areas suggest that juveniles first appear above ground in June or July (Sheppard 1969;
Beg 1971). If adult dentition is obtained about 79 to 87 days as reported by Beg and Hoffmann
(1977), then juvenile or subadult chipmunks would occur in populations from June to early
September. Coallecting dates for our immeature (juvenile, subadult) voucher and higtorical
museum specimens are consistent with this pattern. We defined our three age categories from
dages of tooth eruption and premolar replacement determined from occlusa views of the
maxillary molariform teeth observed in cleaned skulls with a dissecting microscope.
Digtinguishing deciduous from permanent premolars, or determining the degree of eruption in the
third molar is probably impossible to observe on alive chipmunk even with a hand lens because
clear occlusal views of the upper toothrows are obscured by the tongue. Juvenile animals may
be diginguishable in the field from their dull sparse peage but digtinguishing subadults from
adults by pelage seems unlikely. Developing a rdliable, non-destructive aging technique that can
be gpplied on live animasis essentid for field identification. Panian (1996) determined tooth
eruption from radiographs taken on live chipmunks transported to a vet |ab but this technique is
not a practical field technique. Potentid techniques that should be explored include dental
impressions or the use of dental mirrorsto view upper toothrowsin situ.
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| dentification would be smplified if geographic and devationd ditribution could be
incorporated into the keys. For example, if T. ruficaudus is absent from the Purcel Mountains
in British Columbia (Chepter 4), then fidd identification issmplified in thisregion as T.
amoenus and T. minimus are separable by body length and belly fur colour. Moreover, as T.
minimus appears to occur only above 2000 metres eevation in the Purcell Mountains (Chapter
4), any chipmunk taken from low or mid eevation forest could be assumed to be T. amoenus.
However, our inventory data for chipmunksin southeastern British Columbia are inadequate
(Chapters 4, 5). The rdiability of maps showing the digtributiond limits and elevationa ranges of
T. amoenus, T. minimus, and T. ruficaudus in southeastern British Columbiais serioudy
limited by sampling gaps and bias. Until more inventory work is done, we recommend that it
would be prudent for biologists to avoid any identifications based solely on assumptions of
elevation or geographic range. As an example of the pitfalls, until 1999 we had no evidence that
T. amoenus inhabited the southern Salkirk Mountains within therange of T. r. simulans (area
delimited by the Kootenay and Columbia rivers) and we assumed that T. ruficaudus wasthe
only chipmunk in that region. Four live animals x-rayed by Panian (1996), the vouchers
collected in 1996 (Appendix 2-1; Fraker and Nagorsen 1998), and 20 historical museum
specimens that were identified from radiographs or genita bone preparations from the southern
Sdlkirk Mountains (Appendix 2-2) were dl T. ruficaudus. However, in 1999 we collected a
gangle T. amoenus from the Topaz Creek Forestry Road at 900 metres elevation. This location
occurswithin the devationd range of T. r. simulans and suggests that two species may co-
occur in parts of the southern Selkirk Mountains. This record aso raises doubts about Panian's
(1996) putative 30 T. r. simulans captures from the southern Selkirk Mountains that were
identified on assumptions of alopatry rather than genital bone morphology.

Our study was redtricted to morphologica traits. Other identification traits that should
be explored in future research are genetic markers such as DNA. Presumably hair or skin
samples collected in the field from live animals and preserved in ethanol could be used as a non-
destructive identification tool. Tissue samples from our vouchersof T. amoenusand T.
ruficaudus were sent to the University of Idaho for phylogeographic studies of these species
based on mitochondrid DNA. According to John Demboski and Jeff Good (unpublished data)
these two taxa demondrate differencesin their mtDNA profiles. Neverthdess, afew individuds
were carrying the incorrect mtDNA. For example, the chipmunk specimens from Sage Creek
and Kishinena Creek in the FHlathead River Valey were clearly T. amoenus from their genita
bone and skull morphology yet were carrying T. r. ruficaudus haplotypes (Jeff Good,
unpublished data). Clearly more genetic research is needed before these species can be
identified from molecular markers. Recordings of chip cal vocdizations (Gannon and Lawlor
1989) is another potentia field technique that should be explored.

CONCLUSIONS

1. In the southern Rocky Mountains and Columbia Mountains, museum or voucher specimens
with genital bone preparations can be identified unequivocaly as T. amoenus, T. minimus, or
T. ruficaudus from measurements taken from stained bacula or baubella or radiograph images
of genita bones. Although few museum specimens have associated genital bone preparation, as



18

many as athird of the existing museum skins have genital bones inadvertently preserved in their
skins. They can be identified from x-rays that reved genital bone images. For adult museum
gpecimens that lack genita bones, identifications can generdly be made from cranid
morphology. An exception isin the Columbia Mountains where adult T. amoenus and T.
ruficaudus converge in cranial morphology making identification difficult.

2. Anaesthetised or restrained adult chipmunks held in the hand generally can be identified from
body measurements and pelage colour (dorsa, underside of thetail, belly fur). However, in the
Columbia Mountains where adult T. amoenus and T. ruficaudus converge in body size and
pelage these species cannot be reliably identified in thefidd and pogtive identification requires
voucher specimens with genita bones.

3. Because of sampling inadequacies bias, the geographic range and devationd range of
chipmunks in southeastern British Columbiais poorly known. Therefore, until more inventory
work is done, we recommend that identifications not be based on assumptions of eevation or

geographic range.

4. Our identification keys can be gpplied only to adult animals. More research is needed to
develop identification keys for immature chipmunks, and to develop areliable aging technique
for use on live animas. Other identification techniques such as recording vocaizations or
applying molecular markers such as mitochondrial or microsatellite DNA should be explored.
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Table 2-1. Bacular measurements (means +1 standard deviation, ranges) for three

chipmunk species from the southern Columbia Mountains and Rocky M ountains of
British Columbia and Alberta. Linear measurementsin millimetres, tip angle in degr ees.
Based on specimens taken in 1996-99 and historical museum specimens.

Measurement T. amoenus T. minimus T. ruficaudus
Mean Range Mean Range Mean Range
Columbia Mts N=22 N=9 N=11
Total length 2.84+0.16  2.44-3.04| 3.10+0.08 2.93-3.22| 4.14+0.21 3.82-4.48
Shaft length 251+0.12 2.19-2.70( 2.70+0.07 2.59-2.78| 3.58+0.07 3.43-3.70
Tip length 0.91+0.06  0.74-0.96| 0.63+0.06 0.56-0.70| 1.65+0.06  1.52-1.75
Base width 0.54+0.04 0.48-0.59| 0.44+0.04 0.37-0.52| 0.86+0.06  0.75-0.93
Tip width 0.37+0.03 0.26-0.41| 0.34+0.04 0.30-0.41| 0.56+0.05 0.54-0.67
Shaft bend 0.35+0.03 0.30-0.41| 0.23+0.03 0.19-0.26| 0.62+0.04 0.56-0.70
Neck width 0.17+0.02 0.11-0.19| 0.13+0.02 0.11-0.15| 0.34+0.04 0.29-0.41
Ked height 0.32+0.04 0.22-0.37| 0.23+0.02 0.22-0.26| 0.60+0.03  0.56-0.67
Tip angle 121.2+3.0 114.0-126.0| 136.6+1.01 135.0-138.0| 120.1+2.94 116.0-125.0
Tip/shaft ratio 0.36+0.02 0.30-0.39| 0.24+0.02 0.20-0.26| 0.46 +0.02  0.43-0.49
Rocky Mts N=17 N=7 N=8
Total length 3.17+0.20 2.71-3.52| 3.00£0.15 2.78-3.19| 5.10+0.09 4.74-5.52
Shaft length 2.68+0.13 2.37-2.93| 2.70+0.07 2.56-2.85| 4.41+0.08 4.07-4.74
Tip length 0.93+0.06  0.82-1.04| 0.68+0.02 0.67-0.70| 1.56+0.04 1.37-1.74
Base width 0.47+0.06  0.37-0.59| 0.43+0.07 0.33-0.52| 0.77+0.03  0.63-0.93
Tip width 0.41+0.03 0.37-0.44| 0.31+0.04 0.26-0.37| 0.59+0.02 0.52-0.67
Shaft bend 0.32+0.04 0.26-0.41| 0.21+0.03 0.19-0.26| 0.55+0.01 0.52-0.59
Neck width 0.17+0.03 0.11-0.22| 0.13+0.03  0.11-0.18| 0.27+0.01  0.22-0.30
Ked height 0.32+0.03 0.26-0.37| 0.23+0.04 0.19-0.30| 0.51+0.01  0.48-0.52
Tip angle 134.6£3.6 124.0-140.0| 139.4+1.7 129.0-141.0( 121.4+2.0 118.0-124.0
Tip/shaft ratio 0.35+0.02 0.32-0.40| 0.25+0.01 0.24-0.28| 0.35+0.03  0.33-0.42
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Table 2-2. Baubellar measurements (means £1 standard deviation, ranges) for three
chipmunk species from the southern Columbia M ountains and Rocky M ountains of
British Columbia and Alberta. All measurementsin millimetres. Based on specimenstaken

in 1996-99.

M easur ement T. amoenus T. minimus T. ruficaudus
Mean Range Mean Range Mean Range

Columbia Mts N=14 N=5 N=3

Total length 1.20£0.14 0.96-1.42| 0.92+0.02 0.91-0.96| 2.90+0.28 2.73-3.22

Base width 0.35+0.04 0.27-0.40| 0.28+0.03  0.24-0.31| 0.64+0.02  0.62-0.67

Flange length 0.57+0.03 0.51-0.62| 0.46+0.20 0.44-0.49| 0.98+0.12 0.84-1.09

Ked height 0.24+0.03 0.20-0.27| 0.14+0.02 0.11-0.16| 0.48+0.01  0.47-0.49

Rocky Mts N=9 N=4 N=8

Total length 1.39+0.24 1.11-1.76| 1.02+0.07 0.91-1.07| 2.25+0.19 2.00-2.56

Base width 0.35+t0.04 0.29-0.42| 0.30£0.02 0.27-0.31| 0.52+0.03  0.47-0.56

Flange length 0.60+0.06  0.51-0.67| 0.46+0.02 0.44-0.49| 0.92+0.07 0.82-1.02

Ked height 0.25+0.03 0.22-0.31] 0.18+0.06  0.13-0.27| 0.45+0.04  0.40-0.53




Table 2-3. Ventral tail colour of three chipmunk species from the southern Columbia Mountains
and Rocky Mountainsof British Columbia and Alberta. Based on voucher specimens and
historical museum specimens identified by genital bone mor phology. Colour names and codes
from Smithe (1974, 1975, 1981).

Colour

T. amoenus

T. minimus

T. ruficaudus

Columbia Mountains
Antique Brown (37)
Mikado Brown (121C)
Cinnamon (123A)
Cinnamon (39)
Clay Color (26)
Clay Color (123B)
Tawny Olive (223D)
Buff (124)
Sample Size
Rocky Mountains
Raw Sienna (136)
Amber (36)
Robin Rufous (340)
Antique Brown (37)
Mikado Brown (121C)
Cinnamon (123A)
Cinnamon (39)
Clay Color (26)
Tawny Olive (223D)
Sample Size

Ad Sub Juv

Ad Sub

Juv

Ad Sub  Juv
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Table 2-4: Abdominal colour in three chipmunk species from the southern Columbia M ountains
and Rocky Mountainsof British Columbia and Alberta. Based on voucher specimens and
historical museum specimens identified by genital bone morphology. Colour names and codes
from Smithe (1974, 1975, 1981).

Colour T. amoenus T. minimus T. ruficaudus
Ad Sub Juv Ad Sub  Juv Ad Sub  Juv
Columbia Mountains
Pale Neutral Gray (86) 3 4 1 13 3 2 14 - -
Drab Gray (119D) 15 17 2 0 0 0 12 - -
Pale Pinkish Buff (121D) 5 0 0 0 0 0 1 - -
Tawny Olive (223D) 2 0 0 0 0 0 0 - -
Sample Size 25 21 3 13 3 2 27 0 0
Rocky M ountains
Pale Neutral Gray (86) 1 0 0 13 2 8 8 - 0
Drab Gray (119D) 25 4 8 1 0 0 11 - 1
Pale Pinkish Buff (121D) 12 0 2 0 0 0 4 - 0
Tawny Olive (223D) 7 0 0 0 0 0 0 - 0
Sample Size 45 4 10 14 2 8 23 0 1




Table 2-5. Body measurements (means =1 standard deviation, ranges) for three species of chipmunks from the
southern Columbia Mountains of British Columbia. Weightsin grams, linear measurementsin millimetres. Based on
voucher specimenstaken in 1996-99 and historical museum specimens identified by genital bone morphology.

M easur ement Adults Subadults Juveniles

T. amoenus luteiventris Mean Range N Mean Range N Mean Range N
Total length 213.7+8.7 198-230 26| 204.246.1 194-216 21| 1845+8.7 173-193 4
Body length 119.4+4.4 111-132 26| 113.5+4.1 105-122 21| 101.0+7.3 91-108 4
Tail length 94.3+7.4 79-110 26| 90.7+4.7 80-98 21| 835*1.7 82-85 4
Hind foot 31.6+1.2 29-34 26| 31.0+0.8 29-32 21| 29.5+0.8 28-30 4
Ear 15.7+£1.8 11-18 18| 16.6x0.6 15-17 20| 16.0£1.6 15-17 4
Weight 55.3t7.0 45.3-73.3 16| 46.4+4.6 37.0-55.0 20| 357+16 34.3-379 4
T. minimus selkirki Mean Range N Mean Range N Mean Range N
Total length 185.5+6.0 172-193 14| 185.0+7.0 177-190 3 177 1
Body length 105.6+1.2 100-112 14| 103.0+7.8 98-112 3 99 1
Tail length 79.9+4.4 69-86 14| 82.0+£7.9 76-91 3 77 1
Hind foot 30.4+1.2 27-32 14| 30.0+1.2 29-31 3 28 1
Ear 14.0+£1.2 12-16 12 14 1 13 1
Weight 41.4+4.10 38.1-52.8 12 36.2 1 26.7 1
T. ruficaudus ssimulans Mean Range N Mean Range N Mean Range N
Total length 225.8+6.3 216-237 22

Body length 123.9+6.0 116-135 23

Tail length 102.1+5.9 93-115 22

Hind foot 33.0+1.3 30-35 28

Ear 15.8+1.7 13-19 23

Weight 54.7+4.8  44.2-64.6 22
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Table 2-6. Jack-knifed classification matrix for two chipmunk
species from the southern Columbia Mountains of British
Columbia. Based on a two-group discriminant analysis of adults
using total length, tail vertebrae length, and hind foot length.

T.amoenus | T. ruficaudus | % Correct

T. amoenus (N=26) 21 5 81
T. ruficaudus (N=22) 6 16 73




Table 2-7. Body measurements (means =1 standard deviation, ranges) for three species of chipmunks from the
southern Rocky Mountains of British Columbia and Alberta. Weightsin grams, linear measurementsin

millimetres. Based on voucher specimenstaken in 1996-99 and historical museum specimensidentified by genital

bone mor phology.

M easur ement Adults Subadults Juveniles

T. amoenus luteiventris Mean Range N Mean Range N Mean Range N
Total length 210.5+54  200-223 42| 191.0+9.2 191-207 3| 184.4+6.7 173-198 15
Body length 117.9¢46  109-128 42| 108.7+9.1 102-119 3| 99.6%5.3 87-111 15
Tail length 92.745.3 82-103 42| 87.6t15 86-89 3| 84.8+5.7 79-101 15
Hind foot 31.5+1.4 28-34 47| 31712 31-33 3| 30.3+0.9 29-33 15
Ear 15.5+1.9 12-19 39 14.3+2.1 12-16 3| 14.9+0.6 14-16 15
Weight 56.1£7.6 42.0-77.0 43 45.2+6.5 384-51.4 3| 33.1+35 29.3-40.0 15
T. minimus oreocetes Mean Range N Mean Range N Mean Range N
Total length 194.2+11.0 182-204 9| 190.7£145 174-200 3|165.1+10.7 152-183 11
Body length 110.0¢6.5 100-120 9| 104.745.0 100-110 3| 94.3t6.5 85-103 11
Tail length 80.2+3.7 75-87 9| 86.0+10.6 74-94 3| 70.7+5.6 61-83 11
Hind foot 30.1+1.2 28-32 11| 31.3+1.2 30-32 3| 285t1.1 26-30 11
Ear 13.7x14 11-16 11 16.3+2.5 14-19 3| 121+1.1 11-14 11
Weight 45.3+3.4 38.9-50.3 12| 375+4.2 338420 3| 259+51 19.2-35.0 11
T. ruficaudus ruficaudus Mean Range N Mean Range N Mean Range N
Total length 2215483 207-234 22 208 1
Body length 125.9+£75  114-139 21 113 1
Tail length 95.3+4.0 89-102 21 95 1
Hind foot 33.7+1.1 32-36 22 31 1
Ear 17.1+£1.5 14-19 16 16 1
Weight 66.6+5.6 53.5-78.7 15 46.0 1




Table 2-8. Jack-knifed classification matrix for three chipmunk species from the
southern Rocky M ountains of Alberta and British Columbia. Based on a three-
group discriminant analysis of adultsusing total length, tail vertebrae length,

and hind foot length.
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T.amoenus | T. minimus T. ruficaudus | % Correct
T. amoenus (N=42) 35 2 5 83
T. minimus (N=9) 2 7 0 78
T. ruficaudus (N=21) 4 0 17 81




Table 2-9. Cranial measurements (means +1 standard deviation, ranges) for three chipmunk speciesfrom the southern
Columbia Mountains of British Columbia. All measurementsin millimetres. Based on voucher specimenstaken 1996-99
and historical museum specimens identified by genital bone mor phology.

M easur ement Adults Subadults Juveniles

T. amoenus luteiventris Mean Range N Mean Range N Mean Range N
Greatest length 33.8t047 32.7-345 23| 329+050 32.0-339 18| 314+0.17 31.2-315 3
Zygomatic breadth 18.8+051 18.0-193 25 18.1+041 17.1-187 17 17.3t0.29 170175 3
Nasd length 10.5+0.33 98112 25 10.0+0.33 93106 20 9.1+0.44 8896 3
Maxillary toothrow length 5.3+0.14 4955 26 53+0.14 49-54 20 5.0+0.10 4951 3
Interorbital width 6.9+0.33 6.4-76 26 6.8+0.22 6.4-7.3 17 6.8+0.35 6.4-71 3
Nasa width 2.7+0.17 24-3C 26 2.8+0.17 233C 20 2.5+0.15 24-27 3
Diagond length of orbit 8.0+0.29 7585 25 7.8+0.30 7.3-84 18 7.2+0.27 70-75 3
Crania depth 133+0.22 133141 24| 138+021 135143 18 1374064 132-144 3
Mandibular length 18.3+0.38 175189 21 17.8+0.27 173183 19 17.1+0.17 16.9-172 3
Coronoid height 10.1+0.42 9.2-10.7 21 9.6£0.24 8.8-105 17 8.8+0.71 8.0-94 3
T. minimus salkirki Mean Range N Mean Range N Mean Range N
Gresatest length 31.3+0.36  30.4-320 13| 305+059 30.1-31.2 3 29.7 1
Zygomatic breadth 17.8£0.35 17.0-182 13 1714030 16.0-174 3 17.0 1
Nasa length 9.0+0.36 8396 14 8.5+0.40 8189 3 8.1 1
Maxillary toothrow length 4.9+0.15 47-53 14 4.8+0.20 46-50 3 3.3 1
Interorbital width 6.9+0.25 6.3-7.2 13 6.5+0.15 6.4-6.7 3 6.6 1
Nasa width 2.1+0.18 1.7-23 14 1.9+0.12 1820 3 2.0 1
Diagond length of orbit 7.2+0.29 6.7-76 14 7.0+0.36 6.7-74 3 6.9 1
Cranial depth 1294030 125133 11 13.0+0.17 128131 3 131 1
Mandibular length 16.7+0.24  16.3-17.C 13 16.1+0.17 159-16.2 3 15.5 1
Coronoid height 9.1+0.25 8599 13 8.7+0.35 8491 3 - 1
T. ruficaudus smulans Mean Range N Mean Range N Mean Range N
Greatest length 34.1+0.71 323355 26

Zygomatic breadth 19.0+0.35 184-196 26

Nasal length 10.7+0.54 9.2-115 27

Maxillary toothrow length 5.4+0.23 4858 28

Interorbital width 7.2+0.23 6.6-76 28

Nasal width 3.0+0.23 2534 28

Diagona length of orbit 8.1+0.27 7586 27

Cranial depth 139+0.26 134-144 26

Mandibular length 18.7+0.38  18.0-19.6 28

Coronoid height 10.7+0.42 99-11.3 28
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Table 2-10 . Jack-knifed classification matrix for two chipmunk
species from the southern Columbia Mountains of British
Columbia. Based on a two-group step-wise discriminant analysis
of adultsusing 10 cranial measurements.

T.amoenus | T. ruficaudus | % Correct
T. amoenus (N=20) 18 2 90
T. ruficaudus (N=26) 5 21 81




Table2-11. Cranial measurements (means +1 standard deviation, ranges) for three chipmunk species from the southern
Rocky M ountains of British Columbia and Alberta. All measurementsin millimetres. Based on voucher specimenstaken
1996-99 and historical museum specimens identified by genital bone mor phology.

M easur ement Adults Subadults Juveniles

T. amoenus luteiventris Mean Range N Mean Range N Mean Range N
Greatest length 33.8t047 32.7-350 40| 327+055 321-332 3 316058 30.7-32.3 7
Zygomatic breadth 18.8+045 17.8-199 43 18.0+0.30 17.7-183 3 17.1+049 163178 7
Nasd length 10.2+0.35 93112 45 9.7+0.51 93103 3 9.0+0.37 8.6-96 7
Maxillary toothrow length 52+0.15 5055 46 52+0.10 5153 3 5.0+0.23 4653 7
Interorbital width 7.1+0.28 6.5-7.8 43 6.7+0.20 6.5-69 3 6.7+0.18 6.5-70 7
Nasal width 2.9+0.27 22-35 46 2.8+0.12 27-2¢ 3 3.0+0.22 27-3C 7
Diagond length of orbit 7.8+0.45 6.5-85 46 7.6+£0.79 7085 3 6.7+0.55 5975 7
Crania depth 138+0.20 13.3-14.2 40 13.7+0.27 135140 3 13.6+0.36  13.2-143 7
Mandibular length 18.1+0.35 17.2-188 43 17.7#027 175180 3 17.1+022 168175 7
Coronoid height 10.4+0.27 9.7-11.2 40 9.8+0.23 97101 3 9.2+0.42 86-99 7
T. minimus oreocetes Mean Range N Mean Range N Mean Range N
Gresatest length 324+042 31.2-324 12| 31.0:£0.21 30.8-31.1 2 | 29.3+0.00 20.3-293 2
Zygomatic breadth 18.2+0.33 17.6-187 12 | 17.6+0.35 17.3-17.€¢ 2 | 16.2+0.67 154-17C 4
Nasd length 9.4+0.34 8.8-99 12| 86052 8.0-89 3 | 82+0.27 8.0-86 2
Maxillary toothrow length 4.8+0.17 46-51 13| 4.8+0.25 4550 3 4.8+0.22 4651 4
Interorbital width 6.8+0.27 6.4-72 12| 6.3+t0.30 6.0-6.6 3 6.2+0.21 59-64 4
Nasa width 2.2+0.17 1.9-25 12| 22+042 1725 3 2.0£0.24 1823 4
Diagond length of orbit 7.2+0.28 6.8-78 12| 7.4+0.36 71-78 3 6.8+0.68 5874 4
Cranial depth 13.2+0.27 12.8-13.7 11 | 13.4+0.07 133134 2 | 12.8+0.40 124-132 3
Mandibular length 16.4+0.27 164-174 12 | 16.3+0.10 16.2-164 3 | 16.0+0.17 158-16.2 4
Coronoid height 9.8+0.27 95103 12| 95+0.35 9198 3 | 83+0.52 7.7-89 4
T. ruficaudus ruficaudus Mean Range N Mean Range N Mean Range N
Greatest length 35.2+044 34.0-358 19

Zygomatic breadth 19.6+0.34 189-200 19

Nasal length 110026 105115 21

Maxillary toothrow length 5.5+0.16 5257 21

Interorbital width 7.4+0.23 6.9-78 20

Nasal width 3.0+0.20 273t 21

Diagona length of orbit 8.5+0.22 8.0-89 20

Cranial depth 1444029 14.0-149 19

Mandibular length 194+0.31 185-198 20

Coronoid height 11.2+0.34 10.2-11.6 28




Table 2-12. Jack-knifed classification matrix for two chipmunk
species from the southern Rocky Mountains of British Columbia
and Alberta. Based on a step-wise two-group discriminant analysis
of adultsusing 10 cranial measurements.

T.amoenus | T. ruficaudus | % Correct

T. amoenus (N=41) 40 1 98
T. ruficaudus (N=18) 1 17 94




