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Eight external characters distinguishing plains bison (Bos bison bison) and wood bison (B.
b. athabascae) were analyzed in six extant populations of plains bison and five populations
of animals with ancestry of wood bison to test whether panmixis occurred in Wood Buffalo
National Park following the introduction of plains bison and to test whether the variation
is ecophenotypic. Character states were polarized from wood to plains bison and scored
numerically. Frequencies of individual scores and indices were analyzed by a series of tests,
and populations were ranked according to phenotype. Analysis of overall phenotypic vari-
ation based on all eight characters revealed three significantly different groups: plains bison;
the subpopulation from Pine Lake; the other subpopulations from Wood Buffalo National
Park. Results indicate that panmixis has not occurred since the 1925-1928 introduction of

plains bison to the Park and that the characters studied are genetically based.
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A central goal in conservation biology is
to maintain or restore biological diversity
for its intrinsic values, to sustain the health
of ecological systems, and to meet human
needs (Salwasser, 1990). The bison (Bos bi-
son), once an important biotic element of
North American grasslands, contributed
substantially to the material and cultural
well-being of the aboriginal human popu-
lation and, in part, supported the early col-
onization of the interior of the continent by
Europeans. During the past century, the
species was reduced to a few remnant pop-
ulations ranging in size from a few to sev-
eral hundred individuals, together compris-
ing <900 bison (Roe, 1970). Conservation
and recovery of bison have gained in pop-
ularity in recent years because of the cul-
tural, biological, and commercial value of
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this large herbivore. Consequently, there is
a need to document the range of phenotypic
and genotypic variation within and among
historical and contemporary populations to
provide a basis for conserving existing di-
versity within the species.

The near extermination of bison preclud-
ed comprehensive study of historical geo-
graphic variation. Analysis of skeletal,
largely cranial, material preserved in mu-
seum collections (McDonald, 1981; van
Zyll de Jong, 1986) has cast some light on
the extent and nature of past geographic
variation, but the geographic variation of
external characters in historical populations
will remain largely a matter of conjecture.
Extant populations of plains bison (B. b. bi-
son) are descended from small founding
populations comprising animals from north-
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ern and southern regions of the historical
range. The exact proportion of each in the
founding herds and their genetic contribu-
tion to extant herds can only be approxi-
mated. At the turn of the century, the larg-
est remnant population of bison, the north-
ern wood bison (B. b. athabascae), resided
in and around the area that is now Wood
Buffalo National Park. Under protection,
this population increased to ca. 2,000 by the
early 1920s (Soper, 1941). Despite genetic
introgression resulting from the introduc-
tion of >6,000 plains bison from southern
Canada into central Wood Buffalo National
Park in 1925-1928, bison from one sub-
population near the Nyarling River showed
closer morphological resemblance to the in-
digenous wood bison than to the introduced
plains bison (Banfield and Novakowski,
1960).

External phenotypic variation in wood
bison from the Nyarling River and plains
bison from Elk Island National Park was
first analyzed subjectively by Geist and
Karsten (1977) and later by van Zyll de
Jong (1986), who used a quantitative ap-
proach. The external phenotypic variation
of the other subpopulations in Wood Buf-
falo National Park has not yet been studied.
Efforts to re-establish wood bison in other
areas of its historical range have focused
solely on bison captured in the area of Nee-
dle Lake and the Nyarling River in 1963
and 1965. The number of founding animals
was limited to 18 for the Mackenzie Bison
Sanctuary and 23 for Elk Island National
Park. The taxonomic status of remaining
herds living in the area of Wood Buffalo
National Park is of interest with regard to
the possibility of conserving additional ge-
netic variation within contemporary wood
bison.

Here we present results of a quantitative
analysis of external phenotypic variation in
a number of remnant populations including
those from the area of Wood Buffalo Na-
tional Park, which were not studied previ-
ously. We discuss the results in relation to
historical geographic variation of bison in

AR-Yellowstone Bison 4800

Vol. 76, No. 2

North America, infraspecific taxonomy, and
conservation of biological diversity within
the species. The study received its impetus
from the Wood Bison Recovery Team and
emphasizes bison from the area of Wood
Buffalo National Park, the core of the his-
torical range of the wood bison (Soper,
1941; van Zyll de Jong, 1986).

We postulated that hybridization of wood
and plains bison, following the latter’s in-
troduction to Wood Buffalo National Park,
was not the pervasive event it was assumed
to be and did not result in a phenotypically
homogeneous population (see Van Camp,
1989). We speculated that hybridization oc-
curred primarily where the plains bison
were released and in adjacent, easily acces-
sible areas. More remote and less accessible
indigenous populations were less affected.
In the absence of unrestricted, random mat-
ing, these differential effects should still be
measurable today. The hypothesis we test is
that there was restricted mating, i.e., no free
interchange of genes, among subpopula-
tions in Wood Buffalo National Park. The
alternative hypothesis is that panmixis oc-
curred, resulting in phenotypically uniform
subpopulations. To test our hypothesis, we
predict that subpopulations in the area of
Wood Buffalo National Park will show sig-
nificant phenotypic differences. Those in
areas nearest the introduction site, or easily
accessible from it, will have the highest fre-
quencies of traits characteristic of plains bi-
son; those in areas farthest away, or least
accessible, will have lower ones.

A second hypothesis we test dates to
Hornaday (1889) and recently was revived
by Geist (1991). It claims that phenotypic
differences between wood and plains bison
are ecophenotypic in nature (sensu Mayr,
1969), i.e., the phenotypes are induced by
environmental factors and are nongenetic.
In other words, there is no genetically based
discontinuity in geographic variation in
North American bison consistent with sub-
species. To test this hypothesis, we predict
that bison of the B. b. athabascae pheno-
type moved to the habitat of B. b. bison (or
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vice versa) will assume the phenotype of
the latter in the first succeeding and sub-
sequent generations.

MATERIALS AND METHODS

Populations sampled.—Populations of bison
sampled are grouped into three categories: 1)
plains bison; 2) wood bison from the Nyarling
River area; 3) taxonomically undetermined sub-
populations in the area of Wood Buffalo Nation-
al Park. Six populations of plains bison were
sampled from: Custer State Park, South Dakota;
Delta Junction, Alaska; Fort Niobrara National
Wildlife Refuge, Nebraska; Elk Island National
Park, Alberta, Canada; National Bison Range,
Montana; Yellowstone National Park, Wyoming
(animals from Grand Teton National Park were
included in this sample). Wood bison from the
Nyarling River area are represented by samples
from Elk Island National Park, Alberta, Canada,
and the Mackenzie Bison Sanctuary, Northwest
Territories, Canada. The taxonomically undeter-
mined category includes three subpopulations
from the area of Wood Buffalo National Park:
Pine Lake; Sweetgrass; Slave River Lowlands.
Designations of subpopulations of bison in
Wood Buffalo National Park follow those of
Wilson and Milne (1992), except for the sub-
population from the area of the Little Buffalo
that we combined with the one from Hook Lake
to maximize the size of the sample and desig-
nated as Slave River Lowlands. Of the four sub-
populations residing strictly in the park, only
those from Pine Lake and Sweetgrass are rep-
resented in our study. No photographs were ob-
tained from the areas of the Garden and Nyar-
ling rivers. However, the latter is represented by
animals from Mackenzie Bison Sanctuary and
Elk Island National Park, descendants of animals
caught near the Nyarling River in 1963 and
1965, respectively. Populations listed under cat-
egories 2 and 3, all from the area of greater
Wood Buffalo National Park, are referred to col-
lectively as such in the text. For reasons of econ-
omy and convenience, all populations, subpopu-
lations, and samples are referred to in the text
by the geographic name of the area of origin.

Data for external phenotypic variation were
obtained from photographs and video recordings
that show animals in profile. Photographic rec-
ords used in this study are cataloged and depos-
ited at the Canadian Museum of Nature, Ottawa,
Ontario, Canada.
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Nongeographic variation.—To prevent genet-
ically controlled, nongeographic, intraspecific
variation from confusing geographic variation
(Thorpe, 1976), variation attributable to sexual
dimorphism was isolated by analyzing each sex
separately. Ontogenetic variation was eliminated
by analyzing adults only. The effect of seasonal
variation was neutralized by using photographs
taken in July and August (i.e., during the breed-
ing season).

The development and characteristics of the
horns in males and females (Fuller, 1959; Hor-
naday, 1889) were the criteria used to assign in-
dividuals to the appropriate age class and to de-
termine inclusion in the sample. The validity of
criteria used to determine age classes for popu-
lations of bison in northern Canada (Fuller,
1959) was confirmed for both subspecies at Elk
Island National Park where a large number of
known-age bison were present. Mature males
(=7 years old) comprise two age classes defined
as follows: B3 or adult, characterized by horns
with tips curved in, but smooth; B4 or prime,
characterized by similar curvature of the horn,
but with a “step” a short distance from the tip
or with moderate brooming. Individuals with
heavily broomed horns were excluded. Mature
females (=3 years old) are characterized by horn
tips commonly curved strongly over the head (in
adult males the tips point inward, but do not
curve over the frontal area).

Direct environmental induction.—To detect
environmentally induced variation in the char-
acters studied, genetically related populations
from localities with widely different environ-
mental conditions were included in the analysis.
For example, we compared a population of
plains bison introduced to Alaska in 1928 from
Montana (Burris and McKnight, 1973), living
under boreal conditions in the prehistoric range
of the wood bison, with its sister population on
the National Bison Range. Conversely, we com-
pared descendants of wood bison transplanted
from the area of the Nyarling River to Elk Island
National Park, part of the historical range of the
plains bison, with bison of the same stock
moved to the Mackenzie Bison Sanctuary in the
historical range of wood bison.

Characters examined and methods of scor-
ing.—Eight external features, three describing
the hump and five describing the pelage, were
examined and scored. Variation in each charac-
ter was divided into a number of states (Fig. 1),
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1 - Anterior Slopel

, State 1 State 2 State 3
of Hump ,” Angle = 60° " Angle Between 45°-59° .-~ Angle < 44°

-
’

Score = 1 Score = 2

2 - Highest Point State 1 State 2 State 3

of Hump At or Behind
Shoulder

in Front of Shoulder

Indistinct,
Plateau-Like

1
]
I
]
1
]
1
l
1
1
1
1
'
1
t
]
]
Iy
0

Score = 0 Score = 1 Score = 2
3 - Angle of State 1 State 2 State 3
Hump oS Angle < 113° . Angle Around 120° Angle = 127°

Score = 0 Score = 1 Score = 2
4 - Cape
a. Variegation State 1 State 2 State 3 State 4
Colour of cap? Same Lighter Area Lighter Area Lighter Area
as Body or Lighter 25-50% 50-75%
Area 0-25% of Cape - > 75%
Score = 0 Score = 1 Score = 2 Score = 3
b. Demarcation State 1 State 2 State 3
No Line of Demarcation Indisti Disti
between Cape and Torso ndistinct istinct
d
. .
Cape Score
= (a + b)/2 Score = 0 Score = 1 Score = 2

F16. 1.—Character gradients, character scores and the calculation of the character index (sum of
eight character scores) for adult male bison. Character states of Bos bison athabascae on the left,
and those of B. b. bison on the right.
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5 - Hair on Upper
Front Leg

State 1
Short, Not Much Longer Than
Nearby Areas of the Body

State 2
Longer Than in 1, But Not
Forming Distinct "Chaps"

State 3

Long and Dense Forming
Distinct "Chaps”

Beard Score = (a + b)/2

'~ I~ )
Score = 0 Score = 1 Score = 2
6 - Frontal Display Hair
State 1 State 2 State 3 State 4
Ratio #1/#2 Ratio #1/#2 Ratio #1/#2 Ratio #1-#2
= 0.20-0.40 = 0.41-0.60 = 0.61-0.80 > 0.80
Score = 0 Score = 1 Score = 2 Score = 3
7 - Ventral Neck Mane
State 1 State 2 State 3 State 4
Ratio #3/#2 Ratio #3/#2 Ratio #3/#2 Ratio #3/#2
= 1.20-1.40 = 1.41-1.60 = 1.61-1.80 > 1.80
Score = 0 Score = 1 Score = 2 Score = 3
8 - Beard
a. Shape State 1 State 2 State 3
Pointed\f Rounded Blunt
Score = 1 Score = 2 Score = 3
b. Length State 1 State 2 State 3
Ratio #4/#2 Ratio #4/#2 Ratio #4/#2
= 0.20-0.40 = 0.41-0.60 > 0.60
Score = 0 Score = 1 Score = 2

Fi6. 1.—Continued.
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TABLE 1.—Frequencies of character scores for six characters in 11 populations of bison. The
populations are ranked according to similarity, and those followed by the same letter are not sig-

nificantly different.

Hump Cape
Score Score
Population n 01 2 3 4 5 6 Population n 000510152025
Fort Niobrara 10 0 0 00 2 26 Custer State 19 00 1 0 2 16a
National Bison
Range 35 0 0 00 523 7a Fort Niobrara 10 00 0 2 2 6a
Elk Island National
Delta Junction 18 0 0 03 310 2 ab Park Plains 36 0 3 13 5 510
Elk Island National
Park Plains 330 0 07 17 12 2 b  Delta Junction 6 01 1 5 7 2
National Bison
Custer State 23 00 1 2 4124 b Range 34 00 3 3 919 6b
Yellowstone Yellowstone
National Park 43 0 0 1 4 1323 2 b National Park 40 2 2 5 316 12 bce
Elk Island National
Pine Lake 210 3 37 6 20 c¢ Park Wood 28 15 3 5 8 6 ¢
Slave River Slave River
Lowlands 61 0 12 2 00 c Lowlands 6 20 1 1 0 2 ¢
Elk Island National
Park Wood 28 8 2 96 3 00 ¢ PineLake 21 1. 0 1 415 O
Mackenzie Bison Mackenzie Bison
Sanctuary 321 9134 5 00 c Sanctuary 31 13 5 111 1 O d
Sweetgrass 16 8 2 51 0 00 c Sweetgrass 15 8 5 1 0 0 d

forming a gradient. These states were assigned
a numerical value, using a system of additive
scoring (Sneath and Sokal, 1973). The lowest
value represents the most extreme state in wood
bison, and the highest represents the most ex-
treme state in plains bison. Each character was
weighted equally. Thus, in the two characters of
the pelage, cape, and beard, where two aspects
of a character were scored separately, the total
was divided by two to obtain the final score (Fig.
1). Scoring was done in one of two ways. One
involves comparing a character on the photo-
graph to the standard characters in Fig. 1 and
assigning it the corresponding value. The other
involved measuring distances or angles on the
photograph. Measurements were transformed to
size-independent ratios by dividing them by a
standard measurement. Angles and ratios were
assigned scores based on their numerical value.
Details are given in Fig. 1. Characters and meth-
ods used here are those described by van Zyll
de Jong (1986), modified to increase objectivity
and precision as described.

Scoring was done from photographs of pro-
files of mature animals with the head in a normal
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position. Normal position of the head was de-
fined by the angle between a line from the eye
to the base of the tail and the horizontal axis of
the body (Fig. 1) being ca. 4 + 2°. To reduce
bias and inconsistency further, scoring was done
by one observer on randomly selected photo-
graphs without information as to geographic or-
igin.

Data analysis.—Frequency distributions of
scores and indices in populations were examined
in several ways. For each character, we tested
the hypothesis that the distribution of its states
did not differ in each pair of populations using
the G-test and Williams’ correction (Sokal and
Rohlf, 1981). Second, the association between
different characters in greater Wood Buffalo Na-
tional Park (categories 2 and 3) was tested in the
same manner to determine whether they were
independent. Third, we added individual char-
acter scores for each individual to obtain a char-
acter index (Mayr, 1969; Simpson et al., 1960),
which characterizes an individual’s position
along an axis of discrimination between the two
forms compared. The character index, therefore,
determines an individual’s degree of phenotypic
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TABLE 1.—Extended.
Chaps Frontal display hair
Score Score
Population n 0 1 2 Population n 0 1 2 3

Custer State 20 0 0 20 a Custer State 20 0 1 12 7 a
National Bison Range 34 0 0 34 a Delta Junction 17 0 13 4 a
Fort Niobrara 12 0 0 12 a Fort Niobrara 12 0 1 10 1 a
Yellowstone National

Park 43 0 0 43 a National Bison Range 4 0 2 31 11 a

Elk Island National

Delta Junction 14 0 0 14 a Park Plains 383 0 13 20 5 b
Elk Island National Yellowstone National

Park Plains 38 0 6 32 b Park 43 0 14 22 7 b
Pine Lake 21 2 5 14 b Pine Lake 21 1 6 10 4 b

Mackenzie Bison

Slave River Lowlands 4 0 2 2 bc Sanctuary 31 0 13 16 2 b
Mackenzie Bison Elk Island National

Sanctuary 31 7 17 7 c Park Wood 27 0 12 13 2 b
Sweetgrass 8 4 2 2 ¢ Slave River Lowlands 6 0 6 0 0 c
Elk Island National

Park Wood 28 13 10 5 c  Sweetgrass 16 5 8 3 0 c

resemblance to either subspecies and can be
used in a quantitative analysis of phenotypic
variation within and among populations. We em-
ployed a G-test using Williams’ correction (So-
kal and Rohlf, 1981) to examine the indepen-
dence of phenotypic variation and populations.
Finally, we used correspondence analysis
(Greenacre, 1984) to determine the relative po-
sitions of the sampling units to one or more axes
and to each other to maximize information about
phenotypic similarities. Correspondence analysis
allows one to compare frequencies of rows or
columns in a two-way table by mathematically
decomposing the chi-square into components
similar to that of principal-components analysis.
Unlike principal-components analysis, corre-
spondence analysis uses frequencies or discrete
data rather than continuous measurements. In
correspondence analysis, chi-square distances
can be computed and used to describe pheno-
typic relationships among populations quantita-
tively. Chi-square distance also was used to rank
populations on the basis of frequency of char-
acter states. Calculations for G-test and corre-
spondence analysis were performed using
BIOM-pc and NTSY S-pc software (Rohlf, 1988,
1990).

RESULTS

There was essentially no difference in
external phenotypic characters between
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males and females (van Zyll de Jong,
1986). Therefore, we report only results ob-
tained from adult males.

Variation in individual characters.—The
scores for the three characters describing
the shape of the hump were added and an-
alyzed as one. All six populations of plains
bison are more similar to one another with
respect to shape of the hump than to any of
the subpopulations from the area of greater
Wood Buffalo National Park (Table 1). The
population from Fort Niobrara is signifi-
cantly different from other populations of
plains bison (comparison with the most
similar population; National Bison Range,
G = 648, df = 2, P < 0.05) and had the
highest modal score (6). All other popula-
tions of plains bison form two overlapping
nonsignificant subsets. The modal score
characteristic of most of these populations
is 5, except for Elk Island National Park
where it is 4. All subpopulations from the
area of greater Wood Buffalo National Park
form a nonsignificant subset that differs sig-
nificantly from all populations of plains bi-
son (G = 201.5, df. = 6, P < 0.005). The
modal scores from the area of greater Wood
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TABLE 1.—Extended.
Ventral neck mane Beard
Scores Score
Population n 0 1 2 3 Population n 0-051-15 2

Custer State 20 O 1 9 10 Delta Junction 14 2 9 3 a
National Bison Range 33 2 6 21 4 a Custer State 20 4 14 2 a
Fort Niobrara 11 0 3 6 2 a National Bison Range 32 7 25 0 a
Delta Junction 18 0 7 7 4 a Fort Niobrara 10 5 5 0 ab
Yellowstone National Yellowstone National

Park 43 2 11 20 10 a Park 43 15 26 3 ab
Elk Island National Elk Island National

Park Plains 35 1 15 11 8 b Park Plains 38 13 23 2 ab

Elk Island National

Pine Lake 21 4 9 7 1 bc Park Wood 28 14 14 0 be
Elk Island National Mackenzie Bison

Park Wood 27 1 16 9 1 bc Sanctuary 31 16 15 0 bc
Slave River Lowlands 6 2 4 0 0 c Pine Lake 21 12 9 0 bc

Mackenzie Bison
Sanctuary 30 8 16 6 O c
Sweetgrass 16 7 6 3 0 ¢

Slave River Lowlands 6 4 2 0 bc
Sweetgrass 16 13 3 0 c

Buffalo National Park show a wider range
of variation, with the highest in Pine Lake
(3) and lowest in Sweetgrass (0). Nyarling
wood bison from Elk Island National Park
and the Mackenzie Bison Sanctuary have
the same modal score (2).

A pattern of separation between plains
bison and populations from the area of
greater Wood Buffalo National Park also is
evident in the cape, but is not as clear as it
is in the hump (Table 1). The subsets Na-
tional Bison Range-Yellowstone National
Park and Yellowstone National Park-Slave
River Lowlands overlap, evincing a less
distinct separation between the plains bison
and subpopulations from the area of greater
Wood Buffalo National Park. Modal scores
vary widely and are not concordant with the
plains-greater Wood Buffalo National Park
division.

Frequencies of the states of chaps show
a clear division between most populations
of plains bison and the subset Elk Island
plains-Slave River Lowlands and overlap-
ping subset Slave River Lowlands-Nyarling
wood bison from Elk Island (Table 1). The
modal score for all plains populations is 2.
The modal score for subpopulations from
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greater Wood Buffalo National Park varies
widely from 2 in Pine Lake and 1 in Mac-
kenzie Bison Sanctuary to O in Sweetgrass
and Nyarling wood bison from Elk Island.

Frontal display hair shows a pattern of
three non-overlapping subsets (National Bi-
son Range versus plains bison from Elk Is-
land, G = 8.1, d.f. = 3, 0.05 > P > 0.025;
Nyarling wood bison from Elk Island ver-
sus Slave River Lowlands, G = 6.5, d.f. =
2, 0.025 < P < 0.05). The subset in the
middle comprises plains bison and samples
from greater Wood Buffalo National Park.
Modal scores, similarly, show a reiatively
uniform pattern, being 2 for all populations
except Slave River Lowlands and Sweet-
grass.

A separation into plains bison and bison
from greater Wood Buffalo National Park is
discernible in the ranking of the groups on
the basis of ventral neck mane, but they are
linked by broadly overlapping nonsignifi-
cant subsets (Table 1). Custer State differs
significantly from National Bison Range (G
= 981, df = 3, 0.025 < P < 0.05). In
most plains populations, the modal score is
2 or higher, except for plains bison from
Elk Island where it is 1. In samples from
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TABLE 2.—F'requencies of character indices in 11 populations of bison. The phenotypic gradient
from left to right indicates increasing characteristics of plains bison. Populations followed by the

same letter are not significantly different.

Character index

10-  12- 14 16-

Population n 2-35 455 6-75 895 11.5 13.5 15.5 17.5
Custer State 21 0 0 0 0 2 2 11 6 a
Fort Niobrara 9 0 0 0 0 0 2 5 2 a
National Bison Range 37 0 0 0 0 1 8 23 5 a
Delta Junction 12 0 0 0 0 2 2 6 2 ab
Elk Island National Park Plains 37 0 0 0 3 12 11 9 2 b
Yellowstone National Park 43 0 0 0 3 10 13 14 3 b
Pine Lake 22 0 0 5 2 8 6 1 0 c
Elk Island National Park Wood 27 2 6 4 9 4 2 0 0 c
Mackenzie Bison Sanctuary 31 2 7 11 6 4 1 0 0
Slave River Lowlands 4 1 1 1 0 1 0 0 0 cd
Sweetgrass 8 4 3 1 0 0 0 0 0 d

greater Wood Buffalo National Park the
modal score is 1, except for Sweetgrass,
where it is 0.

The pattern of frequency distributions for
the beard is similar to that of the ventral
neck mane. There is a definite ranking of
plains bison and bison from greater Wood
Buffalo National Park into two groups,
which also is evident from the distribution
of the modal scores (Table 1). However,
overlap between non-significant subsets is
even broader than for ventral neck mane.

In subpopulations of greater Wood Buf-
falo National Park significant association
exists between cape and chaps (G = 13.2,
d.f. = 4, P = 0.01), cape and frontal display
hair (G = 113, df = 2, P < 0.005), and
frontal display hair and ventral neck mane
(G =19.7,df =2, P <0.005). The hump
and beard are not significantly associated
with any of the other characters.

Overall phenotypic variation—Compar-
ison of overall phenotypic variation in the
samples (Table 2) evinced a clear division
into three groups. The first group comprises
all samples of plains bison within which
two overlapping nonsignificant subsets oc-
cur. The second group contains only Pine
Lake, and the third, all other samples from
greater Wood Buffalo National Park, which
form two overlapping nonsignificant sub-
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sets. Pine Lake is phenotypically clearly in-
termediate and differs significantly from the
most similar plains sample (G = 25.9, d.f.
=5, P < 0.005) as well as from the most
similar samples from greater Wood Buffalo
National Park (G = 22.1, df = 5, P <
0.005).

The extent to which subpopulations in
greater Wood Buffalo National Park have
been affected by past interbreeding with
plains bison can be judged from the amount
their character indices overlap those of pop-
ulations of plains bison. To this end, we cal-
culated the percentage and its 95% confi-
dence limits of individuals in each sample
having indices equal to or higher than the
lowest observed index for plains bison
(class 8.0-9.5). Of the subpopulations in
greater Wood Buffalo National Park, Pine
Lake overlapped most extensively with the
populations of plains bison, 77%. Nyarling
wood bison, represented by samples from
Elk Island National Park and the Mackenzie
Bison Sanctuary, overlapped less (45%, CI
of 32-58). No overlap was observed be-
tween Sweetgrass and plains bison, but the
Sweetgrass sample was small (z = 8) and
the confidence limits correspondingly wide
(CI of 0-33). In the even smaller sample
from Slave River Lowlands (n = 4), the
observed overlap was 25%.
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F1G. 2.—Results of correspondence analysis of external phenotypic variation in 11 populations of
bison. A plot of row factors for the frequency data of Table 2 shows the ordination of the populations.
A minimum-spanning tree connects nearest neighbors. Ellipses indicate nonsignificant subsets. Pop-
ulations are from left to right: SG, Sweetgrass; SRL, Slave River Lowlands; MBS, Mackenzie Bison
Sanctuary; NREI, Elk Island National Park wood bison; PL, Pine Lake; APEI, Elk Island National
Park plains bison; YNP, Yellowstone National Park; DJ, Delta Junction; NBR, National Bison Range;

CS, Custer State; and FN, Fort Niobrara.

Results of the correspondence analysis
depict the ordination of populations based
on phenotype (Fig. 2). The first axis rep-
resents most of the phenotypic variation.
Phenotypes characteristic for wood bison
are on the left; those characteristic for
plains bison on the right of the graph. Pop-
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ulations of plains bison are well separated
from the majority of subpopulations from
greater Wood Buffalo National Park except
Pine Lake, which is intermediate. Distances
indicated by the minimum-spanning tree
may not accurately reflect the phenotypic
inter-relationships between samples that did
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not differ significantly in the previous anal-
ysis. Pine Lake, which differs significantly = §
from either of its closest neighbors, is con-
siderably closer to plains bison from Elk
Island National Park than to Nyarling wood = § 3
bison from the same park. Chi-square dis- ©e°
tances among all pairs of groups are listed
in Table 3. Sweetgrass and Slave River § 28
Lowlands are most remote from plains bi- e a2
son from Elk Island, followed by Nyarling
wood bison from the Mackenzie Bison = oo n
Sanctuary and Elk Island National Park. 3 © § E E §
DiscuUssION §
Impact of hybridization—Our analyses § ~ § Qe % &
reveal that subpopulations in greater Wood S S e = il
Buffalo National Park are phenotypically 2| s
heterogeneous, with Pine Lake having the '§ E § NRRY -
highest frequency of traits characterizing S| & © =R it s
plains bison. The release of plains bison in §: =
1925-1928 occurred at several points along ~ oo O
the eastern boundary of the park below the S ! § 883288
. SO N ~AN —~A
confluence of the Peace and Slave rivers, n
i.e., in the area of the present subpopulation § oo
at Pine Lake (Fig. 3). Our observations are, g < 888388 % Q
thus, in general agreement with the predic- § SO0 M~~~
tions of the first hypothesis that there was 2
no free exchange of genes. The finding that ] oYz R
bison from Sweetgrass are phenotypically g - g 2IZASTSS
S
most remote from plains bison from Elk Is- R
land National Park was unexpected in view 3 N OV A~ A
of their relative proximity to the release § N Q3T EA 83
. SO0~ nNn—=ANANAN
sites. The remoteness suggests that there g
has been relatively little reproductive con- S
tact between subpopulations at Sweetgrass [ — § § 5 § g g § ,% § § %
and Pine Lake. Bison from Slave River ™ SSS - S~ —ddad
Lowlands are represented by a small sam- E
ple in this study. However, data indicate ﬁ
that bison in this area are phenotypically at & 3
least as distinct from those in the area of v B § z
Pine Lake as those of the other subpopu- & ¥ ¥ g
lations (Sweetgrass; Nyarling wood bison “?;0 3 & 3 A~ ;53
from Elk Island National Park and the Mac- .§ & ~§ § § E 5
kenzie Bison Sanctuary). The evidence sup- 5| Es%s§ § 3 § o
ports the absence of panmixis since the in- § § [ _§ % § 989 g o .2
troductions >60 years ago. The reasons for g E % § A é EOE & = 5
this are not clear. Information on move- §‘§ 5 % %; § “5’%; 8
ments of bison and on the stability of sub- CZirAlaikna=
populations in greater Wood Buffalo Na- IR AR A=
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FiG. 3.—Approximate centers of distribution
of subpopulations of bison in Wood Buffalo Na-
tional Park in relation to the area where the re-
lease of plains bison took place in the period
1925-1928 (indicated by the black triangle).
Chi-square distances of the subpopulations from
the parental stock of plains bison (Allard-Pablo),
shown in the circles, indicate the extent to which
interbreeding has affected the external pheno-
type of present subpopulations. The subpopula-
tions shown are: NR, Nyarling River; PL, Pine
Lake; SRL, Slave River Lowlands; and SG,
Sweetgrass.

tional Park in the past is lacking. Recent
studies (Wilson and Milne, 1992) have
yielded information that supports the exis-
tence of relatively discrete subpopulations
(absence of significant seasonal movements
and limited exchange between areas),
which may constitute demes. This continu-
ing study of movements of bison will pro-
vide further insight in the dynamics of sub-
populations in greater Wood Buffalo Na-
tional Park.

Concordance of genealogy and pheno-
type.—Results of our analysis strongly sup-
port a genetic basis for the phenotypic char-
acters studied. This conclusion is based on
the observation that the known genealogical
(i.e., genetic) relationships of the popula-
tions studied are highly concordant with the
phenotypic relationships. The ‘‘sibling”
populations, those derived from the same
‘“parent” population, show remarkable
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agreement between genealogy and pheno-
typic similarity. Populations of plains bison
from Delta Junction and the National Bison
Range, descendants from the same stock,
are neighbors in phenotypic space (Fig. 2).
They do not differ significantly with respect
to phenotype after >60 years apart in wide-
ly differing environments. Bison at Delta
Junction are free-roaming and live in boreal
forest. Bison on the National Bison Range,
conversely, are fenced, live in temperate
grassland-open forest and are managed
quite intensively. Similarly, the two popu-
lations of wood bison from the Mackenzie
Bison Sanctuary and Elk Island National
Park were derived from the same subpop-
ulation in Wood Buffalo National Park.
They do not differ significantly in the mor-
phological characters studied, after living
separately under different environmental
conditions since 1963. In the Mackenzie Bi-
son Sanctuary, the animals live in boreal
and subarctic woodlands, interspersed by
marshes, where they lead a natural exis-
tence subject to predation and the environ-
ment. In contrast, their relatives in Elk Is-
land National Park live in a fenced, tem-
perate, aspen parkland, where they lead a
semi-natural existence and are not subject
to predation. Evidence provided by these
sibling populations falsifies the hypothesis
that phenotypic differences between plains
and wood bison are environmentally in-
duced.

The other populations, whose genealo-
gies are more uncertain, show the same
general concordance between phenotype
and kinship. The populations in the nonsig-
nificant subset Custer State-Fort Niobrara-
National Bison Range-Delta Junction (Fig.
2) stem from founding stock containing
northern plains bison with admixtures of
southern (Texas) strains (Coder, 1975; N. S.
Novakowski, in litt.). Custer State was es-
tablished in 1914 with animals from Wyo-
ming. Fort Niobrara originated in 1913
from six animals from Nebraska and two
from the Allard estate (via Yellowstone Na-
tional Park). The National Bison Range
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dates from 1909, and its founding stock
comprised Allard-Pablo (36) and Texas (10)
stock. Delta Junction, as we have already
seen, derives directly from the herd at the
National Bison Range. Plains bison from
Yellowstone National Park and Elk Island
National Park, which form the other non-
significant subset, differ from other plains
bison to a greater degree. Yellowstone Na-
tional Park’s founding stock consisted of
northern (Allard-Pablo) and southern (Tex-
as) plains bison and a significant proportion
(30-40%) of indigenous Yellowstone bison
(Meagher, 1973). Plains bison in Elk Island
National Park were derived from northern
plains bison with an unknown admixture of
Texas stock.

The results of our analyses support a ge-
netic basis for the phenotypic characters
that distinguish plains bison from bison in
greater Wood Buffalo National Park. Our
study indicates that the shape of the hump
and the pelage characters are independent.
Four of the five pelage characters, con-
versely, showed significant associations,
which suggests that they may be genetically
linked.

Relevance to infraspecific taxonomy.—
The phenotypic variation in present rem-
nant populations can only be partially in-
terpreted in terms of the past geographic
variation, because the exact composition of
the founding herds is not known. However,
results of our study agree with those based
on cranial data from historical populations
(van Zyll de Jong, 1986). Both show vari-
ation within plains populations to be much
less than that between plains and wood (or
present greater Wood Buffalo National
Park) bison. It is probable that external phe-
notypic differences observed in modern
populations reflect a past morphological
discontinuity between plains and wood bi-
son.

In the recent past, North American bison
occupied a vast range, but they were most
numerous on the central plains. The geo-
graphic variation in historical populations
appears to have been largely clinal in a
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south-north direction, but there was a mor-
phological discontinuity in the northwestern
part of the species’ range in the area of the
boreal forest-grassland transition (van Zyll
de Jong, 1986, 1993). The distinctness of
wood and plains bison probably was main-
tained by a combination of behavioral and
ecological factors. Most important among
these were seasonal movements of plains
bison (Gordon, 1979; Moodie and Ray,
1976; Morgan, 1980), which ensured sep-
aration of the two forms during the rut. The
subspecific status of the historical popula-
tions of wood and plains bison is well
founded and fits the definition given by Av-
ise and Ball (1990). As to the taxonomic
status of present subpopulations in greater
Wood Buffalo National Park, the situation
is less straightforward. All could, strictly
speaking, be designated as intergrades (B.
b. bison X B. b. athabascae) because even
the most remote of the subpopulations ap-
pear to have been affected to some degree
by the introduction of plains bison. To com-
bine all subpopulations in the same cate-
gory would obscure detection of significant
differences and that some subpopulations
are closer to the original wood bison than
others. It would be more useful and infor-
mative to designate the clearly intermediate
subpopulation (Pine Lake) as an intergrad-
ing population (B. b. bison X B. b. atha-
bascae) and the others (Sweet Grass, Nyar-
ling, Slave River Lowlands), being consid-
erably more distant from plains bison and
closest to the original wood bison, as B. b.
athabascae.

Conservation policy.—In Canada, pres-
ent conservation policy encompasses infra-
specific groups based on geographic dis-
tinctiveness. Any group below the species
level may be designated by the Committee
on Species of Endangered Wildlife in Can-
ada (COSEWIC) as endangered or threat-
ened, if it is geographically distinct based
on discontinuity in gene flow, geographical
barriers, breaks in breeding distribution,
ecotypic variation, taxonomic differentia-
tion, genetic analysis, or other compelling
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evidence and the population represents a
significant proportion of the historical range
of the species in Canada. Based on our find-
ings, we recognize that existing subpopu-
lations in greater Wood Buffalo National
Park and those populations derived from
them represent the closest living relatives of
the original wood bison. Despite hybridiza-
tion, some subpopulations retain a high pro-
portion of animals resembling indigenous
wood bison. Consistent with the Commit-
tee’s criteria, these subpopulations should
be added to those already on the list (Nyar-
ling wood bison in the Mackenzie Bison
Sanctuary, Elk Island National Park, and
populations derived from these).

While data now available, in our view,
warrant formal recognition of contempo-
rary plains and wood bison as subspecies,
the debate on whether this recognition is
valid should in no way affect their conser-
vation as separate entities. The important is-
sue is the conservation of genetically-based
geographic variation in North American bi-
son that reflects a pattern of evolutionary
divergence and geographic discontinuity
that has developed within the past 10,000
years. After their devastating impact on the
species in the past, humans continue to con-
trol the evolutionary destiny of bison. There
is thus an implicit responsibility to preserve
as much of the intraspecific diversity as
possible, to allow for continued adaptation
and evolution as well as for utilitarian pur-
poses. Geographic variation should be pre-
served in populations where natural pro-
cesses and factors operate most freely. Ac-
cidental crossbreeding of northern and
southern forms of bison resulting from es-
capes of privately-owned, commercial bi-
son or the willful introduction of one form
into the range occupied by the other will
lead to further loss of intraspecific diversity
and conflicts with one of the central objec-
tives of conservation biology. Phylogeny is
a time-dependent process, in part, resulting
from accumulated genetic differences in the
absence of gene flow. The possibility that
geographic variants possess unique adapta-
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tions and have the potential to evolve into
new species are compelling reasons for
conserving them (O’Brien and Mayr, 1991).

Managers of public and private herds of
bison cannot afford to be complacent about
conservation of geographic variability. Ero-
sion of genetic variability tends to advance
rapidly under domestication. Domestication
places the species in a state of total depen-
dence where natural selection is replaced
largely by artificial selection based on eco-
nomic and husbandry considerations. Ex-
perience with several traditional domestic
animals indicates that recovery of original
genetic diversity is difficult or impossible
once domestication has progressed to a
stage where existing breeds are highly se-
lected for specific purposes and primitive
breeds and wild stocks have become extinct
(Crawford, 1984). Artificial selection and
hybridization to obtain certain traits dictat-
ed by economic and animal husbandry con-
siderations make good business sense, but
rapidly diminish the genetic resource. Wild
stocks, therefore, serve as a genetic bank
that can be drawn upon to improve domes-
tic breeds when the need arises.

It takes little reflection to conclude that
the responsibility for conserving intraspe-
cific diversity rests primarily with public
agencies and not private interests. Only
public agencies can provide the continuity
and long-term protection of intact ecosys-
tems large enough for all natural forces to
act on a large-sized species such as bison.
A conservative approach to the conserva-
tion of intraspecific diversity in bison
would be to manage geographic variants
separately in large, viable populations un-
der conditions as close as possible to those
of primeval times. Aldo Leopold implored
“to keep every cog and wheel is the first
precaution of intelligent tinkering” (Noss,
1989). We would be wise to bear this anal-
ogy in mind as we forge plans for the con-
servation of remnant populations of bison
for present and future generations.


http://www.jstor.org/page/info/about/policies/terms.jsp

May 1995

ACKNOWLEDGMENTS

We are grateful to J. Malcolm and R. E. Walk-
er for providing photographs of bison for our
study. We thank S. Barry for his review and ad-
vice on statistical methods and H. P. Kiliaan for
his helpful suggestions and review of an earlier
draft of the manuscript. Valuable assistance was
provided by G. Rose and D. Naughton, who also
prepared the illustrations.

LITERATURE CITED

AVISE, J. C., AND R. M. BALL, JR. 1990. Principles of
genealogical concordance in species concepts and
biological taxonomy. Pp. 43-67, in Oxford surveys
in evolutionary biology (D. Futuyma and J. Anto-
novics, eds.). Oxford University Press, Oxford, Unit-
ed Kingdom, 7:1-336.

BANFIELD, A. W. E, anD N. S. Novakowskl. 1960.
The survival of the wood bison (Bison bison atha-
bascae Rhoads) in the Northwest Territories. Na-
tional Museum of Canada, Natural History Papers,
8:1-6.

Burris, O. E., anp D. E. McKNIGHT. 1973. Game
transplants in Alaska. Alaska Department of Fish
and Game, Wildlife Technical Bulletin, 4:1-57.

CoDER, G. D. 1975. The national movement to pre-
serve the American buffalo in the United States and
Canada between 1880 and 1920. Ph.D. dissert., The
Ohio State University, Columbus, 348 pp.

CRAWFORD, R. D. 1984. Assessment of animal genetic
resources in Canada. Canadian Journal of Animal
Science, 64:235-251.

FULLER, W. A. 1959. The horns and teeth as indicators
of age in bison. The Journal of Wildlife Manage-
ment, 23:342-344.

GEIsT, V. 1991. Phantom subspecies: the wood bison
Bison bison ‘‘athabascae’’, Rhoads 1897, is not a
valid taxon, but an ecotype. Arctic, 44:283-300.

GEIST, V., AND P. KARSTEN. 1977. The wood bison
(Bison bison athabascae Rhoads) in relation to hy-
potheses on the origin of the American bison (Bison
bison Linnaeus). Zeitschrift fiir Sdugetierkunde, 42:
119-127.

GorpoON, B. H. C. 1979. Of men and herds in Cana-
dian plains prehistory. National Museum of Man,
Mercury Series, Archaeological Survey of Canada,
84:1-117.

GREENACRE, M. J. 1984. Theory and applications of
correspondence analysis. Academic Press, New
York, 364 pp.

HorNnaDAY, W. T. 1889. The extermination of the
American bison, with a sketch of its discovery and
life history. Smithsonian Institution, Annual Report,
1887:367-548.

MAVYR, E. 1969. Principles of systematic zoology. Mc-
Graw-Hill Book Company, New York, 428 pp.

MCcCDONALD, J. N. 1981. North American bison. Their
classification and evolution. University of California
Press, Berkeley, 316 pp.

MEAGHER, M. M. 1973. The bison of Yellowstone Na-

AR-Yellowstone Bison

4813

VAN ZYLL b JONG ET AL.—PHENOTYPIC VARIATION IN BISON 405

tional Park. National Park Service Scientific Mono-
graph Series, 1:1-161.

MoobIg, D. W,, aND A. J. RAY. 1976. Buffalo migra-
tions in the Canadian plains. Plains Anthropologist,
21:45-52.

MoRrGAN, R. G. 1980. Bison movement patterns on
the Canadian plains, an ecological analysis. Plains
Anthropologist, 25(88 part 1):143-160.

Noss, R. E 1989. Who will speak for biodiversity?
Conservation Biology, 3:202-203.

O’BRIEN, S. J., AND E. MAYR. 1991. Bureaucratic mis-
chief: recognizing endangered species and subspe-
cies. Science, 251:1187-1188.

ROE, E G. 1970. The North American buffalo: a crit-
ical study of the species in its wild state. Second ed.
University of Toronto Press, Toronto, Ontario, Can-
ada, 991 pp.

RoOHLF, E J. 1988. BIOM, a package of statistical pro-
grams to accompany the text Biometry. Applied
Biostatistics, Inc., Setauket, New York, 69 pp.

. 1990. NTSYS-pc. Numerical taxonomy and
multivariate analysis system. Version 1.60. Exeter
Software, New York, chapters numbered separately.

SALWASSER, H. 1990. Conserving biological diversity:
a perspective on scope and issues. Forest Ecology
and Management, 35:79-90.

SmMPsSON, G. G., A. ROE, aND R. C. LEWONTIN. 1960.
Quantitative zoology. Harcourt, Brace, and Compa-
ny, New York, 440 pp.

SNEATH, P. H. A., AND R. R. SokAL. 1973. Numerical
taxonomy: the principles and practice of numerical
classification. W. H. Freeman and Company, San
Francisco, 573 pp.

SokaL, R. R, AND FE J. RoHLF. 1981. Biometry: the
principles and practices of statistics in biological re-
search. Second ed. W. H. Freeman and Company,
San Francisco, 859 pp.

SOPER, J. D. 1941. History, range and home life of
the northern bison. Ecological Monographs, 11:349—
412.

THORPE, R. S. 1976. Biometric analysis of geographic
variation and racial affinities. Biological Reviews,
51:407-452.

VAN Camp, J. 1989. A surviving herd of endangered
wood bison at Hook Lake, NW.T.? Arctic, 42(4):
314-322.

VAN ZYLL DE JONG, C. G. 1986. A systematic study
of Recent bison, with particular consideration of the
wood bison (Bison bison athabascae). National Mu-
seum of Natural Sciences, Ottawa, Publication in
Natural Sciences, 6:1-69.

. 1993. Origin and geographic variation of Re-
cent North American bison. Alberta, 3(2):21-35.
WILSON, E., AND D. MILNE. 1992. Wood Buffalo Na-
tional Park bison movement and distribution study.
1991 progress report. Environment Canada, Cana-
dian Parks Service, Technical Report, TR 92-06:1—

81.

Submitted 13 September 1993. Accepted 5 October
1994.

Associate Editor was Patricia W. Freeman.


http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 391
	p. 392
	p. 393
	p. 394
	p. 395
	p. 396
	p. 397
	p. 398
	p. 399
	p. 400
	p. 401
	p. 402
	p. 403
	p. 404
	p. 405

	Issue Table of Contents
	Journal of Mammalogy, Vol. 76, No. 2, May, 1995
	Front Matter [pp.  i - 661]
	Special Feature: Mammalian Biogeography
	[Introduction] [pp.  281 - 282]
	Molecular Biogeography in the Pocket Mice (Perognathus and Chaetodipus) and Grasshopper Mice (Onychomys): The Late Cenozoic Development of a North American Aridlands Rodent Guild [pp.  283 - 301]
	Historical and Ecological Biogeography of Nearctic Pikas (Lagomorpha: Ochotonidae) [pp.  302 - 321]
	Diversity of New World Mammals: Universality of the Latitudinal Gradients of Species and Bauplans [pp.  322 - 334]
	Splendid Isolation: Patterns of Geographic Range Collapse in Endangered Mammals [pp.  335 - 347]

	Costs of Lactation and Optimal Litter Size in Northern Grasshopper Mice (Onychomys leucogaster) [pp.  348 - 357]
	Population Ecology of the Western Harvest Mouse, Reithrodontomys megalotis: A Long-Term Perspective [pp.  358 - 367]
	Habitat Dynamics in Peromyscus truei: Eclectic Females, Density Dependence, or Reproductive Constraints? [pp.  368 - 375]
	Ontogeny of Sexual Dimorphism in Size among Polytocous Mammals: Tests of Two Carnivorous Marsupials [pp.  376 - 390]
	Phenotypic Variation in Remnant Populations of North American Bison [pp.  391 - 405]
	Molecular Phylogeny of the Marsupial Genus Planigale (Dasyuridae) [pp.  406 - 413]
	Repertoire, Structure, and Individual Variation of Vocalizations in the Sea Otter [pp.  414 - 427]
	Catastrophic Decline of a Desert Rodent, Dipodomys spectabilis: Insights from a Long-Term Study [pp.  428 - 436]
	Ability of Dipodomys merriami and Chaetodipus intermedius to Locate Resource Distributions [pp.  437 - 447]
	Morphological Correlates of Dietary Resource Partitioning in the African Bovidae [pp.  448 - 471]
	Extrinsic Lingual Musculature of Two Pangolins (Pholidota: Manidae) [pp.  472 - 480]
	Roost Fidelity of Bats: A Review [pp.  481 - 496]
	Prometaphase Karyotype and Restriction-Enzyme Banding in Squirrel Monkeys, Saimiri boliviensis boliviensis (Primates: Platyrrhini) [pp.  497 - 503]
	A New Genus and Species of Phyllotine Rodent (Rodentia: Muridae: Sigmodontinae: Phyllotini) from South America [pp.  504 - 521]
	Growth, Size, and Sexual Dimorphism in Arctic Foxes [pp.  522 - 530]
	Diet and Feeding Behavior of Ethiopian Wolves (Canis simensis) [pp.  531 - 541]
	Gnathomandibular Morphology and Character Displacement in the Bat-Eared Fox [pp.  542 - 550]
	Home Range, Population Structure, and Spatial Organization of California Ground Squirrels [pp.  551 - 561]
	Mammalian Abundances on Forest-Farm Edges versus Forest Interiors in Southern Illinois: Is There an Edge Effect? [pp.  562 - 568]
	Winter Diet of the Small Indian Mongoose, Herpestes auropunctatus, on an Adriatic Island [pp.  569 - 574]
	Effects of Birth Date and Body Mass at Birth on Adult Body Mass of Male White-Tailed Deer [pp.  575 - 579]
	Heterogeneous Responses of Small Mammals to an El Niño Southern Oscillation Event in Northcentral Semiarid Chile and the Importance of Ecological Scale [pp.  580 - 595]
	Reproductive Response of a Tropical Mouse, Peromyscus mexicanus, to Changes in Food Availability [pp.  596 - 602]
	Role of Dietary Substrates on Intestinal Disaccharidases, Digestibility, and Energetics in the Insectivorous Mouse-Opossum (Thylamys elegans) [pp.  603 - 611]
	Review of the Tonatia bidens Complex (Mammalia: Chiroptera), with Descriptions of Two New Subspecies [pp.  612 - 626]
	Nutritional Energetics and Digestive Responses of an Herbivorous Rodent (Octodon degus) to Different Levels of Dietary Fiber [pp.  627 - 637]
	Effects of Substrate on Foraging Decisions by a Namib Desert Gerbil [pp.  638 - 645]
	Aggressive Behavior of Dipodomys stephensi, an Endangered Species, and Dipodomys agilis, a Sympatric Congener [pp.  646 - 651]
	Letters to the Editor
	The International Code of Zoological Nomenclature as a Guide to the Pronunciation of Zoological Latin [pp.  652 - 654]

	Books Received [p.  655]
	Erratum [p.  655]
	Comments and News [pp.  656 - 662]
	Back Matter





