- Another Look at Wolf Taxonom y
. g Ronald M. Nowak
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b4 Multivariate analyses, using 10 measurements Jrom each of 580 skulls of modern maie wolves, indicate the presence of five
8 subspecies of Canis lupus in North America: arctos, a large-toothed arctic wolf;: occidentalis, a large animal of Alaska and
g western Canada; nubilus, a moderate-sized wolf, originally found from Oregon to Newfoundiand and from Hudson Bay to

s AN o,

. Texas; baileyi, a usually smaller woif of the southwest;: and Iycaon, a small subspecies now restricted 1o southeastern Canada.
Individuals taken in the northwestern conterminous United States since 1940 represent occidentalis. Eurasian subspecies
\ jnclude an arctic wolf (albus), a large north-central form (communis), and a widespread animal of moderate size (lupus),

i

which resemble their North American counterparts more than they resemble one another. A

small, but broad-skulled,

e ;ubspecies {cubanensis} occurs in the Caucasus, Small, narrow-skulled wolves, showing little statistical overilap with one
~  another or with any other populations, are present in southwestern Asia pallipes) and southeastern North America {rufus).
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Introduction

. Hall (1981), based largely on the morphological studies of

Goldman (1937, 1944), recognized 24 subspecies of gray

© wolf (Canis lupus) in North America (Fig. 1), Sokolov and
. Rossolimo (1985) recognized nine additional subspecies of

‘Canis lupus in Eurasia (Fig. 2), but reduced the accepted

. number in the New World to seven. Other authorities, rely-

<

g

ing mainly on morphometric techniques, also have indicated
that some of the subspecies listed by Hall may be invalid
(Rausch 1953, Jolicoeur 1959, Skeel and Carbyn 1977,
Pedersen 1982, Walker and Frison 1982, Bogan and

- Mehlhop 1983, Nowak 1983, Friis 1985, Hoffmeister 1986).
& Incontrast, there have been suggestions that the subspecies

i
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C. L Iycaon of the Great Lakes region, as mapped by Hatl
(1981), is divisible between two, three, or even four taxo-
Domic units (Kolenosky and Standfield 1975, Schmitz and
Kolenosky 1985a, Standfield 1970, Van Ballenberghe
1977). However, these suggestions might be based partly on
¢onsideration of hybrids of the gray wolf and coyole (C.
latrans), that have appeared in the eastern Great Lakes
Tegion (Nowak 1979).

Analyses of mitochondrial DNA have indicated to some
authorities (hat interbreeding between C. fupus and C. Ia-
trans has also 1aken Place in the western Great Lakes region
— Minnesota and adjacent parts of Ontario — and that a
Substantjal “hybrid zone™ has formed there (Lehman et al.
1991). Similar studies have suggested that the red wolf (C.
"4fuzs) of the southeastern United States may have resuited
Entirely from interbreeding of C. fupus and C. latrans, and

A its historic range (Fig. 1) represents a “hybrid zone”
ayne and Jenks 1991). Such studies have been questioned

OWling e1 al. 1992). Eisewhere in this volume (Nowak et

- thig volume) evidence is presented that C. rufus is a
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primitive, distinctive kind of wolf, not a hybrid, and that
interbreeding of C. lupits and C. latrans, if it has occurred at
all in the western Great Lakes region, has resulted in no
lasting phenotypic effects. Questions of hybridization thus
are not emphasized in this paper, but the issue of whether the
red woll is a species, as regarded by most authorities, or a
subspecies, as suggested by Lawrence and Bossert (1967,
1975), is of concem. In order to deal with that issue, as well
as with the most meaningful systematic division of the gray
wolf, this paper covers, for the first time, substantial data on
morphometric variation in wolves on a worldwide basis.

Materials and Methods

This study is limited to 580 skulls of full grown male wolves
taken in historical time. Previous work {Nowak 1979)
showed that while the sexes are significantly different in
most measurements, and preferably should not be combined
in one sample, analyses using either sex produce much the
same results. Skulls of animals under 12 months old, and of
some large wolves under 24 months old, have not attained
full size in all dimensions and thus are not usable. The
number of specimens in each series, and representative of
each taxon, is given in Table 1. I measured all North Ameri-
can and some Eurasian specimens, but most of the latter were
measured by others (see “Acknowledgments™) following
my diagrams and descriptions. I was not selective, but used
all data available from skulls known or judged to be those
of full grown males and that yielded all desired measure-
ments, though a few specimens were eliminated because of
damage, incomplete collection information, or suspected
influence from hybridization with domestic dogs (C. fa-
miliaris),
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Fig. 1. Original geographical distribution of wolves in North America. The 24 subspecies of gray wolf (Canis lupus) recognized by
Hall (1981) are:

1. alces 7. crassodon 13. ligoni 19 nubilus

2. arctos 8. filscus 4. lycaon 20. vccidentalis
3. baileyi 9. prisecalbus 15, mackenzii 21, vrion

4. beathucus 10. hudsonicus 16, manningi 22. pambasileus
5. bernardi 11, irremotus {7. mogollonensis 23. tundrarum
6. columbianus 12, labradorius 18. monstrabilis 24. youngi

The red wolf (Canis rufus) occupicd the southeastern quarter of the continent, the approximate northern and western fimits of its range
heing marked by the dashed line on the maintund.

-




The six kinds of North American wolves, as suggested by ihis study: a) Arctic Island wolf (Canis lupus arctos), photo: L.D. Mech;
b) Alaskan wolf (Canis lupus occidentalis), photo: L.D. Mech; ¢) Minncsota wolf (Canis lupus nubilus), photo: L.D. Mech;
d) Mexican wolf (Canis lupus baileyi), photo: D.R. Parsons, ¢} Algonguin park wolf (Canis lupus lyeaon), photo: G. Forbes;

D red woif (Canis rufus), photo: W. Musio-.

The following 10 measurements (Fig. 3) were used for
nalysis: 1) greatest length of skull (length from anterior tip
°r' Premaxillae to posterior point of union); 2) zygomatic
Width (greatest distance across zygomata); 3) alveolar length
°frnaxillury toothrow (distance from anterior edge of alveo-
I“? of P1 to posterior edge of alveolus of M2); 4) maximum
Widih acrogs upper check tecth (greatest breadih of skull
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measured between outer sides of crowns of P4); 5) palatal
width at first premolars (minimum width between inner
margins ol alveoli of P1); 6) width of frontal shield (maxi-
mum breadth across poslorbilal processes of frontals); 7)
height from toothrow to orbit (minimum distance from outer
alveolar margin of M1 (o most ventral point of orbit); ¥)
depth of jugal (minimum depth of jugal anterior 10 postor-
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Fig. 2.

Original geographical distribution of gray wolf (Canis lupus) in the Old World. Sokolov and Rossolimo (1983) recognized the
following subspecies: 1) albus, 2) campestris, 3) chanco, 4) cubanensis, 5) desertorum, 6) hattai ( = rex), 7) hodephilax, 8) lupus,

9) pallipes. The subspecies 10) arabs, regarded as a synonym of pallipes by Sokolov and Rossolimo (1985), sometimes is considered
valid, and the subspecies 1) lupaster sometimes is assigned to C. lupus rather than to C. aureus. This study supports combining
campestris, chanco, and desertorum with the subspecies lupus, hut distinguishing the subspecies 12) communis. As indicated by the
question marks (7), the extent of the range of communis is problematical, and there also is uncertainty as to wiether northeastern

Siberia is ocenpied by communis, albus, or lupus.

bital process, at right angle 1o its anteroposterior axis); 9)
crown length of upper carnassial (maximum anteroposterior
length of crown of P4 mecasured on ouler side); and 10)
crown width ol second upper molar (maximum transverse
diameter of M2 measured [rom outermost point to innermost
point of crown), Means for all series are listed in Table 1.

These measurements are thought to express major adap-
tive leatures of the skuli: overall size, grasping power, cra-
nial proteetion, and cutting and crushing capacity. They are
among 15 used in previous work (Nowak 1979); the others
— braincase width, width of rostrum at Cl, postorbital
constriction, length (rom wothrow to bulla, and diameter of
C1 — are considered redundant, less precise, and/for uselul
mainly to distinguish domestic dogs from wild canids, rather
than to separate different kinds of wolves,

‘Expression of the results of this study depends entirely on
computer-based, multivariate analysis of these 10 measure-
ments. Other measurements, nonmeasurable characters ol

the skull, and features of the pelage and postcranial skeleton
are given little or no consideration. Previous experience
(Nowak 1979) indicates that such an approach is acceptable
for a review of recent wolves and that evaluation of the other
characters would not affect or would reinforce conclusions.
However, 1 do recognize that utilization ot a larger set of
measurements or assessment of regularity in nonmeasurable
characters could, in certain cases, lead some workers 10
distinguish additional taxonomic groupings. The measure:
ments that | used are probably among those that best reflect
what a person actually sces in a skull. Their combination and
comparison through multivariate analysis is not considered
a solution to classilication problems, but rather a means of
elficiently and objectively presenting conclusions that #
person might make after cxamining many specimens OF
reviewing many individual measurements, )
All measurements were subjected to canonical discrirmi-
nant analysis using the Statistical Analysis System (SAS
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Table 1. Means of measurements (numbered as in Fig. 3 and text) for wolf groups analyzed (listed approximately in
order discussed in text).

k!
:ﬁ_‘- e
b columbianis 8 2758  147.0 8953 8389 3234 64.61° 4336 2009 2578 148
riscoathus 10 2715 1448 8926 8451 3423 6682 4438 2032 2718 14.47
occidentalis 50 2762 1482 90.74 8513 3329 6837 4399 2101 2681 14.46
& anibasileus 24 2753 1484 91105 8586 33.70 68.65 44.40 2078 2725 14.66
L undrarum I3 2738 1461 9095 8472 3247 6888 4336 2051 2738  15.00
'%  main northern group
| (above Scombined) 105 2752  146.6  90.63 8509 3330 6807 44.00 2080 2694 14.55
L fusous 10 2574 1387 8582 8171 3133 6929 4067 2072 2552 1347
L irremotus 14 2539 139.7 8641 83.14 3113 6274 3898 1899 2552 1347
g lycaon (Minnesola) 28 2563 1393 8627 8LI13 3177 6434 3931 1961 2499 14.12
I pogollonensis 17 2535 1404 8434 B111 3106 6665 3981 1926 2537 13.65
W onsirabilis 7 2574 1383 8440 7951 31.63 6506 4027 1884 2556 13.16
L qubilus 15 2567 1375 8493 8055 3195 6557 39.87 1977 2539 13.19
L youngi 28 2575 1400 8625 83.18 3279 6655 3945 1989 2565 13.81
. main southern group
(above 7 combined) 119 256.1 1393 8569 81.72 31.81 6562 39.62 1962 2539 [13.67
ligoni 26 2630 1443 8675 8288 3329 6799 4193 2015 2560 14.15
crassodon 6 2585 1417 8678 8127 31.60 6802 40.12 1930 2625 1430
baileyi 21 2439 1363 B1.78 7740 2998 60.62 3895 1879 2449 12.59
. arcios 22 2565 1424 8681 8445 3231 6548 41.73 1935 2745 13.98
= hudsonicus 14 2587 1398 B8589 8206 3202 6351 41.16 1899 2607 14.1]
S8 lycaon (west Ont.) 14 2556 1389 B84.92 808! 3097 6529 3926 1914 2511 13.99
¥ Iycaon (Algonquin) 13 2502 1346 83.87 78.13 2885 6375 3798 17.82 2490 14.69
S rufus 33 2365 1213 7948 69.74 26.18 54.80 33.58 1603 2335 13.71
S campestris 34 2513 1372 8481 7923 3105 6480 3973 1909 2596 14.29
B chanco 23 2480 1349 8443 7720 2971 6133 3783 1833 2508 1391
0 desertorum 20 2523 1341 8757 7825 2958 63.04 3873 1799 2572 14.00
lupus
" (bove3combined) 77 2506 1357 8541 7837 3027 6330 3890 1858 2563 14.10
albus 20 263.0 147.1 8830 84.65 33.03 70.11 4148 1908 2665 14.95
communis 20 2702 1509 87.70 86.08 34.19 7448 4301 2140 2683 13.89
pallipes 30 2214 1180 7653 6898 2675 5644 3398 1530 2299 12.20
cubanensis 14 2375 1365 B80.58 7674 2926 63.34 37.80 -- 2336 12.82

——

Institute 1987). This method is similar to that employed in
My previous work on Canis (Nowak 1979) and is the same
8 used in various recent taxonomic studies of mammals
(F-g-, those by Goodyear 1991 and Jones et al. 1991). Essen-
Ually, the various measurements, weighted by their ability
lo best distinguish the particular groups being analyzed,
35sign each specimen a total numerical value referred to as
the firy canonical variable. The next best distinguishing
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Commonly, a single graphical position is plotied based
on the first two canonical variables arranged as perpendicu-
lar axes. The result looks much like a bivariate scatter
diagram, but the numerical positions are abstracts, and the
overall mean of all the positions is standardized to zero. High
positive values may actually express small size, and vice
versa. Characlers given greatest weight change with the set
of groups being compared, and so the statistical distribution

T“"' “Ombination, uncorrelated with the first, provides a second of a given group may change as it is compared to various
b “anonicy| variable, and so on. others. The legend for each of the following graphs (Figs. 4,
6,7,8,9,10,11, 13, 14, 15, 16, 17, 18, 19) lists the three
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Fig. 3. Three
views of a skulf of
Canis lupys,
showing the 10
characters used in
statistical analyses
(see text for
descriptions), The
drawings were
made by frene
Brady, hased on
originaly in Hall

(1981).
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Table 2. Statistica distance, 1), between nominal subspecies of Canis fupus in western North America.

Distance tundra- pamba- occiden- colum-  griseo-
from group rum  silens  walis  bianus  albus
pondrarum LI15 150 517 297
pamhmi lens .15 068 4.18 1.58
pecidentalis 1.50  0.68 2.36 83
colwmbianis 517 418 2306 6.69
griscoaliis 297 158 283 6.69

fuscus 12,15 1434 1233 1595 14.i6
irremots 1225 13.09 1208 12,16 14.34
youngi 947 1075 958 1230 1037
mogollonensis 1079 1268 11.55 13.01 12.88
mithilns 11,67 1281 1088 1293 1093
monstrabilis 10.27  11.07 982 1088 884
lyeaon 10,23 12,15 1022 1142 1251

Juscns  irve- youngi mogollo- mubilus monstra- - lycaon
maotus HONSIY bilis .
‘

1215 1225 947 10,79 1167 1027 1023
14.34  13.09 1075 1268 1281 1107 1215
1233 1208 9.58 1155 1088 982 1022
1595 12,16 1230 13.01 1293 1088 1012
14.16 1434 10,37 1288 1093  8.84 12,51
595 284 299 1.91 4.94 3.96
5.95 3.08 300 489 624 3.79
284  3.08 2.78 1.84 423 1.78
299 300 278 292 300 270
1.91 4.89 1.84 292 1.47 319
494 624 423 3.00 1.47 5.26

39 379 1.78 270 319 526

characters that contributed most to each canonical variable.
Individual specimens can be assigned positions in relation
to established groups. The mean position of each group also
can be plotted and the statistical distances between the means
(this distance being known as the D? of Mahalanobis) can be
calculated to assess affinity.

Results and Discussion

The North-South Division in Western
North America

Past investigations (Skeel and Carbyn 1977, Nowak 1983,
F.riis 1985) sugpested that there might be 2 major systematic
division of North American C. fupes along a line extending
fmm the Pacific to the westem Great Lakes, roughly follow-
ing the border between Canada and the United States. Seven
Mamed subspecies meet along this line: columbianus, occi-
dentalis, and griscoalbus to the north, and fiescus, irremotus,
rubilus, and {ycaon to the south. | decided to compare these
Populations, and also several neighboring subspecies larther
10 the north (rundrarum, pambasilens) and south (youngi,
mogol!oncn.ris. monstrabilis), 10 evaluale the idea that the
Statistical break along the aforementioned line might be
f;:)‘:lssliil_miglly more pronouncc.d than lhat. separating popu}n-
alling entirely on one side of the line. The subspecices
“d«'s‘anicn.\', found just 10 the northeast, is treated separately
Clow. In order 10 allow comparison between the most
ge"gl'ilphically proximal populations of the gray woll and
Wolf in subsequent apalyses, the sample of Iycaon is
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limited to Minnesota (23 specimens) and Isle Royale (five
specimens) and that of monsirabilis is limited to Texas
(seven specimens). For purposes ol helping to evaluale the
question of whether western Great Lakes wolves may be
changing through recent hybridization with the coyote, the
sample of fycaon is also limited to individuals taken since
1960. Otherwise, all specimens from (he western contermi-
nous Uniled Siates were taken prior to 1940 (cxcepl for onc
skull of monstrabilis collected in 1942).

Plotting the means of the first two canonical variables ol
each named subspecics indicales a division based mainly on
large size in wolves to the north and smaller size in those 10
the south (Fig. 4). Only the meuns are shown, because there
was such extensive overlap between the five northem sub-
species, on the one hand, and between the seven southem
subspecies, on the other, that plotting afl of the statistical
boundaries of the groups would have made the ligure too
confusing. Table 2 gives the statistical distances between all
subspecies, while Figure 5 maps the distances between
neighboring subspecies. The statistical distance between
neighbors across the Pacific-Great Lakes line is in all cases
much greater than the distance between any two subspecies,
whether neighbors or not, on one side of the line. Therelore,
more is involved than simply a north-south cline in size. The
northern series and the southern series evidently represent
two main systematic groupings ol C. lupis, which may in
turn serve as standards with which other populations and
individuals may be compared.
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Fig. 4.  Statistical distribution of means of 12 nominal subspecies of North American Canis lupus, based on the first (horizontal axig )

and second (vertical axis) canonical variables. Letters indicate mean positions of groups: C — celumbianus; F — fuscus;
G — grisevalbus, [ — irremotus; L — lycaon; M — mogollonensis; N — nubilus; O — occidentalis; P — pambasileus, il
§ — monstrabilis; T— tundrarum; ¥ — youngi. Characters (see Fig. 3) contributing most to high positive values are: first canopicgt 0
variable, large 1, large 7, large 9; second canonical variable, small 2, small 7, large 4. 43
e
'{-..
Other Subspecies of Western North :

America __
Based on recent studies (Pedersen 1982, Bogan and o
Mehlhop 1983, Friis 1985) three additional nominal 43 _
subspecies of western North America may be associ-
ated with the main southern group: figoni of the south- /{8
castern Alaska panhandle, crassodon of Vancouver °
Island, and baileyi of Mexico and adjacent border parts
of the southwestern United States. Friis (1985) found
statistical affinity between ligoni, crassodon, and fus-
cus, but indicated that each warranted subspecific
status. She also suggested that populations of coastal
and south-central British Columbia were referable to
ligoni, rather than to fuscis. Sokolov and Rossolimo
(1985) combined ligoni, crassodon, and fuscus into a
single subspecies. In my own analysis (Fig. 6), fitseus

,6 and crassodon are completely separable, but a series of i
mm-:moms 26 ligoni (as compared to 11 used by Friis) overlaps
6 vcmu

COLI.IMBIAM.IS 0 ALBUS

slightly with fuscus and substantially with crassodon.
Moreover, when fuscus, tigoni, and crassodon are com-
pared to all western populations (see below), their rec-
vouma -2 ogniFion as full subspecies b'cc.omcs.qucstior.iuble. -
Figure 7 shows an analysis in which my single main
, northem group, comprising the combined samples of
columbianus, griscoalbus, occidentalis, pambasileus,
and rundrarum, is compared to a single main southerm
group, comprising the combined samples of fiscus,
\ irremotus, lycaon, mogollonensis, monstrabitis, nubi-
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Fig. 5. Stauistical distances (rounded to whole numbers)
between those {2 nominal subspecies of North American
Canis lupus shown in Figure 4.
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Fig. 6. Statisticel
distribution of three nominat
subspecies of North
American Canis fupus,
based on the first (horizontal
axis) and second (vertical
axis) canonical varialles.
Dots, ligoni; open circles,
Juscus; iriangles,
crassodon. Characiers (Fip.
3} contributing most 1o high
positive valuey are: firse

A canonical variable, large 2,

small 4, large 5; second
canonical variable, small 9,
large 1, large 4.

Ius, and youngi. Also considered as groups in this analysis
are the nominal subspecies ligoni, crassedon, and baileyi.
The subspecies ligoni occurs in the same latitudinal range
as the members of my main northemn group, but is partly
isolated by mountains, glaciers, and waterways. While in the
analysis (Fig. 7) il is partly encompassed by the statistical
limits of the main northern systematic group of C. lupus, as
developed above, ligoni falls mostly within the limits of the
main southern group. It is also statistically closer 1o the
southern group (D* = 2.7) than to the northem group

(D* = 4.6), though it probably has been influenced exten-
sively through intergradation with the latter. Using method-
ology similar to mine, but somewhat larger samples,
Pedersen (1982) regarded ligoni as subspecifically distinct
from pambasilens, a component of my northem group.
The positions (Fig. 7) of several individuals from near the
Pacific coast of British Columbia, within the range of C. [,
Juscus, as mapped by Hall (1981), are indicative of affinity
with ligoni and thus supportive of findings by Friis (1985).
However, crassodon of Vancouver Island falls entirely

-2 e

Fig. 7. Statistical
distribwtion of five groups
and various individuals of
North American Canis lupus,
based on the first (horizonral
axis) and second {vertical
axis) canonical variables.
Solid lines, limits of main
northern grovp (letter O
shows mean position) and
main southern group (letter N
shows mean); dashed lines,
limits of ligoni (letter L shows
mean); dots, baileyi; open
circles, crassodon; x's,
individuals from coasial
British Columbia; triangle,
one individual labradorius.
Characters (Fig. 3)
contributing most to high
positive values are: first
canonical variable, large |,

| large 7, large 9; second

canonical variable, small 2,
smafl 7, large 1.
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within the overall statistical range of my main southern
group. Crassodon originally was distinguished partly on the
basis of nonmeasurable characters, especially in that the
anterior margin of P4 is directed inward and backward.
found this feature of P4 to be pronounced in most of the 19
skulls of crassodon that | examined, though only in two of
the six adult males used in my statistical analysis. While
there is a reasonable case for giving subspecific status 1o
crassodon, based on nonmeasurable characters and statisti-
cal separation from fuscus, its statistical position in relation
to North American wolves in general, and to figoni in par-
ticular, suggests inclusion within my main southern group
of C. lupus.

Quile different is the situation of baileyi, which lies
almost entirely outside the range of variation of the other
groups. A single specimen from New Mexico, geographi-
cally well within the range of baileyi, is statistically close to
the mean ol my southemn group. This individual is close to
other haileyi in greatest length and zygomatic widih, but is
larger in width across upper cheek teeth, palatal width a P1,
and diameter of M2, Otherwise, my findings with respect 10
baileyi correspond with those of Holfmeister (1986), who
continued to recognize haileyi as a subspecies with generally
the same content assigned by Goldman (1944), and who
placed mogoflonensis, the nominal subspecies immediately
to the north, in the synonymy of youngi, which in tumn is here
considered part of the main southern group. My findings do
not correspond with those of Bogan and Mchlhop (1983),
who regarded mogollonensis and monstrabilis as part of
baileyi, with the resulting entity subspecifically distinct from
nihifus and youngi.

Onc additional named subspecies found in western North
America and south of the arctic is a/ees of the Kenai Penin-
sula in Alaska. The woll evidently was climinated from the
Kenai by humans by about 1915, though a population was
reestablished through migration from the north in the 1960s
and 1970’5 (Peterson and Woolington 1982). Based on five
specimens collected in 1904—1905, Goldman (1944} re-
garded the original population as a distinet subspecies, being
perhaps the largest of North American wolves. Rausch
(1953) and Pedersen (1982) questioned this designation. The
original specimens consist of two adult females and three
males thit are not tull grown and thus not suitable for
mclusion in my analyses. The femaies are large, but arc
matched in this regard by several females of occidentalis that
I have examined. All five skulls have camassial teeth that
are smaller than those of many other specimens in my main
northern group. Alees hence appears o be a component of
that group.,

Adjusnnents to Subspecific Ranges

Maost of the specimens used in my sample of baiteyi and in
the standard samples of my main northem (columbianus,
griseoalbs, occidentalis, pambasilons. tdrarunny and
southern {(fuscus, irvemotus, Iveaon, mogollonensis. mon-

strabilis, nubilus, youngi) groups were assigned 10 ngp:
subspecies based on the ranges indicated by Goldmap (19
and Hall (1981). However, one individual from Duck i

tain in west-central Manitoba, classified as nubilyg by the K
authoritics, was included in my sample of Lriseoalpy; Sese
cral other specimens also suggest that the fange of my m;-
northern group originally extended farther to the south g "
usually thought, and that this range has moved sijj) Farthe
south in recent decades. These specimens were not i“CIUde J
in the above standard samples, but are considered below,

Figure 8 compares my main northem and southery
groups, and baileyi, and shows the relative Positions of
certain other individuals, Skuils from southern Alberta ang
the Liule Belt Mountains of central Montana, which hy
been assigned by Goldman (1944) and Hall (198 1) 10 irre.
motus, are statistically nearer to the main northern 8roup,
Admittedly, the Montana specimen could be considered part
ol an intergrading population, an unusually large member of
the southern group (such as do occur elsewhere), or 4 wan.
dering individual. Wolves are known to make extensive
movements, cven well across supposed subspecific lines,
Fritts (1983) reporied one that covered a straight-line dis-
tance of 886 km, moving from northeastern Minnesota o
Saskatchewan. A specimen taken in 1925 in extreme north-
western South Dakota also falls well within the northern
group and may represent a wolf that wandered southward
after native populations had been extirpated.

Human persecution nearly eliminated the gray wolf from
the conterminous United States. By the late 1920°s the only
substantive resident populations occurred in the northem
Great Lakes region (Nowak 1983). The region from which
wolves had disappeared corresponded largely with the range
of the southern group of C. lupus, as designated above. Later
occurrences to the west of the Great Lakes region apparently
represent wandering individuals or range extensions from
the north. All 11 specimens of males [rom the northwestem
quarter of the conterminous United States, collected since
1940, fall beyond the range of varimion of the southem group
ol C. fupus (Fig. 8), and probably represent a recent south-
ward expansion of the northem group. These specimens
were taken in the following states: Idaho, 1; Montana, 5;
Oregon, 17 South Dakota, 2; and Washington, 2. They in-
clude three specimens collected in northwestern Montana in
19881989, which are the largest skulls of C. fupies ever
takent in the conterminous United States; they approach the
size of several taken in 19661974 in Alberta, which are the
largest ever recorded for the species (Gunson and Nowak
1979). Four other specimens of males collected 1989- 1991
i the Dakotas are statistically like the southern group and
most likely moved westward from the existing Minnesoti
populmion.

Incompiling my series of hailevi, | followed Hoffmeisler
(1986) in including a specimen from the Galiuro Mountains,
Graham County, Arizona, which had been assigned to po-
gollonensis by Bogan and Mehihop (1983), Goldmal




Fig. 8. Stavistical distribution of three
gronipys and various individualy of Norih
American Canis lupus, based on the first
(horizontal axis) and second (vertical
axts) canonical variables. Soliid lines,
limits of main northern group (Ieiter O
shows mean} and main southern groupr
(letter N shows mean); dots, baileyi;
open civdles, individuals taken in the
northwestern quarter of the
conternrinons United States since 1940,
open triangles, individuals collected
1989-199] in the Dakotas; solid
triaugle, individual from Alberta
originally assigned to irremotus; open
square, individual from Little Belt
Mountainy of Momana; solid square,
individual taken in novtiwestern South
Dalkota in 1925 3", individuals of
baileyi collected recentdy in Arizona and
Texas; crosshatch, individual from Gila
National Forest originally assigned to

mogollonensis. Characiers (Fig. 3)

| contributing maost to high positive vatues

4 are: first canonical variable, large 1,
farge 7, large 9; second canonical
variable, small 2, small 7, large 4.

(1944), and Hall (1981). This allocation, together with oth-
ers by Hoffmeisler, suggests that the natural range of baileyi
extends just to the north of the Gila River. This distribution,
in urn, brings into question the status of a series of speci-
rachs taken on the Gila National Forest of New Mexico,
which is bisected by the Gila River. These specimens were
assigned o mogollonensis by Goldman. However, onc
seemed (o me o be unusually small for that subspecies and
was withheld for comparison at this point. Its position, most
proximal 1o the statistical bounds of baileyi, is shown in
Figure 8.

It is likely that individuals from the geographic range of
baileyi repularly dispersed into the range of populations to
the north and vice versa. After these more northerly popuia-
lions were eliminated by people during the 20th century, the

largely distinguishable from both the main northern and
main southern groups of C. lupus (Fig. 9). Individual skulls
{rom the range assigned by Hall (1981) to the subspecies
mackenzii, on the mainland nearest 1o the westem arctic
islands, are statistically encompassed by the limits of (he
main northern group, though are shifted in the direction of
the island wolves. In contrast, the position of a specimen of
C. I. manningi from Baffin Island is well beyond the statis-
tical range of the other island wolves and indicative of
affinity with the main southern group.

Manning and MacPherson (1958) concluded that ber-
nardi of Banks Island (based on material collected in 1914
1916) had been replaced by another population (material
taken in 1953-1955) that they assigned to arctos, but that [
(Nowak 1979) thought differed both from bernardi and

it Occurrence of wolves within their ranges would be attribut- arcios. In reassessing this situation, it seems unlikely that
:l:!zl.o b“”".‘\"' dispe!'sing frc!m Mexico, where the subspecies the more recent specimens from Banks Island, apparently
ﬁf‘ : Sulclt Eggu::;lrl‘c:?;:;s ilG:jnsbi;g dl":l ]lVl‘lch 02,‘:!‘1 1?]9:0) having originated from \}filhin the range of arctos and having
3 8) of a male 1aken in I;:QS‘EI ngar Ez:cll:olwA]falliclog;un:ﬁ' been colleclcd. avers brn.:l‘ penod: CDUIC! o csent a‘nylhfng
i " » more than a subpopulation of arctos, albeit one showing

Arizona, well within the original range of mogollonensis,
and of two males collected in 1970 in Brewster County,

Trans-Pecos Texas, which were reported by Scudday
(1972),

Arctic Wolves

FOU}” subspecies of C. fupus have been described from the

Arctic isands off North America, mostly on the basis of only

afew specimens, A group of skulls, from the range assigned
Y Hall (1981) (0 the subspecies arctos and bernardi, is

Part v) - Taxonomy

rather extreme characters. ] also question whether the origi-
nal population of bernardi was more than another subpopu-
lation of arcros showing only modest development of the
characters of the subspecics. As Jolicoeur (1959) suggested,
the severe environment of the arctic might influence onlo-
genetic cranial development of the skull; such effect could
vary (rom time to time, thereby increasing the impression of
differences between populations.

In any event, examination of arctos, including the newer
Banks Island matertal, and a review of the measurements of
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Fig. 9. Statistical
distribution of three groups
and various individuals of
North American Canis 1y, us
based on the first ( horizoma['
axis) and second (vertica}
axis) canonical variables,
Solid lines, limits of maip
northern group (letter O
shows mean), main Southern
group (letter N shows megp ),
and arctos (letier A shows
mean); dots, individualy of
nominal subspecies
mackenzii; open circles,
individuals of beothucus:;
triangle, one individual
manningi. Characters

(Fig. 3) contributing most 4o

high positive values are: firse
canonical variable, large |,
large 7, large 2; second
canotiical variable, smalf |,

large 9, large 7.

the five known adults of original bernardi, as published by
Goldman (1944), indicate (hat all of the involved popula-
tions share the most consistent distinguishing character of
arctos, which is relatively large camassial teeth. That con-
dition, together with the results of canonical analysis of
available material, suggest that the name arctos is appropri-
ate for the subspecies occupying the region (rom Ellesmere
to Banks and Victoria islands, and Greenland (Marquhard-
Peterson this volume).

[ have examined only two specimens of the Greenland
woll, C. L. orion, and both are probably females. [ see no
substantive basis for separating them from arctos. Goldman
(1944), who saw only a single skull, also suggested alTinity
o arctos. Moreover, Dawes ct al. (1986) pointed out that
wolves moved freely across the ice between Ellesmere [s-
land and Greenland, and recommended referring the animals
in northern and eastern Greenland 1o aretos,

Wolves of Northeastern Canada
The nominal subspecies C. 1. hudsonicus, which was as-
signed a large range to the west of Hudson Bay (Hall 1981),
falls almost entircly within the range of variation of (he
southem group (Fig. [0}, Goldman (1944) observed that the
skull of Mudsonicus is “decidedly smalier” than that of
occidentalis, occurring just (o the west, and Kolenosky and
Standficld (1975) hinted allinity between ludsonicns,
nubilus (as delincated by Hall), and the western Ontario
population of fycaon,

Skeel and Carbyn (1977) came o & dilTerent conclusion
regarding fdsonicus. Although their preliminary multivari-
ate analyses suggested that hudsonicus might be more

A4

closely related to populations of my southern group than to
those of the northern group, cluster analysis and multidimen-
sional scaling techniques showed male Mdsonicus 1o fall
close to males from Wood Buffulo National Park (Alberta
and Mackenzie District of Northwest Territories), within the
range of occidentalis. A separate cluster was formed by
males [rom Jasper (Alberta) and Prince Albert (Saskatche-
wan) national parks, also within the range of my northern
group. This incongruity may be explainable through consid-
eration of an unusual sex ratio in Skeel and Carbyn’s sample
from Wood Buffalo National Park: 24 males and five fe-
males. Although experience indicates that males frequently
do outnumber females in a given series of canid specimens,
a near five 1o one ratio is totally unexpected and is unlike
that in any of the other seven samples used by Skeel and
Carbyn. They reported that of the 29 specimens from Wood
Buffalo Park, 20 actually were unknown as to sex and that
18 of those were classified as males by statistical probability
using a stepwise discriminant analysis, | suggest that some-
thing went amiss in this operation, that females were in-
cluded in the male sample, and that had these females not
been used the group of males from Wood Buffalo Park
would have failen statistically nearer to the other samples of
occidentalis than to hudsonicus. My own sample of fudsoni-
cus consists of eight specimens known to be males and $ix
that | judged 1o be males, but the latter are limited to skulls
that exceed the average of the known males in grealest
length,

Kelsall (1968) expressed doubt that hudsonicus is distine
guishable from occidentalis, just to the west, noting thal
wolves from the former’s range annually invade the latier's
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Fig. 10, Statistical
distribution of five groupy of
North American Canis
Inpus, based on the first
(horizontaf axis) and secomd
(vertical axis) canonicat
variables. Solid lines, Hmits
of main northern group
(letter O shows mean) and
main southern group {fetier
N shows mean); dots,
western Omario lycaon;
open circles, Algonguin
Iycaon; triangles,
hudsonicus. Characters
(Fig. 3) contributing most 10
high positive values are!
Jirst canonical variable,
large 1, large 7, large 2;
second canonical variable,
small 10, large 5, large 8.
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range, following caribou herds for hundreds of kilometres.
However, he also stated that biologists, game officers, hunt-
ers, and trappers have long used gross morphological fea-
tures to separate the wolves of the tundra, the main habitat
of hudsonicus, from the wolves of the taiga, the main habitat
of occidentalis. The presence of a component of the southern
group of wolves in this far northern region could be associ-
aled with the failure of the main northern group of wolves
to expand into a relatively unproductive habitat, in which i
would have to depend almost entirely on the rather small
barren-ground caribou.

Its assignment 1o the main southern sysiematic group of
C. lupus makes hudsonicus a key to the classification of
other northeastern populations. The statistical position of my
one specimen of manningi (Fig. 9), being much closer to the
Southern group than lo arctos, is now reasonable, because
the range of Mudsonicis extends to immediately south of
Baffin Island (Fig. 1). Measurements listed by Goldman
(1944) also show that manningi does nol share the most
definitive character of arctos, (he relatively large camassial
teeth. Indeeq, manningi originally was distinguished from
arctos on the basis of its much smatler teeth and more slender
Proportions. Dawes et al. (1986) noted that wolves appearing
On the west-central coast of Greenland probably originate on
Batfin Island, and thus in a population here considered
dssociated with my main southern group.

The vasy range of the nominal subspecies fabradorins, 1o
the eqg of Hudson Bay, is represented only by a single
SPecimen in my analyses. It is a large individual with closest

Party) . Taxonomy

statistical affinity to the northem group, though it also lies
just within the limits of the southern group and of ligoni (Fig.
7). Ihave seen two skulls of immature labradorius, unknown
as 10 sex, and one of an adult, probably female. That exami-
nation, together with review of the measurements of three
adult males listed by Goldman (1944), indicates that labra-
dorius falls closest to my main southern group. Goldman
suggested affinity between labradorius and the Newlound-
land island subspecies beothucts, and noted that both con-
trast markedly with populations of Iycaon in southeasiern
Canada. My own analysis of three specimens (Fig. 9) indi-
cates that heothicus has affinity with my main southern
group and not with arctos, with which it was synonymized
by Sokolov and Rossolimo (1983).

Lycaon

Although Goldman (1944) considered the range of the sub-
species C. lupus lycaon 10 extend westward 1o Minnesota,
he noted that specimens from the Great Lakes region grade
toward nuehilus of the Great Plains. More recently there has
been a growing consensus that the western populations of
fycaon, sl least those of Minnesota, actually are more closely
related to nubilus than to populitions of fycaon in Quebec
and southeastern Ontario (Mech and Frenzel 1971b,
Kolenosky and Standfield 1975, Skecl and Carbyn 1977,
Van Ballenberghe 1977, Schmitz and Kolenosky 1985a).
Evidence presented above (Figs. 4 and 5, Table 2) indicates
that post-1960 Minnesota lycaon have affinity to pre-1940
populations of the western conterminous United States and
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should be combined with my main southern group of C.
fupus. There is no suggestion that Minnesota lycaon has
hybridized with C. latrans or any other species.

A series of lycaon from southwestern Ontario, the arca
north of the Minnesota border and Lake Superior, falls near
the cenler of variation of my main southern group (Fig. 10).
However, a series from southeastern Ontario is mostly be-
yond the range of the others. To minimize the chance of
using specimens alfected by hybridization between C. lupus
and C. latrans (see below), I restricted my sample of south-
cast Ontario lycaon to Algonquin Provincial Park and its
immediate vicinity, where there is a relatively dense and
well-protected wolf population on an extensive tract of
natural habitat.

My analyses support combining both Minnesota and west
Ontario lycaon with my main southern group, but recogniz-
ing southeast Ontario Iycaon as representative of another
subspecies. The case for a remarkable division between two
kinds of wolves in Ontario, a larger animal to the west and
a smaller one to the southeast, was announced by Standfield
(1970) and developed by Kolenosky und Standficld (1975).
The latter authorities practically suggested specific separa-
tion, stating (p. 71): “the ranges of the two types overlap
throughout a broad band across east-central Ontario, but
there is no conclusive evidence of their interbreeding.”
Nonetheless, Kolenosky and Standfield’s multivariate
analyses of cranial measurements do show the two kinds to
have about the sume degree of statistical overlap that I found
(Fig. 10). They also reported a third and still smaller kind of
woll, occurring in extreme southern Ontario, but suggested
that it represented hybridization between C. fupus and C.
latrans. My own previous work (Nowak 1979) reported the
presence of such hybrids in southern Ontario and Quebec
and suggested that they were contributing to the introgres-
sion ol woll genes into the coyote population now expanding
through the northeastern United States,

Schmitz and Kolenosky (1985a) presented a modified
interpretation of the status of fycaon. Based on multivariate
analyses of both body and skull measurements, they con-
cluded that the three previously identified kinds of wolves in
Ontario are all clinal variants of fycaon, that the west Ontario
population is more closely related 10 the southeast Ontario
population than to the Minnesota population, and that the
small animal of extreme southern Ontario is not a coyote-
wolf hybrid, but a form of lycaon that arose within the last
75 years. They also recognized three morphologically dis-
tinct kinds of C. latrans in Ontario, noting that two of those
kinds may have resulted from coyote-woll hybridization,

In designating six distinctive kinds of wild Canis in
Ontario (not including still others in Minnesota), Schmitz
and Kolenosky may not have fully appreciated both the
individual variability of the genus and the extent 1o which
hybridization may have affected the sitvation. The graphical
portrayals of their analyses plot only centroids and do not
allow visualization of statistical approach and overlap of the

different groups. Some of their results seem incongmouS. f

example, that wolves exhibit clinal variation, but are di,v-or
ible into morphologically distinct groups, and thag “’Olvls"
have not been influenced by hybridization with COYoles bis
thal some coyote populations may be descended from ;0 !
ote-wolf hybrids. Their Table 2 suggests that, for Maleg a;
least, the skull of the small “woll” of extreme SOU(he

Ontario is more like the skull of coyotes than like the skl
of other wolves. Some of their cranial measuremens (in-
cluding five on just the mandibular and occipital condyles)
may express (raits that have become randomly and tempo.
rarily established in populations, rather than long-term adap.
tive characters. Their description of overall differenceg
between the skulls of Minnesota and west Ontario wolves
seems incorrect. The measurements for my own series of
Minnesota lycaon and west Ontario lycaon are closer than
those for any other two series that [ examined (see Table 1),

In short, I do not accept the conclusions of Schmitz and
Kolenosky (1985a), at least with respect to the relationships
ol wesl Ontario wolves and to the (nonhybrid) origin of
populations in extreme southern Ontario. My analyses do
strongly support the suggestions of Kolenosky and Stand.
field (1975) that west Ontario wolves are closely related (o
populations in Minnesota (and in the western contecrminous
United States) and that they are separated by a subspecific
line from populations in southeastern Ontario.

Because the type locality of Iycaon is Quebec City, that
name would be retained, considering the above analysis, for
the subspecies of wolf in southern Quebec and southeastern
Ontario. Populations of western Ontario, Minnesota, and
other parts of the western Great Lakes region would now be
covered by the subspecific name appropriate for my entire
southern group. On the basis of nomenclatural priority, that
name would be C. /. nubilus Say, 1823. Likewise, the appro-
priate name for the entire northern group would be C. /.
occidentalis Richardson, 1829. In the following discussions,
however, it is sometimes more convenient to continue using
the names recognized by Hall (1981).

The Red Wolf

For purposes of this study, it was decided 1o use only
geographic/iemporal samples of C. rufius that previous work
(Nowak 1979) indicated were not alfected by hybridization
with C. latrans. One such series was taken in southern
Missouri prior to 1930, Available material from that arca and
time shows that the red woll and coyote were sympatric, but
completely distinguishable from one another; no inlcrmcd}'
e specimens are known. Another series comprises spect”
mens that lived in modern time, but prior to 1940 in Florida.
Alabama, Mississippi, Louisiana, and the Big Thicket arci
ol extreme southeastern Texas. These specimens are the only
usable male wild Canis from that region and time: no C.
fatrans, hybrids, or C. lupus were present. Forluimu!il_)"
these two samples are the two substantive series of ¢ rifts
that are most geographically removed from one another, it
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Fig. 11, Staristical
distribution of four
groups of North
American wolves, baved
o the first (horizontal
axis) and second (vertical
axiy) canonical variables.
Solid fines, linis of main
southern group of Canis
Iupus (letter N shows
mean) and of Canis
rufus (letier i€ shows
mean); dots, Canis lupus
baileyi; open circles,
Algonguin Canis lupus
Iycaon. Characters (Vig.
3) contributing most 1o
high positive values are:
Jirst canonical variable,
large 4, large 7, large 2;
second canonical
variable, large |, smali 2,
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so are most advantageous for assessing geographic variation.
Moreover, they also represent the populations of C. rufus
that are nearest to the most proximal populations of C. lupus
that are represented by substantive series of specimens; as
mapped by Hall (1981), those are nubifus and Minnesota
fycaon in the case of Missouri C. rufits, and Texas mon-
strabilis in the case of the southern C. rufus. The two red
woll samples are thus advantageously placed with regard 1o
assessing whether the statistical difference between C. Inpus
and C. rufus is greater than that separating populations
within each species.

Figure 11 shows a canonical analysis comparing the
tombined serics of C. rufies with the main southern group of
North American C. Iupus, and with the series ol the two
Smallest kinds of North American gray woll, baileyi and
Algonquin fycaon. C. rufus does not statistically overlap any
of the series of €. fupus, though its bounds are approached
Closely by 4 single specimen each of lycaon and baileyi, This
analysis js primarily a comparison of the red wolf with the
813y. Thercfore, fycaon and haileyi are more extensively
Overlapped by other C. fupus than is the case in analyses
:T'pﬂl‘ing only groups of C. lupus. Lycaon and baileyi are
’Mfu‘:l‘l _lO be fully dlslingu:sh'ublc from one another, but C.
vt dlh the onl?r I?Iorlh American wnl‘f that falls completely
em ¢ the statistical range of the main northern and south-

mug“,’“N of C. fupus (the separation from the northern
P 1s assumed based on the statistical location of rifus

Aive 16 the southern group).

slal;;ﬁ:.m | 2, based on a canonical analysis, shows .lhc
al distances between the two separate samples of C.

p
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ritfus, between those samples and the nearest neighboring
nominal subspecies of C. fupus, and between the later
subspecies and their nearest neighboring subspecies of C.
fupus. The statistical distances between the two red woll’
sumples and between the various gray wolfl samples are
relatively small, while the distances separating the red wolf
samples from the gray wolf samples are relatively great. This
distinction and indeed lack of any clinal approach, in the
region where the southeastern range of C. fupus met the
western edge of the range of C. rufus, is perhaps the best
argument for maintaining each as a full species. Although
there are no specimens (o show that the gray woll actually
was sympatric with unmodified populations of the red wolf,
exlensive material from central Texas demonstrates that C,
fupus occurred in the immediate vicinity of a large popula-
tion of C. rufies x C. latrans and was not involved in the
hybridization process (Nowak 1979, Nowak et al. this vol-
ume).

In contrast to the above, populations of C. lupus in
southeastern Canada apparently do show a morphological
approach toward C. rufus. Unforunately, available speci-
mens from the easiemn United States are too scarce and 100
fragmentary to allow determination of whether the red and
gray wolves intergraded in that region (Nowak 1979). Also,
while some specimens of C. lupus Iycaon of southeastern
Ontario fall very near the statistical limits of C. rufies (Fig.
[1), there is the possibility that those specimens have been
affected by hybridization involving C. latrans (see above).
It is tempting to speculate that Kolenosky and Standficld’s
(1975) finding of a trenchant division between a large wolf
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and a small wolf in southeastern Ontario was actoally the
discovery of the long-sought line where the gray wolf met
the red. For the moment, however, the question remains
open.

Eurasian Wolves
Figure 13 shows a canonical analysis comparing series cor-
responding to five of the subspecies of C. fupns that Sokolov
and Rossolime (1985) recognized as occurring in China and
the former Soviet Union. My samples are distributed as
follows: albus, northwestern Siberia; campesiris, southeast-
em European Russia and southern Siberia; chanco, China,
the Himalayas, and extreme southeastern Sibertay; deser-
tornm, Kazakhstan: and fupuy (as explained below, the in-
volved population is reassigned to the subspecies
communis}, the Perm region in the central Urals, There is
considerable overlap between the samples of campesiris,
chance, and de sertorunt, but albus and, especially, fupis are
more distinct. This division is reinforced when the samples
of campestris, chanco, and desertorum are combined into a
single series that is compared with the otliers (Fig. 14).
Few specimens and no substantial series from Europe
west of Russia were avatlable for this study. However, ay
shown in Figure 14, two individuals from Sweden [all well
wilhintlllc overall statistical limits of campesiris, chaneo,
and desertornm. Sweden is the type locality of the subspecies
C. fupus lupus Linnacus, 1758, 10 therefore maty be that
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campestris, chanco, and desertorum are synonyms of C.
fupus fuprs and that the combined entity has a vast range
extending from at least northwestern Europe to China. It then
would also become necessary to apply a different name to
the distinctive population of north-central Russia, which
Sokelov and Rossolimo ( [985) had considered part of lupus.
According to those authoritics the chronologicafly next
available name for a Russian wolf is C. lupus conmunis
Dwigubski, 1804.

Furtheranalyses (Figs. 15 and 16) suggest that subspecies
of C. lupus in northern Eurasia are comparable to those of
North America. C. Iupus lupus, a widely distributed wolf of
moderate size, is statistically closer (o the main southern
group of North American C. lipues than 1o its nearest geo-
graphical neighbors. Likewise, communis, a large subspe-
cies, has more affinity (0 the main northern group of North
American C. fupis than 10 other Eurasian wolves, and albus
shows affinity to North American arctic wolves,

The paralle! sitation on the 1wo continents may extend
even further, Figure 17 shows (uil statistical separation
between C. lupus fupus (now comprising the combined
sample of campestris, chanco, and desertorum) and a serics
of the nominal subspecies pallipes rom Israel, including l[lc.
Golan Heights, and india. This remarkable distinction of
pallipes is comparable to the position of rufus of southeast-
e North America; both have relatively small and narrowly




Vig. 13, Staristical
distribution of five nominaf

subspecies of Old Worlid
Canis lupus, hused on'the
first (horizontal axis) and

‘ second (vertical axiv)
canonical variables. Solid
fines, timits of atbus (leter A
shows mean), campesiris
(fetter S shows mean),
chanco (letter H shows
mean), communis (Ietier C
shows mean), and
desertorum (lciter D shows
mean). Characters (Fig. 3)
contributing most 1o high
positive valiies are; first
canonical variable, larpe 2,
targe 4, large 1; second
canonical variatde, small 8,

L

large 3, larpe 2.

proportioned skulls. An analysis (Fig. 18) of all three of the
small southemn wolves — rufus, pailipes, baileyi — demon-
strales near total statistical separation, but very slight overlap
between rufus and pallipes. That a small wolf, statistically
comparable to C. rufis, exists far beyond the range where it
could be influenced by hybridization with C. latrans, is
further evidence against Wayne and Jenks’ {1991) sugges-
tion that the red wolf originated as a gray wolf-coyote
hybrid,

Late in this study, 1 received measurements of a series
of the sixth subspecies of C. fupus that Sokolov and
Rossolimo (1985) recognized in the former Soviet Union,
C. I. cubanensis of the Caucasus. Unlortunately, measure-
ment number 8, depth of jugal, seems to have been taken
incomrectly. Also received were data on a small series of
wolves from eastern Uzbekistan, Because both of these
series are geographically intermediate to C. /. lupus and
pallipes, there was need to determine whether they might

Fip. 14, Swatistical
distribuction of three
subspecies and o
individuals of Old World
Canis fupus, based on the
Jirst (horizontal axis) and
second (vertical axis)
canonical variables. Solid
lines, limits of albus (letier A
shows mean), lupus
(incorporating campesiris,
chanco, and desertorum;
letter L shows mean), and

c communis (letier C shows

miean), x's, two individualys of
C. lupus lupus from Sweden.
Characters (Fig. 3)
contributing most 1o high
positive values are. first
canonicol variable, large 2,
large 4, large |; second
canonical variable, small 8,
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Fig. 15.  Statisticqs
rgsrrfbuuon of four Lroups ,, "
anis lupus, based on the
Sirst thorizontal axis) and
seeond (vertical axis)
canonical variables, §o4;4
fines, limits of the Eurasig,
suhspecies communis {lette,
C shows mean), the
Enrasian subspecies lupys
(letter L shows mean), i,
North American main
northern group (letter 0
shows mean}, and the Nopy,
American main Southern
group (letter N shows
mean). Characiers (Fig, 3)
contributing most 1o high
positive values are: firse
canonical variable, larpe 1,
large 2, large 9; second
canonical variable, lgrpe 4,

small 7, small 10,

represent intergrading populations, and thus a new canoni-
cal analysis (Fig. 19) was done comparing flupus, pallipes,
cubanensis, and the Uzbek individuals, bul using only nine
measurements. The Uzbek specimens fall predominantly
within the statistical bounds of lipus, though there is a close
approach to pallipes. Cubanensis apparently is a valid

subspecies in its own right, overlapping only slightly with
fupus and very slightly with pallipes. This latter statistical
connection, however, suggests that pallipes also be regarded
as a subspecies of gray wolf. It evidently has aflinity to the
red wolf as well, but the geographic and temporal separation
ol palfipes and rufus is so great (see below), and the

Fig. 16.  Statistical
distribution of three
subspecies of Canis lupus,
based on the first (horizontal
axis) and second (vertical
axis) canonical variables.
Solid lines, limits of North
American arctos {letier A
shows mean), Enrasian
albus (letter L shows meuan),
and Eurasian communis
{lener C shows nean).
Characters (see Fig. 3)
contributing most to high
positive values are: first

| canonical variable, large 1,
small 7, large 8 sevond
canonical variahle, small
10, small 2, farge 8.
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Vig, 17.  Statistival
distribution of three

I suhspecies of Od World
Canis tupus, hased on the
Jirst (horizontal axis) and
second (vertical axis)
canoniced variables, Solid
o~ lines, limits of communis
{letter C shows mean), lupus
{(letter L shows mean), and
pallipes (letier P showy
mean). Characters (see Fig.
3) comributing most to high
positive values are: first
canonical variahle, large 1,
large 4, large 8; second
canontical variable, large 10,
large 3, small 6.

e o
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Fig. 18, Sratistical
distribution of three groups
of wolves, based on the first
(horizomal axis) and second
(vertical axis) canonical

- variahies. Sofid lines, limits
' of North American Caniy

R rufus (letter R shows mean),
North American Canis lupus
baileyi (lester B shows
mean), and Exnrasian
pallipes (letter P shows
nican). Characters (Fig. 3)
contriluting most to high
positive values are: first
canonical variable, small 1,
large 4, large 7; second
canonical variable, large I,
farge 2, large 8.
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Fig. 19.  Statisticyy
distribution of three
subspecies and cerygi),
individuals of Ol Worly
Canis lupus, based oy the
first (horizontal ayiy) and
second (vertical axiy)
canonical variables, Solig
tines, limits of lupus ¢ letter 1.
shows mean) and Ppatlipes
(letter P shows mean); dots,
cubanensis; open circles,
individuals from eastery
zhekistan. Characiers (see
Fig. 3) comtributing mogy to
high positive values are:
Sfirst canonical variable,
large I, large 4, smail 7,
second canonical variahle,
large 2, small 1, smalt 9,

°
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morphological overlap so slight, that rufus is here consid-
ered to represent a full species.

Sokolov and Rossolimo (1985) recognized two other
Eurasian subspecies, hattai (= rex) on Hokkaido and hodo-
philax on the other Japanese islands. Both are long extinct
and are known by only a few specimens. | have measure-
ments on one of cach. Those of hodophilax are far below
those of my other series and of little use for compurison.
Those of hattai indicate a large animal comparable (o my
main northern group of North American C. fupus.

Sokolov and Rossolimo placed arabs of the Arabian
Peninsula in the synonymy of pallipes, though Harrison
(1968) and Mendelssohn (1982) had regarded arabs as dis-
tinct. The geographic boundary of paltipes and arabs is not
well defined. Mendelssohn thought that arabs occurred in
extreme southeastern Israel and that the rest of the country
was occupied by severat distinctive populations of pallipes.
I could see no meaningful place 1o draw morphological lines

between Israeht wolves and included all in my sample of

pallipes. | had measurements on only two other possible
specimens of araby and on only a lew of lupasier from
Ceypt, which Ferguson (1981) had considered a small C.
fupus rather than a large C. anrens (golden Jackal), as it is
usually classified. These measurements are below the size
limits of those of all my other series and were not subjected

to comparilive analysis. ,
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Systematic Implications

Questions about species definition seem to be increasing,
though complete lack of morphological intergradation,
where two populations approach without physical barriers,
argues for specific distinction. There is less consensus on
whitt constitules a subspecies. Certain characters may be-
come established in a local, partly isolated popuiation, and
some authorities may, perhaps properly, use such characters
as the basis of subspecilic recognition. My investigation
largely disregarded such questions and concentrated on gen-
eral trends in measurable size and proportion that could be
evaluated on a continent-wide or woridwide basis. Substan-
tive statistical breaks in such trends, as discussed above,
were taken as evidence of taxonomic division. A combina-
tion of my statistical analyses and other investigations (Joli-
cocur 1959, Kolenosky and Standficld 1975, Skeel and
Carbyn 1977, Nowak 1979, 1983, Ferguson 1981, Pedersen
1982, Friis [985, Dawes et al. 1986, Hoffmeister 1986,
Nowak et ul. this volume), the nomenclatural matters dis
cussed above. and the literaure cited suggests recognition
ol the following species and suhspecies of modern wolves,
with original geographic distributions as shown (names in
parentheses are additional subspecies recognized by Hall
(1981) and Sokolov and Rossolimo (1985) and that would
be regarded as synonyms under this classification; question
marks (?) indicate subspecies that I did not subject to statis-
tical analysis):

Canis rufus Audubon and Bachman, 1851, southeastern
Kansas and central Texas (o Pennsylvania and Florida (oW
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cvidently extirpated from the wild except for a reintroduced
population in eastern North Carolina and a few individuals
released at other sites);

Canis lupus patlipes Sykes, 1831, Israel 1o India;

(?) Canis Iupus arabs Pocock, 1934, Arabian Peninsula;

(?y Canis lupus fupaster Hemprich and Ehrenberg, 1832,
Egypt, Libya;

(7 Canis lupus hodophilax Temminck, 1839, Japan ex-
cept Hokkaido (extinct);

Canis lupus lycaon Schreber, 1775, southeastern Ontario,
southern Quebec, formerly south to an undetermined point
in the eastern United States;

Canis lupus baileyi Nelson and Goldman, 1929, southem
Arizona, southwestern New Mexico, extreme southwestern
Texas, highlands of Mexico south to Oaxaca (now extirpated
from the wild except for a lew possible survivors in north-
western Mexico);

Canis lupus cubanensis Ognev, 1923, Caucasus and ad-
jacent parts of Turkey and Iran;

Canis lupus lupus Linnaeus, 1758 (campestris, chanco,
desertorum), Europe easl to an undetermined point in Rus-
sia, central Asia, southern Siberia, China, Mongolia, Korea,
Himalayan region (now greatly reduced in distribution, es-
pecially in western Europe);

Canis lupus nubilus Say, 1823 (beothucus, crassodon,
Suscus, hudsonicus, irremotus, labradorius, ligoni, man-
ningi, mogollonensis, monstrabilis, youngi), southeastern
Alaska, southern British Columbia, conterminous United
States from Pacific 1o westem Great Lakes region and Texas,
Ontario except southeast, northern and central Quebec,
Newfoundland, northern Manitoba, Keewatin, castern
Mackenzie, Balfin Island, occasionally west-central Green-
land (now evidently extirpated in the western conterminous
United States);

Canis lupus arctos Pocock, 1935 (bernardi, orion),
northern and eastern Greenland, Queen Elizabeth Islands
(Ellesmere, Prince Patrick, Devon, eic.), Banks and Victoria
Islands;

Canis lupus atbus Kerr, 1798, extreme northern Eurasia,

Canis lupus communis Dwigubski, 1804, known with
certainty only from the Ural Mountain region ol north-cen-
iral Russia, bul probably occurring over much of easlern
Europe and Siberia;

(N Canis tupus hattai Kishidg, 1931 (= C. [. rex Pocock,
19335), Sakhalin, Hokkaido (extinct);

Canis lupus occidentalis Richardson, 1829 (aices, colum-
hianns, griseoalbus, mackenzii, pambasilens, nndrarum),
Alaska, Yukon, Mackenzie, British Columbia, Alberta, Sas-
katchewan, southern Maniloba, northern Montana (now evi-
dently cxpanding range into northwestern conterminous
United States). 7

The revised historical distribution of C. fupus in North
America is shown in Figure 20; that in Eurasia was indicated
in Figure 2. The above list attempts to lollow systematic
order to the extent allowed by linear arrangement. Taxa

QA

considered more primitive are placed first and those consid.
ered closely related are grouped together. In this fegard, jhe
list reflects my view that the resemblance of certaip Norih
American to certain Burasian laxa is based less on Conver.
gence than on actual phylogenetic affinity.

Fossil evidence (Nowak 1979, Kurién and A"dersm
1980) indicates that the wolf group separated from the
coyole line in the early Pleistocene (perhaps aboy one
million years ago). By the Irvingtonian, primitive Smal]
wolves, periaps identical with medemn C. rufuis, were wige.
spread in southern North America. A branch of this group
probably entered the Old World, where it gave rise 10 ¢,
fupus. This background, together with the above statisticg
analyses, suggest that pallipes represents a segment of the
original American invading stock that underwent only mog-
est development of the characters of C. lupus. Like C. rufys
in the New World, its retention of primitive features may be
associated with its relatively warm environment. Other rem_
nants of a primitive stock of small, warmth-adapted woives
might be represented by arabs, lupaster, and hodophilax,
and possibly deitanus of Spain (see Nowak 1979: 95),
though the association of all of these taxa with C. anreys
(golden jackal) requires investigation.

Farther north in Eurasia, C. fupus became larger, and
apparently by the end of the Illinoian glaciation
(300,000 years ago) it moved into North America (Nowak
1979). This stage in the evolution of the species is expressed
today in the widespread groups of moderate-sized and gen-
cralized wolves that [ have referred o C. lupus lupus in
Eurasia and C. fupus nubilus in North America. Glacial
movements and other environmental changes in the late
Pleistocene may have resulted in splitting off of segments
that gave rise to other subspecies, as suggesied in previous
work (Nowak 1983). Baileyi seems to have been isolated by
desert barriers; a small gray wolf skull from San Josecito
Cave, Nuevo Leon, indicates that the Mexican woll was
cstablished by the Wisconsinan glaciation. Certain remains
from Rancho La Brea (southem California) and Yuken
(Nowak 1979), together with the current distribution of
arcios and albus, suggest former widespread occurrence for
a group of wolves represented by some of today's arctic
populations.

The development of the largest gray wolves, occidenialis
in the New World, and communis in the Old, may have
occurred in the late Pleistocene, perhaps in connection with
the disappearance of the dire wollf, lion, and several other
large cursorial carnivores. During the Wisconsinan ghacia-
tion, the forebears of occidentalis may have been isolated ill‘
castern Beringia, an ice-free refugium including most ol
Alaska. The modem distribution of occidentaliy suggests &
recent outward expansion [rom the northwest, perhaps i
volving the takeover of the range of other kinds of wolves.
Remarkably, this process appears to be continuing 10 this
day.
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Conservation Implications

Reducing subspecific names to synonyms carrics the danger
that the affected populations will be given less attention for
conservation purposes. In the case of most of the subspecies
so reduced in this study, the question is largely academic,
hecause they apparently are already extinet (alces, beothn-
cns, bernardi, erassodon, fuseus, irremotns, mogollonensis,
monstrabilis, orion, youngi). Of the others so reduced, none
are thought to be in imminent danger of extinetion (Ginsberg
and Mucdonald 1990), though the entire species C. Inpus is
appropriately classified as vulnerable by the World Conset-
vation Union (IUCN). Moreover, the United States Endan-
gered Species Act requires clussification and protection, not
only of endangered and threatened biclogical species and
subspecies, but also of distinet vertebraie population seg-
ments. This provision has been interpreted broadly over
the years, having been applied 10 morphologically or geneti-
cally distinct groups, to island populations, and frequently,
to scgments separated from others simply by a geopoliticat
line.

The conservation significance of some gray woll subspe-
cies is enhanced by their continued recognition as distinctive
taxa, even afler the above statistical analyses. C. fupus
baileyi is represented by fewer than 10 individuals in the
wild and by a small captive population (Ginsberg and Mac-
donald 1990). C. /. arctos, though widespread, occurs at Jow
densitics in a harsh, but fragile, environment (Miller this
volume). C. I lycaon is now known 1o be restricted to a small
range, where it is in close proximity to human activity and
is subject to genetic swamping through hybridization with
C. latrans. C. 1. pallipes and C. I. arabs have been greatly
reduced in numbers and probably no longer occur in 3
natural ecological or behavioral context. C. /. communis, a
newly distinguished taxon, is little known with regard to
Status and distribution, but could be vulnerable to conse-
quences of political and economic upheaval.

Reintroduction of wolves to Yellowstone National Park
and other areas is now under consideration, and there are
Questions as to the source of the animals for such projects.
The above analyses indicate that the extirpated wolf popu-
lation of the Yellowstone region is closely related to the
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living population ol Minnesota, both regarded here as part
ol the subspecies C. 1. nubilus. However, the subspecies C.
I occidentalis may have occurred ori ginally as far south as
central Montana, a short distance from Yellowstone, and
may have been expanding its range southward even before
human intervention.+There is no reason to think that occ-
dentalis, which has now reoccupicd northwestern Montana,
would be an inappropriate component ol the Yellowstone
ecosystem.

The red wolf has afready been reintroduced successfully
1o coastal North Carolina. However, recent questions about
its systematic status have led to widespread criticism of
cfforts being made for its conservation, My study supports
recognition of the red wolf as a valid taxon and has provided
further evidence against the idea that it originated as & hybrid
of C. lupus and C. latrans. If the latter view were correct, we
would expect the red woll (o blend morphologically into its
parental species, and the striking statistical break that actu-
ally separates C. rufus from adjacent populations of C. lupus
would not be possible. That a wolf population may approach
C. rufus morphologically, without hybridization with C.
latrans, is now demonstrated by the statistical position of the
Old World pallipes. However, except for the slight overlap
between samples ol paflipes and rufus, the red woll is
statistically separate from all series of C. Iupus, including
neighboring populations. Whether C. rufius is considered a
full species or a subspecies, it is the most distinctive kind of
woll in the world.
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