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ABSTRACT: Dark rump markings in Alaskan moose (Alces alces gigas) are hypothesized to function
asarump patch. These pelage characteristics are likely an example of rapid evolution because dates for
the oldest A. alces in Alaska (ca. 9,000 years BP) suggest a post-glacial subspeciation of moose in North
America. Moreover, mitochondrial DNA shows no subspecific variability, suggesting that moose were
not isolated for long periods of time by the Wisconsin ice sheet. The occurrence of a rump patch in
Alaskan moose is consistent with increasing gradients of rump-patch size exhibited by mule deer
(Odocoileus hemionus), and red deer and wapiti (Cervus elaphus) that inhabit increasingly more open
habitats. Likewise, Alaskan moose live in more open habitat, are larger in body size, more social, and
have larger, more complex antlers than conspecifics in North America that lack striking rump markings.
These attributes also are correlated with larger and more conspicuous rump patches in other cervids. We
believe the group cohesion hypothesis offers the most likely explanation for dark rump markings in
Alaskan moose.
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Both geographic and ontogenetic varia-  sessed gray-brown sides and abdomens with
tionin pelage color of moose (Alces alces)has  black-brown or black on the lower sides.
been noted previously (Murie, 1934; Flerov, Nevertheless, they also described substantial
1952; Peterson, 1955; Bubenik, 1987; Geist, regional variation in pelage color of moose in
1987a, 1987b; Sokolov and Chernova, 1987).  the Soviet Union. Geist (1987a) contrasted
Alaskan moose (A. a. gigas), however, pos- the morphology of European moose (A. a.
sess a striking pattern of coloration that has  alces) with the American-type moose. His
not been fully described or interpreted. The drawing (p. 13) reflects similar patterns in
purpose of this paper is to provide a detailed pelage markings in American moose, but
account of pelage markingsin Alaskanmoose  Alaskan moose are by far the most strikingly
and to discuss the evolutionary history and marked of the subspecies.

potential function of this unique characteris- Alaskan moose exhibit coloration rang-
tic. ing from light, grizzled blond to dark brown.
Amid this variation, one pelage characteristic

DESCRIPTION OF PELAGE is constant - a band of black hair extending
COLORATION across the rump and tapering downward along

the flanks to the shoulder (Fig. 1). The shorter,
darker hair on the rump lies more smoothly
against the body than does the surrounding
pelage, giving this dark band a shiny, reflec-

Moose inhabiting the contiguous United
States and Canada (A. a. shirasi, A. a.
andersoni, A. a. americana) have been de-

scribed as a homogeneous dark brown F >
(Franzmann, 1981) to dark brown with a UV appearance. The dark band is made more

grayish breast and abdomen (Peterson, 1955). conspicuous by lighter pelage across the back

Likewise, Sokolov and Chernova(1987)noted ~ 2d white hair extending down the posterior
that most moose in the Soviet Union pos- ©f the hind legs, and occasionally forward
onto the lower abdomen. A completely white
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Fig. 1. Cow moose in Denali National Park and Preserve, Alaska showing typical rump markings in (a)
lateral and (b) rear views. Note how the dark, glossy hairs on the rump stand out from surrounding

pelage (photography by V. Van Ballenberge).

colormorph of moose , whichis not an albino,
occurs in Alaska (Franzmann, 1981); those
animals lack dark rump markings.

Dark rumpmarkingsin A. a. gigas are not
well developedincalves. Animals 1 1/2 years
of age clearly show the presence of such
markings, but the dark rump-band is not fully
developed and not as shiny as in older moose.
The striking pelage characteristics of Alaskan
moose are expressed completely in animals >
2 years of age. This vivid color pattern does
not result from hair along the back and sides
fading; the dark band is evident year-round,
even during the spring molt. We hypothesize
that dark rump markings evolved as an ad-
aptation to more open habitats in Alaska and
may function in a manner analogous to rump
patches in other ungulates.

Rump-Patch Evolution

Rump patches have evolved independ-
ently in the Artiodactyla, Lagomorpha, and
Rodentia (Guthrie, 1971). The social impor-
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tance of signals involving markings on both
the head and rump of ungulates has been
recognized for many years (Darwin, 1872;
Portmann, 1960; Bubenik, 1982; and many
others). Most modern researchers agree that
displays of the rump patch function primarily
as alarm signals in most species (Harvey and
Greenwood, 1978), but an intuitive under-
standing and consensus regarding the
mechanisms underlying their evolution has
not been reached.

Among ungulates, rump patches often
include a conspicuous pattern of contrasting-
colored pelage on the rear or underside of the
tail; sexual dimorphism in rump patches is
rare (Guthrie, 1971). There is a strong posi-
tive relationship between the size of homn-like
organs and of rump patches (Guthrie, 1971).
Rump-patch displays may be augmented by
piloerection of hairs (Kitchen, 1974), spe-
cialized gaits(Caro 1986; Pitcher, 1977), alarm
vocalizations (McCullough, 1969; Bowyer
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and Kitchen, 1987), or release of alarm
pheromones (Muller-Schwarze, 1974), which
ostensibly reinforce behaviors elicited by these
displays. Ungulates without rump patches
include less gregarious, forest-dwelling spe-
cies that attempt to escape predation primarily
via crypsis (Hirth and McCullough, 1977).
Some woodland species, especially white-
tailed deer (Odocoileus virginianus), possess
rump patches that may be displayed conspicu-
ously (flagging) if cryptic behavior fails (Hirth
and McCullough, 1977). Ungulates with
exceptionally large body size that are less
susceptible to predation, such as
Rhinocerotidae and Elephantidae, and ungu-
lates that possess formidable weapons and an
effective group defense, such as Tayassuidae
and the muskox (Ovibos moschatus), alsolack
rump patches (Hirth and McCullough, 1977),
as do most Bovini (Guthrie, 1971).

Open Habitats, Body Size, and Patterns of
Coloration in Cervids

A clear pattern exists among the Cervidae
forbody size, antler size, and rump-patch size
to increase with openness of the environment.
Indeed, this pattern has been particularly well
documented for subspecies of mule deer
(Odocoileus hemionus) by Cowan (1936) and
for red deer and wapiti (Cervus elaphus) by
Geist (1987b). An increasing gradient in the
size of rump patches is especially evident in
black-tailed and mule deer, ranging from the
small-sized patch in O. hemionus sitkensis,
which inhabits densely forested areas in
Alaska, to the larger patch of O. k. hemionus,
which occupies open lands in the western
United States (Cowan, 1936). Geist (1987b)
discusses additional environmental factors that
may lead to the evolution of such characters;
however, a complete enumeration of these
ideas is beyond the scope of this paper. The
important point is that cervids inhabiting more
open habitats would be expected to be larger,
have more conspicuous coloration, and be
more gregarious than conspecifics living in
more densely forested (closed) habitats (Hirth,
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1977).

If our idea that dark rump markings in
Alaskan moose function as a rump patch is
correct, then a consistent trend of increasing
antler and body size, as well as gregarious-
ness, should be evident for moose inhabiting
more open environments. A. a. gigas haslong
been recognized as the heaviest of the sub-
species (Flerov, 1952; Peterson 1955), and
possesses the largest and most complex ant-
lers (Van Ballenberghe, 1982; Gasaway etal.,
1987; Geist, 1987a). Within cervid species,
or even populations, a tendency exists for
males with larger body mass to have larger
antlers and be the most dominant individuals
(McCullough, 1982; Bowyer, 1986); this
pattern also holds for moose (Prieditis, 1979).
Moreover, in comparison to body mass,
openland cervids—especially A. a. gigas—
have larger antlers than those living in closed,
forested habitats (Geist, 1987b). Further,
moose in Alaska occur in larger groups than
populations elsewhere in North America (Peek
etal., 1974), and large bulls are able to estab-
lishdominance oversmallermales and acquire
access to these large groups of females during
rut (Peek et al., 1986; Miquelle, 1990). In-
deed, wehave observed aharem mating system
for moose in interior Alaska with groups of
>30 individuals. Thus, Alaskan moose pos-
sess other physical and behavioral character-
istics that are consistent with the presence of
a rump patch.

Another prediction of our hypothesis is
that variation in pelage color should occur in
more open areas outside Alaska. K. N. Childs
(Minst. Environ., British Columbia, pers.
commun.) reports that moose living mostly
above tree line are lighter in color than those
inhabitating forested areas of British Colum-
bia. Sokolov and Chernova (1987:367) noted
that East-Siberian moose are differentiated
from those inhabiting West-Siberiaby “adark
coloured band stretching from the neck and
withers down to the back,” butno information
was provided on habitats occupied by those
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moose. Bowyer has observed large, dark-
colored moose near the Kolyma Reservoire in
the Soviet Far East that lacked obvious rump
markings, but those animals inhabited areas
mostly below tree line. Guthrie, on the other
hand, collected three moose from tundra areas
in northeastern Siberia that possessed dark
rump markings; however, these animals were
not as vividly marked as Alaskan moose.
Moreover, Chernyavsky and Domnich
(1989:15) provide a photograph of a large
moose (A. a. buturlini) with obvious rump
markings from the Soviet Union.

Colonization and Subspeciation by Moose
in North America

Insightsintothe pelage markings of moose
can be obtained from a more complete un-
derstanding of their evolutionary history.
Anancestorial Alcini, Cervalces gallicus, first
appeared in Eurasia during the early
Pleistocene (Azzaroli, 1985). By 30,000-
40,000 years BP, Cervalces certainly had
reached the New World, with C. scotti
spreading across the mid-continent of North
America (Guthrie, 1990a). Dates as early as
100,000-200,000 years BP, however, are pos-
sible for the first Cervalces in North America
(Geist, 1987a), although Churcher and Pinsof
(1987) believe such earlier dates are unlikely.
Likewise, C. latifrons (= A. latifrons) was
evolving rapidly toward modern moose (A.
alces) in Eurasia (Guthrie, 1990a). Obviously,
some taxonomic confusion exists with respect
to these early moose-like animals; for sim-
plicity and clarity we have adopted the no-
menclature of Churcher and Pinsof (1987).
Although some believe that C. scotti gave rise
to modern moose, it is more likely that
Cervalces became extinct in North America
during the Wisconsin glaciation, and the New
World was colonized a second time by moose
(A.alces) from Eurasia (Geist, 1987b; Guthrie,
1990a; Sher, 1987).

Traditional views of moose subspeciation
hold that North America was colonized by
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Alces inthe late Wisconsin or early Holocene
(Kurtén and Anderson, 1980). Earlierrecords
of Alces from North America (Peterson, 1955)
probably result from misidentifying fossil
remains of CervalcesasAlces. Peterson (1955)
hypothesized that subspeciation in North
America was the result of glacial ice separat-
ing moose in Beringia from those isolated to
the south of the ice sheet during the Sangamon
and Wisconsin periods (Fig. 2a). Thus, the
present-day differences among moose sub-
species in North America was thought to be
produced largely by glaciation (Peterson,
1955; Kelsall and Telfer, 1974).

Recent radiometric dating of antler col-
lagenfrom A. alcesin Alaskaplaces the oldest
specimen at 8,740+70 years BP (Guthrie,
1990a). A corridor probably existed between
Beringia and areas south of the ice sheet as
early as 14,000 BP (Burns, 1990; Catto and
Mandryk, 1990), and some retraction of the
ice sheet probably occurred by ca. 10,000
years BP (Kelsall and Telfer, 1974), raising
questions about the viability of ideas con-
cerning subspeciationin moose resulting from
isolation caused by the glaciers. Indeed, Geist
(1987a) postulated that A. alces spread post-
glacially in North America. If moose older
than ca. 14,000 BP cannotbe found in Alaska,
then Geist’s descriptionof moose colonization
is supported. More importantly, this means
that subspeciation of moose is likely based on
adaptationstodifferent habitats, and that these
adaptations are anexample of extremely rapid
evolution.

A recent study of mitochondrial DNA
(mtDNA) from subspecies of moose in North
America revealed no intraspecific variation
(Cronin, 1989, 1991). This outcome lends
additional supportto the idea that subspeciation
of moose in the New World is a comparatively
recent event. Rate of mtDNA evolution
(Brown et al., 1979) for large mammals is
thought to be about 2% per million years
(Shields and Kocher, 1991); hence, recent
subspecific divergence in moose might go
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Fig._f. a) Traditional view (Peterson 1955) of moose subspecfation in North American caused by the
ice-sheet (shaded area) isolating moose in Beringia from those to the south. b) The ice-free corridor
hypothesis for subspeciation in North American moose (ca. 14,000 years BP), allowing a recent

colonization of the New World.

undetected using some mtDNA procedures.
Further, these data suggest that moose in
North America share a common matemnal
lineage, offering additional support for post-
glacial subspeciation without long periods of
isolation caused by the ice sheet.

A lack of mtDNA variability does not
mean that subspecies of moose are without
morphological and genetic differences. For
instance, moose in Scandinavia show sub-
stantial genetic variability at a diallelic locus
coding for phosphomannose isomerase over
short geographic distances (Chesser et al.,
1982). Moreover, North American subspecies
of moose show strong divergence in anumber
of morphological characteristics (Peterson
1955; Gasaway et al., 1987).

The most likely pattern of postglacial
dispersion, then, is that depicted in Figure 2b;
this pattern is consistent with recent dates of
Alces in Alaska (Guthrie, 1990a), and with
mtDNA analysis (Cronin, 1989, 1991). We
do not imply, however, that Alces initially
colonizing Alaska during the late Pleistocene
were identical to present-day moose. Indeed,
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those ancestors of modem moose were sig-
nificantly larger (Guthrie, 1984). Early
colonizers likely encountered open environ-
ments with sparse, low shrubs and grasses
(i.e., the remnants of mammoth-steppe veg-
etation; Guthrie, 1990b). Thus, the small
body size, dark coat color, small group size,
and absence of striking pelage markings of
moose that inhabit the lower United States
and Canada most likely represent adaptations
to living in a dense boreal forest.

Extensive grasslands overthe Great Plains
(Kelsall and Telfer, 1974) and perhaps
Parelaphostrongylus tenuis, a parasite of
white-tailed deerthat causes “moose sickness,”
may have helped limit the southward expan-
sion by moose (Geist, 1987a). Nudds (1990),
however, questioned the importance of this
meningeal worm in limiting the range of
modem-day moose, and Clark and Bowyer
(1986) reported that moose in Maine were
successfully expanding their distribution into
areas inhabited by white-tailed deer infected
with this nematode. Another important con-
straintupon the southward expansion of moose
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may have been their poor thermoregulatory
capabilities at high ambient temperatures
(Renecker and Hudson, 1990). Whatever the
limiting factors of their environment, moose
today inhabit closed boreal forests in the lower
United States and in Canada (Peterson, 1955),
and more open habitats throughout much of
Alaska (Van Ballenberghe, in press). Moose
in southeastern Alaska, however, are smaller
and darker than those in other areas of the
state, and are likely A. a. andersoni that
colonized that area from British Columbia
(Klein, 1965). Antler morphology indicates
that a zone of intergradation may occur be-
tween A. a. gigas and A. a. andersoni in the
southern Yukon Territory (Gasaway et al.,
1987).

HYPOTHESES EXPLAINING A RUMP
PATCH IN MOOSE

Our observations strongly suggest the
presence of a dark rump patch in Alaskan
moose. For this idea to be tenable, however,
it should fit with modern hypotheses concern-
ing the evolution of rump patches in ungu-
lates, and offer some explanation for unusual
color and shape of this pelage characteristic.

Several hypotheses have been forwarded
to explain the function and thereby the evolu-
tionary history of rump-patchdisplays. These
displays may have evolved as: (1) an
intraspecific waming mechanism (Estes and
Goddard, 1967); (2) an intraspecific appease-
ment gesture that functions secondarily as an
alarm signal (Guthrie, 1971); (3) a pursuit-
invitation signal to predators (Smythe, 1970;
1977); (4) a pursuit-deterrent signal to preda-
tors (Woodland et al., 1980); and (5) a group-
cohesion signal (Hirth and McCullough,
1977).

Estes and Goddard (1967) noted that in-
dividuals often engaged in rump-patch dis-
plays when confronted with or fleeing from a
predator, and hypothesized that this display
served to warn other members of the group
about potential danger. This signalling, how-
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ever, may make the individual more obvious
to the predator, and thereby increases the risk
to the signaller (Maynard Smith, 1965).
Consequently, evolution of rump-patch dis-
plays would be difficult to explain as an
intraspecific waming mechanism unless kin
selection, group selection or reciprocity were
invoked. Because ungulates often assemble
into temporary, unrelated groups (Hirth and
McCullough, 1977) where rump-patch dis-
plays may be common, and because the spe-
cial conditions for group selection to operate
would seldom, ifever, occur(Williams, 1966),
this hypothesis offers an unlikely explanation
for the development of either the striking
pelage coloration or the behaviors associated
with rump patches for most ungulates (Hirth
and McCullough, 1977). Likewise, the tran-
sientnature of moose aggregations (Peek et al.,
1974) make it difficult for this hypothesis to
account for rump markings in Alaskan moose.

Guthrie (1971) argued that rump-patch
displays evolved initially as an intraspecific
submissive gesture to appease dominant ani-
mals. Thus, presentation of the rump patch by
subordinates served to redirect the aggressive
behaviorof dominantindividuals. Ultimately,
rump patches acquired the additional function
of a warning mechanism by prey animals
presenting the submissive display to predators.
Geist (1971) described the mimicking of a
copulatory posture to appease dominant ani-
mals in mountain sheep (Ovis spp.), but
whether this hypothesis will account for rump
patches in other ungulates is less certain. For
instance, neither white-tailed deer nor
pronghom (Antilocapra americana) display
their rump patches during copulation (Hirth
and McCullough, 1977). Dominance
mounting and obvious displays of the dark
rump markings during copulation are rare or
absent in Alaskan moose (pers. obs.), making
this hypothesis unlikely.

Two related hypotheses, “pursuit invita-
tion” (Smythe, 1970, 1977) and “pursuit de-
terrence” (Woodland et al., 1980), also have
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been proposed to explain the adaptive signifi-
cance of rump patches. The firstof these ideas
holds that a prey animal that has detected a
predator could display its rump patch and
thereby elicit the premature pursuit of the
predator while it was still a safe distance
away. Likewise, the pursuit-deterrence hy-
pothesis assumes that the rump patch and
associated behaviors advertise the ability of
the prey to elude capture, and in consequence,
discourages the predator. Although these
hypotheses may be applicable to species such
as white-tailed deer, which have the ability to
turn the rump-patch display “on and off” by
raising and lowering their tail, both fail to
explain the occurrence of large, permanent
rump patches that cannot be “turned off.”
The fundamental flaw in both “pursuit”
hypotheses is that it would be maladaptive for
ungulates with large rump patches that cannot
be concealed to continually elicit pursuit or to
advertise their ability to escape predators.
The pursuit-invitation hypothesis assumes that
prey can dupe predators into chasing them
when the likelihood of success islow, and that
there is little difference between the energetic
costs of fleeing from predators than from
simply moving to keep predators at some
“safe” distance; both of these assumptions are
probably incorrect (Coblentz, 1980). Moreo-
ver, it is unclear why some prey (those with
nonconcealable rump patches) should con-
tinually elicit the pursuit of predators irre-
spective of the distance between prey and
predator, and under circumstances where the
prey was unaware of the predator (Hirth and
McCullough, 1977). A pursuit-deterance
signal (i.e., the prey is healthy) presents a
similar problem. Unless display of the rump
patchhas acostso that weak, sick or otherwise
infirm individuals cannot engage in this
behavior, then “cheating” by disadvantaged
prey would be expected (Caro, 1986). Conse-
quently, predators would have to pursue prey
continually to “test” their physical condition.,
Because rump markings in moose cannot be
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“turned off,” these “pursuit” hypotheses are
untenable.

The final hypothesis considered is that of
group cohesion (Hirth and McCullough, 1977).
Conspicuous rump patches are thought to
assist group members in maintaining contact
while fleeing predators or to induce new
animals to join the group to become part of the
“selfish herd” (sensu Hamilton, 1971). There
are at least two potential problems with this
hypothesis: 1) a group-cohesion signal is
poorly located on the rear of the animal, both
for signalling to conspecifics or in having the
predator follow a group member back to the
signaller as the group aggregates (Bildsten,
1983; Smythe, 1977); and 2) some openland,
gregarious ungulates, which evidently do not
have weaponry against predators or an ef-
fective group defense, lack rump patches --
especially the Bovini (Guthrie, 1971).

Coblentz (1980) noted that many ungu-
lates have a field of vision that may approach
360°; hence, the location of conspicuous col-
oration onthe rump may not be so problemati-
cal. Further, among some ungulate species,
the contrasting pelage extends around onto
the sides of the animal (e.g., topi, Damaliscus
korrigum)or the animal possesses contrasting
markings along the sides thatmay be involved
inalarm signalling (e.g., springbok, Antidorcas
marsupialis). Moreover, benefits that accrue
to animals that become part of a group over
those obtained by remaining solitary are
thoughttoinclude areductionin the probability
of a predator selecting an individual as prey,
more eyes, ears and noses with which to detect
the predator (or alarm signals of conspecifics
that have done so), and the potential for the
group to confuse the predator (Bertram, 1978).
These benefits mitigate potential detriments
resulting from the costs of signalling. Indeed,
predators of ungulates are more efficient at
capturing prey separated from the group
(Kruuk, 1972; Miller, 1975; Schaller, 1968)
and behave more predaceously toward smaller
groups of prey (Bowyer, 1987).
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Clearly, the confusion of predators is an
important corollary to the group cohesion
hypothesis. Rump patches, in conjunction
with the erratic movement and repositioning
of animals in a fleeing group, may help to
confuse predators (Kitchen, 1974). The suc-
cess rate of predators is known to decline
when they select new prey to chase during the
course of a pursuit (Kruuk, 1972).

The apparent lack of rump patches among
some openland bovids presents an additional
problem for the group cohesion hypothesis.
One possibility might be that some animals
occur in such large groups that a conspicuous
signal to promote further cohesion is unnec-
essary, but this notion is difficult to test. The
absence of this characteristic also may be
simply a phylogenetic constraint, but this is
not a compelling argument; rump patches
have evolved independently in several orders
of mammals (Guthrie, 1971). Moreover,
where Bovini inhabit open terrain and are
subject to predation by large, effective
predators, pronounced rump patches have
evolved - the best example is the striking
rump patch of the bantang (Bos javanicus),
which is preyed upon by tigers (Panthera
tigris) on Java (Hoogerwerf, 1970).

We hypothesize that any coloration that
contrasts markedly with an animal’s environ-
ment and can be made more visible by associ-
ated alarm behaviors might function as a
rump patch. Several other conditions, how-
ever, should be present to satisfy this idea of
contrasting coloration. First, such ungulates
should be gregarious, and their pelage should
differmarkedly from more cryptically colored
young. It would be inappropriate to invoke
this idea to explain the striking markings on
lesser kudu (Tragelaphus imberbis); these
animals are camouflaged forliving ina forest.
We believe, however, this hypothesis may
explain the coloration of American bison
(Bison bison). American bison are extremely
gregarious bovids thatinhabit the Great Plains;
calves have light-reddish pelage that blends
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well with dry grasses on the plains formuch of
the year. Adults, however, are adark, chocolate
brown that contrasts markedly with their en-
vironment (Guthrie, 1990b). Conversely,
wisent (Bison bonasus)occurinsmaller groups
and inhabitmore forested parklands of Europe;
both young and adults are a similar, cryptic
color(Guthrie, 1990b:159). Bizarre markings
among some perissodactyls and girrafids may
also fitthis hypothesis, but more investigation
is needed. In any event, proposed problems
with the group cohesion hypothesis are fewer
than with other notions of rump patch evolu-
tion and are consistent with rump markings in
Alaskan moose (Table 1).

Why do moose possess a dark rump-
patchratherthanalightone? Forarump patch
to be visible, it must be either darker orlighter
than the surrounding pelage. Visibility in
relationto the environment also may influence
the evolution of such a feature, as we postu-
lated for American bison. Inanorthem climate
where snow is present on the ground forup to
9 months, a dark rump-patch may be more
visible than a lighter one. Further, some
African ungulates such as topi and waterbuck
(Kobus defassa) bear similar dark markings
across the rump; investigations into the
function of these markings may shed further
light on the evolution of a dark rump-patchin
Alaskan moose.
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Table 1. Comparison of some hypotheses forwarded to explain the evolution of rump-patches in
ungulates, and their relevance to Alaskan moose.

PREDICTIONS

Requires kin-selection or reciprocal altruism. Hirth
and McCullough (1977) rejected the kin-selection
model, and unstable grouping behavior of moose
precludes reciprocal altruism.

HYPOTHESIS

Intraspecific warning signal
(Estes and Goddard 1967).

2. Intraspecific submissive gesture Requires dominance mounting for evolution,
(Guthrie 1971). and such behavior is rare in North American moose.
3. Pursuit-invitation signal to Does not sufficiently explain presence of a rump
predators (Smythe 1970). patch in openland species like Alaskan moose that
cannot “turn off” the signal.
4. Pursuit-deterrent signal to Predators would be selected against responding
predators (Woodland et al. 1980). because prey might “cheat,” making evolution
improbable.
S. Intraspecific signal promoting Group sizes and openness of habitat consistent with

group cohesion (Hirth and
McCullough 1977).

predictions.
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