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INTRODUCTION
In recent years considerable information has been collected concerning bear populations and their habitat use.  Proportionately much less has been done concerning the physiology and morphology of bears.  Regardless, this recent often management-driven work has typically reflected fragmented rather than holistic objectives.  Bear research is ripe for some reflective synthesis (e.g., Stirling and Derocher [1990]), to provide an integrated context for hypothesis development and for research input to management.

Ideally, research and management of any species is done in light of the whole organism, rather than focused on a few of its facets.  Measurements are often taken because of their ease or tradition, and yet they may be irrelevant to understanding the interrogated organism.  Much interpretation of morphology or behavior is also done within a limited context and is hence prone to an ad hoc Panglossian bias (Gould and Lewontin 1979).  Fortunately, there is a wealth of factual and theoretical work concerning bears that can be drawn on to provide a tentative understanding of this group, and a reference for further research:  including the pioneering evolutionary work of Erdbrink (1953a, 1953b) and Kurten (1955, 1958, 1964, 1966, 1967, 1968), morphological work of Rausch (1951, 1953, 1961, 1963) and Davis (1949, 1964), and the few inquiries into digestive processes (Bunnell and Hamilton 1983, Mealey 1980, Best 1985, Dierenfeld et al. 1982, Pritchard and Robbins 1990).  In recent years there has also been a burgeoning of comparative analyses that have helped place ursids in the context of their carnivore relatives (e.g.; Van Valkenburgh 1985, 1988, 1989; Gittleman 1986a, 1986b; Gittleman and Harvey 1982; Radinsky 1981a, 1981b; McNab 1986).  Much of the extensive work done with swine and primates also has relevance, especially to ursid digestion.  In this paper I attempt to marshal this and other relevant literature, to first document patterns of variation among ursids and related taxa and then to provide a holistic interpretation of these patterns, in terms of the evolutionary history and ecological relationships of bears.  Given the potentially all-encompassing nature of such a work, I focus on the physical attributes of bears and closely related phenomena such as diet.

In this paper I consider all extant or recently living bears that have occupied higher northern latitudes, assuming that the habits and distributions of recently extinct bears have relevance to understanding the life strategy and distributions of extant species.  I include the brown bear (Ursus arctos), cave bear (U. spelaeus), polar bear (U. maritimus), American black bear (U. americanus), Asiatic black bear (Selenarctos thibetanus), short-faced bear (Arctodus simus), and giant panda (Ailuropoda melanoleuca) in the analysis.  For simplicity's sake I  employ the common name of "brown bear" in reference to Ursus arctos, rather than add the confusion of "grizzly bear" in reference to certain North American populations.  I have also followed what I think is the sensible lead provided by Mayer (1986) and Wozencraft (1989) of including the giant panda in the family Ursidae, hence my general references to "bears" or "ursids" implicitly include the giant panda.

METHODS
I obtained morphological measurements and estimates of diet from the literature.  These data were adequate to my needs, given my broad objectives; however, I was constrained to using historically popular cranial measurements, typically of gross cranial features.  I derived snout or rostrum length (FACE) from diagrammatic measurements of skull photographs.  These measurements are illustrated in Figure 1. I standardized  analyzed cranial dimensions to allometric equations on either body mass or skull condylobasal length, by using residuals of least-squares linear regressions of the form: lnY = lna + blnX.  I converted residuals to percent of expected values, and used the results in principal components analysis (PCA)(Radinsky 1981a).  I used PCA to reduce dimensionality of the skull measurements and explore more fundamental patterns of skull configuration (Wilson 1976, Radinsky 1981a).  I derived dental indices by summing mean lengths (DENTL) and the products of mean length and width (DENTA) of the P4, M1, and M2 teeth, and regressed these indices on body mass rather than condylobasal length (Demes et al. 1986).  

I used food habits studies that provided a seasonal break-down of feces (scat) contents.  This allowed me to use estimates of diet during hyperphagia forthis analysis of species differences; I deduced hyperphagia from bear use of high quality foods or explicit identification in the research paper.  I translated scat analysis results into broad structural categories; i.e., foliage, roots, fruits and seeds, vertebrates, and invertebrates.  No scat analysis data were available for the polar bear, however I assumed from the literature that the polar bear derived almost all of its energy and nutrients for maintenance and body fat accumulation from vertebrates.  I used nonparametric analysis of variance (Kruskal-Wallis test) to test for differences in levels of diet item use among species and groups, and normalized ranks for multiple comparisons (Ryan-Einot-Gabriel-Welsch multiple-range test [SAS Institute Inc. 1987]).  I used PCA to reduce the dimensional variability of diets, to identify major dietary trends.

PATTERNS
Diet
Differences in diet among ursids during critical fattening or hyperphagic periods are evident primarily in the amounts of fruits and seeds, vertebrates, and high fiber items (roots and foliage) consumed (Table 1).  Extremes in diet are exhibited by the polar bear (faunivore), the giant panda (foliovore) and the Asiatic black bear (frugivore).  Among bears occupying a more intermediate dietary niche, North American brown bear populations are distinguished from all other groupings by consuming significantly more foliage and roots and significantly less fruits and seeds.  In general, brown bears consume more vertebrates than do Asiatic and American black bears.

Principal Components Analysis (PCA) also suggested substantial dietary separation of North American brown bears from the black bear types, primarily in terms of amounts of fruits and seeds and high fiber items consumed (Fig. 2).  The dietary niche of temperate and maritime Eurasian brown bears overlaps far more with that of the black bears than with that of North American brown bears, although the Eurasian brown bears are distinguished by a tendency to eat more vertebrates than the black bears.  The black bear types also exhibit considerable dietary overlap, but with the Asiatic black bear occupying a more restricted frugivorous niche.

Gastrointestinal Tract and Digestion
Relative to other carnivores ursids tend to have a longer but comparably simple intestinal tract (Davis 1964).  Compared to most herbivores, the ursid digestive tract is distinguished by lack of any well-developed fermentation site such as a rumen, cecum or enlarged colon (Jaczewski et al. 1960, Davis 1964, Mealey 1975).  As in most other omnivores (i.e., swine and primates), the primary fermentation site in the intestines of bears is almost certainly the colon, despite its lack of definition (cf. Chivers and Hladik 1980, Argenzio and Stevens 1984, Low 1985, Martin et al. 1985).

Although there are few data available that concern intestinal anatomy of ursids, some suggestive differences are evident among species (Table 2).  When standardized to a common allometric equation, total as well as small intestinal length appears to be greater in the brown bear compared to the American black bear and panda, and greatest of all in the polar bear.  Given the very few data for large intestine length and its tendency to vary considerably in size in response to diet, as in swine (Haesler 1930, Horszczaruk 1962, Kass et al. 1980), the figures suggest a relatively larger colon in brown bears and giant pandas compared to American black bears.

There are no data available that describe rates of glucose and amino acid transport in bears, although average rates are probably intermediate between strict carnivores and strict herbivores (Karasov and Diamond 1988).  Information concerning differences in rates among species, and how those rates vary with respect to diet and physiological states would add significantly to our understanding of how bears respond to their foraging environment.  Bears could very well exhibit adaptive variability in their intestinal biochemistry (Brody and Pelton 1988) and microbial fauna (Goatcher et al. 1987).

Virtually all ingested crude protein, ether extract and gross energy consumed by bears in the form of meat is digested (Table 3);  as is the large majority of ether extract in fruits and seeds (almost wholly triacylglycerols), gross energy in fleshy fruits, and starch in roots.  Compared to meat, digestibility of gross energy and crude protein is considerably reduced in high fiber items.  Average transit time varies the most and digestibilities of crude protein and ether extract the least among different diets and species; transit time appears to decrease with increasing diet fiber content.  From diets tested to date, there is very little difference in digestibilities evident among bear species, although small scale but ecologically significant differences may still exist.

Skull
Skulls and dentition of ursids are unique by the combination of stepped brow, some degree of snout definition, and well-developed bunodont molars (Vaughan 1972).  Other carnivores, such as the canids, feature a stepped brow in combination with a well-developed snout, but lack bunodont molars and a relatively wide zygomatic arch.  Virtually all ungulates are characterized by a long snout, molars adapted to grinding, and a well-developed post-canine or incisors diastema, but lack the stepped brow.  Primates tend to not have an elongate rostrum and skull, and when more elongate, as in baboons (Papio spp.), lack a well defined diastema and have more generalized quadrate molars (Reed 1965, Vaughan 1972).

Four principal components accounted for 98 percent of the variation among 9 skull variables estimated for ursids (Table 4).  Relative mandible height (JAWHT), relative zygomatic breadth (ZYGO),  relative length of the P4  - M2 row (DENTL), and an index of relative P4 - M2 area (DENTA) were highly intercorrelated (Table 5) and most strongly associated with the first principal component.  Relative condylobasal (CONDYL) and pre-orbital (FACE) lengths were also significantly correlated and were most strongly associated with the second principal component, while relative mandible length (JAW) and relative nasal width (NASAL) were most strongly associated with the third and fourth principal components, respectively.  We interpreted the first principal component as being positively associated with crushing force (Kay 1975, Greaves 1978, Radinsky 1981a, Demes et al. 1986), and the second component positively associated especially with relatively longer and narrower snouts.  A functional interpretation of the third and fourth principal components was not as critical to my analysis and was more difficult, other than the third component being negatively associated with relative mandible length and the fourth component being positively associated with relative nasal width.

The 9 analyzed species and subspecies were ordinated by principal component scores and with respect to our principal component interpretations (Table 6 and Figs. 3 and 4).  The giant panda and short-faced bear were distinguished from the other species by short snouts and inferred substantial potential crushing force, and from each other by relative nasal width.  Skulls of the cave bear and the brown bear types were also distinguished by substantial crushing force, but in combination with elongate narrow snouts.  The polar bear and black bears were characterized by skulls with relatively short snouts and little potential crushing force; these species were separated from each other along a gradient of relative mandible length (principal component 3).  No species occupied the quadrant characterized by long snouts and little potential crushing force.  In general, there appeared to be a coordinated increase of skull features relating to increased crushing force and elongate narrow snouts among bear species of the main Ursus lineage; the giant panda and short-faced bear represented divergent types.   Although not included in my analysis, there was also a tendency for the post-canine diastema to increase with snout length, except for being well-developed in the more recently evolved short-snouted polar bear.

Taking into account species scores for all of the first four principal components, the skull of the Asiatic black bear was relatively similar to that of the brown bear, and the skull of the American black bear quite similar to that of the polar bear.  Remaining distinctions involved marked dissimilarity of the giant panda skull from the polar bear and European brown bear skulls.  Among brown bear types, the European brown bear skull was distinguished by being the most different, although still substantially correlated with scores of the other two brown bear types.

Skull and Diet
Salient features of bear skulls did not vary independently of average observed diet.  Species scores of the first principal component, hypothesized to be associated with crushing force, were highly correlated with the amount of high fiber items (foliage and roots) in the diet (Table 7).  Species scores of the second principal component, associated with a relatively narrower and more elongate snout, were significantly correlated with amount of roots in the diet.  No significant correlations between species scores and diet variables were documented for the third and fourth principal components, although a moderately high correlation existed between fourth component scores and root volumes.

With respect to skulls of the two analyzed extinct bear species, the cave bear had the second highest first component and the highest second component scores, and the short-faced bear the third highest first component and lowest second component scores of all analyzed species.  By unconditional extrapolation, we would predict the cave bear to have had the highest fiber diet, including a substantial amount of roots, of all ursid species.  Similarly, the short-faced bear would be predicted to have had a high-fiber diet, not including roots.  As will be shown later, predictions for the cave bear are corroborated while those for the short-faced bear are not; i.e., relationships between skull and diet variables are better viewed as correlative and not necessarily causative.

Body Size
Bears are distinguished from virtually all other carnivores by their large body size.  All extant ursids weigh on average in excess of 80 kg at maturity, whereas virtually all other larger carnivores weigh < 80 kg, averaging around 35 kg (Table 8).  On the other hand, many strict herbivores weigh as much or more than bears.  The two recently extinct bear species, the short-faced and cave bears, are along with the polar bear the heaviest of the analyzed ursids (Fig. 5).  The more frugivorous black bears, along with the giant panda, are the lightest.

Where black and brown bears coexist, disparity of weights is greater than between species averages.  Adult female North American brown bears consistently weigh between 1.7 and 2.3x as much as their black bear counterparts (Table 9), and occupy ranges usually between 2 and 5x as big.  Data from Bromlei (1965) suggests an even greater, 2.7x, disparity in weight between brown bears and Asiatic black bears in the far southeastern Soviet Union.  Weights of black bears that co-occupy the Swan Hills with brown bears (Nagy and Russell 1978) are similar to weights of black bears that exclusively occupy similar boreal habitats.

Considerable variation in body size also exists within the analyzed bear species.  Mean weights of adult female North American brown bears vary 2.2x between the lightest inland populations and the heaviest coastal population (Table 10).  Similarly, mean condylobasal lengths of coastal brown bear populations in both North America and Eurasia are 1.25 and 1.18x, respectively, longer than that of the smallest inland population (Table 11).  Mean body weight of adult female brown bears appears to be related to habitat conditions.  Mean weights were highly correlated with an index of habitat productivity (rs=0.683, P=0.019; r=0.951, P<0.001; n=12)(Table 10).

Substantial weight and condylobasal length sex dimorphism also exists within bear species, with males consistently heavier and larger than females.  Mean dimorphism in weights for 15 North American brown bear and 11 American black bear populations was 1:1.61 and 1:1.60, respectively.  Dimorphism in condylobasal length was relatively consistent among populations and species, and ranged from 1:1.10 to 1:1.18 (Table 11) although the giant panda was outside this range, at 1:1.06.

Appendages
Bears are also distinguished from virtually all other carnivores and ungulates by considerably higher femur/metatarsal ratios (FMT)(Table 8), which are interpreted to be negatively associated with a more cursorial mode of existence (Van Valkenburg 1985).  Relative leg length (VHR) and relative claw length (UD) of bears also tend to be greater than that of ambush hunters and most other carnivores, while VHR of the short-faced bear is among the greatest recorded for any carnivore.

Among the species analyzed, the giant panda is distinguished by the highest FMT value (least cursorial facility) and, along with the polar bear, the shortest relative leg length (VHR).  The polar bear and the Asiatic black bear have the highest FMT values next to the giant panda.  Conversely, the short-faced bear is distinguished by the lowest FMT and highest VHR values of any ursid.  These patterns accord with a non-cursorial or sedentary mode of life for the giant panda, polar bear and Asiatic black bear, and suggest a substantially more mobile or cursorial existence for the short-faced bear.

When comparing the brown bear and the Asiatic and American black bears, the black bears are distinguished by smaller body mass and relatively shorter and more curved claws.  Otherwise, the Asiatic black bear is distinguished from the other two species by relatively heavier front quarters (low FH value) and, as mentioned before, relatively short legs.  The American black bear and brown bear are not further distinguished by any body variables.

Among Eurasian brown bears there is a geographic pattern of relative claw length; i.e., claw length as a proportion of mean condylobasal length (Fig. 6).  Given that claw length can vary depending on time of year and amount of digging being done, there is an apparent tendency for relative claw length to reach a maximum in central Asia, especially on the Tibetan Plateau.  Comparably long claws have also been recorded for brown bears in tundra of northern Alaska (Rausch 1951).

Reproduction and Yearly Cycle
Reproductive parameters are in a broad context relatively consistent among ursids, with litter size tending towards 2, age of first parturition averaging 5 to 7 years, and mean birth intervals ranging between 2 and 4 years (Table 12).  However a trend towards decreasing reproductive potential with increasing species size is also evident.  This is contrary to the within-species trend evident in North American brown bears towards decreasing reproductive potential with decreasing mean body size (cf. Harting 1987a), apparently related to decline in habitat capability (Bunnell and Tate 1981).  Reproductive potential of the giant panda is apparently lower than that of the comparable sized black bears, by virtue of a later age of first parturition and typical survival of only one cub (Schaller et al. 1985).

Seasonal parameters for estrus, denning and seasons of maximum and minimum available high quality foods are quite similar for the brown and black bears (Table 12).  The giant panda and polar bear differ from the other species by an earlier spring estrus, minimum available high quality food during some season other than winter, and a tendency for only gravid females to consistently den.

Distribution
Late Pleistocene
In North America, the American black bear, Florida cave bear (Tremarctos floridanus) and species of the short-faced bear were widely distributed south of the continental ice sheet (Fig. 7).  The giant short-faced bear occurred throughout all but southeastern North America, and its range overlapped only slightly with the southern and coastal distribution of the equally large-bodied Florida cave bear.  The black bear apparently co-existed with both of these larger species and was the most widely distributed bear species south of the ice sheet (Kurten and Anderson 1980).  The giant short-faced bear, brown bear and possibly the American black bear occupied Beringia (Kurten and Anderson 1980).  Nowhere except in Beringia did North American bears co-exist with Homo sapiens sapiens, although controversy surrounds the possibility of more archaic humans and human cultures south of the continental ice sheet prior to 13,000 years BP (cf. Erickson et al. 1982).  Virtually all of North America south of the ice sheet during the mid- and late Pleistocene was forest, woodland, or a mosaic of forest and nonforest (Fig. 8)(Wright 1981, Thompson and Mead 1982, Webb 1988), and so North American bears evolved and existed during a large portion of the Pleistocene in a wooded environment.

The brown bear, cave bear and Asiatic black bear co-existed to varying degrees in late Pleistocene Eurasia.  The cave and brown bears exhibited considerable range overlap, although the brown bear did not apparently reach Europe from its East Asian stronghold until the mid-Pleistocene D-Holsteinian interglacial (Erdbrink 1953b, Kurten 1968).  The range of cave bear fossil sites exhibit a considerable 76% overlap with mountainous and hilly regions of Europe, and suggest an association of the cave bear with greater topographic relief (Erdbrink 1953b, Kurten 1976).  The brown bear occupied predominantly nonforest or woodland habitats (cf. Grichuk 1984, Markova 1984, Vereshchagin and Kuz'mina 1984) during glacial epochs and was clearly not a "forest animal" during those evolutionarily critical times (Figs. 7 and 8).  The Asiatic black bear was apparently well segregated from the other two ursids by its temperate broad-leaved and mixed forest habitats and appears to have coexisted with the brown bear only along a narrow band in northern China (Erdbrink 1953a, Aigner 1978a).  During the mid-Pleistocene interglacials, the Asiatic black bear ranged into central Europe along with resurgence of its favored temperate habitats, but by the height of the Wurm glacials and restriction of continuous forests to southern coastal fringes of Europe, the Asiatic black bear had apparently disappeared from Europe (Erdbrink 1953a, Kurten 1968).

Although the Asiatic black bear did not share much of its range with other bear species, it coevolved with several other large-bodied omnivores, most notably Homo erectus-sapiens, Ailuropoda spp. and, until the mid-Pleistocene, Giganthropecus spp. (Aigner 1978b, Szalay and Delson 1979).  In Europe, the cave bear also shared much (78%) of its apparent range with H. sapiens neanderthalensis (cf. Wymer 1982:113) and, from ca. 30,000 yrs. BP until its extinction, H. sapiens sapiens (Kurten 1976).  The brown and polar bears were probably the least exposed of any Eurasian bear species to hominids or other large-bodied omnivores during their evolution.

Holocene
The American black bear is the most widespread ursid in North America (Fig. 9), and in historical times was absent only from extensive nonforest areas.  The brown bear has apparently always been largely restricted to western North America (Kurten and Anderson 1980), and despite the historical occurrence of brown bears as far east in the tundra as the Ungava Peninsula (Spiess and Cox 1976), has only in recent times established itself in appreciable numbers as far east as Hudson Bay (Banfield 1958).  Generally the brown bear's main historical range stopped at the Canadian Shield boreal forest and the eastern Great Plains.

In Eurasia the Asiatic black bear has continued to exhibit a primarily Southeast Asian distribution, coincident with temperate and subtropical broad-leaved or mixed forests.  A major gap in its distribution occurs in northern China (Servheen 1990), coincident with low-relief topography and continuous high human densities.  The Eurasian brown bear survives primarily in the taiga and the largely nonforested central Asian mountains and plateaus.  Historically the brown bear also occupied most of temperate Europe (Curry-Lindhal 1972).

Presently high human densities exist in virtually all of Europe, Southeast Asia, and eastern North America south of the Great Lakes (Fig. 9).  The Asiatic black bear exhibits by far the greatest (62%) and the polar bear and North American brown bear the least (both 0%) current range overlap with high human densities.  There is even evidence that distribution of the North American brown bear was probably influenced by the distribution of relatively high Amer-indian densities and their more sedentary maize cultures.  Sightings of Amer-indians and brown bears along the Missouri River by the 1804 Lewis and Clark expedition (Lewis 1814) were not independent and were strongly disassociated (X2c=55.07, df=1, P<0.001), primarily by a demarkation coinciding with the upriver limit of sedentary village cultures (at the mouth of the Little Missouri River).  Similarly, historical distribution of the brown bear south of 49o N latitude overlapped relatively little with distributions of Amer-indian maize cultures (23% overlap) or higher Amer-indian densities (8% overlap) (cf. Driver 1969); most overlap with higher Amer-indian densities occurred as a narrow strip along the Pacific coast (Fig. 10).

SYNTHESIS
Bears In Perspective
Morphology and Diet
As has been pointed out numerous times before, bears are reliant on soluble cell contents and readily digested nutrient elements for their energy, because of a relatively simple digestive tract.  When faced with deriving most of their energy and nutrients from especially plant foliage, the primary option apparently available to bears is to increase through-put of ingesta obtained by feeding as selectively as possible (Bunnell and Hamilton 1983, Chivers 1989, Verlinden and Wiley 1989).  Even though this limits the time available for digestion of the forage, any loss in digestive efficiency is probably offset by increased overall absorption rates (Demment and Van Soest 1985).  Bears are reliant on this strategy because they do not have the elaborated fermentation sites typical of ungulates, that make retention of fibrous ingesta profitable.  The lack of even a well-developed cecum suggests the importance of non-fibrous diet items to success of the overall bear "life strategy" (Bunnell and Hamilton 1983), given that high protein, lipid or starch diets are incompatible with bacterial digestion of fiber (Bauchop 1978, Argenzio and Stevens 1984).  This point is further strengthened by the fact that virtually all ungulates of  comparable size to bears are ruminants (Demment and Van Soest 1985), and only at larger body sizes does the ability to quickly process large volumes of forage outweigh the benefits of more prolonged rumen fermentation.

An elongate digestive tract in bears compared to most other carnivores has been cited as an example of adaptation to a more fibrous diet.  The logic of this is not altogether clear or is too simplistic, given that among ursids the entirely folivorous giant panda appears to have the shortest and the largely faunivorous polar bear the longest intestine.  This is primarily a reflection of small intestine length and seems reasonable given that the small intestine is the primary site of protein, lipid and glucose absorption (Robbins 1983) and that polar bears consume primarily animal fat and protein (Stirling and McEwan 1975, Stirling and Archibald 1977).  The few available data also suggest a logical opposite trend in size of the large intestine, from largest in the more folivorous giant panda and brown bear to smaller in the more frugivorous black bears.  The colon apparently becomes increasingly important for digestion compared to the small intestine in species of carnivorous descent, like the giant panda, that rely on foliage for energy and nutrients.  This view is corroborated in one study of swine, an omnivore of comparable size to bears, where animals fed a "carnivorous" diet had a somewhat longer small intestine and a much smaller cecum and colon compared to animals fed an "herbivorous" diet (Haesler 1930).  Similarly, in other swine studies, increasingly more digestion occurred in the colon compared to the small intestine as diet fiber increased (Low 1985).  This was reflected in occurrence of proportionately the greatest gut volume increase in the colon as diet fiber increased (Horszczaruk 1962, Kass et al. 1980).  The pattern of intestine length among bears and our functional interpretation is further corroborated by the occurrence of the same strong tendency among primates for more folivorous species to have a relatively shorter small intestine and larger colon (Chivers and Hladik 1980, Martin et al. 1985).  The question still remains, however, as to why the small intestine of bears is relatively longer than that of most other carnivores.  The answer may lie in the relative efficiencies of digestion and uptake of lipid, starch and protein in the small intestine.

Bears exhibit adaptations of the skull and dentition to fibrous diets.  This is most obvious in gross skull and dental features that apparently increase potential crushing force and efficiency; i.e., increased zygomatic breadth and skull height, that accommodate larger temporal and masseter muscles (Davis 1964, Ewer 1973), and relatively broad bunodont molars (Kay 1975).  Yet adaptations to fibrous diets among ursids have obviously occurred under several constraints, either directly or indirectly associated with other critical morphological features.  Although bears have molars better suited to grinding and crushing herbage than those of felids or canids (Davis 1964, Van Valkenburgh 1989), the structure of all carnivores' skulls, including those of bears and the giant panda, restricts rotational mandibular action that is best suited to grinding vegetation (Davis 1964, Vaughan 1972, Ewer 1973).  Similarly, although mandibular articulation well above the occlusal plane facilitates greater crushing force, articulation in most bears occurs near the occlusal plane.  Compared to ungulates, ursids also have relatively much smaller masseter muscles.  Ungulate masseter muscles, as a percent of total body mass for species >50 kg, average 0.20 (range 0.14 - 0.26) (Axmacher and Hofmann 1988) while ratios for masseter muscles of ursids range from 0.03 (polar bear) to 0.08 (giant panda) (data from Davis 1964).  Relatively smaller masseter muscles and restriction of the dental grinding surface to few proximal teeth in ursids may reflect the strictures of stereoscopic vision.  Positioning of the orbits paired facing forward probably restricts the degree to which the rostrum can be heightened and enlarged, and hence may restrict the surface area around which the masseter muscle can be developed and attached.  Consequently, as among most carnivores, bears probably still rely primarily on the temporal muscle to apply most force to the mandible, even though the masseter muscle is relatively enlarged compared to other carnivores (Ewer 1973).

Bears do not have features typically associated with cursorial locomotion.  This is especially evident in relatively short distal limb segments, a plantigrade posture, and a tendency in all but the short-faced bear to walk toe-in.  Other observations reinforce this picture of relatively inefficient locomotion.  Davis (1964) remarked on the exceptionally inefficient ambulation of the giant panda; polar bears are also known to expend as much as twice the energy to walk as is predicted by the general mammalian equation (Oritsland et al. 1976, Hurst et al. 1982) and maximal running speeds of ursids are roughly 66% that of other comparable-sized mammals (data from Garland [1983]).

So why are bears and the giant panda such inefficient locomotors?  As Fancy and White (1985) point out, selection for highly efficient locomotion should occur when costs of locomotion comprise a large part of the daily energy budget.  Otherwise adaptations that circumvent more critical energetic bottlenecks and that contribute more to overall fitness would take precedence.  Davis (1964) offers a clue to what adaptations may be superseding and compromising efficient locomotion.  He notes that procynids and ursids are distinguished from other carnivores by enlargement in three areas of the cerebral cortex:  (1) the postcruciate-coronal area, (2) the sigmoidal area and (3) the frontal area; the first two areas are commonly associated with manual and prehensile functions.  Davis further comments on hypertrophy of radial and tibial sesamoids in procynids and ursids, both bones involved with manual functions.  Krott and Krott (1963) and Bacon and Burghart (1976) also remark on the considerable manual dexterity of black and brown bears, and their reliance on prehensile functions during foraging.  Logically, a plantigrade posture implies greater flexibility of the wrist and potential importance of wrist action.  All of these observations suggest that a high level of manual dexterity is critical to bears and that its importance outweighs any immediate costs incurred in ambulation.  Stereoscopic vision and its attendant possible constraints on skull morphology also fits a scenario where dexterous capture and manipulation of objects is a preeminent part of bear foraging strategies.  Certainly major foraging activities that we commonly associate with ursids, such as fishing, digging, tree climbing, ambushing seals, or manipulating bamboo stems, require considerable dexterity and paw - eye coordination.

Body Size
Relatively large body size entails several advantages for an animal such as a bear.  Given comparable gut morphology, larger bodied animals are generally better able to survive more extended periods of food shortage and also poorer quality diets (Hudson 1985, Clutton-Brock and Harvey 1983).  This is especially relevant to bears living in chronically variable environments or to an animal like the panda that subsists on a relatively undigestible diet.  More specifically, bears are predictably better able to survive on the lower diet protein entailed by an omnivorous diet (Clutton-Brock and Harvey 1983), typical especially during early summer when grazed items comprise a large portion of many bears' diets.  Large body size may facilitate as well the comparatively high metabolic rate that bears maintain during hibernation (cf. Watts et al. 1981, Nelson et al. 1983, Watts and Jonkel 1988).

The relative cost of locomotion is also generally less for large compared to small animals (Fancy and White 1985).  This may be of particular importance to bears given their comparatively inefficient locomotion, and may partially compensate for the apparent sacrifice of locomotor efficiency incurred by greater prehensile dexterity.  Large body size may also indirectly mitigate the inefficient ambulation of bears by facilitating omnivory or, in the case of the giant panda, folivory; for a given body size, omnivores have smaller ranges and range requirements than strict carnivores (McNab 1983).  Thus, the omnivorous bears and the giant panda probably do not have to be as mobile as an equal-sized carnivore.

Large body size predictably favors foraging success in other respects.  The most obvious advantage would be in head-to-head competition with conspecifics or other scavengers.  In this sense, large body size would be advantageous especially where high quality food tends to be concentrated, as at large carcasses, productive berry patches or salmonid spawning streams.  For a solitary animal such as a bear, large size may be especially important when confronting a social animal such as a wolf (Canis lupus).  As it is, brown bears tend to fare well when contesting carcasses with wolves (Murie 1981, Ballard 1982, and others).  In this scenario it is especially significant that the omnivorous food habits of bears predictably allow them to attain larger sizes than strict carnivores in the same environment (Harestad and Bunnell 1979), probably because of lower average metabolic rates (McNab 1989).

Large body size also entails some potential disadvantages.  Most significantly, lower reproductive rates are consistently associated with larger size (McNab 1980, Clutton-Brock and Harvey 1983, Barbault 1988).  The universally low reproductive rates of bears reflect this phenomenon, and the trend towards decreasing reproductive rates with increasing body size is evident even among bear species.  The comparatively low reproductive potential of the smaller-bodied giant panda is an exception to the trend and probably reflects the relatively low digestible energy concentration in its foraging environment (McNab 1980, Gittleman and Thompson 1988).  These low reproductive rates have chronically rendered bears vulnerable to new mortality factors, especially technological humans (Bunnell and Tate 1981).  Large body size would also be a disadvantage when climbing trees, and it is no coincidence that most of the larger-bodied brown bears and even some of largest American black bears do not typically climb trees.  It is also probably no coincidence that the more frugivorous forest-dwelling black bears exhibit the smallest average body size of the analyzed bears species, given that black bears acquire a substantial part of their high quality diet directly from the forest canopy.

The preceding litany of advantages associated with large body size would apply even more so to adult male than to adult female bears given the substantially larger size of males.  All other things being equal, adult males would be predictably better able to survive food shortages and a consistently poorer quality diet once they attained their larger size.  Larger body size also probably facilitates maintenance of the substantially larger adult male ranges, and the partly size-mediated prerogative typically asserted by adult males at concentrated high quality food sources (Hornocker 1962, Stonorov and Stokes 1972, Egbert and Stokes 1976, Tate and Pelton 1983).

Given the potential advantages of large body size, especially in intraspecific competition, why do bears consistently exhibit substantial size-related sex dimorphism?  Logically, with a relatively open promiscuous breeding system that involves sometimes violent competition among males for breeding opportunities, there would be a competitive advantage in larger size among males (Herrero and Hamer 1977, Ralls 1977, Shine 1989).  This advantage would increase with increasing bear densities.  But on the other side of the picture, females are probably operating under different ecological constraints than males, entailed by the energetic costs of reproduction.  Among females, lean body mass growth drops dramatically with the advent of sexual maturity (Kingsley et al. 1983, Blanchard 1987, Kingsley et al. 1988, and others).  Thereafter, there is a tendency for females to recycle proportionately more body mass annually compared to males (Kingsley et al. 1983); this recycling presumably occurs almost entirely in the adipose tissue (Pond 1984).  Reproduction among females is apparently contingent on accumulating these adipose reserves; Jonkel and Cowen (1971), Rogers (1976) and Elowe and Dodge (1989) have all observed reproductive success in female black bears to be dependent on diet and relative body weight.  These observations suggest that female bears exist under considerable energetic duress associated with reproducing and providing security for young.

Apparently, reproductive fitness entails different body growth strategies for male and female bears:  among males the advantage lies in maximizing lean body mass growth whereas among females the advantage lies in maximizing adipose reserves once a minimum lean body mass has been achieved (Downhower 1976).  Swine research again provides a clue to the proximal facilitator of these different strategies.  Several studies (Davies et al. 1986, Campbell et al. 1988, and others) have demonstrated that among swine fed equivalent diets, females are significantly more efficient than males at accumulating adipose reserves and males are significantly more efficient than females at accumulating lean body mass, especially at high diet protein levels.  Thus, differences in size between the two sexes of bears may also be a result of similar sex-related differences in efficiencies of lean body mass and fat accumulation.  If so, adult male bears would predictably select higher protein content diets compared to adult females, all other things being equal.

Within species, mean body size varies geographically and with time.  This variation is apparently related in part to habitat capability, or unit area abundance of high quality foods.  However, other factors almost certainly affect mean body size.  Analysis of three different high latitude brown bear populations by Nagy and Haroldson (1990) suggests that not only overall habitat capability but also total resources available per individual affects mean body sizes.  Mean bear weights in the two populations reduced furthest below ecological carrying capacity by human-caused mortality were greater than mean weights of bears in a population near carrying capacity in comparable habitat.

Concentration of high quality food sources, and attendant concentration of bears, would also logically affect mean population body size.  Along Pacific coastal spawning streams a classic case exists of exceptionally large-bodied bears, that are often highly concentrated at abundant proteinaceous food (Rausch 1963, Kurten 1973, Yoneda and Abe 1975).  As in the model posited by Geist (1971) for mountain sheep, abundant high quality food would allow full expression of size potential among bears, resulting in more larger bears in a primal system of coastal salmonid spawning streams.  Greater competition resulting from increased concentration of bears would logically result in greater reproductive fitness for larger bears, especially compared to more dispersed populations where "chance" would predictably play a greater role, especially in reproductive success of males.  This is of course contingent on larger body size conferring some advantage in access to food or mates.  If this model holds true, then the Pleistocene European brown bear that was speculated to have been comparable in size to present-day Pacific coastal bears (Kurten 1955) could have been large-bodied for much the same reasons.  Many brown bears of the European Pleistocene could have been in range of salmonid spawning runs.  They also coexisted with a late Pleistocene ungulate fauna characterized by concentration of most biomass on very large-bodied species such as the woolly mammoth (Mammuthus primigenius), giant bison (Bison priscus), aurochs (Bos primigenius) and woolly rhinoceros (Coelodonta antiquitatis) (Guthrie 1968, Owen-Smith 1987).  If brown bears were as prone to scavenge on carcasses as they are now, concentrations of bears probably occurred frequently at carcasses of large-bodied ungulates, such as a 3,000 kg woolly mammoth, during the late Pleistocene.  In the Yellowstone area of North America, 4 to 8 brown bears have often been observed scavenging on and contesting bison (Bison bison) carcasses during the summer and fall (Mattson, personal observation).  It is certainly conceivable that, on average, late Pleistocene European brown bears had a higher quality diet and more often occurred in concentrations that entailed head-to-head competition than does the present-day European brown bear.

Brain Size and Growth Rates
Ursids have relatively large brains (Gittleman 1986b) and slow growth rates (Case 1978) compared to other carnivores.  These seemingly unrelated phenomena are both arguably related to the demands of omnivory in a variable environment.  As we noted before, enlarged portions of the cerebral cortex are probably related to prehensile capabilities, that are key to important ursid foraging strategies.  However these enlargements shared with procynids do not wholly account for the comparatively large bear brain; procynids also have comparatively large brains for a carnivore (Gittleman 1986), but not to the degree evidenced by ursids.  Rozin (1977) has reflected on the complexities facing an omnivore such as a bear.  Food selection in omnivores is an "open system" not tending to be specifically prewired.  In bears, omnivory requires tracking availability and location of a wide variety of foods, at typically widely dispersed microsites, and also monitoring novel foods as they are encountered.  This has probably facilitated evolution of the great behavioral plasticity evident in bears (cf. Krott and Krott 1963, Herrero and Hamer 1977, Gilbert 1989).  It is also likely that coevolving omnivory and behavioral plasticity has been reflected in comparative enlargement of the brain.

Survival as an omnivore in the characteristically fluctuating environment of most bears undoubtedly requires accumulation of experience and skills.  Despite the fact that bears give birth to highly altricial young, growth rates of bears are comparatively slow.  Case (1978b) speculates that this phenomenon can largely be explained in terms of the complexities facing a young bear.  If a large amount of knowledge is required for survival, especially in the face of intraspecific competition, then young bears would not fare well if they resided with their primary teacher, their mother, for only a short period of time.  A comparatively slow growth rate would be adaptive, because it necessitates remaining dependent longer and consequently learning more, without being an inordinate burden to the mother.  This argument is also compatible with the hypothesis that slower growth rates in ursids are partly a reflection of lower available energy concentrations in their foraging environment compared to other carnivores (Oftedal and Gittleman 1989).  Interestingly, nutrition and dependence interplay, probably to the long-term benefit of the young bear.  Where bears grow more slowly, they tend to remain dependent longer (compare arctic brown bears [Reynolds and Hechtal 1984, Miller et al. 1982, Nagy et al. 1983a, Nagy et al. 1983b] with brown bear populations residing farther south); in these cases, slower growth is probably a reflection of a comparatively harsher and more impoverished environment.  This longer period of dependence in comparatively undernourished populations is probably important to learning about critically important feeding opportunities and contingencies.

Taken together, it appears that comparatively large brains and slow growth reflect the stringencies of being an omnivore in an inherently varied foraging environment.  Yet parameters of brain size and growth for the carnivorous polar bear are comparable to if not more extreme than the omnivorous bear species (Gittleman 1986a, Case 1978).  It is likely that the polar bear confronts a foraging environment every bit as challenging as that of an omnivore; including the exigencies of remembering and locating widely dispersed foraging sites, recognizing varied and subtle foraging clues, and employing diverse and sophisticated hunting techniques (cf. Stirling 1974, Stirling and McEwan 1975, Stirling and Archibald 1977, Martin and Jonkel 1983, Ramsay and Andriashek 1986).  Adaptations to omnivory that included strong mobile front limbs and large body size, as well as the ability to accumulate large amounts of body fat, probably allowed an ursid to start hunting seals on the Pleistocene sea ice rather than a felid or canid.

Yearly Cycle
All northern bear species except the polar bear and giant panda live in an environment characterized by the availability of abundant high quality foods during an abbreviated season preceding the deprivations of winter.  During spring and early summer lower quality vegetal foods are typically abundant, although in some areas animal foods may also be available.

Hibernation has apparently been the major adaptive response during ursid evolution to these tremendously but predictably varied seasonal foraging opportunities (Nelson 1980).  Prerequisite to hibernation however, is accumulation of energy reserves sufficient to sustain even a lowered metabolism through a long period of deprivation.  Hyperphagia (sensu Nelson et al. 1983) during the season when high quality food is most abundant has apparently been the primary accommodation by ursids to this stipulation.  Thus foods with high caloric densities, that are potentially abundant during the late summer and fall, and that are well digested by the relatively simple ursid digestive tract, are critical to hibernation and to the typical ursid "life strategy"; i.e., fleshy fruits, high fat content seeds and fruits, meat and starchy roots (Bunnell and Hamilton 1983).  Because of the comparatively high efficiencies of body fat accumulation associated with the ingestion of simple carbohydrates and triacylglycerols (McDonald et al. 1981), foods containing high concentrations of these elements are probably more important to fall fattening of bears, especially compared to proteinaceous foods.

Hyperphagia is defined by high volume and calorie intake, and is reflected in various blood serum parameters (Nelson et al. 1983, Hellgren et al. 1988).  Apparently the onset and duration of hyperphagia can vary depending on the species and study area.  In Alaska, observational studies of brown bears (Murie 1981, Stelmock and Dean 1986, Phillips 1987) have consistently documented increased foraging activity and consumption of high quality foods beginning near the first week in August and lasting into or through September.  Similarly, in European zoos ingestion rates of brown bears increased during July and peaked in August (Roth 1980).  In the Yellowstone area high food volume intake by brown bears may begin as early as late July and last through September (Mattson et al. 1991).  On the other hand, black bear studies in temperate eastern North America suggest that distinguishable hyperphagia does not occur until as late as mid-September, in association with increased use of high fat content fruits ("hard mast") (Hellgren et al. 1988, Brody and Pelton 1988).  In all of these instances however, hyperphagia does not begin until after the end of estrus.

During the 4 to 7 months of hibernation typical of brown and black bears, individuals do not eat, drink, defecate or urinate appreciable amounts, and derive both energy and required water from catabolism of fat reserves (Folk 1967, Nelson et al. 1973, Nelson 1980).  At the same time, reproductive-aged females give birth to unusually small altricial neonates (ursids exhibit the most extreme deviations among eutherians of litter weight from that expected by maternal weight [Leitch et al. 1959, McKeown et al. 1976]).  Energetics analyses suggest that a eutherian mammal should gestate as long as possible before giving birth, and thereafter sustain offspring by lactation (Case 1978, Pond 1984).  Structurally, bears could give birth to substantially larger neonates.  So why do they give birth to their young so "prematurely"?  Ramsey and Dunbrack (1986) propose a proximal explanation for this anomaly:  because mammalian fetuses cannot catabolize free fatty acids and because female ursids fast while hibernating, transplacental nutrition of fetuses requires glucose as a principle oxidative substrate.  However, provision of glucose requires glycogenesis in the female, using her body protein.  If prolonged, such a situation would produce nitrogenous waste products that would jeopardize the hibernating female's survival.  Thus gestation is shortened, and the neonate then nourished primarily by free fatty acids from maternal fat reserves; neonates, in contrast to fetuses, are able to catabolize free fatty acids.  The ultimate explanation for this anomaly of short gestation and low neonate birth weights however, is the fact that females need to hibernate in response to an impoverished foraging environment.  From this discussion it is clear that gestation coincident with hibernation is an undesirable condition for female bears.  Resolution of this conflict has employed reversion to lactation for neonate sustenance as early as possible, given other developmental constraints on offspring survival.  Bears probably can employ this strategy solely because the vulnerable neonates are born and fed in the relative security of a den.

So, why don't bears breed during late summer or early fall, as do most large mammals living in seasonal high latitude environments?  Fall breeding would fit well with requirements for shorter gestation.  There must be and are some advantages to bears breeding during late spring and early summer.  Most obviously, the preoccupying business of breeding can be dispensed with before the critical prehibernation peak in habitat productivity occurs.  However, an early breeding season presents the dilemma of an ostensibly longer gestation period imposing either production of a larger, more demanding neonate in the den, or substantially retarded fetal growth rates.

The obvious evolutionary resolution to this dilemma is development of a blastocyst and delay of its implantation until late fall (cf. Mead 1989).  Because of this mechanism, breeding can occur at a time of year that does not interfere with critical late summer-early fall foraging, and yet females are not burdened with the consequences of prolonged fetal gestation.  A very likely benefit of delayed implantation is provision for low-cost termination of a pregnancy (Rogers 1976).  If the blastocyst does not implant, the pregnancy will end, and with relatively little invested energy.  As Rogers (1976) has observed, this kind of mechanism would be especially significant for a bear, because it allows feedback of fall foraging success and consequent maternal condition to the "decision" of whether to continue or abort a pregnancy.

From this discussion, the following scenario is suggested:  an early breeding season is a response to the constraints of hibernation and occurrence of peak habitat productivity during the late summer and fall.  The mechanism of delayed blastocyst implantation has facilitated the early breeding season and has also allowed the primary late foraging season an opportunity to express itself in a female's commitment to pregnancy.  In "scheduling" estrus and the breeding season around critical foraging seasons, bears would not be unlike ungulates living at higher latitudes.  For virtually all of these herbivores however, optimal foraging conditions occur earlier in the growing season (e.g., Alces alces [Coady 1982], Bison bison [Reynolds et al. 1982], Cervus elaphus [Nelson and Leege 1982]), concurrent with peak forage quality and growth rates.  So for an ungulate living in a seasonal high latitude environment estrus would logically occur, and does, sometime in fall or late summer, when conflict with optimal foraging opportunities would be minimized.  Among bears the seasonal cycle is radically different and we thus see adaptations that facilitate an early breeding season.

The Species
Cave Bear
The cave bear represents one morphological endpoint in the main Ursus lineage, closely related to the brown bear.  All evidence points to the cave bear as a relatively massive sedentary animal that consumed the most fibrous diet of any recent or extant ursid.  Skull and dental features associated with a highly fibrous diet, as well as considerably greater molar wear at death compared to brown bears (Kurten 1955, 1958) suggest that the cave bear processed a substantial amount of lower quality vegetal food.  Large body mass would also fit this scenario, given that a larger average body size would facilitate survival on a poorer quality diet.

It is an intriguing possibility that roots comprised a larger portion of the cave bear's diet compared to any other recent or extant bear.  This is tenuously suggested by the more elongate snout and considerable diastema shared with the known root-eating brown bear (how these features functionally relate to root eating is presently obscure).  However root grubbing is also suggested by massive distal limb segments and stout claws (Erdbrink 1953b, Kurten 1976), both characteristics of other known diggers (Van Valkenburg 1985, Taylor 1989).  Interestingly, the same muscle and skeletal features in bears that facilitate climbing also facilitate efficient digging (cf. Davis 1964, Smith 1982).  Given its apparent highly fibrous diet, the cave bear would make much more sense as a root specialist than a folivore.  It is unlikely that an animal with the digestive tract of a bear could compete as a folivore in the face of undoubtedly considerable competition from the diverse Pleistocene ungulate megafauna.  During many years present-day arctic brown bears are also known to fatten, although not thrive, largely on excavated roots (Pearson 1975, Miller et al. 1982, Nagy et al. 1983a, and others).  Cave bears would have probably had access to many large starchy-rooted species, especially of the genus Hedysarum, that are common in boreal and arctic regions of present-day Eurasia (Komarov 1948).  If the cave bear indeed specialized in digging roots, it is also very likely that it excavated some the numerous Eurasian species of pica (Ochotona spp.) or ground squirrel (Citellus spp.).  Both Tibetan and North American brown bears make extensive use of picas (Ognev 1931, Erdbrink 1953b) and arctic ground squirrels (C. undulatus) (Nagy et al. 1983b,  Murie 1981, Phillips 1987), respectively.  Finally, if roots and semi-fossorial rodents constituted important cave bear foods, then the cave bear would have had predictably keen olfactory senses, although this hypothesis will have to wait on testing by anatomists with access to cave bear skulls.

The cave bear became extinct as recently as ca. 11,000 years BP (Kurten 1976).  Its decline is traceable to the advent of modern humans and the climax of the last glacial epoch ca. 30,000 years BP.  Coincidently, Neandertal man also disappeared shortly after the arrival of H. sapiens sapiens.  There is controversy surrounding the causes of the cave bear's demise, but the concurrence of modern human's arrival and the beginning of the cave bear's decline has been consistently noted (Erdbrink 1953b, Kurten 1958).  The cave bear had coexisted with the brown bear and technologically less advanced Neandertal man since the mid-Pleistocene, and had very likely competed with them for common resources.  The high degree of morphological similarity and common lineage of the brown and cave bears suggest substantial potential niche overlap.  The brown and cave bears resembled each other to the extent that separating some fossil remains of the two species is very difficult (Erdbrink 1953b).  Conceivably, in an already stringent competitive triangle, introduction of another highly competitive species such as modern humans could have been extremely disruptive to the indigenous species (Pianka 1976).  It is probably no coincidence that of the four taxa of omnivores, the two that went extinct had the most restricted distributions.  The surviving ursid, the brown bear, also had the least range overlap with the zone of convergence among Neandertal and modern humans and brown and cave bears.  The larger-bodied cave bear also probably had a lower reproductive potential compared to the Pleistocene brown bear (Erdbrink 1953b), and so would have been more vulnerable than the brown bear to any new mortality source, as the technologically more advanced modern humans almost certainly were (Erdbrink 1953b, Kurten 1976).  Cave bears were also probably more vulnerable than brown bears because they apparently denned in predictable locations such as caves, where they would have been more easily located and killed by humans when they were most vulnerable.  Whether cave bears went extinct because of outright human-caused mortality or not, it is likely that humans were at least an important catalyst of their demise.

Brown Bear
The brown bear existed for extended periods during the Pleistocene in high latitude nonforested or open forest habitats.  These habitats were particularly dry during the Pleistocene in Eurasia and apparently had fewer of the often wet-site Ericaceous species typical of the present-day arctic tundra (Ritchie 1984, Lamb and Edwards 1988); berries of these species are often important parts of contemporary arctic brown bear diets.  A much greater number of large herbivores also shared the brown bear's Pleistocene habitat compared to the contemporary brown bear range (Kurten 1968, Kurten and Anderson 1980, Guthrie 1982).  Given this perspective, it is not hard to understand why brown bears lost their facility at climbing trees, as a consequence of changed claw dimensions and increased body size.  If trees were no longer abundant and offering security and high quality food in their canopies, evolutionary remodeling of body features that had facilitated climbing would logically occur, to expedite existence under different constraints (Herrero 1972, 1978).  Increased body size would have accommodated what was probably a periodically lower quality diet of more fibrous forage.  Longer less curved claws probably facilitated digging; claw lengths of contemporary Eurasian brown bears appear to reflect the extent to which digging is part of each subspecies' existence, reaching a maximum in the Tibetan or "blue" brown bear (Ognev 1931).  The Tibetan brown bear probably lives in an environment much like higher latitudes of Pleistocene Eurasia, and it is interesting that this subspecies (U. a. pruinosus) engages in the most digging, both for rodents and roots, of any brown bear subspecies in Eurasia (Ognev 1931, Erdbrink 1953b).  Ungulates are also apparently not uncommon in its diet, despite their low densities in current-day Tibet and Xinjiang (Schaller et al. 1987).  As pointed out earlier, contemporary arctic brown bears also engage in much digging for ground squirrels and Hedysarum roots, and are characterized by relatively long claws.

Given the probable nature of its environment, a reasonable interpretation of body features, and food habits and behavior of contemporary bears living in dry cold environments, it is likely that the Pleistocene brown bear was more reliant on excavating roots and rodents than most contemporary brown bears, and also ate proportionately more meat and less berries.  It is also not very likely that salient brown bear features reflect evolution in a forest environment, rather they probably reflect the constraints of living in the unique Pleistocene steppes and tundra of Eurasia (Herrero 1972, 1978).

Most Eurasian authors characterize the brown bear as a "forest animal", implying some fundamental adaptation to existence in closed forests.  More likely the contemporary Eurasian brown bear is so widespread in forest regions because of its behavioral and morphological (cf. Erdbrink 1953b) plasticity.  However, its exclusive historical representation in temperate deciduous and mixed forests of Europe is intriguing.  Ostensibly, this kind of habitat would favor black bears; i.e., tree climbing, more frugivorous animals.  As it is, the temperate European brown bear exhibits food habits more typical of black bears, and the Asiatic black bear at one time did occupy the sometimes extensive temperate forests of Pleistocene Europe interglacials.  However during the last European glacial epoch, temperate deciduous forest all but disappeared from Europe and nonforest conditions prevailed.  Such a scenario would have favored the brown bear and been disastrous to the Asiatic black bear, and indeed the black bear disappeared from Europe at this time as its range apparently contracted to Southeast Asia (Erdbrink 1953a).  However with resurgence of European temperate forests during the Holocene, virtually no habitat bridges connected Europe with the southeast asian black bear range (Khotinsky 1984).  And so, probably by default alone the surviving European bear of the late Pleistocene has become the sole resident bear of temperate Holocene Europe.

  
Another anomaly in the historical distribution of brown bears exists in North America.  There is no evidence that brown bears ever occupied in appreciable numbers the central and eastern boreal and eastern deciduous forests of North America (Kurten and Anderson 1980).  Yet in Eurasia the brown bear has been abundant in both boreal and deciduous forests.  The reasons for this discrepancy probably reside in differences between Asian and North American boreal forests, the orientation of major vegetation formations with respect to the spread of brown bears during the early Holocene, and the competition posed to an invading species such as the brown bear by resident black bears and newly resident humans.

On average, Asian boreal forests are much richer bear habitat than North American boreal forests for one major reason:  the abundance of stone pines (Pinus sibirica, P. pumila and P. koraensis).  Main range of the Asian brown bear and stone pines coincide to a remarkable extent, and within the area of overlap brown bears make considerable use of the high energy stone pine seeds (Mattson and Jonkel 1990).  North American boreal forests lack a comparable high quality food source in addition to the fleshy fruits primarily of circumboreal Ericaceous shrubs.  It is logical to assume for this reason and because of often low black bear densities (Payne 1978, data from Servheen [1990]), that high latitude and maritime North American boreal forests are relatively impoverished bear habitat compared to Asian boreal forests.

If high latitude North American boreal forests have low average bear support capability, then the affects of competition among bear species and humans in this zone would likely be acute.  And in this competition it is arguable that the brown bear would be the most disadvantaged.  Limited data suggest that in identical habitats brown and black bears employ different life strategies.  The brown bear apparently concentrates more biomass on fewer individuals, that range over larger areas, and exhibit a somewhat lower reproductive potential compared to both the Asiatic and American black bears.  For these reasons, and has been suggested by the work of Nagy and Russell (1978) in the Swan Hills, brown bears of boreal forests likely exist at lower densities, reproduce at a lower rate and are more prone to human-caused mortality compared to American black bears.  The last hypothesis is based on the characteristically more aggressive behavior of North American brown bears and the greater mortality risk associated with larger range sizes (as for adult male compared to adult female bears in hunted populations [Bunnell and Tate 1981]).  Given these factors, in habitats with low support capability, such as high latitude North American boreal forests, the brown bear is probably much more prone to extirpation than the American black bear because there are potentially even fewer individuals to absorb the proportionately greater mortality risk.  Thus brown bears are probably absent from most of North American boreal forests because of its life strategy, competition from humans and black bears (albeit also at comparatively low densities), and the low habitat support capability.

Brown bears invading from Beringia had to cross the boreal forests and Great Plains before they could reach the deciduous forests of North America.  A case has already been made for the relative inhospitality of high latitude North American boreal forests.  However, certain parts of the Great Plains complex probably constituted high quality bear habitat, characteristically along riverine corridors.  Bison carcasses were apparently abundant in spring and berries abundant in fall in riparian zones of the Great Plains (Lewis 1814, Russell 1955).  Spring and early summer grazing opportunities also probably abounded in the wetter bottomlands.  It is probably no coincidence then that virtually all sightings of brown bears in the Great Plains by European explorers were in riparian zones, typically of larger stream-courses (cf. Gowans 1986); although these sightings were likely biased because the explorers also tended to travel along major river systems.  However a fairly good case can be made for brown bears and their higher quality habitat being historically concentrated in riparian zones of the Great Plains.

Villages of sedentary Amer-indian cultures also tended to be concentrated along major river systems of the Great Plains (Driver 1969).  The lack of brown bear sightings by the Lewis and Clark and other expeditions in the range of more sedentary Amer-indian cultures was probably not for lack of bear foods; Lewis and Clark frequently noted the abundance of fleshy fruit and, in places, oak (Quercus spp.) trees along the lower Missouri River (Lewis 1814).  More likely the high densities of resident Amer-indians along the rivers excluded brown bears; Amer-indians were probably well able to kill brown bears if needed to protect themselves and their habitations (cf. Hallowell 1926, Ewers 1958, Mathews 1961, Gowans 1986).  Given the probable concentration of bears, high quality bear habitat, and humans along rivers in the eastern Great Plains, it is easy to see how competition especially with Amer-indians could have impeded the spread of brown bears into the eastern deciduous forests of North America.  Conceivably, given more than 13,000 years, the brown bear might have spread farther east.  However it is also likely given the high historical densities of resident black bears and Amer-indians in North America's eastern deciduous forests, that the brown bear would have and, probably did make, little headway.

American Black Bear
Morphologically the American black bear is a generalized ursid.  In features of the body and diet, it is intermediate between the Asiatic black bear and the brown bear.  Its extensive range suggests that the American black bear is relatively versatile, but generally reliant on forest conditions.  This association with forests is probably as much a reflection of security requirements as foraging affinities (Herrero 1972, 1978), and is not surprising given its history of association with forest during most of the Pleistocene.

The American black bear coexisted during most of the Pleistocene with several species of large-bodied carnivores, including the giant short-faced bear and Florida cave bear.  It also had access to trees as a source of refuge.  It is thus likely that the American black bear has always been a relatively unaggressive bear that would seek security in a tree before it would stand and fight (Herrero 1978).  This quality, as well as its somewhat greater reproductive potential, probably served it well when faced with competition and mortality from the newly arrived humans and brown bear.  Certainly, the complementary early Holocene extinction of most of the large native predators (Kurten and Anderson 1980) did not hurt the black bear's prospects.

The smaller body size and somewhat greater reproductive potential of the American and Asiatic black bears probably suit the exigencies of characteristic variation in a forested environment, in addition to the likelihood that smaller bodies allow for greater arboreal mobility.  In contrast to most high latitude nonforest environments, temperate and boreal forests undergo major periodic changes in structure and related productivity of bear foods caused by stand replacement fires or, in recent times, timber harvest (Zager et al. 1983, Brody and Stone 1987, Hamer and Herrero 1987a, Mattson 1990).  More open environments characteristic of Pleistocene brown bear habitats were probably subject to relatively small-scale low intensity fires (Wein 1976, Bliss 1988) that had limited effects on bear food availability.  Wind, ice, and presumably endemic high levels of grazing or browsing (Guthrie 1968) were probably more pervasive but consistent sources of disturbance in the Eurasian steppe tundra.  Modal forest habitats of the American black bear are probably subject to more long-term fire-related fluxes in habitat productivity and fewer dramatic annual fluxes in bear food production compared to the contemporary tundra and Pleistocene nonforest habitats of the brown bear.  Thus somewhat smaller body size and greater reproductive potential could partly be an adaptive response that allows both the American and Asiatic black bears to more quickly respond on a population level to longer-term variation in habitat conditions, while de-emphasizing the advantages entailed in larger body size that would facilitate individual survival of greater annual variations in food supply.  Conversely, the larger brown bear body size would accommodate the presumably greater annual variations in its formative nonforest Pleistocene habitats.  The relatively larger range size maintained by brown bears would also fit a strategy designed more for surviving greater within-generation variation in habitat conditions, by facilitating exposure to a greater number of potentially rich microsites and foraging options.

Asiatic Black Bear
The Asiatic black bear is apparently the best adapted of any recent or extant bear to climbing and foraging in trees.  This is suggested by its small body size, relatively heavy front-quarters, and short curved claws, and is corroborated by its frugivorous diet and observed foraging (Bromlei 1965, Schaller 1969, Nozaki et al. 1983, Schaller et al. 1989).  For this reason, and very likely because of security requirements, the Asiatic black bear is probably tied to broad-leaved and mixed-forest habitats (Bromlei 1965).  It has apparently never ranged far into taiga or boreal forests, and its excursions into Europe seem to have been tied to the fate of temperate deciduous forests there.  Thus, unlike the apparently more versatile American black bear, the current Asiatic black bear range does not overlap appreciably with that of the brown bear.  On the other hand, this limited overlap is also probably a result of limited compatibility between brown bears and the relatively high human densities that characterize much of the contemporary Asiatic black bear range (Mattson 1990).

The Asiatic black bear exhibits the greatest apparent compatibility with high human densities of any bear species.  This compatibility may indirectly tie in with its more arboreal tendencies.  The Asiatic black bear has probably the longest history of co-occupancy with humans or their ancestors of any bear.  From its mid-Pleistocene Ursus etruscus inception, the Asiatic black bear coexisted with first Homo erectus and then H. sapiens.  It also probably competed to some degree with the giant ground ape, Giganthropecus, and the ancestral giant panda.  It is tempting to speculate that this mid-Pleistocene amalgam of large-bodied and presumably competing omnivores was the root of the comparatively greater specialization exhibited by the giant panda and Asiatic black bear.  It is also likely that this long evolutionary history of co-occupancy with humans is the root of the Asiatic black bear's relative compatibility with humans.  This compatibility is probably actualized by the reclusive nature of the Asiatic black bear and a tendency to reduce competition with the primarily ground foraging humans by foraging more in tree canopies.

Giant Panda
The giant panda is unique among bears by its adaptations to a diet of almost wholly bamboo.  Morphology of the giant panda apparently dictates a sedentary existence verified by field observations; as would be predicted for a folivore, giant pandas typically use much smaller core ranges compared to the more omnivorous Asiatic black bear (Schaller et al. 1989).  The work of Davis (1964) and Schaller and his Chinese colleagues (Schaller et al. 1985, Schaller et al. 1989) has extensively explored the implications of the giant panda's life strategy.   However several interesting phenomena remain that warrant comment, including how the panda was able to adapt to an exclusively folivorous diet in the first place.

As mentioned earlier, competition among the several large-bodied mid-Pleistocene omnivores of Southeast Asia could have been the catalyst for the greater observed specialization among southeast asian bears.  Nonetheless, it seems unlikely given the ursid digestive tract that specialization would have occurred in the area of extreme folivory.  In virtually all high latitude bear habitat, foliage exhibits marked seasonal variation in quality and quantity; quality peaks distinctly in the spring and early summer and declines to a fall-winter low, and although biomass peaks in late summer most foliage is rendered unavailable either by structural decay, burial under snow, or consumption by other herbivores (cf. Lloyd 1979, Hamer and Herrero 1987b, Eagle and Pelton 1983).  Obviously the foliage of most species offers little prospect of sustaining a monogastric at high latitudes through the year.  However the bamboo of temperate latitudes is different.  Protein content of especially the leaves is remarkably consistent throughout the year, and overall quality varies relatively little compared to forbs and non-bamboo graminoids (Schaller et al. 1985, Schaller et al. 1989).  Biomass of bamboo also varies comparatively little throughout the year, and is not heavily used by other large vertebrates (Schaller et al. 1985).  Thus bamboo appears to be, and obviously is a unique forage that has the potential to sustain a monogastric like the giant panda throughout the year.  However consumption of bamboo is still apparently a marginal energetic endeavor, even for an animal as well-adapted to its use as the giant panda.  This is evident in the large proportion of daily activity devoted to feeding by the giant panda (Schaller et al. 1985, Schaller et al. 1989; cf. Bunnell and Gillingham 1985), and its relatively low reproductive rate for its body size.  As it is, the giant panda appears to be remarkably efficient at digesting bamboo protein, given that digestion of protein from high fiber diets by other ursids is ca. 30% less.

Given the relatively uniform low quality of the panda diet, it is easy to see why giant pandas do not hibernate or consistently den.  They are probably unable as well as not under the stricture to accumulate body fat reserves that would allow hibernation.  However giant pandas appear to have retained the ursid tendency to bear altricial young, and so gravid females still seek out the relative security of tree dens to give birth and tend their young for the first weeks of their life (Schaller et al. 1985).

Polar Bear
The polar bear is in some ways one of the most complex of ursids.  Its niche is unlike that of any other carnivore:  the physiological complexities of the hibernation metabolism and body fat cycle have been coupled with the apparent complexities of an omnivore's brain and the ursid prehensile facility, in the pursuit of primarily aquatic prey.  The skull primarily evidences the relaxation of constraints associated with consumption of a high fiber diet, although the typical ursid dentition is retained with little associated development of the carnassials (Kurten 1964).  In short, the polar bear skull shows little obvious adaptation that would facilitate a predatory existence.  Most of the polar bear's predatory ability apparently resides in precise use of its powerful fore-limbs and sophisticated searching and stalking techniques (Stirling 1974, Stirling and McEwan 1975, Martin and Jonkel 1983), both derived from an omnivorous ursid heritage.

It is not clear how polar bear body size interplays with food resources.  Under terrestrial conditions, the polar bear would be predicted to take prey averaging 600 to 1400 kg in mass (Vezina 1985).  This far exceeds the average 40-60 kg adult weight of the polar bear's primary prey, the ringed seal (Phoca hispida), although it is in range of the weights of walrus (Odobenus rosmarus) and belugas (Delphinapterus leucas), that are occasionally known to be preyed on by polar bears (Kiliaan and Stirling 1978, Smith 1985, and others).  Preferential consumption of prey fat (Stirling and McEwan 1975) apparently allows the polar bear to accumulate the body fat necessary for underwater insulation (Oritsland et al. 1974) as well as flexible employment of the hibernation metabolism.  Nelson et al. (1983) suggest that polar bears can switch in and out of hibernation metabolism throughout the year in a way that is flexible, and for reasons that are only generally understood.  Watts and Hansen (1987) further argue that female polar bears employ hibernation and denning primarily as a reproductive strategy.  Large body size in polar bears may reflect energy conserving strategies of hibernation as much or more than prey size, given that large body size would predictably contribute to energy conservation during hibernation and in a cold environment (Hurst et al. 1982).

As the largest, and until recently the least vulnerable terrestrial arctic predator, the polar bear has had little reason to maintain a consistently high level of activity.  Conversely, the polar bear probably often has need to conserve energy.  Optimal foraging conditions are apparently widely dispersed and relatively inconsistent (Ramsay and Andriashek 1986).  However on occasion, hunting success can be high, and the primary ringed seal prey a predictably high quality, high fat content food (Stirling and McEwan 1975, Best 1985).  Thus the polar bear seems to be confronted with relatively unpredictable, prone to boom or bust foraging opportunities.  Getting through storms and between meals is probably more of a challenge than getting through the "winter".  In this context the ursid hibernation metabolism and an ability to employ it flexibly has probably been critical to the polar bear life strategy (Nelson et al. 1983). 

Short-faced Bear
The short-faced bear was the largest-bodied and relatively longest-legged of any recent bear.  It also exhibited Tremarctine characteristics such as a shorter face and a tendency to walk with feet aligned facing forward (Kurten 1966).  Its limb configurations and relatively lighter build suggest an ability to attain greater sustained running speeds than other bears (Kurten 1967), despite relatively short distal limb segments and a tendency towards plantigrade posture; superficially its body outline resembles that of the highly mobile spotted hyena (Crocuta crocuta) and the Pleistocene felid, Homotherium.  Conceivably, lengthening of the limbs was a primary evolutionary means of achieving greater running ability, despite the characteristic flexuous "wrist" of ursids.  Taylor et al. (1974) have suggested that very different limb configurations can achieve the same energetic efficiencies in running; i.e., there is more than one solution to the same problem.  The short-faced bear skull also suggests considerable potential crushing force, and superficially resembles that of the bone-crushing spotted hyena.  However, this crushing facility does not appear to be associated with consumption of high fiber diets.  Body features and skull taken together suggest that the short-faced bear was a predacious terrestrial animal (Kurten  1967, Kurten and Anderson 1980).  Its very large body size further suggests that it would have preyed on very large animals (Rosenzweig 1968, Hespenheide 1975) and filled a predatory niche larger in body size than the Pleistocene lion (Panthera leo) and sabertooth cat (Smilodon spp.).  Using the predictive equation developed by Vezina (1985), average prey body mass associated with a 350 kg short-faced bear would have been 2200 kg, in the range of mastadonts (Mastadon americanus) and smaller woolly mammoths.  Certainly Pleistocene North America did not lack large-bodied herbivores, and it may be no coincidence that the largest short-faced bear (A. "yukonensis") shared Pleistocene Alaska with some of the highest North American mammoth concentrations (Agenbroad 1984).  Many of the larger-bodied herbivores, such as the proboscids, would not have been particularly swift (Garland 1983) and so would not have necessitated considerable speed on the part a predatory short-faced bear.  Very likely, the short-faced bear would have done well as an ambush hunter, partly immobilizing its prey with its fore-limbs as do contemporary brown bears (Semenov-Tian-Shanskii 1972, Gunther and Renkin 1990, French and French 1990) and lions (Schaller 1972).  Much of its range south of the continental ice-sheet was forested to some degree, and so would have facilitated ambush-type hunting.  The short-faced bear was also probably a scavenger, and so could have supplemented its diet by usurping other kills or chancing on carrion.

Kurten and Anderson (1974, 1980) have suggested that extinction of the short-faced bear could be attributed to competition with the newly arrived brown bear.  However all the morphological data and interpretations of diet and behavior suggest very little niche overlap between the short-faced bear and the brown bear.  Much more likely, a large-bodied predator like the short-faced bear would have been very vulnerable to the demise of its large-bodied prey (Hespenheide 1975, McDonald 1984, Owen-Smith 1987), and extinction of the Pleistocene herbivore megafauna ca. 13,000 years BP was very likely the ultimate cause of the short-faced bear's extinction.  Conceivably the brown bear could have played a role in accelerating the demise of the short-faced bear by competing for carrion, probably actualized through greater probabilities of carcass discovery by predictably higher densities of brown bears.  But the brown bear was almost certainly a minor factor in the short-faced bear's extinction, and can only be implicated by having been "at the scene of the crime".
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