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Abstract 

For perhaps 30,000 years grizzly bears ranged throughout the mountains and riparian areas of what would 

eventually become the southwestern United States. But in a remarkably short 50-year period between 1860 and 

1910 Anglo-Americans killed roughly 90% of the grizzly bears in 90% of the places they once lived. Most of the 

remaining grizzlies had been killed by the 1930s. This report provides a detailed account of natural history, 

relations with humans, and current and future prospects for grizzly bears of the Southwest, emphasizing the 

millennia prior to ascendence of Anglo-Americans. 

The reportΩs narrative is essentially chronological, starting with deep history spanning the late Pleistocene up 

through arrival of European colonists (Section 3.1); the period of Spanish and Mexican dominance (Section 3.2); 

and then the period of terminal grizzly bear extirpations that began with the political and military dominance of 

Anglo-Americans (Section 3.3). Section 4 examines current environmental conditions and related prospects for 

restoring grizzly bears to the Southwest. Section 5 completes the chronological arc by forecasting some of what 

the future might hold, with implications for both grizzly bears and humans. 

The background provided in Section 2 offers a synopsis of grizzly bear natural history as well as a summary of 

foods and habitats that were likely important to grizzlies. Throughout the Holocene there was a remarkable 

concentration of diverse high-quality bear foods in highlands of the Southwest, notably in an arc from the San 

Francisco Peaks of Arizona southeast along the Coconino Plateau and Mogollon Rim to a terminus in the White, 

Mogollon, and Black Range Mountains in New Mexico. Additional high-quality habitat existed in the Sacramento, 

San Juan, Jemez, and Sangre de Cristo Mountains of New Mexico and adjacent Colorado. 

Grizzlies in the Southwest survived remarkable extremes of climate and habitats for perhaps as long as 100,000 

years. They also survived substantial variation in human-propagated impacts that culminated in the Crisis of 875-

1425 C.E.τa period typified by episodic drought and the highest human population densities prior to recent 

times. In contrast to relatively benevolent attitudes among indigenous populations, there is little doubt that the 

terminal toll taken on grizzly bears by Anglo-Americans after 1850 C.E was driven largely by a uniquely lethal 

combination of intolerance and ecological dynamics entrained by the eradication or diminishment of native 

foods and the substitution of human foods, notably livestock, that catalyzed conflict. 

More positively, the analysis presented here of current habitat productivity, fragmentation, and remotenessτas 

well as regulations, laws, and human attitudesτreveals ample potential for restoration of grizzlies to the 

Southwest, including three candidate Restoration Area Complexes: the Mogollon, San Juan, and Sangre de 

Cristo, capable of supporting around 620, 425, and 280 grizzlies each. Major foreseeable challenges for those 

wishing to restore grizzly bears to these areas include sanitation of human facilities, management of livestock 

depredation, education of big game hunters, coordination of management, and fostering of accommodation 

among rural residents. Climate change promises to compound all of these challenges, although offset to an 

uncertain extent by prospective increases in human tolerance. 

But the evolutionary history of grizzly bears also provides grounds for optimism about prospective restoration. 

Grizzly bears have survived enormous environmental variation spanning hundreds of thousands of years, 

including many millennia in the Southwest. Grizzlies survived not only the inhospitable deeps of the Ice Ages in 

Asia and Beringia, but also the heat and drought of the Altithermal on this continent. It was only highly-lethal 

Anglo-Americans that drove them to extinction in the Southwest, which is why human attitudesτmore than 

anything elseτwill likely determine prospects for restoring grizzly bears. 
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1. Introduction 

For perhaps 30,000 years grizzly bears ranged throughout the mountains and riparian 

areas of what would eventually become the southwestern United States. But no longer. 

In a remarkably short 50-year period between 1860 and 1910, Anglo-Americans killed 

roughly 90% of the grizzly bears in 90% of the places they once lived (Mattson 2021a). 

Most of the remaining grizzlies were finished off by the 1930s, with perhaps a handful 

surviving up to the 1970s in the San Juan Mountains of Colorado and the Sierra Madre 

Occidentale of Chihuahua, Mexico (Mattson 2021a). 

More to the point, there are no grizzlies left in the Southwest to inspire modern generations of people or 

instruct us about how this species lived and died in a semi-arid environment noted for its vicissitudes. We are 

left with little more than our imaginings, most of which are informed by written accounts left by the few 

Europeans who took note of grizzlies during the comparatively brief time that grizzlies and Europeans interacted 

in the Southwest. 

These accounts mostly by Anglo-Americans are noteworthy for what they both include and exclude. There is 

little evident curiosity about grizzlies, except to the extent that curiosity yielded insight into how to kill bears 

more efficiently. A reader will look in vain for any mention of natural historyτwhether diets, habitats, or 

behaviorsτother than as observations incidental to the pursuit and persecution of grizzlies. Instead, the near-

exclusive focus is on the courage, skill, and endurance, not only of men pursuing and killing grizzlies, but also the 

beloved hounds that aid and abet them (e.g., Stevens 1943, Evans 1951). The grizzlies themselves feature only to 

the extent that they are willey opponents, ferocious foes, or merciless depredatorsτattributes that serve little 

more than to enhance the heroic qualities of those in pursuit. 

The picture of grizzly bears that emerges is incomplete, distorted, and misleading. It is also a time capsule of 

human perspectives that were dominant for centuries and only recently supplanted by others more benevolent 

and graciously inclusive of wild natureτincluding grizzly bears. An ethos of domination, intolerance, and 

eradication that led to the slaughter of predators during the 1800s and early 1900s has been slowly displaced by 

an ethos of moral obligation and appreciation codified in U.S. laws such as the 1974 Endangered Species Act. 

But, with the exception of a few surviving animals in the San Juan Mountains, grizzly bears in the Southwest had 

by 1975 already slipped through the safety net of the ESA and been relegated to the literary dust-bin of self-

congratulatory stories crafted by men who had, by and large, devoted themselves to glorifying their deeds and 

eradicating predators. 

The time is ripe for a corrective that comports with emergent human values and worldviews, the insights we 

now have into grizzly bear natural history, and a substantially changed physical environment. A useful 

contemporary account of grizzly bears in the Southwest moreover needs to be comprehensive and attentive to 

the long arc of historyτin contrast to the continuing emphasis placed by a corpus of recent Southwest literature 

on fractious relations between grizzly bears and Anglo-Americans during the last 200 years (Petersen 1995, Bass 

1995, Brown 1996, Davis 2001, Brown & Murray 2014). This report hopes to offer such a corrective.   

1.a. My Motivation & Premise 

I spent all or part of 19 years living, working, and recreating in the Southwest, both as a wildlife researcher and 

seasonal visitor. My investigations of mountain lions in the Southwest during 2002-2013 entailed field work in 

study areas that included the Flagstaff uplands, the North and South Kaibab Plateaus, the Grand Canyon in-

between, ¦ǘŀƘΩǎ Zion and Capital Reef National Parks, and the Nevada National Security Site. Taken together, 

these study areas spanned environments ranging from Mojave Desert to alpine, including piñon-juniper 

woodlands, ponderosa pine and mixed conifer forests, semi-desert and temperate grasslands, desert scrub, and 

interior chaparral. More recently, my over-winter stays along the upper Gila and Mimbres Rivers in New Mexico 
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have allowed me to make frequent forays into the Mogollon and Black Range Mountains where grizzlies 

managed to survive into the 1930s (Brown 1996). From all of this I have been left with vivid impressions of not 

only extensive wild country, but also severe human impacts. 

Of particular relevance to this report, I brought the critical eye of a grizzly bear researcher to these travels, 

devloped by over 20 years studying grizzlies and providing expert input for grizzly bear managers in areas 

straddling the spine of the Rocky Mountains from the Yukon Territories to the Greater Yellowstone Ecosystem 

(https://www.allgrizzly.org/david-mattson). More concretely, whether on the ground or driving roads, I found 

myself taking note of potential grizzly bear foods and habitats, as well as more problematic features such as 

livestock husbandry practices, off-road vehicles, sport hunters, and the overall human footprint. I was left with a 

profound curiosity about not only what life must have been like for grizzly bears prior to environmental 

transformations caused by Europeans, but also about prospects for restoring grizzlies to the Southwest with 

supplanting of the toxic human culture of the 1800s and early 1900s by the more generous and inclusive culture 

of the past 50 years. 

I approach this report with the premise that recent changes in federal law, human culture, and regional 

economic and demographic patterns allow for the possibility of restoring grizzly bears to the Southwestτ
something that may have seemed impossible 50 years ago. TƘŜ {ƻǳǘƘǿŜǎǘΩǎ ŜȄǘŜƴǎƛǾŜ ǿƛƭŘƭŀƴŘǎ are also self-

evidently home to thriving populations of black bears (Ursus americanus; Scheick et al. 2014, Gould et al. 2018) 

and replete with bear foods such as acorns, piñon pine seeds, and manzanita berries (see Section 2). Even so, I 

am not naïve. In this report, I look with a critical eye not only at the exigencies of history and a current situation 

beset with problematic human impacts, but also at a future that promises to severely challenge both wildlife and 

humans. 

This report hopefully paints a vivid yet realistic picture of not only the rich history and promising future of grizzly 

bears in the Southwest, but also the trials and tribulations that grizzlies successfully navigated for millennia, 

which is, in itself, cause for optimism. 

1.b. Geographic Scope 

The geographic focus of this report is the southwestern United States, or Southwest, which is conventionally 

defined as being centered on the contemporary states of Arizona and New Mexico. For purposes of this report, 

the geographic scope for most of my analyses includes adjacent portions of Utah and Colorado, largely because 

core grizzly bear habitats span the arbitrary northern political boundaries of Arizona and New Mexico. My 

considerations of diet, habitat use, pre-European distributions, and extirpation patterns are also inclusive of 

northern Mexico, largely because this geographic area provides important context for understanding the history 

and ecological relations of grizzly bears in Arizona and New Mexico. 

The 777,865-km2 study area encompassing Arizona, New Mexico, southern Utah, and southern Colorado extends 

ǎƻǳǘƘ ǘƻ ƴƻǊǘƘ ŦǊƻƳ омϲ нлΩ ǘƻ оуϲ лтΩ b ƭŀǘƛǘǳŘŜ ŀƴŘ Ŝŀǎǘ ǘƻ ǿŜǎǘ ŦǊƻƳ млоϲ ллΩ ǘƻ ммрϲ ллΩ ² ƭƻƴƎƛǘǳŘŜΣ ŀƴŘ ƛǎ 
delimited to the east by arid grasslands, to the south and west by the Mohave, Sonoran and Chihuahuan 

Deserts, and to the west by the Great Basin (Figure 1a). In Arizona, elevations range from 30 m to 3860 m, in 

New Mexico, 915 m to 4011 m, and in Colorado, 1490 m to 4360 m. 

North-central portions of the focal area consist of the deeply incised Colorado Plateau surrounded by higher 

elevations of the San Juan, Sangre de Cristo, and Mogollon Mountains in New Mexico and Colorado, and the 

Kaibab and Mogollon Plateaus and their escarpments in Arizona.  The southern and eastern parts of the study 

area consist of broad plains or valleys broken by isolated peaks and mountain ranges such as the San Mateo, San 

Andreas, Sacramento, and Guadalupe Mountains in New Mexico.  The large size and elevational amplitude of 

the study area results in a broad spectrum of climates ranging from alpine on the highest peaks to hot arid 

desert in the lowest plains and valleys.  During the last 20 years annual precipitation and temperatures averaged 

https://www.allgrizzly.org/david-mattson
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about 90ς200 mm and 22ς24 °C in the hottest driest deserts and about 400ς800 mm and 5ς10 °C at the coldest 

wettest weather stations, excluding the highest mountains.  Annual snowfall at elevations >2100 m often 

exceeded 250 cm. 

As of 2020, Arizona and New 

Mexico had 7,152,00 and 2,118,000 

residents, respectively, but with 

most people concentrated in large 

population centers such as the 

Phoenix (4,846,000), Tucson 

(1,043,000) and Albuquerque 

(923,600) metropolitan areas. Most 

areas remain relatively unpopulated 

(Figure 1b), largely due to the fact 

that 39% of Arizona, 35% of New 

Mexico, 65% of Utah, and 36% of 

Colorado are in federal ownership.               

1.c. Overview of the 

Report 

With the exception of Section 2, the 

structure of this report in essentially 

chronological, starting with deep 

history spanning the late 

Pleistocene up through arrival of 

European colonists (Section 3.1); 

the period of Spanish and Mexican 

dominance (Section 3.2); and then 

the period of terminal grizzly bear 

extirpations that began with the 

political and military ascension of 

Anglo-Americans (Section 3.3). 

Section 4 examines current 

environmental conditions and 

related prospects for restoring 

grizzly bears to the Southwest. 

Section 5 completes the 

chronological arc by forecasting 

some of what the future might hold, 

with implications for both grizzly 

bears and humans. 
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2. Foundations 

Any useful rendering of history or current and future prospects for grizzly bear restoration 

necessarily starts with natural history, which is the topic of Section 2. Grizzly bear life 

strategies shaped by millennia of evolution provide an essential guide to identifying 

features of the environment that drive grizzly bear reproduction, survival, and longer-

term population trajectories, which are thus the logical focus of any historical narrative or 

analytic exercise. Section 2 accordingly features the essentials of grizzly bear life strategies 

as well as habitats and foods that predictably govern the fates of grizzly bear populations.   

2.a. Some Relevant Natural History 

In common with other ursids, grizzly bears have a singular life history rooted in a suite of inextricably 

interconnected morphological, behavioral, and physiological adaptations that have been shaped by millions of 

years of evolution. Grizzlies are distinguished by large size, prehensile dexterity, perpetual obesity, ambulatory 

inefficiency, intelligence, omnivory, adaptive dietary flexibility, winter torpor, habitual denning, embryonic 

diapause, short gestation, and extreme altriciality of young (Stirling & Derocher 1990). Taken together, these 

traits define a unique niche that was shaped by both the relaxation and acceleration of selective evolutionary 

forces set in motion during the Eocene, over 40-million years ago (Jiangzuo & Flynn 2020, Hassanin et al. 2021). 

Use of dens allows female grizzlies to not only succumb to winter torpor, but also produce altricial young that 

otherwise would not survive a threatening external world (Ramsay & Dunbrack 1986). Winter torpor passed in 

the shelter of a den moreover allows grizzlies to escape rigors of winter that are accentuated by both their 

dependence on vegetal foods as well as their comparative inefficiency as predators (Fowler et al. 2021). At the 

same time, omnivory allows for the accumulation of adipose reserves needed to sustain winter torpor as well as 

the adaptive exploitation of various animal and vegetal foods rich in fat and digestible energy (Rode & Robbins 

2000, Robbins et al. 2012, Erlenbach et al. 2014). 

Omnivory has engendered other advantages. It allowed grizzlies, as a species, to escape evolutionary constraints 

on body size and grow large (Fowler et al. 2021). Large size not only conveys energetic efficiencies, but also 

comparative invulnerability to mostτbut not allτpredation. Substantial absolute and comparative reserves of 

body fat furthermore allow grizzlies to survive the vicissitudes of annually variable environments better than 

most other large mammals (Millar & Hickling 1990)τwhich facilitates occupancy of and extraction of foods from 

widely varied environments subject to extreme weather, including the Gobi Desert (Luvsamjamba et al. 2016), 

Tibetan Plateau (Ai-Chun et al. 2006), and Himalayas (Aryal et al. 2012).   

Without the need to escape predators or chase down and kill 

prey, grizzlies can survive the ambulatory inefficiencies of 

dexterous forelimbs and paws (Shine et al. 2015, 2017; Pagano 

et al. 2018). As a pay-off, dexterity allows them to grapple 

with, manipulate, and extract foods that would otherwise be 

unavailableτincluding roots and fossorial rodents (Iwaniuk et 

al. 2000). Efficient extraction of subterranean foods is further 

aided by their exceptionally long blunt claws and stout 

forelimbs powered by a large suprascapular muscle mass 

comprising ǘƘŜ ƎǊƛȊȊƭƛŜǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƘǳƳǇ (Erdbrink 1953, 

Davis 1964). This ability to access subterranean foods differentiates grizzlies from all other extant bear species, 

and facilitates their occupancy of comparatively arid open environments (Ferguson & McLoughlin 2000, Mowat 

& Heard 2006). 
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But large body size comes with a price. Unlike most other bear species, including sun bears and American and 

!ǎƛŀǘƛŎ ōƭŀŎƪ ōŜŀǊǎΣ ŀŘƻƭŜǎŎŜƴǘ ŀƴŘ ŀŘǳƭǘ ƎǊƛȊȊƭƛŜǎ ŎŀƴΩǘ ŎƭƛƳō ǘǊŜŜǎΣ ŀƴŘ ǎƻ ƭŀŎƪ ŀŎŎŜǎǎ ǘƻ ǘƘe security provided by 

an arboreal escapeτeven if only from predatory conspecifics (Herrero 1972, 2002). Large body size also 

engenders a low reproductive rateτamongst the lowest of any terrestrial mammal (Jones et al. 2009). As a 

consequence, persistence of grizzly bear populations depends on exceptionally high survival rates among 

adolescent and adult grizzlies, in excess of 90% per annum for adult females (Garshelis et al. 2005, Schwartz et 

al. 2006, Mace et al. 2012). 

Much of the grizzly bear life strategy was plausibly shaped by the exigencies and opportunities of Pleistocene 

environments, especially the open arid environments of various glacial maxima. Grizzly bears took form as a 

species in Eurasia and rapidly diversified between 900,000 and 300,000 years ago (Doronina et al. 2015)τan 

epoch typified by extreme cold and aridity punctuated by more clement periods (Elderfield et al. 2012, 

McClymont et al. 2013). Occupancy of open variable environments coinhabited by potential predators such as 

simitar-toothed cats (Homotherium latidens), steppe lions (Panthera spelaea), and cave hyenas (Crocuta crocuta 

spelaea; Kurtén 2009) was likely the genesis of an accelerated increase not only in grizzly bear body size, but also 

aggressive behavior (Herrero 1973). There is little doubt that body sizes of brown bears peaked during the 

coldest epochs of the Pleistocene (Marciszak et al. 2015, 2019), although a link to aggressive behavior defies 

definitive testing. Even so, as a baseline, grizzlies tend to be more defensively aggressive compared to not only 

American or Asiatic black bears, but also polar bears (Herrero 2002)τalthough the latter tends to be more 

overtly predatory (Wilder et al. 2017). 

The upshot is a distinctive species known for its fortitude, versatility, problem-solving abilities, and aggressive 

defense of offspring and personal space (Mattson 2021b). Yet grizzly bear populations are acutely vulnerable to 

evolutionarily novel predatorsτnotably humansτthat negate this complex web of adaptations by targeting the 

ǎǇŜŎƛŜǎΩ least elastic trait: survival of adults and adolescents (McLellan et al. 1999, Benn & Herrero 2002, 

Schwartz et al. 2006). Rapid and widespread extirpations of grizzly bear populations in the United States and 

Europe (Mattson & Merrill 2002, Albrecht et al. 2017), as well as challenges conserving the species where it 

remains threatened, is testimony to this simple fact. 

One further aspect of natural history is worth highlighting of relevance to explaining extirpations of grizzly bears 

in the Southwest, especially with arrival of Anglo-Americans (see Section 3.3). Despite being a centerpiece of 

grizzly bear life history, the onset and duration of denning and winter torpor are highly variable among 

populations. Not only do these temporal dimensions differ among males and gravid and non-gravid females, but 

also with latitude, climate, and availability of winter foods (Fowler et al. 2019, DƻƴȊłƭŜȊπ.ŜǊƴŀǊŘƻ et al. 2020). 
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Onset is earlier and of longer duration farther north as well as for gravid females in all locationsτalthough 

delayed at higher latitudes where abundant late-spawning salmonids or other late-season high-quality foods are 

available (Pigeon et al. 2016, Fowler et al. 2019). 

Generalized relationships based on latitude suggest that onset of denning for grizzlies in the Southwest occurred 

sometime between early and late December, roughly 1-½ to 2 months later than in the U.S. northern Rockies, 

and lasted roughly 100-120 days, approximately 2-½ to 3 months less than for grizzlies 10o latitude farther north 

(Fowler et al. 2019). More to the point, this abbreviated denning period would have increased the exposure of 

grizzlies to Europeans bent of eradicating them, potentially further exacerbated if livestock carrion or calves 

were available and inducing bears to remain active longer than they otherwise might have beenτfor males even 

to the extent of forgoing denning altogether (e.g., Gunther & Smith [2004], Nores et al. [2010], as has been 

documented for black bears in southerly latitudes [e.g., Hellgren et al. 1987, Doan-Crider et al. 1996]).       

2.b. Geographic Frame 

Even though individual grizzly bears can survive in depauperate environments, grizzly bear populations are 

manifestly sensitive to variations in habitat productivity. Population-averaged rate of body mass increase, ages 

of sexual maturity, interbirth intervals, and asymptotic body sizes are all affected by aggregate habitat 

productivity (Kingsley et al. 1983, Bartareau et al. 2011; Hilderbrand et al. 2018, 2019; Cameron et al. 2020). As a 

consequence, population densities can vary by orders-of-magnitude, even in interior regions where grizzlies rely 

exclusively on terrestrial as opposed to marine foods (Mowat et al. 2013, Mattson 2021a). 

These effects of productivity are directly relevant to framing any useful analysis of history or prospects for 

restoration of grizzly bears in the Southwest. Geospatial configurations of productive habitat define areas that 

have disproportionately shaped the fates of Holocene grizzly bear populations, and serve as well to identify 

areas where human have likely had their greatest impacts. Of contemporary relevance, the juxtapose of 

productive habitat with remote areas subject to legal protections predictably configures prospects for restoring 

grizzly bears to the Southwest perhaps more than any other landscape feature. But productivity, in the abstract, 

also throws into relief the importance of specifying elements that more concretely define this notion, notably, 

distributions of specific bear foods rich in digestible energy and nutrients. 

As a corollary, in addition to highly productive habitats, there are also areas that are too barren or too hot and 

dry for grizzly bears to survive. This is clearly relevant to the Southwest given that the Mojave and Sonoran 

Deserts are, year-round, the hottest environments in North America (PRISM Climate Group). The Mojave Desert 

is also among the least productive (https://gisgeography.com/ndvi-normalized-difference-vegetation-index/). 

This matters to grizzly bears because sustained high ambient temperatures can limit where they live or when 

they can be active, which they can only partially offset by shifting to predominantly nocturnal activity or by 

bathing in standing water (McLellan & McLellan 2015, Luvsamjamba et al. 2016, Pigeon et al. 2016, Ansari & 

Ghoddousi 2018, Johnson et al. 2018, Rogers et al. 2021). If night-time temperatures are high and free water 

limited, there is little prospect that grizzlies would be able to adequately thermoregulate and thus survive. 

The map in Figure 2 shows the approximate pre-European distribution of grizzly bears in the Southwest, 

inclusive of Mexicoτessentially a binary map of where grizzlies occurred based on documented observations, 

modeled habitat relations, and the extent of broad-scale ecoregions productive enough and cool enough to have 

supported grizzly bear populations (see the figure caption for sources). This map, although coarse-grained, 

attends to habitat productivity as well as thermal limits, and offers a more realistic representation of grizzly bear 

distributions compared to blob maps used by the U.S. Fish & Wildlife Service up through the 2000s (U.S. Fish & 

Wildlife Service 1982, 1993) and, as such, offers a broad-scale geospatial frame for accounts of history as well as 

assessments of future prospects. 

 

https://gisgeography.com/ndvi-normalized-difference-vegetation-index/
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The maps in Figure 3 offer a finer-resolution geospatial depiction of suitable grizzly bear habitat based on 

environmental conditions (Figure 3a) and historical grizzly bear distributions (Figure 3b) for the U.S. portion of 

the Southwest. The map in 3a shows in pink and burgundy areas that are likely too hot and arid to have 

supported grizzlies, along with intrinsic habitat productivity shown in shades of green. Productivity is 

represented by the Normalized Difference Vegetation Index (NDVI), which is highly correlated with documented 

grizzly bear locations in the Southwest as well as indices of wetness and greenness derived from Landsat imagery 

(Mattson & Merrill 2021a). The latter have consistently performed well in models of fine-scale habitat selection 

by grizzlies as well as broad-scale patterns of population density (Mace et al. 1996; McLoughlin et al. 2002; 

Nielsen et al. 2002; Boyce & Waller 2003; Apps et al. 2004; Mattson & Merrill 2004, 2021b). 

The map in 3b integrates information from 3a with documented observations of grizzlies (red triangles) to 

produce a more detailed, albeit somewhat speculative, reconstruction of pre-European grizzly bear distributions, 

differentiating areas that likely supported source (i.e., core) versus sink (i.e., peripheral) populations. According 
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to this rendering, the Great Plains of Colorado and New Mexico were probably only marginally suitable for grizzly 

bears, largely contingent on the availability of bison carrion (see below and Mattson [1997] and Green et al. 

[1997]). 

Of relevance to what 

follows, the maps in Figure 

3 define the geospatial 

bounds within which foods, 

habitats, and human-

propagated impacts likely 

dictated fates of grizzly 

bear populations, not only 

with the advent of 

European colonists, but 

also during preceding 

millennia of the Holocene.         

2.c. Diets & Habitats 

Grizzly bear diets are 

foundational to any useful 

understanding of history 

and future prospects for 

restoration, principally 

because diets dictate the 

energetic and nutritional 

lives of bears and, through 

that, reproductive success 

and demographic 

trajectories. Moreover, 

diets indirectly configure 

mortality risk for grizzlies 

to the extent that 

acquisition of key foods 

exposes them to predators, 

notably humans and, in the 

case of adolescents and 

females, adult male 

grizzlies. The first are 

potentially lethal to all 

bears whereas the second 

are potentially lethal to 

cubs and yearlings. 

Unfortunately, we know 

comparatively little about 

grizzly bear diets in the 

Southwest based on direct evidence. As I noted before, European observers expressed little interest in the 

natural history of grizzlies and, moreover, had no apparent expertise in identifying plant foods or any smaller 

animals other than big game that might have been consumed by grizzlies. For reasons presumably related to the 
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construction of narratives that legitimized the persecution of predators, cattle featured prominentlyτcertainly 

disproportionatelyτas a component of grizzly bear diets documented by early Europeans (see Section 3.3). 

People who are interested in developing a replete picture of grizzly bear diets, habitats, and foraging behaviors 

in the Southwest are seemingly left with little to inform such an endeavor. 

But there is ample evidence from black bear research in the Southwest that can be judiciously extrapolated to 

grizzly bears. Black and grizzly bears are omnivores that share numerous life history traits. Despite the fact that 

black bears are smaller, more fecund, and less aggressive, there are substantial commonalities of diet and 

foraging behaviors, especially in interior regions of North America where there is a dearth of large herbivores 

(Mattson et al. 2005). In fact, in regions where both species rely heavily on fruit and herbaceous foods, black and 

grizzly bear diets can be compositionally indistinguishable. 

However, there are two notable provisos. Grizzly 

bears are clearly better adapted than black bears to 

exploiting subterranean foods such as roots and 

fossorial rodents (see Section 2.1). Unlike black 

bears, grizzly and brown bears in places as far flung 

as central Asia, the Yellowstone ecosystem, the 

Canadian arctic, and the Rocky Mountains consume 

substantial amounts of roots and rodents, including 

marmots (Marmota himalayana), pikas (Ochotonia 

curzoniae), ground squirrels (Urocitellus parryii), 

pocket gophers (Thomomys talpoides), biscuitroot 

(Lomatium cous), yampa roots (Perideridia 

gairdneri), and sweetvetch roots (Hedysarum spp.; 

Holcroft & Herrero 1984; Mattson 1997b, 2000, 

2004; Ai-Chun et al. 2006; Aryal et al. 2012; Barker 

et al. 2015). 

More to the point, black bear diets offer little insight into subterranean foods that grizzly bears might have 

exploited in the Southwest. But traditional diets of humansτalso a large-bodied omnivoreτprospectively fill 

this knowledge gap given that people have routinely used tools and fire to overcome innate morphologic 

limitations to exploit subterranean foods. A review of traditional human diets in the Southwest and adjacent 

Mexico reveals a host of roots from species that grizzly bears likely exploited as well, including wild relatives of 

the domesticated potato (Solanum spp.), various members of the carrot (e.g., Cymopterus spp.) and pea families 

(Pomaria jamesii, Dalea purpurea, Hoffmannseggia glauca and Astragalus ceramicus), plus sego lily (Calochortus 

nutallii; for sources, see the caption of Figure 11, below).   

In addition to this difference organized around fossorial foods, anywhere that bears of both species have access 

to meat from large herbivores, grizzly bears consume far more of it and, among grizzlies, adult males consume 

most of all (Mattson 1997a, Jacoby et al. 1999, Hobson et al. 2000, McLellan 2011, Fortin et al. 2013, Merkle et 

al. 2017). This conspicuous exception likely arises from the fact that larger-bodied grizzly bears are better able to 

both prey on large herbivores and dominate any carcasses they might find, compounded by their comparative 

inefficiencies relative to black bears when foraging on lower-density patches of both fruit and herbaceous forage 

(Welch et al. 1997, Rode et al. 2001, Mattson et al. 2005).  

Of final relevance here, consumption of meat also plays a prominent role in configuring mortality risk for grizzly 

bears, whether from humans or from adult male grizzlies. Concentrated sources of meat that aggregate bears 

predictably lead to increased risk of infanticide perpetrated by adult males (Mattson et al. 1992, Olson 1993), 

which is presumably why many female bears accompanied by dependent offspring forego foraging opportunities 

that bring them near adult males exploiting large-bodied carrion or concentrations of spawning salmonids 
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(Reinhart & Mattson 1990, Mattson & Reinhart 1995, Ben-David et al. 2004, Gunther & Smith 2004, Rode et al. 

2006, Steyaert et al. 2013). Perhaps more self-evidently, exploitation of meat from livestock or ungulates killed 

by big game hunters often leads to the death of involved grizzlies, either because humans act in self-defense or 

in retaliation (Johnson & Griffel 1982, Jorgensen 1983, Knight & Judd 1983, Anderson & Moody 2002, Gunther et 

al. 2004, Haroldson et al. 2004, Wells et al. 2019)τwith clear implications for understanding the history as well 

as future prospects of grizzly bears in the Southwest (e.g., Brown 1996).            

2.c.i. Black Bear Diets in the Southwest 

My first step in approximating diets of Southwest grizzly bears entailed assembling and summarizing results of all 

the dietary studies I could find for black bears in an area stretching from central Colorado and Utah south to the 

limits of black bear distribution in Mexico. Figure 4 shows a summary from 15 studies that provided results 

based on analysis of fecal matter, one of which corrected for differential passage of foods through the gut 

(Hewitt & Robbins 1996), plus one study that reported results based on remains found in the alimentary tract of 

dead bears (see the caption of Figure 4 for sources). 

Because sample sizes and methods varied substantially among studies (for example, n ranged from 18 to 859 

scats), I generalized compositional results to an index, where 1 = incidental, 2 = common, and 3 = abundant for 

each diet item. Because diet composition also varied substantially from north to south, I stratified results 

according to whether they were from northerly latitudes (six studies from southern Utah and Colorado, plus one 

high-elevation study from northern New Mexico); Mexico and the U.S.-Mexico borderlands (six studies); or from 

central New Mexico and Arizona (four studies). I then summarized for each region the relative dietary 

contributions of different genera, species, and functional food groups (i.e., grazed foods, fleshy fruits, mast, 

invertebrates, and vertebrates) expressed as the weighted percent relative importance of each, shown in the pie 

diagrams in Figure 4a-4c. I also estimated general latitudinal trends for dietary groups comprised of genera or 

species that tended to discriminate among regions (Figure 4d-4f). My approach using relative dietary importance 

mitigated to some extent for differences among study methods as well as differences in digestibilities of diet 

items (see Section 2.c.ii), although the comparative contributions of vertebrates probably remain substantially 

under-represented. 

Broadly speaking, the contributions of functional food groups did not vary substantially from south to north, 

with the proviso that vertebrates and fleshy fruits tended to be more prominent in the north, and mast from 

oaks (Quercus spp.) and junipers (Juniperus spp.) more prominent at mid-latitudes. However, there were 

substantial dietary trends at the level of species and genera. From south to north succulent portions of desert-

dwelling monocots (Yucca, Dasilyrion, and Nolinia spp.) were replaced by grasses and sedges (i.e., graminoids) 

among grazed foods. Likewise, among fruits and masts, genera typical of Mexico (Diospyros, Chlococca, and 

Berberis spp.) and desert regions of the Southwest (Opunita spp.) were replaced by species and genera 

characteristic of higher latitudes (Prunus virginiana, Amelanchier alnifolia, and Ribes spp.). Among invertebrates, 

wasps, bees (Vespidae) and other arthropods were supplanted by species of ant (Fromicidae) farther north. 

There are several implications of these patterns for bear diets in general and prospective grizzly bear diets in 

particular. As might be expected from theory and laboratory studies (Rode & Robbins 2000, Erlenbach et al. 

2014), bears throughout the Southwest seemed to balance nutrients, as evident in broadly similar 

representations of functional dietary groups in population-averaged diets. Even so, dietary composition at the 

level of ingested genera and species varied enormously in reflection of broad-scale differences in climate and 

related flora and fauna. By implication, the comparative composition and importance of specific habitats also 

varied, albeit within the probable constraints dictated by overall environmental productivity (see Section 2.b). 
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On the one hand, black and grizzly bears can clearly adapt to dramatically different environments, while on the 

other hand being constrained by life strategies that dictate balancing certain nutrients as well as seasonally 

ingesting digestible calories so as to maximize accumulation of adipose reserves in the case of females, and 

optimize growth in both lean body mass and adiposity in the case of males (Mattson 2000, Costello et al. 2016). 

More specific to this analysis, grizzly bears likely consumed all of the genera and species listed in Figures 4 and 5, 

plus additional species exploited to obtain roots and underground caches of food made by rodents (e.g., pocket 

gophers; Mattson [2004]). Grizzlies moreover almost certainly ate more meat, especially from elk and bison 

during pre-European times (e.g., Green et al. [1997], and Mattson [1997a]), and from livestock such as cattle and 

sheep after herds multiplied with the arrival of Anglo-Americans (see Section 3.3). 

2.c.ii. Nutritional Characteristics of Foods 

An often-repeated misconception holds that, because grizzly bears are omnivores, they are relatively unaffected 

by the composition and quality of their diets, with consequently few effects of dietary differences on population 

density and demography. This claim has been and continues to be falsified by virtually everything we know 

about grizzly bear populations and individuals. As I note in Section 2.b., effects of diet on the condition and 

reproductive success of individual bears have been amply demonstrated, together with orders-of-magnitude 

variation in population densities driven by broad-scale differences in habitat productivity. 

More to the point, any useful understanding of historical grizzly bear habitat relations and foraging behaviors in 

the Southwest is necessarily rooted in understanding the nutritional characteristics of bear foods, notably 

concentrations of lipids and digestible energy and protein (Erhlenbach et al. 2014), as well as characteristics that 

affect foraging efficiencies, including size, clustering, and ease of extraction (Holcroft & Herrero 1984, Mattson 

1997b, Welch et al. 1997, Hamer 1999, Rode et al. 2001). In service of this purpose, I summarized all the 

analyses I could find of nutritional characteristics for likely grizzly bear foods in the Southwest, featuring foods 

documented in diets of black bears (as per Section 2.c.i; see Appendix A for sources), with the notable proviso 

that I could find little information on prospective root foods largely because ethnobotanical and wildlife 

researchers have tended to neglect this functional food group. 

The graphics in Figure 5 summarize key nutritional characteristics for bear foods of the Southwest, differentiated 

by whether they are fleshy fruits, hard mast (e.g., acorns, pine seeds, and juniper berries), fibrous grazed foods, 

or vertebrate and invertebrate animal foods. The values for each parameter for each food are proportional to 

the vertical distance of each dot and line from the x-axis. The length of vertical brackets around each dot are 

proportional to the standard deviation of estimates from different sources. Foods are further differentiated by 

colors denoting those characteristic of higher latitudes (in purple), U.S.-Mexico borderlands (dusky green), and 

latitudes in between (in gray). Raw values are given in Appendix B. 

The nutritional characteristics of Southwest bear foods comprising different functional groups are similar to 

characteristics of bear foods in the same functional categories farther north (e.g., Mattson et al. 2004). Fleshy 

fruits are typified by moderate concentrations of digestible energy, but low concentrations of lipids and 

digestible protein. By contrast, mast has higher concentrations of lipids, comparably low concentrations of 

digestible protein, and highly variable concentrations of digestible energy. Of the mast-producing species, pine 

seeds (Pinus edulis and P. monophyla) are richest in lipids and digestible energy, but disadvantaged by small size. 

Of the animal foods, invertebrates (i.e., Vespidae and Formicidae) offer less digestible protein and energy than 

do vertebrates, and are also further disadvantaged by very small size. Finally, although some grazed foods offer 

moderate concentrations of digestible protein (notably, clover, dandelions, and graminoids), most provide only 

small amounts of digestible energy, and none more than trace amounts of lipids. 

There are several notable provisos to these conclusions and general patterns. First, root foods, which do not 

appear in these tables, are unique in providing concentrations of starch, which are a prominent source of 

digestible energy for foraging grizzly bears (Mattson et al. 2004). Also, although Figure 5c provides information 
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on the mass of individual food άǇŀŎƪŜǘǎ,έ ŀ ƴǳƳōŜǊ ƻŦ ƻǘƘŜǊ ŦŀŎǘƻǊǎ ŀŦŦŜŎǘ foraging efficiencies, including the 

energetic costs of extracting roots (Holcroft & Herrero 1985, Mattson 1997b, Hamer 1999); the density, 

clustering and vertical presentation of mast and fleshy fruits (Welch et al. 1997); the physical architecture and 

density of grazed foods (Rode et al. 2001, Mattson et al. 2004); and whether vertebrates are obtained as carrion 

or through outright predation and, if the latter, how easily and with what risk. Animals as small and agile as mule 

deer (Odocoileus hemionus) are difficult for grizzlies to capture, and, in the face of competition from coyotes 

(Canis latrans) offer typically little reward as carrion, whereas animals as large as bison are difficult to kill 

outright, but offer a large reward for scavenging bears (Green et al. 1997, Mattson 1997a). 
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2.c.iii. Implications for Grizzly Bear Diets and Behavior 

Although information on the nutritional and energetic characteristics of known and probable foods is relevant to 

judging where, when and how grizzly bears foraged in the Southwest, it is not a definitive basis for reckoning 

which foods and habitats were critical to their existence. Other research on population-level responses to 

functionally similar foods prospectively augments information on basic nutrition to provide a better reckoning of 

what foods might have governed the fates of grizzly bears in the Southwestτincluding research on black bears 

in the region as well as grizzly bears elsewhere. 

Perhaps most important, there is a consensus regarding the effects of hard mast and fleshy fruits on the 

reproductive success of both black and grizzly bear females. There are a number of publications showing the 

effects of variation in crops of oak acorns and beech nuts on production of cubs at both an individual and 

population level for black bears in eastern North America, including Minnesota (Rogers 1976), the Appalachians 

(Eiler et al. 1989, Clark et al. 2005), Maine (McLaughlin et al. 1994), and Massachusetts (Elowe & Dodge 1989). 

LeCount (1982), Costello et al. (2003), and Doan-Crider (2003) show the same for the Southwest and northern 

Mexico, consistent with widespread selection by black bears for vegetation with abundant oak trees or shrubs 

(LeCount 1990, Cunningham et al. 2003, Onorato et al. 2003, Harding & Black 2004, Sierra Corona et al. 2005). 

More specific to grizzly and brown bears, there is a well-documented effect of variation in production and 

consumption of seeds from whitebark pine (Pinus albicaulis) on reproductive success of grizzlies in the 

Yellowstone ecosystem (Mattson et al. 1992, Pease & Mattson 1999, Mattson 2000, Schwartz et al. 2006), plus 

one study documenting the effects of variation in availability of berries from Ericaceous shrubs on reproductive 

success of female brown bears in Scandinavia (Hertel et al. 2018).    

These effects comport with the life strategy of female bears and documented foraging efficiencies of smaller 

(i.e., female and adolescent) versus larger (i.e., adult male) bears of both species (e.g., Welch et al. 1997, Rode et 

al. 2001). More so than males, females depend upon accumulation of body fat to ensure reproductive success 

(Farley & Robbins 1995, Dahle et al. 2006, Robbins et al. 2012, Heldstab et al. 2017), and there are no foods 

better than those high in fat content to promote accumulation of adipose reserves (Erhlenbach et al. 2014). Not 

surprisingly, if available, females tend to eat smaller-sized and higher-fat-content foods, documented perhaps 

most definitively for adult female grizzly bears in Yellowstone that historically ate roughly twice as many high-

fat-content whitebark pine seeds as did adult males (Mattson 2000). By contrast, adult males tend to eat greater 

amounts of protein-rich foods, notably meat from ungulates (Jacoby et al. 1999; Mattson 1997a, 2000; Hobson 

et al. 2000; McLellan 2011; Costello et al. 2016; Hatch et al. 2019). 

Yet grizzlies are not equally likely to exploit all types of 

ungulates. Even though some black bears are known to 

frequently prey on mule deer fawns (Smith 1983, Pojar & 

Bowden 2004, Lomas & Bender 2007), this phenomenon has 

only been rarely documented for larger-bodied grizzly bears, 

even where mule and white-tailed deer (Odocoileus 

virginianus) are abundantτand despite the fact that grizzlies, 

like black bears, routinely prey on elk calves (French & French 

1990, Gunther 1990, Hamer & Herrero 1991, Mattson 1997a, 

Guntley 2006, Fortin et al. 2013, Quintana 2016). Additionally, 

unlike black bears, some grizzliesτespecially adult malesτare 

formidable predators on fully-grown elk and moose (Schleyer 

1983, Mattson 1997a), although ungulates as large as adult 

bison are only rarely prey because of the entailed risks for a 

predatory bear, and are instead a rich source of carrion once 

they die from other causes (Green et al. 1997, Mattson 1997a). 
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As I noted above, despite the fact that terrestrial vertebrates can provide much of, if not most, energy and 

nutrients ingested by grizzly bears (Mattson 1997a, Jacoby et al. 1999, Mowat & Heard 2006, Fortin et al. 2013, 

Schwartz et al. 2014), grizzlies are not indifferent to the costs and benefits of preying on or scavenging different 

types of ungulates. By-and-large, deer are either too agile to be grizzly bear prey, or too small to provide much 

meat for a bear competing with other scavengers. Adult elk can be prey year-round for grizzlies that have 

learned the requisite predatory skills (Schleyer 1983, Mattson 1997a), but are more commonly a source of spring 

carrion for scavenging bears on winter ranges (Green et al. 1997). As in the Yellowstone ecosystem, bison on the 

high plains of Colorado and New Mexico were probably only rarely outright prey, but rather an important source 

of carrion for scavenging grizzlies during spring on bison winter ranges and during and after the rut in areas 

where bison mated (Green et al. 1997, Mattson 1997a). 

All of this having been said, foods that are nutritionally and energetically less beneficial also play a key role in the 

grizzly bear life strategy, largely because they offer alternatives during seasons and years when richer foods are 

scarce, or because they offer a means of balancing ingestion of different nutrients to achieve a dietary optimum 

(Felicetti et al. 2003, Coogan et al. 2014, Erlenbach et al. 2014, Costello et al. 2016). Roots, foliage, rodents, and 

invertebrates are notable examples, with the proviso that exploitation of these less-rewarding foods by grizzlies 

entails a high degree of choice regarding when and where they are consumed (Holcroft & Herrero 1985; Welch 

et al. 1997; Hamer 1999; Mattson 1997b, 2000, 2001, 2002, 2004; Rode et al. 2001; Fortin et al. 2013). 

2.c.iv. Geospatial Distributions of Key Grizzly Bear Foods  
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The figures in this section show the composition and distributions of prospective grizzly bear foods in Arizona 

and New Mexico which, in toto, provide a refined geospatial picture of foods that likely defined the Holocene 

distributions and histories of grizzly bears in the Southwest. Each figure features a functional food group, with 

additional differentiations of piñon pines from oaks, and elk from bison. 

Oaks and AcornsτFigure 6 features oaks that produce acorn likely consumed by grizzly bears, including a map 

showing the cumulative distributions of six species of acorn-producing oaks (Figures 6a and 6c), as well as a map 

showing the total southwestern distribution of Gambel oak (Quercus gambelii; Figure 6b), which is known to be 

a key source of food for black bears (LeCount 1990, Doan-Crider 1995, Costello et al. 2003, Heward et al. 2004, 

Sierra Cornona et al. 2005, Guntly 2016). The greatest diversity and abundance of oaks occurs in arc stretching 

from the Mogollon and Black Range Mountains in the southeast northwest along the Mogollon Rim. 

Visually, the positive geospatial association between documented grizzly bear locations and distributions of oaks 

in the Southwest is striking (Figure 6c), confirmed by the statistically positive west-wide association between 

oaks and historical grizzly bear distributions in the United States (Mattson & Merrill 2002). These positive 

associations comport with the documented importance of oak acornsτespecially those of Gambel oakτto 

reproductive success, fine-scale patterns of habitat selection, and distributions of black bears in the Southwest 

(Section 2.c.iii), with straight-forward implications for grizzly bears. The only exception to this generally positive 

association pertains to shinnery oak (Quercus harvardii), which in the Southwest is restricted to portions of 

southeastern New Mexico that are likely too hot and unproductive to have supported populations of grizzlies 

(Figure 3a). 

Although acorns are indisputably an important part of contemporary black bear diets in the Southwest, and 

likely played a prominent role in grizzly bear diets as well, acorns, like most mast, can vary substantially in 

abundance from one year to the next. Among the oaks that have been monitored, Gambel oak is the most 

reliably productive (only 9-13% of crops are failures, with 2-4 years between good crops; Costello et al. [2001], 

Guntley [2016]) and scrub oak (Quercus turbinella) the least (58-68% failed crops with 5-6 years between good 

crops; Parmenter et al. [2018]). Production of acorns by wavy-leaf (Q. undulata) and gray (Q. grisea) oaks falls in 

between these extremes (13-38% failed crops and 4-8 years between good crops; Costello et al. [2001]). Among 

other factors, the reliability of production by Gambel oak likely explains its dietary importance for bears.  

Different species of oak also produce acorns with varying amounts of tannins that affect both palatability and 

digestibility of proteins (Robbins et al. 1987)τŀ ŦŀŎǘƻǊ ƪƴƻǿƴ ŀǎ άǎǿŜŜǘƴŜǎǎ.έ Emory (Quercus emoryi), Gambel, 

and wavy-ƭŜŀŦ ƻŀƪǎ ŀǊŜ ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǎǿŜŜǘέ ǿƘŜǊŜŀǎ !ǊƛȊƻƴŀ ǿƘƛǘŜ ƻŀƪ ƛǎ ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ 
άōƛǘǘŜǊέ (Driver 1969, Mason 1992). The former can be eaten by humans with little preparation to neutralize 

ǘŀƴƴƛƴǎ ǿƘŜǊŜŀǎ ǘƘŜ ƭŀǘǘŜǊ ŎŀƴΩǘΦ 9ǾŜƴ ǎƻΣ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ǘŀƴƴƛƴǎ on digestibility of proteins can be offset in 

species that produce salivary proteins capable of binding with tannins, as has been documented for black bears 

(Robbins et al. 1991). Grizzlies likely share this trait with black bears given their phylogenetic relatedness and the 

conservative nature of traits that facilitate omnivory (e.g., Altmann 2009, Chubaty et al. 2014).        

Fleshy FruitsτFigure 7 features a wide variety of species that produce fleshy fruits eaten by bears. The 

greatest diversity and abundance of these species is concentrated in an arc running northwest from the 

Mogollon Highlands along the Mogollon Rim in a distribution that closely matches that of oaks (Figure 7a). 

Dietarily, some of the most important fruit in this area is produced by various species of serviceberry 

(Amelanchier spp.) and manzanita, most prominently pointleaf manzanita (Arctostaphylos pungens). Farther 

south into Mexico, fruits from species such as agarita (Berberis trifoliata), persimmon (Diospyros texana), and 

Texas madrone (Arbutus xalapensis) are more important parts of bear diets (Section 2.c.i). 
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As in the case of oaks, 

documented grizzly bear 

locations have a striking 

positive geospatial 

association with 

distributions of fruit-

producing shrubs in the 

Southwest, with the 

notable exception of one 

speciesτskunkbush (Rhus 

trilobata). Even though 

black bears are known to 

eat berries of this species, 

most skunkbush is 

distributed in semi-arid 

regions such as the Little 

Colorado River basin that 

are, overall, comparatively 

unproductive for bears.  

Piñon Pine SeedsτFigure 

8 features piñon pines, 

including the cumulative 

distribution of piñon pines 

in the Southwest (Figure 

8b) as well as, more 

broadly, distributions of 

piñon pines in western 

North America (Figure 8c). 

The distribution of 

Southwestern piñon pines 

overlaps almost wholly with 

areas of maximum diversity 

and abundance for both 

oaks and berry-producing 

shrubs, with commensurate 

contributions to the overall 

productivity of these areas. 

Even so, the apparently 

limited contributions of 

pine seeds to most bear diets and related absence of documented effects on female reproduction suggest that 

in these areas of overlap acorns and fleshy fruits are of primary importance, with pine seeds serving primarily as 

a back-up or augmentative food (Costello et al. 2001). This limited contribution is consistent with the extent to 

which pine seed crops are judged to failτ36-94% of years, depending on the species and location, with an 

average 8 years between good crops (Costello et al. 2001, Redmond et al. 2012, Guntley 2016, Khuu 2017, 

Parmenter et al. 2018), which is roughly twice the failure rate of most oak acorn crops. 
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Overall, in contrast to oaks and berry-producing shrubs, piñon pines probably made a more limited contribution 

to historical grizzly bear diets in the Southwest, albeit allowing for the likelihood that pine seeds could have been 

dietarily important at certain times and in certain places. This conclusion is consistent with the modest 

geospatial association of documented grizzly bear locations with piñon pines (Figure 8b), as well as, in contrast 

to oaks (Figure 6d), a weaker although significant positive correlation with west-wide grizzly bear distributions 

(Mattson & Merrill 2002; Figures 8c and 8d).      

WapitiτFrom the time of European arrival up through the late 1800s wapiti likely had a limited distribution in 

the Southwest centered on the White, Mogollon, Sangre de Cristo, and Jimenez Mountains (Figure 9a). These 

areas coincided with comparatively productive higher-elevation habitats where free water was available from 

naturally-occurring fluvial and lacustrine sources (Truett 1996, Davis 2001). Wapiti were slaughtered by 

Europeans during the 1800s to the point of extirpation by 1900. Restoration efforts followed soon after in the 

early 1900s and intensified during subsequent decades. Since then, wapiti distributions have steadily increased 

to the point where they far exceed historical bounds, especially in Arizona (Figure 9a). This increase is plausibly 

attributable to the widespread construction of water sources to provision livestock and wildlife with waterτin 

the case of stock tanks as an unintended side effect (Figure 9b; Truett 1996, Davis 2011, Mattson & Holton 

2022). 
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Of relevance to grizzly bears, they undoubtedly exploited wapiti where available, which largely coincided with 

areas that likely also produced the greatest amounts of fleshy fruits and acorns (Figures 6c and 7a). The 

extirpation of wapiti in these historical ranges probably contributed both directly and indirectly to the demise of 

grizzlies, not only by depriving them of a high-quality food, but also by amplifying the switch to preying on 

livestock that had already been triggered by dramatic increases in numbers of cattle (Section 3.3). More 

positively, unlike with bison, wapiti constitute a bear food that has increased in abundance, perhaps 

substantially, in contrast to a historical baseline that probably existed throughout the Holocene. 

BisonτWith the exception of the Great Plains in eastern Colorado and New Mexico, bison were probably never 

very abundant in the Southwest during the Holocene. This dearth has led some to even speculate that bison 

never occurred in areas west of the Plains. However, recent compilations of historical and paleontological 

records make clear that bison did occur, albeit at probably low densities, in the scattered semi-desert and 

temperate grasslands of Arizona and western New Mexico (Figure 10a; Truett 1996, List et al. 2007, Harris 2013, 

Wolff 2013, Martin et al. 2017). Even so, bison were almost certainly much more abundant throughout most of 

the Holocene on the Great Plains farther east (e.g., Bailey 1931), with the notable proviso that bison probably 

disappeared from parts of the southern Plains during the hottest driest periods of the Altithermal (Lohse et al. 

2014a, 2014b). 
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As evident by the contemporary behavior of grizzly bears in the Yellowstone ecosystem (Green et al. 1997, 

Mattson 1997a), bison were likely exploited by grizzlies wherever they were available in the Southwest, most 

often as carrion, and, along with fleshy fruits produced by shrubs in riparian areas, almost certainly as a staple of 

the few grizzlies living on the Great Plains in New Mexico and Colorado (e.g., Dodge 1981, Gowans 1986, Clark & 

Casey 1992, Burroughs 1995, Mattson et al. 2005, Flores 2016, Mattson 2021a). Extirpations of bison on the 

Great Plains during the late 1800s no doubt contributed to the early demise of grizzly bears in this ecosystem, 

although there is no evidence that the distribution of grizzlies in Arizona and western New Mexico was affected 

by the availability of bison occupying the semi-arid and temperate grasslands (Figure 10a), with the corollary 

that grizzlies likely existed at only very low densities on the southern Great Plains (Mattson & Merrill 2002). 

Overall, despite the fact that availability of bison likely defined the eastward distribution of grizzlies on the 

central and northern Plains, the west-wide association of grizzly bears with bison was very weak (Mattson & 

Merrill 2002). 

RootsτAlthough roots are an intrinsically limited or at least highly-contingent source of energy for grizzly bears 

(Section 2.c.ii), at times and places they can be of major dietary importance, especially in colder and drier 

environments. Hedysarum spp. in Canada and Rheum nanum in Mongolia are noteworthy examples (e.g., Hamer 

& Herrero 1987, McLellan & Hovey 1995, MacHutchon & Wellwood 2003, Munro et al. 2006, Qin et al. 2020). 

Apropos, most prospective grizzly bear root foods in the Southwest are located in drier parts of the region, 

notably in the northern plains and upper Rio Grande drainage of New Mexico, and drainages of the Little 

Colorado River in Arizona (e.g., Figures 11a, 11b, and 11c). Wild relatives of the potato, of the genus Solanum 

(Figure 11d), are more common to the south, especially in southeastern Arizona. 

The geospatial correlation between documented grizzly bear locations and root foods is correspondingly 

relatively poor in the Southwest (Figure 11a), although roots probably comprised an important part of grizzly 
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bear rations during periods or 

seasons when higher-quality 

foods were scarce. Roots could 

have also been dietarily more 

important for smaller or more 

subordinate bears, as is the 

case with grizzlies in the 

Yellowstone ecosystem 

(Mattson 2000), with the 

potential to play an important 

role as fallback foods for 

grizzlies should they be 

restored to the Southwest. 

Arid-Land FoodsτIn 

common with people, black 

bears are known to consume 

fruits of several arid-land 

species in the Southwest, most 

prominently of yuccas (Yucca 

spp.) and prickly pear (Opuntia 

spp.; Section 2.c.i). On the basis 

of nutritional characteristics 

alone, fruits of these genera are 

well-endowed, and would seem 

to offer bears a significant 

reward for their investment 

(Section 2.c.ii). However, 

representatives of these two 

genera are concentrated in 

hotter drier regions that would 

have been in all other respects 

inhospitable to grizzly bears 

(Figures 12a and 12b), 

consistent with the poor 

association between 

documented grizzly bear 

locations and fruit-producing 

yucca and prickly pear. Nonetheless, like roots, fruits of these arid-land species would have likely been important 

fallback foods for grizzlies, as well as important to grizzlies that ventured seasonally or longer term into hotter 

drier lowlands. 

2.c.v. Synopsis of Geospatial Distributions 

There is a remarkable concentration of diverse high-quality bear foods in highlands of the Southwest, notably in 

an arc from the San Francisco Peaks of Arizona southeast along the Coconino Plateau and Mogollon Rim to a 

terminus in the White, Mogollon, and Black Range Mountains in New Mexicoτplus in the Sacramento, San Juan, 

Jemez, and Sangre de Cristo Mountains of New Mexico and adjacent Colorado. The constellation of food-

producing species in these highlands includes wapiti, oaks, berry-producing shrubs, and piñon pines, and of 

these notably Gambel oak, manzanita, chokecherry (Prunus virginiana), various species of serviceberry, and 
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Colorado (or two-needle) piñon (Pinus edulis). In addition, roots and fruits from yucca and prickly pear offer 

subsistence for bears on warmer-drier sites and at lower surrounding elevations. 

This diverse assemblage of higher-quality plus lower-quality fallback or alternative foods would have made 

highlands of the Southwest a productive environment for grizzly bears during most of the Holocene. Bison would 

have furthermore allowed grizzlies to survive on the Great Plains, albeit at low densities, necessarily 

concentrated along riparian corridors offering water and thermal cover. Of particular relevance here, although 

bison have been extirpated in the region, ample bear foods continue to be available throughout highlands of the 

Southwest, with the prospect of supporting restored populations of grizzly bears (Mattson & Merrill 2021a). 
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3. History 

Grizzly bears have lived at mid-latitudes of North America perhaps as long as 

130,000 to 70,000 years, including all of the Last Glacial Maximum and much of the 

Holocene. The following sections feature the history of grizzly bears in the 

Southwest during these many millenniaτa period typified by extreme changes in 

the natural and human environments that challenged the abilities of grizzlies to 

adapt and survive. The history concludes with the rapid extirpation of grizzly bears 

by Anglo-Americans. Never before during its evolutionary history had grizzly bears 

encountered such a relentless predator willing to deploy all available methods to 

achieve its extirpationτwith tragic consequences for grizzly bears in much of the 

area that was to become the United States.   

3.a. Before Europeans 

3.a.i. Pleistocene Arrivals and Distributions 

Fossil remains of grizzly bears are intrinsically rare, not only because grizzlies typically exist at low densities, but 

also because they rarely die under circumstances conducive to preservation of their remains. This paucity of 

fossils in the paleontological records stands in stark contrast to species such as cave bears (Ursus spelaeus and U. 

deningeri) that occupied caves, often died over-winter, and were thus preserved in their thousands during the 

course of millennia (e.g., Kurtén 1976). Even so, researchers have been able to accumulate enough direct as well 

as circumstantial evidence during the last 25 years to allow for a judicious reconstruction of deep history for 

grizzly bears at mid-latitudes in North America, including the area that was to become the southwestern United 

States. 

At one time grizzly bears were thought to have arrived at mid-latitudes in North America a mere 12-13,000 years 

ago, after terminal melt of the ice sheets had exposed an ice-free corridor from eastern Beringia south along the 

east slope of the Rocky Mountains (Kurtén and Anderson 1980). This changed when the remains of a grizzly bear 

dated to roughly 35,000 years ago were discovered near Edmonton, Alberta, well south of Beringia (Matheus et 

al. 2004). Subsequent genomic research reinforced the conclusion that grizzlies must have dispersed south well 

before 35,000 years ago (Miller et al. 2006), with recent research suggesting that the first dispersal event had 

occurred between 70,000 and 130,000 years ago, ten times earlier than was thought in the 1970s (Salis et al. 

2021). More to the point, grizzly bears have occupied mid-latitudes of North America for a long time, including 

well before the Last Glacial Maximum. 

From this it is reasonable to assume that grizzly bears would have in theory been able to colonize and occupy 

much if not all suitable habitat at mid-latitudes. Absent fossilized remains, the best representation of this habitat 

for the late Pleistocene has been offered by researchers using modeled relationships that produce remarkably 

consistent results (Kantelis 2017, Luna-Arnaguré et al. 2020). The maps in Figure 13 show the extent of 

intrinsically suitable habitat in green, along with the handful of grizzly bear fossils dated from the late 

Pleistocene and early Holocene, shown as orange bear-shaped symbols. 

Although the modeled habitat is extensive, there are several noteworthy reasons to suspect that ancient grizzly 

bears would not have populated this entire area, most prominently because potential predators likely imposed 

constraints on where grizzlies could live, in what numbers. Up through the early Holocene until their ultimate 

extinctions, the most prominent of these predators would have been giant short-faced bears (Arctodus simus), 

American lions (Panthera atrox), scimitar-toothed cats (Homotherium serum), and saber-tooted cats (Smilodon 

fatalis; Kurtén and Anderson 1980). All could have likely killed an adult grizzly. Short-faced bears were 

formidable scavengers as well, and would have competed with grizzlies for carrion from large herbivores 

(Matheus 1995). The toll exacted by short-faced bears could have great enough to cause local extirpations of  
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grizzliesτas probably happened 

in eastern Beringian between 

25,000 and 35,000 years ago 

(Barnes et al. 2002, Salis et al. 

2021). Newly-arrived humans 

sporting high-technology Clovis-

pointed and later Folsom-

pointed weapons could have also 

posed a mortal threat to grizzlies 

(e.g., Mattson et al. 2005)τ
consistent with the lack of spatial 

overlap between grizzly bears 

and fluted points shown in Figure 

13b. Grizzly bearsτalthough 

presentτmay have lived a 

furtive existence during the late 

Pleistocene and early Holocene 

trying to avoid potential 

predators while seeking out low-

risk foods. 

Of more direct relevance to this 

report, grizzly bears likely 

occupied the Southwest for 

many thousands of years prior to 

the arrival of Europeans, 

including all of the last Ice Age 

and subsequent early Holocene. 

However, it is unclear in what 

numbers. More certainly, their 

densities were probably quite 

low. Unlike during most of the 

Holocene, grizzlies would not 

have been able to dominate 

carcasses of large herbivores in 

the face of competition from the 

many larger carnivores. Instead, 

grizzlies probably derived most 

of their diet from vegetal foods 

as well as excavated fossorial 

rodents such as pocket gophers 

(Thomomys spp.) and ground 

squirrels (Urocitellus and 

Spermophilus). Roots may have 

played a particularly important 

dietary role especially in the 

drier colder climates of the Last 

Glacial Maximum (see Section 2 

and below). 
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3.a.ii. Late Pleistocene-Early Holocene Climate and Vegetation 

Apropos the last point, above, 

Figure 14 shows simulations 

and proxies of summer 

temperatures and precipitation 

spanning the last Ice Age up 

through the present, including 

the Last Glacial Maximum 

(LGM) and Altithermal. The 

LGM lasted from roughly 30,000 

to 19,000 years ago, and the 

Altithermal from 9,000 to 5,000 

years ago. Not surprisingly, the 

climate of the Southwest was 

much colder during the LGM 

(Figure 14a; Bartlein et al. 

[1998]), consistent with a major 

depression of temperatures 

globally (Figure 14b). However, 

with the exception of the last 

part of the LGM, the Southwest 

was likely wetter during much 

of the last Ice Age (e.g., Wagner 

et al. 2010; Figure 14d), largely 

because of a compressed and 

accelerated westerly jet stream 

roughly centered on the region 

(Asmerom et al. 2010, Oster et 

al. 2015, Wang et al. 2018). As a 

consequence, cover of conifer 

woodlands was likely greater 

that it is today (Shao et al. 

2018), comprised of junipers as 

well as five-needled and piñon 

pines. Temperatures were 

hotter during the Altithermal 

(Figure 14b), but varied from a 

drier earlier period to a wetter 

one that transitioned to the late 

Holocene (Figure 14d). 

Of relevance to grizzlies, they 

endured these vicissitudes, 

probably in mid-latitude 

refugia, unlike virtually all other 

megafauna in North America, 

which went extinct largely 

between 11,000 and 8,000 

years ago, after the Younger 



Grizzly Bears for the Southwest 

31 | P a g e  
 

Dryas and before onset of the Altithermal (Stewart et al. 2021). The climatic whip-lash of the last 30,000 years 

included dramatic warming and wetting after the dry bitter-cold end of the LGM, then a severe 2-½ millennia-

long drought that preceded a brief return of cold temperatures during the Younger Dryas, roughly 13,000 to 

11,500 years ago, and, after a respite, the hot and dry conditions that marked the first half of the Altithermal, 

roughly 9,000 to 6,500 years ago. But grizzlies survived these changes to become the last of the large terrestrial 

carnivores left standing.  
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Even though extreme climates would have created direct challenges for grizzlies, the main effects of climate 

change would have been indirect, propagated through changes in vegetation and foodsτwhich were substantial 

in the Southwest. Figure 15 summarizes much of the paleontological research in the region focused on variation 

in abundance of flora during the past 35,000 years, differentiating study sites at high- and low-elevations, and 

among those, sites that were at high- or low-latitudes. High-elevation high-latitude sites were largely 

concentrated in the Rocky Mountains of southern Colorado and northern New Mexico (Figure 15b), whereas 

low-elevation low-latitude sites were concentrated in desert regions of southern Arizona and New Mexico 

(Figure 15c). The results summarized in Figure 15 feature trends in abundance of oaks and piñon pines, not only 

because they produce foods that are often heavily used by bears, but also because, of all the potential bear 

foods, they are the only ones routinely documented in regional paleontological studies. Even so, they are 

indicative of the substantial changes in vegetation that occurred during the late Pleistocene into the Holocene 

that would have affected grizzly bears. 

One of the most prominent trends was a dramatic increase in both oaks and piñon pines that occurred at high 

latitudes 14,000 to 13,000 years ago, irrespective of elevation (Figures 15a and 15b). This period coincided with 

the dry and comparatively warm conditions that post-dated the Late Pleistocene and predated the Younger 

Dryas (Figure 14). Of relevance to higher-elevations, it would have also come after terminal melt of the 

mountain ice caps and glaciers that capped the Rocky Mountains during much of the Pleistocene (Pierce 2003), 

which would have allowed colonization of newly ice-free areas in addition to areas that were previously too cold 

for most oaks and piñon pines. Prior to the arrival of these warmer-climate species, limber pine (Pinus flexilis) 

was relatively abundant at lower elevations of northerly latitudes (Anderson 1993, Coats et al. 2008), and 

potentially a food source for both bears and humans before a switch to consumption of piñon pine seeds 

between 15,000 and 10,000 years ago (Rhode & Madsen 1998). 

Farther south, the trends are a bit muddier, although at low altitude-low elevation sites peak abundance of both 

oaks and piñon pines occurred between roughly 19,000 and 10,000 years ago, prior to a dramatic decline in the 

abundance of especially piñon pines (Figure 15c) with onset of the hot dry Altithermal (Figure 14). These trends 

are consistent with the occurrence of an area in southern New Mexico and southeastern Arizona that is thought 

to have been a Pleistocene refugium for piñon pines (Duran et al. 2012). These patterns further suggest that 

portions of the current Sonoran and Chihuahuan Desert could have supported grizzlies during the late 

Pleistocene through the early Holocene. Trends in sites elsewhere (Figure 15d) suggest that piñon pines might 

have been most abundant during the LGM, and oaks most abundant from the Younger Dryas up through about 

2,000 years agoτalthough trends are mixed, if not contradictory, depending upon the site. 

In toto, trends in climate and abundance of mast-producing species suggest that the Southwest was probably a 

productive environment for grizzly bears during the few-thousand-year interval between the Younger Dryas and 

Altithermal, and then for 5,000 years after the Altithermal when precipitation increased and temperatures 

declined. By contrast, the last third of the LGM was probably inhospitable for grizzlies in the Southwest and the 

first half of the Altithermal challenging, at best. Bison were furthermore probably absent from much of the 

southern plains during the latter half of the Altithermal (Dillehay 1974), during a warmer but wetter period that 

likely allowed for encroachment of woody vegetation to the detriment of productivity for bison (Huebner 1991, 

Lohse et al. 2014a). 

3.a.iii. Living With Indigenous Peoples 

Figure 16 reiterates information in Figure 2, primarily to emphasize where grizzly bears likely occurred during 

more clement conditions of the last 2,000 yearsτup until the arrival of Anglo-Americans. Although climate and 

vegetation were not static during the last two millennia, variations in both were much less dramatic than those 

that typified the previous 24,000 years (Figures 14 and 15). It is probably safe to assume that the areas shaded 

green in Figure 16 are those that configured the fates of grizzly bear populations in the Southwest throughout 

recent millennia. 
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