
2 
 

Attachment 1. Literature Cited 
to accompany  

David J. Mattson, Ph.D., Comments on the  Draft Revised Plan (Publication No. R1-19-07) and associated
Draft Environmental Impact Statement (Publication No. R1-19-08) for the Custer Gallatin National Forest 

 

 

Al‐Chokhachy, R., Alder, J., Hostetler, S., Gresswell, R., & Shepard, B. (2013). Thermal controls of Yellowstone 

cutthroat trout and invasive fishes under climate change. Global change biology, 19(10), 3069-3081. 

 

Armstrong, J. S. (1997). Peer review for journals: Evidence on quality control, fairness, and innovation. Science 

and engineering ethics, 3(1), 63-84. 

 

Bacchetti, P. (2002). Peer review of statistics in medical research: the other problem. British Medical Journal, 

324(7348), 1271. 

 

Ballard, W.B., L.N. Carbyn, & D.W. Smith. 2003. Wolf interactions with non-prey. Pages 259-271 in Mech,L.S. & L. 

Boitani (eds.) Wolves: ecology, behavior, and conservation. The University of Chicago Press. 

 

Ballenberghe, V. V., & Ballard, W. B. (1994). Limitation and regulation of moose populations: the role of 

predation. Canadian Journal of Zoology, 72(12), 2071-2077. 

 

Barber‐Meyer, S. M., Mech, L. D., & White, P. J. (2008). Elk calf survival and mortality following wolf restoration 

to Yellowstone National Park. Wildlife Monographs, 169(1), 1-30. 

 

Barbero, R., Abatzoglou, J. T., Larkin, N. K., Kolden, C. A., & Stocks, B. (2015). Climate change presents increased 

potential for very large fires in the contiguous United States. International Journal of Wildland Fire, 24(7), 892-

899. 

 

Bartlein, P.J., Whitlock, C., & Shafer, S.L. (1997). Future climate in the Yellowstone National Park region and Its 

potential impact on vegetation. Conservation Biology, 11(3), 782-792. 

 

Bear, E. A., McMahon, T. E., & Zale, A. V. (2007). Comparative thermal requirements of westslope cutthroat 

trout and rainbow trout: implications for species interactions and development of thermal protection standards. 

Transactions of the American Fisheries Society, 136(4), 1113-1121. 

 

Bell, D.M., Bradford, J.B., Lauenroth, W.K. (2013). Early indicators of change: divergent climate envelopes 

between tree life stages imply range shifts in the western United States. Glob. Ecol. Biogeogr. 23, 168–180. 

 

Bell, D.M., Bradford, J.B., Lauenroth, W.K. (2014). Mountain landscapes offer few opportunities for high-

elevation tree species migration. Glob. Change Biol. 20, 1441–1451. 

 



3 
 

Bellemain, E., Swenson, J. E., & Taberlet, P. (2006). Mating Strategies in Relation to Sexually Selected Infanticide 

in a Non‐Social Carnivore: the Brown Bear. Ethology, 112(3), 238-246. 

 

Benos, D. J., Bashari, E., Chaves, J. M., Gaggar, A., Kapoor, N., LaFrance, M., ... & Qadri, Y. (2007). The ups and 

downs of peer review. Advances in physiology education, 31(2), 145-152. 

 

Biagioli, M. (2002). From book censorship to academic peer review. Emergences: Journal for the Study of Media 

& Composite Cultures, 12(1), 11-45. 

 

Billings, W.D. & H.A. Mooney (1968). The ecology of arctic and alpine plants. Biol. Rev., 43, 481-529. 

 

Bininda-Emonds, O. R., Gittleman, J. L., & Purvis, A. (1999). Building large trees by combining phylogenetic 

information: a complete phylogeny of the extant Carnivora (Mammalia). Biological Reviews of the Cambridge 

Philosophical Society, 74(2), 143-175. 

 

Bischof, R., Swenson, J. E., Yoccoz, N. G., Mysterud, A., & Gimenez, O. (2009). The magnitude and selectivity of 

natural and multiple anthropogenic mortality causes in hunted brown bears. Journal of Animal Ecology, 78(3), 

656-665. 

 

Bjornlie, D. D., Thompson, D. J., Haroldson, M. A., Schwartz, C. C., Gunther, K. A., Cain, S. L., ... & Aber, B. C. 

(2013). Methods to estimate distribution and range extent of grizzly bears in the Greater Yellowstone 

Ecosystem. Wildlife Society Bulletin, 38(1), 182-187. 

 

Bjornlie, D. D., Van Manen, F. T., Ebinger, M. R., Haroldson, M. A., Thompson, D. J., & Costello, C. M. (2014). 

Whitebark pine, population density, and home-range size of grizzly bears in the Greater Yellowstone Ecosystem. 

PloS one, 9(2), e88160. 

 

Brodie, J., Johnson, H., Mitchell, M., Zager, P., Proffitt, K., Hebblewhite, M., ... & Gude, J. (2013). Relative 

influence of human harvest, carnivores, and weather on adult female elk survival across western North America. 

Journal of Applied Ecology, 50(2), 295-305. 

 

Bruggeman, J. E., White, P. J., Garrott, R. A., & Watson, F. G. (2009). Partial migration in central Yellowstone 

bison. Pages 217-235 in Garrott, R.A., P.J. White & F.G.R. Watson (eds.). The ecology of large mammals in central 

Yellowstone. Elsevier Press. 

 

Burnham, J.C. (1992). How journal editors come to develop and critique peer review procedures. Pp. 55-62 in 

Mayland, H.F. & R.E. Sojka. Research ethics, manuscript review, & journal quality. 

 

Cahill, J. A., Stirling, I., Kistler, L., Salamzade, R., Ersmark, E., Fulton, T. L., ... & Shapiro, B. (2015). Genomic 

evidence of geographically widespread effect of gene flow from polar bears into brown bears. Molecular 

ecology,24(6), 1205-1217.  

 



4 
 

Campanario, J. M. (1998). Peer review for journals as it stands today—Part 1. Science Communication, 19(3), 

181-211. 

 

Carroll, C., Noss, R. F., & Paquet, P. C. (2001). Carnivores as focal species for conservation planning in the Rocky 

Mountain region. Ecological applications, 11(4), 961-980. 

 

Carroll, C., Noss, R. F., Paquet, P. C., & Schumaker, N. H. (2003). Use of population viability analysis and reserve 

selection algorithms in regional conservation plans. Ecological applications, 13(6), 1773-1789. 

 

Chang, T., Hansen, A. J., & Piekielek, N. (2014). Patterns and variability of projected bioclimatic habitat for Pinus 

albicaulis in the Greater Yellowstone Area. PloS one, 9(11), e111669. 

 

Chang, T., & Hansen, A. (2015). Historic & Projected Climate Change in the Greater Yellowstone Ecosystem. 

Yellowstone Science, 23(1), 14-19. 

 

Chapman, J.A., J.I. Romer, & J. Stark (1955). Ladybird beetles and army cutworm adults as food for grizzly bears 

in Montana. Ecology, 36 (1),  156-158. 

 

Cherry, S., White, G. C., Keating, K. A., Haroldson, M. A., & Schwartz, C. C. (2007). Evaluating estimators of the 

numbers of females with cubs-of-the-year in the Yellowstone grizzly bear population. Journal of agricultural, 

biological, and environmental statistics, 12(2), 195-215. 

 

Clow, D. W. (2010). Changes in the timing of snowmelt and streamflow in Colorado: a response to recent 

warming. Journal of Climate, 23(9), 2293-2306. 

 

Cook, J. G., Johnson, B. K., Cook, R. C., Riggs, R. A., Delcurto, T. I. M., Bryant, L. D., & Irwin, L. L. (2004). Effects of 

summer‐autumn nutrition and parturition date on reproduction and survival of elk. Wildlife Monographs, 

155(1), 1-61. 

 

Coops, N.C., & Waring, R.H., 2011. Estimating the vulnerability of fifteen tree species under changing climate in 

Northwest North America. Ecol. Model., 222, 2119–2129. 

 

Coops, N. C., Waring, R. H., Beier, C., Roy‐Jauvin, R., & Wang, T. (2011). Modeling the occurrence of 15 

coniferous tree species throughout the Pacific Northwest of North America using a hybrid approach of a generic 

process‐based growth model and decision tree analysis. Applied Vegetation Science, 14(3), 402-414. 

 

Costello, C. M., Manen, F. T., Haroldson, M. A., Ebinger, M. R., Cain, S. L., Gunther, K. A., & Bjornlie, D. D. (2014). 

Influence of whitebark pine decline on fall habitat use and movements of grizzly bears in the Greater 

Yellowstone Ecosystem. Ecology and evolution, 4(10), 2004-2018. 

 

Coughenour, M. B., & Singer, F. J. (1996). Elk population processes in Yellowstone National Park under the policy 

of natural regulation. Ecological Applications, 573-593. 

 



5 
 

Craighead, J.J., J.S. Sumer, & G.B. Scaggs (1982). A definitive system for analysis of grizzly bear habitat and other 

wilderness resources. Monograph 1, Wildlife-Wildlands Institute, University of Montana Foundation, Missoula. 

 

Cronin, M. A., & MacNeil, M. D. (2012). Genetic relationships of extant brown bears (Ursus arctos) and polar 

bears (Ursus maritimus). Journal of Heredity, ess090. 

 

Crookston, N.L., Rehfeldt, G.E., Dixon, G.E., Weiskittel, A.R. (2010). Addressing climate change in the forest 

vegetation simulator to assess impacts on landscape forest dynamics. For. Ecol. Manage., 260, 1198–1211. 

 

Dai, A. (2013). Increasing drought under global warming in observations and models. Nature Climate Change, 

3(1), 52-58. 

 

Davison, J., Ho, S. Y., Bray, S. C., Korsten, M., Tammeleht, E., Hindrikson, M., ... & Cooper, A. (2011). Late-

Quaternary biogeographic scenarios for the brown bear (Ursus arctos), a wild mammal model 

species. Quaternary Science Reviews, 30(3), 418-430. 

 

Dawid, A. P. (1979). Conditional independence in statistical theory. Journal of the Royal Statistical Society. Series 

B (Methodological), 1-31. 

 

Delibes, M., Gaona, P., & Ferreras, P. (2001). Effects of an attractive sink leading into maladaptive habitat 

selection. The American Naturalist, 158(3), 277-285. 

 

Diaz, H. F., & Eischeid, J. K. (2007). Disappearing “alpine tundra” Köppen climatic type in the western United 

States. Geophysical Research Letters, 34(18), L18707. 

 

Doak, D. F. (1995). Source‐sink models and the problem of habitat degradation: general models and applications 

to the Yellowstone grizzly. Conservation Biology, 9(6), 1370-1379. 

 

Doak, D. F., & Cutler, K. (2014a). Re‐Evaluating Evidence for Past Population Trends and Predicted Dynamics of 

Yellowstone Grizzly Bears. Conservation Letters, 7(3), 312-322. 

 

Doak, D. F., & Cutler, K. (2014b). Van Manen et al., Doth Protest too Much: New Analyses of the Yellowstone 

Grizzly Population Confirm the Need to Reevaluate Past Population Trends. Conservation Letters, 7(3), 332-333. 

 

Dullinger, S., Gattringer, A., Thuiller, W., Moser, D., Zimmermann, N. E., Guisan, A., ... & Caccianiga, M. (2012). 

Extinction debt of high-mountain plants under twenty-first-century climate change. Nature Climate Change, 

2(8), 619-622. 

 

Eberhardt, L. L., White, P. J., Garrott, R. A., & Houston, D. B. (2007). A Seventy‐Year History of Trends in 

Yellowstone's Northern Elk Herd. The Journal of wildlife management, 71(2), 594-602. 

 



6 
 

Ebinger, M. R., Haroldson, M. A., van Manen, F. T., Costello, C. M., Bjornlie, D. D., Thompson, D. J., ... & White, P. 

J. (2016). Detecting grizzly bear use of ungulate carcasses using global positioning system telemetry and activity 

data. Oecologia, Online access, 1-14. 

 

Elmendorf, S. C., Henry, G. H., Hollister, R. D., Björk, R. G., Boulanger-Lapointe, N., Cooper, E. J., ... & Gill, M. 

(2012). Plot-scale evidence of tundra vegetation change and links to recent summer warming. Nature Climate 

Change, 2(6), 453-457. 

 

Erlenbach, J. A., Rode, K. D., Raubenheimer, D., & Robbins, C. T. (2014). Macronutrient optimization and energy 

maximization determine diets of brown bears. Journal of Mammalogy, 95(1), 160-168. 

 

Evans, S. B., Mech, L. D., White, P. J., & Sargeant, G. A. (2006). Survival of adult female elk in Yellowstone 

following wolf restoration. Journal of Wildlife Management, 70(5), 1372-1378. 

 

Farley, S. D., & Robbins, C. T. (1995). Lactation, hibernation, and mass dynamics of American black bears and 

grizzly bears. Canadian Journal of Zoology, 73(12), 2216-2222. 

 

Felicetti, L. A., Schwartz, C. C., Rye, R. O., Haroldson, M. A., Gunther, K. A., Phillips, D. L., & Robbins, C. T. (2003). 

Use of sulfur and nitrogen stable isotopes to determine the importance of whitebark pine nuts to Yellowstone 

grizzly bears. Canadian Journal of Zoology, 81(5), 763-770. 

 

Felicetti, L. A., Robbins, C. T., & Shipley, L. A. (2003). Dietary protein content alters energy expenditure and 

composition of the mass gain in grizzly bears (Ursus arctos horribilis). Physiological and Biochemical Zoology, 

76(2), 256-261. 

 

Felicetti, L. A., Schwartz, C. C., Rye, R. O., Gunther, K. A., Crock, J. G., Haroldson, M. A., ... & Robbins, C. T. (2004). 

Use of naturally occurring mercury to determine the importance of cutthroat trout to Yellowstone grizzly bears. 

Canadian Journal of Zoology, 82(3), 493-501. 

 

Fortin, J. K., Schwartz, C. C., Gunther, K. A., Teisberg, J. E., Haroldson, M. A., Evans, M. A., & Robbins, C. T. (2013). 

Dietary adjustability of grizzly bears and American black bears in Yellowstone National Park. The Journal of 

Wildlife Management, 77(2), 270-281. 

 

French, S.P., M.G. French & R.R. Knight (1994). Grizzly bear use of army cutworm moths in the Yellowstone 

Ecosystem. Ursus, 9, 389-399. 

 

Fuller, J. A., Garrott, R. A., & White, P. J. (2007). Emigration and density dependence in Yellowstone bison. The 

Journal of Wildlife Management, 71(6), 1924-1933. 

 

Fuller, J. A., Garrott, R. A., & White, P. J. (2008). Emigration and density dependence in Yellowstone bison. Pages 

237-254 in Garrott, R.A., P.J. White & F.G.R. Watson (eds.). The ecology of large mammals in central 

Yellowstone. Elsevier Press. 

 



7 
 

Gardner, C. L., Pamperin, N. J., & Benson, J. F. (2014). Movement patterns and space use of maternal grizzly 

bears influence cub survival in Interior Alaska. Ursus, 25(2), 121-138. 

 

Garrott, R. A., Eberhardt, L. L., White, P. J., & Rotella, J. (2003). Climate-induced variation in vital rates of an 

unharvested large-herbivore population. Canadian Journal of Zoology, 81(1), 33-45. 

 

Gasaway, W. C., Boertje, R. D., Grangaard, D. V., Kelleyhouse, D. G., Stephenson, R. O., & Larsen, D. G. (1992). 

The role of predation in limiting moose at low densities in Alaska and Yukon and implications for conservation. 

Wildlife monographs, 3-59. 

 

Geremia, C., White, P. J., Wallen, R. L., Watson, F. G., Treanor, J. J., Borkowski, J., ... & Crabtree, R. L. (2011). 

Predicting bison migration out of Yellowstone National Park using Bayesian models. PLoS one, 6(2), e16848. 

 

Geremia, C., White, P. J., Garrott, R. A., Wallen, R. W., Aune, K. E., Treanor, J., & Fuller, J. A. (2009). Demography 

of central Yellowstone bison: effects of climate, density, and disease. Pages 255-279 in Garrott, R.A., P.J. White 

& F.G.R. Watson (eds.). The ecology of large mammals in central Yellowstone. Elsevier Press. 

 

Gottfried, M., Pauli, H., Futschik, A., Akhalkatsi, M., Barančok, P., Alonso, J. L. B., ... & Krajči, J. (2012). Continent-

wide response of mountain vegetation to climate change. Nature Climate Change, 2(2), 111-115. 

 

Grabherr, G., Gottfried, M., & Pauli, H. (2010). Climate change impacts in alpine environments. Geography 

Compass, 4(8), 1133-1153 

 

Grace, J., Berninger, F., & Nagy, L. (2002). Impacts of climate change on the tree line. Annals of Botany, 90(4), 

537-544. 

 

Gray, L.K., Hamann, A., 2013. Tracking suitable habitat for tree populations under climate change in western 

North America. Clim. Change 117, 289–303. 

 

Gresswell, R.E. (2009). Yellowstone cutthroat trout (Oncorhynchus clarkii bouvieri): a technical conservation 

assessment. USDA Forest Service, Rocky Mountain Region. 

 

Griffin, K. A., Hebblewhite, M., Robinson, H. S., Zager, P., Barber‐Meyer, S. M., Christianson, D., ... & Johnson, B. 

K. (2011). Neonatal mortality of elk driven by climate, predator phenology and predator community 

composition. Journal of Animal Ecology, 80(6), 1246-1257. 

 

Gude, P. H., Hansen, A. J., & Jones, D. A. (2007). Biodiversity consequences of alternative future land use 

scenarios in Greater Yellowstone. Ecological Applications, 17(4), 1004-1018. 

 

Guilday, J. E. (1968). Grizzly bears from eastern North America. American Midland Naturalist, 247-250. 

 

Gunther, K. A., & Smith, D. W. (2004). Interactions between wolves and female grizzly bears with cubs in 

Yellowstone National Park. Ursus, 15(2), 232-238. 



8 
 

 

Gunther, K. A., Haroldson, M. A., Frey, K., Cain, S. L., Copeland, J., & Schwartz, C. C. (2004). Grizzly bear-human 

conflicts in the Greater Yellowstone ecosystem, 1992-2000. Ursus, 15(1), 10-22. 

 

Gunther, K. A., Shoemaker, R. R., Frey, K. L., Haroldson, M. A., Cain, S. L., van Manen, F. T., & Fortin, J. K. (2014). 

Dietary breadth of grizzly bears in the Greater Yellowstone Ecosystem. Ursus, 25(1), 60-72. 

 

Gutzler, D. S., & Robbins, T. O. (2011). Climate variability and projected change in the western United States: 

regional downscaling and drought statistics. Climate Dynamics, 37(5-6), 835-849. 

 

Hailer, F., Kutschera, V. E., Hallström, B. M., Klassert, D., Fain, S. R., Leonard, J. A., ... & Janke, A. (2012). Nuclear 

genomic sequences reveal that polar bears are an old and distinct bear lineage. Science, 336(6079), 344-347. 

 

Hale, R., & Swearer, S. E. (2016). Ecological traps: current evidence and future directions. Proc. R. Soc. B, 283, 

1824, pp. 20152647. 

 

Hansen, A. J., & Phillips, L. B. (2015). Which tree species and biome types are most vulnerable to climate change 

in the US Northern Rocky Mountains?. Forest Ecology and Management, 338, 68-83. 

 

Hansen, A., Piekielek, N., Chang, T., & Phillips, L. (2015). Changing Climate Suitability for Forests in Yellowstone & 

the Rocky Mountains. Yellowstone Science, 23(1), 36. 

 

Hansen, A., Ireland, K., Legg, K., Keane, R., Barge, E., Jenkins, M., & Pillet, M. (2016). Complex Challenges of 

Maintaining Whitebark Pine in Greater Yellowstone under Climate Change: A Call for Innovative Research, 

Management, and Policy Approaches. Forests, 7(3), 54. 

 

Harington, C. R., Cournoyer, M., Chartier, M., Fulton, T. L., & Shapiro, B. (2014). Brown bear (Ursus 

arctos)(9880±35 BP) from late-glacial Champlain Sea deposits at Saint-Nicolas, Quebec, Canada, and the 

dispersal history of brown bears. Canadian Journal of Earth Sciences, 51(5), 527-535. 

 

Haroldson, M. A., Ternent, M. A., Gunther, K. A., & Schwartz, C. C. (2002). Grizzly bear denning chronology and 

movements in the Greater Yellowstone Ecosystem. Ursus, 13, 29-37. 

 

Haroldson, M. A., Schwartz, C. C., Cherry, S., & Moody, D. S. (2004). Possible effects of elk harvest on fall 

distribution of grizzly bears in the Greater Yellowstone Ecosystem. Journal of Wildlife Management, 68(1), 129-

137. 

 

Haroldson, M. A., Gunther, K. A., Reinhart, D. P., Podruzny, S. R., Cegelski, C., Waits, L., ... & Smith, J. (2005). 

Changing numbers of spawning cutthroat trout in tributary streams of Yellowstone Lake and estimates of grizzly 

bears visiting streams from DNA. Ursus, 16(2), 167-180. 

 

Haroldson, M. A., & Gunther, K. A. (2013). Roadside bear viewing opportunities in Yellowstone National Park: 

characteristics, trends, and influence of whitebark pine. Ursus, 24(1), 27-41. 



9 
 

 

Harris, R. B., Schwartz, C. C., Haroldson, M. A., & White, G. C. (2006). Trajectory of the Yellowstone grizzly bear 

population under alternative survival rates. Wildlife Monographs, (161), 44. 

 

Harte, J., & Shaw, R. (1995). Shifting dominance within a montane vegetation community: results of a climate-

warming experiment. Science, 267(5199), 876-880. 

 

Hatala, J. A., Dietze, M. C., Crabtree, R. L., Kendall, K., Six, D., & Moorcroft, P. R. (2011). An ecosystem-scale 

model for the spread of a host-specific forest pathogen in the Greater Yellowstone Ecosystem. Ecological 

Applications, 21(4), 1138-1153. 

 

Herrero, S. (1972). Aspects of evolution and adaptation in American black bears (Ursus americanus Pallas) and 

brown and grizzly bears (U. arctos Linne.) of North America. International Conference on Bear Research & 

Management, 2 , 221-231. 

 

Higgs, M. D., Link, W. A., White, G. C., Haroldson, M. A., & Bjornlie, D. D. (2013). Insights into the latent 

multinomial model through mark-resight data on female grizzly bears with cubs-of-the-year. Journal of 

Agricultural, Biological, and Environmental Statistics, 18(4), 556-577. 

 

Hilborn, R., & Mangel, M. (1997). The ecological detective: confronting models with data (Vol. 28). Princeton 

University Press. 

 

Hilderbrand, G. V., Schwartz, C. C., Robbins, C. T., Jacoby, M. E., Hanley, T. A., Arthur, S. M., & Servheen, C. 

(1999). The importance of meat, particularly salmon, to body size, population productivity, and conservation of 

North American brown bears. Canadian Journal of Zoology, 77(1), 132-138. 

 

Hilderbrand, G. V., Jenkins, S. G., Schwartz, C. C., Hanley, T. A., & Robbins, C. T. (1999). Effect of seasonal 

differences in dietary meat intake on changes in body mass and composition in wild and captive brown bears. 

Canadian Journal of Zoology, 77(10), 1623-1630. 

 

Hilderbrand, G. V., Schwartz, C. C., Robbins, C. T., & Hanley, T. A. (2000). Effect of hibernation and reproductive 

status on body mass and condition of coastal brown bears. The Journal of wildlife management, 178-183. 

 

Hirata, D., Mano, T., Abramov, A. V., Baryshnikov, G. F., Kosintsev, P. A., Vorobiev, A. A., ... & Fukui, D. (2013). 

Molecular phylogeography of the brown bear (Ursus arctos) in northeastern Asia based on analyses of complete 

mitochondrial DNA sequences. Molecular Biology and Evolution,30(7), 1644-1652. 

 

Hirata, D., Abramov, A. V., Baryshnikov, G. F., & Masuda, R. (2014). Mitochondrial DNA haplogrouping of the 

brown bear, Ursus arctos (Carnivora: Ursidae) in Asia, based on a newly developed APLP analysis. Biological 

Journal of the Linnean Society, 111(3), 627-635. 

 

Iglesias, V., Krause, T. R., & Whitlock, C. (2015). Complex Response of White Pines to Past Environmental 

Variability Increases Understanding of Future Vulnerability. PloS one, 10(4), e0124439. 



10 
 

 

Interagency Grizzly Bear Study Team (2012). Updating and evaluating approaches to estimate population size 

and sustainable mortality limits for grizzly bears in the Greater Yellowstone Ecosystem. Interagency Grizzly Bear 

Study Team, U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, Montana. 

 

Isaak, D. J., Luce, C. H., Rieman, B. E., Nagel, D. E., Peterson, E. E., Horan, D. L., ... & Chandler, G. L. (2010). Effects 

of climate change and wildfire on stream temperatures and salmonid thermal habitat in a mountain river 

network. Ecological Applications, 20(5), 1350-1371. 

 

Isaak, D. J., Muhlfeld, C. C., Todd, A. S., Al-Chokhachy, R., Roberts, J., Kershner, J. L., ... & Hostetler, S. W. (2012). 

The past as prelude to the future for understanding 21st-century climate effects on Rocky Mountain trout. 

Fisheries, 37(12), 542-556. 

 

Isaak, D. J., Young, M. K., Nagel, D. E., Horan, D. L., & Groce, M. C. (2015). The cold‐water climate shield: 

delineating refugia for preserving salmonid fishes through the 21st century. Global change biology, 21(7), 2540-

2553. 

 

Jacoby, M. E., Hilderbrand, G. V., Servheen, C., Schwartz, C. C., Arthur, S. M., Hanley, T. A., ... & Michener, R. 

(1999). Trophic relations of brown and black bears in several western North American ecosystems. The Journal 

of wildlife management, 921-929. 

 

Jennelle, C. S., Samuel, M. D., Nolden, C. A., & Berkley, E. A. (2009). Deer carcass decomposition and potential 

scavenger exposure to chronic wasting disease. The Journal of Wildlife Management, 73(5), 655-662. 

 

Jewett, J. T., Lawrence, R. L., Marshall, L. A., Gessler, P. E., Powell, S. L., & Savage, S. L. (2011). Spatiotemporal 

relationships between climate and whitebark pine mortality in the Greater Yellowstone Ecosystem. Forest 

Science, 57(4), 320-335. 

 

Johnson, C. J., Boyce, M. S., Schwartz, C. C., & Haroldson, M. A. (2004). Modeling survival: application of the 

Andersen-Gill model to Yellowstone grizzly bears. Journal of Wildlife Management, 68(4), 966-978. 

 

Kaeding, L. R. (2010). Relative contributions of climate variation, lake trout predation, and other factors to the 

decline of Yellowstone Lake cutthroat trout during the three recent decades. Dissertation, Montana State 

University, Bozeman. 

 

Kaeding, L. R. (2012). Are Yellowstone Lake temperatures more suitable to nonnative Lake Trout than to native 

Cutthroat Trout?. North American Journal of Fisheries Management, 32(5), 848-852. 

 

Keating, K. A., Schwartz, C. C., Haroldson, M. A., & Moody, D. (2002). Estimating numbers of females with cubs-

of-the-year in the Yellowstone grizzly bear population. Ursus, 13, 161-174. 

 



11 
 

Keis, M., Remm, J., Ho, S. Y., Davison, J., Tammeleht, E., Tumanov, I. L., ... & Margus, T. (2013). Complete 

mitochondrial genomes and a novel spatial genetic method reveal cryptic phylogeographical structure and 

migration patterns among brown bears in north‐western Eurasia. Journal of Biogeography, 40(5), 915-927. 

 

Kevan, P. G., & Kendall, D. M. (1997). Liquid assets for fat bankers: summer nectarivory by migratory moths in 

the Rocky Mountains, Colorado, USA. Arctic and Alpine Research, 478-482. 

 

Klos, P. Z., Link, T. E., & Abatzoglou, J. T. (2014). Extent of the rain‐snow transition zone in the western US under 

historic and projected climate. Geophysical Research Letters, 41(13), 4560-4568. 

 

Koel, T. M., Bigelow, P. E., Doepke, P. D., Ertel, B. D., & Mahony, D. L. (2005). Nonnative lake trout result in 

Yellowstone cutthroat trout decline and impacts to bears and anglers. Fisheries, 30(11), 10-19. 

 

Koel, T. M., Bigelow, P. E., Doepke, P. D., Ertel, B. D., & Mahony, D. L. (2006). Conserving Yellowstone cutthroat 

trout for the future of the GYE. Yellowstone Science, 14(2), 20-28. 

 

Koel, T.M.,  J.LL. Arnold, P.E. Bigelow, C.R. Detjens, P.D. Doepke, B. D. Ertel, & M.E. Ruhl (2015). Native fish 

conservation program, Yellowstone Fisheries & Aquatic Sciences 2012-2014, Yellowstone National Park. National 

Park Service, Yellowstone Center for Resources, Yellowstone National Park, Wyoming, USA, YCR-2015-01. 

 

Krause, J., Unger, T., Noçon, A., Malaspinas, A. S., Kolokotronis, S. O., Stiller, M., ... & Bray, S. C. (2008). 

Mitochondrial genomes reveal an explosive radiation of extinct and extant bears near the Miocene-Pliocene 

boundary. BMC Evolutionary Biology, 8(1), 220. 

 

Krebs, C. J. (1995). Two paradigms of population regulation. Wildlife Research, 22(1), 1-10. 

 

Krebs, C. J. (2002). Two complementary paradigms for analysing population dynamics. Philosophical 

Transactions of the Royal Society of London B: Biological Sciences, 357(1425), 1211-1219. 

 

Körner, C. (2013). Alpine Plant Life: Functional Plant Ecology of High Mountain Ecosystems 

Springer. 

 

Kutschera, V. E., Bidon, T., Hailer, F., Rodi, J. L., Fain, S. R., & Janke, A. (2014). Bears in a forest of gene trees: 

phylogenetic inference is complicated by incomplete lineage sorting and gene flow. Molecular biology and 

evolution, 31(8), 2004-2017. 

 

Leonard, J. A., Wayne, R. K., & Cooper, A. (2000). Population genetics of Ice Age brown bears. Proceedings of the 

National Academy of Sciences,97(4), 1651-1654. 

 

Lindqvist, C., Schuster, S. C., Sun, Y., Talbot, S. L., Qi, J., Ratan, A., ... & Miller, W. (2011). Complete mitochondrial 

genome of a Pleistocene jawbone unveils the origin of polar bear. Proceedings of the National Academy of 

Sciences, 107(11), 5053-5057. 

 



12 
 

Liu, S., Lorenzen, E. D., Fumagalli, M., Li, B., Harris, K., Xiong, Z., ... & Wray, G. (2014). Population genomics reveal 

recent speciation and rapid evolutionary adaptation in polar bears. Cell, 157(4), 785-794. 

 

Logan, J. A., Macfarlane, W. W., & Willcox, L. (2010). Whitebark pine vulnerability to climate-driven mountain 

pine beetle disturbance in the Greater Yellowstone Ecosystem. Ecological Applications, 20(4), 895-902. 

 

López-Alfaro, C., Coogan, S. C., Robbins, C. T., Fortin, J. K., & Nielsen, S. E. (2015). Assessing Nutritional 

Parameters of Brown Bear Diets among Ecosystems Gives Insight into Differences among Populations. PloS one, 

10(6), e0128088. 

 

Loreille, O., Orlando, L., Patou-Mathis, M., Philippe, M., Taberlet, P., & Hänni, C. (2001). Ancient DNA analysis 

reveals divergence of the cave bear, Ursus spelaeus, and brown bear, Ursus arctos, lineages. Current 

Biology,11(3), 200-203. 

 

Loring, S., & Spiess, A. (2007). Further documentation supporting the former existence of grizzly bears (Ursus 

arctos) in northern Quebec-Labrador. Arctic, 7-16. 

 

Losee, J. (2004). Theories of scientific progress: An introduction. Psychology Press. 

 

Lubow, B. C., & Smith, B. L. (2004). Population dynamics of the Jackson elk herd. Journal of Wildlife 

management, 68(4), 810-829. 

 

Luo, L., Tang, Y., Zhong, S., Bian, X., & Heilman, W. E. (2013). Will future climate favor more erratic wildfires in 

the western United States?. Journal of Applied Meteorology and Climatology, 52(11), 2410-2417. 

 

Lütz, C. (ed.) (2011). Plants in Alpine Regions: Cell Physiology of Adaption and Survival Strategies. Springer. 

 

Macfarlane, W. W., Logan, J. A., & Kern, W. R. (2013). An innovative aerial assessment of Greater Yellowstone 

Ecosystem mountain pine beetle-caused whitebark pine mortality. Ecological Applications, 23(2), 421-437. 

 

Mahalovich, M. F. (2013). Grizzly bears and whitebark pine in the Greater Yellowstone Ecosystem. Future status 

of whitebark pine: blister rust resistance, mountain pine beetle, and climate change. Report 2470 RRM-NR-WP-

13-01. US Department of Agriculture Forest Service, Northern Region, Missoula, MT. 

 

Marcus, W. A., J.E. Meacham, & A.W. Rodman (2012). Atlas of Yellowstone. Berkeley andLos Angeles: University 

of California Press. 

 

Matheus, P., Burns, J., Weinstock, J., & Hofreiter, M. (2004). Pleistocene brown bears in the mid-continent of 

North America. Science, 306(5699), 1150-1150. 

 

Matsuhashi, T., Masuda, R., Mano, T., Murata, K., & Aiurzaniin, A. (2001). Phylogenetic relationships among 

worldwide populations of the brown bear Ursus arctos. Zoological Science, 18(8), 1137-1143. 

 



13 
 

Mattson, D. J., Knight, R. R., & Blanchard, B. M. (1987). The effects of developments and primary roads on grizzly 

bear habitat use in Yellowstone National Park, Wyoming. International Conference on Bear Research & 

Management, 7,259-273. 

 

Mattson, D. J., Blanchard, B. M., & Knight, R. R. (1991a). Food habits of Yellowstone grizzly bears, 1977-1987. 

Canadian Journal of Zoology, 69(6), 1619-1629. 

 

Mattson, D. J., Gillin, C. M., Benson, S. A., & Knight, R. R. (1991b). Bear feeding activity at alpine insect 

aggregation sites in the Yellowstone ecosystem. Canadian Journal of Zoology, 69(9), 2430-2435. 

 

Mattson, D. J., Blanchard, B. M., & Knight, R. R. (1992). Yellowstone grizzly bear mortality, human habituation, 

and whitebark pine seed crops. The Journal of wildlife management, 432-442. 

 

Mattson, D.J. (1993). Background and proposed standards for managing grizzly bear habitat security in the 

Yellowstone ecosystem. Cooperative  Park Studies Unit Report. University of Idaho, Moscow. 

 

Mattson, D. J. (1995). New World Mine and Grizzly Bears: A Window on Ecosystem Management, The. J. Energy 

Nat. Resources & Envtl. L., 15, 267. 

 

Mattson, D. J., & Reinhart, D. P. (1995). Influences of cutthroat trout (Oncorhynchus clarki) on behaviour and 

reproduction of Yellowstone grizzly bears (Ursus arctos), 1975-1989. Canadian Journal of Zoology, 73(11), 2072-

2079. 

 

Mattson, D. J., Herrero, S., Wright, R. G., & Pease, C. M. (1996a). Science and management of Rocky Mountain 

grizzly bears. Conservation Biology, 10(4), 1013-1025. 

 

Mattson, D. J., Herrero, S., Wright, R. G., & Pease, C. M. (1996b). Designing and managing protected areas for 

grizzly bears: how much is enough. National parks and protected areas: their role in environmental protection. 

Cambridge, MA: Blackwell Science, 133-164. 

 

Mattson, D. J. (1997a). Sustainable grizzly bear mortality calculated from counts of females with cubs-of-the-

year: an evaluation. Biological Conservation, 81(1), 103-111. 

 

Mattson, D. J. (1997). Use of ungulates by Yellowstone grizzly bears Ursus arctos. Biological Conservation, 81(1), 

161-177. 

 

Mattson, D. J., & Reinhart, D. P. (1997). Excavation of red squirrel middens by grizzly bears in the whitebark pine 

zone. Journal of Applied Ecology, 926-940. 

 

Mattson, D. J. (1998). Changes in mortality of Yellowstone's grizzly bears. Ursus, 10, 129-138. 

 

Mattson, D. J. (2000). Causes and consequences of dietary differences among Yellowstone grizzly bears (Ursus 

arctos). Dissertation, University of Idaho, Moscow. 



14 
 

 

Mattson, D. J., & Merrill, T. (2002). Extirpations of grizzly bears in the contiguous United States, 1850–2000. 

Conservation Biology, 16(4), 1123-1136. 

 

Mattson, D.J., Barber, K., Maw, R., & Renkin, R. (2004). Coefficients of productivity for Yellowstone's grizzly bear 

habitat. US Department of the Interior, US Geological Survey. 

 

Maxwell, N. (1998). The Comprehensibility of the Universe: A New Conception of Science. Oxford University 

Press. 

 

McLellan, B. N., & Shackleton, D. M. (1988). Grizzly bears and resource-extraction industries: effects of roads on 

behaviour, habitat use and demography. Journal of Applied Ecology, 25, 451-460. 

 

McLellan, B. N. (2011). Implications of a high-energy and low-protein diet on the body composition, fitness, and 

competitive abilities of black (Ursus americanus) and grizzly (Ursus arctos) bears. Canadian Journal of Zoology, 

89(6), 546-558. 

 

McLellan, B. N. (2015). Some mechanisms underlying variation in vital rates of grizzly bears on a multiple use 

landscape. The Journal of Wildlife Management, 79(5), 749-765. 

 

Merrill, T., Mattson, D. J., Wright, R. G., & Quigley, H. B. (1999). Defining landscapes suitable for restoration of 

grizzly bears Ursus arctos in Idaho. Biological Conservation, 87(2), 231-248. 

 

Merrill, T., & Mattson, D. (2003). The extent and location of habitat biophysically suitable for grizzly bears in the 

Yellowstone region. Ursus, 14, 171-187. 

 

Merton, R. K. (1973). The sociology of science: Theoretical and empirical investigations. University of Chicago 

press. 

 

Middleton, A. D., Morrison, T. A., Fortin, J. K., Robbins, C. T., Proffitt, K. M., White, P. J., ... & Kauffman, M. J. 

(2013). Grizzly bear predation links the loss of native trout to the demography of migratory elk in Yellowstone. 

Proceedings of the Royal Society of London B: Biological Sciences, 280(1762), 20130870. 

 

Middleton, A. D., Kauffman, M. J., McWhirter, D. E., Cook, J. G., Cook, R. C., Nelson, A. A., ... & Klaver, R. W. 

(2013). Animal migration amid shifting patterns of phenology and predation: lessons from a Yellowstone elk 

herd. Ecology, 94(6), 1245-1256. 

 

Miller, C.R., Waits, L.P., & Joyce, P. (2006). Phylogeography and mitochondrial diversity of extirpated brown bear 

(Ursus arctos) populations in the contiguous United States and Mexico. Molecular ecology, 15(14), 4477-4485. 

 

Miller, B. W., Frid, L., Chang, T., Piekielek, N., Hansen, A. J., & Morisette, J. T. (2015). Combining state-and-

transition simulations and species distribution models to anticipate the effects of climate change. AIMS Environ 

Sci, 2, 400-426. 



15 
 

 

Morgan, J. A., Milchunas, D. G., LeCain, D. R., West, M., & Mosier, A. R. (2007). Carbon dioxide enrichment alters 

plant community structure and accelerates shrub growth in the shortgrass steppe. Proceedings of the National 

Academy of Sciences, 104(37), 14724-14729. 

 

Mowat, G., Heard, D. C., & Schwarz, C. J. (2013). Predicting grizzly bear density in western North America. PloS 

one, 8(12), e82757. 

 

Nakagome, S., Mano, S., & Hasegawa, M. (2013). Ancestral polymorphisms and sex-biased migration shaped the 

demographic history of brown bears and polar bears. PloS one, 8(11), e78813. 

 

Nielsen, S. E., Stenhouse, G. B., & Boyce, M. S. (2006). A habitat-based framework for grizzly bear conservation 

in Alberta. Biological Conservation, 130(2), 217-229. 

 

Nielsen, S. E., Cranston, J., & Stenhouse, G. B. (2009). Identification of priority areas for grizzly bear conservation 

and recovery in Alberta, Canada. Journal of Conservation Planning, 5, 38-60. 

 

Northrup, J. M., Stenhouse, G. B., & Boyce, M. S. (2012). Agricultural lands as ecological traps for grizzly bears. 

Animal Conservation, 15(4), 369-377. 

 

Nyakatura, K., & Bininda-Emonds, O. R. (2012). Updating the evolutionary history of Carnivora (Mammalia): a 

new species-level supertree complete with divergence time estimates. BMC biology, 10(1), 1. 

 

O’Brien, S.L., & F.G. Lindzey (1994). Grizzly bear use of moth aggregation sites and summer ecology of the army 

cutworm moth in the Absaroka Mountains, Wyoming : final report. Laramie, Wyo.: Wyoming Cooperative Fish 

and Wildlife Research Unit, University of Wyoming 

 

O'Brien, S.L., & F.G. Lindzey (1998). Aerial sightability and classification of grizzly bears at moth aggregation sites 

in theAbsaroka Mountains, Wyoming. Ursus, 10, 427-435. 

 

Pages, M., Calvignac, S., Klein, C., Paris, M., Hughes, S., & Hänni, C. (2008). Combined analysis of fourteen 

nuclear genes refines the Ursidae phylogeny. Molecular phylogenetics and evolution, 47(1), 73-83. 

 

Parker, K. L., Barboza, P. S., & Gillingham, M. P. (2009). Nutrition integrates environmental responses of 

ungulates. Functional ecology, 23(1), 57-69. 

 

Parks, S. A., Miller, C., Abatzoglou, J. T., Holsinger, L. M., Parisien, M. A., & Dobrowski, S. Z. (2016). How will 

climate change affect wildland fire severity in the western US?. Environmental Research Letters, 11(3), 035002. 

 

Pauli, H., Gottfried, M., & Grabherr, G. (1996). Effects of climate change on mountain ecosystems–upward 

shifting of alpine plants. World resource review, 8(3), 382-390. 

 



16 
 

Pauli, H., Gottfried, M., & Grabherr, G. (2003). Effects of climate change on the alpine and nival vegetation of the 

Alps. Journal of mountain ecology, 7(Suppl), 9-12. 

 

Pearson, R. G. (2006). Climate change and the migration capacity of species. Trends in Ecology & Evolution, 

21(3), 111-113. 

 

Pease, C. M., & Mattson, D. J. (1999). Demography of the Yellowstone grizzly bears. Ecology, 80(3), 957-975. 

 

Pederson, G. T., Graumlich, L. J., Fagre, D. B., Kipfer, T., & Muhlfeld, C. C. (2010). A century of climate and 

ecosystem change in Western Montana: what do temperature trends portend?. Climatic change, 98(1-2), 133-

154. 

 

Pickering, A. (1992). Science as practice and culture. University of Chicago Press. 

 

Pilkey, O. H., & Pilkey-Jarvis, L. (2007). Useless arithmetic: why environmental scientists can't predict the future. 

Columbia University Press. 

 

Polley, H. W., Mayeux, H. S., Johnson, H. B., & Tischler, C. R. (1997). Viewpoint: atmospheric CO2, soil water, and 

shrub/grass ratios on rangelands. Journal of Range Management, 50, 278-284. 

 

Popper, K. R. (1959). The logic of scientific discovery. London: Hutchinson. 

 

Proffitt, K. M., Grigg, J. L., Hamlin, K. L., & Garrott, R. A. (2009). Contrasting effects of wolves and human hunters 

on elk behavioral responses to predation risk. The Journal of Wildlife Management, 73(3), 345-356. 

 

Proffitt, K. M., Cunningham, J. A., Hamlin, K. L., & Garrott, R. A. (2014). Bottom‐up and top‐down influences on 

pregnancy rates and recruitment of northern Yellowstone elk. The Journal of Wildlife Management, 78(8), 1383-

1393. 

 

Raithel, J. D., Kauffman, M. J., & Pletscher, D. H. (2007). Impact of spatial and temporal variation in calf survival 

on the growth of elk populations. The Journal of wildlife management, 71(3), 795-803. 

 

Rausch, R. L. (1963). Geographic variation in size in North American brown bears, Ursus arctos L., as indicated by 

condylobasal length. Canadian Journal of Zoology, 41(1), 33-45. 

 

Rehfeldt, G. E., Crookston, N. L., Warwell, M. V., & Evans, J. S. (2006). Empirical analyses of plant‐climate 

relationships for the western United States. International Journal of Plant Sciences, 167(6), 1123-1150. 

 

Rehfeldt, G. E., Crookston, N. L., Sáenz-Romero, C., & Campbell, E. M. (2012). North American vegetation model 

for land-use planning in a changing climate: a solution to large classification problems. Ecological Applications, 

22(1), 119-141. 

 



17 
 

Reinhart, D. P., & Mattson, D. J. (1990). Bear use of cutthroat trout spawning streams in Yellowstone 

International Conference on Bear Research & Management, 8, 343-350. 

 

Rice, J., Tredennick, A., & Joyce, L. A. (2012). Climate change on the Shoshone National Forest, Wyoming: a 

synthesis of past climate, climate projections, and ecosystem implications. US Forest Service, General Technical 

Report RMRS-GTR-264. 

 

Robbins, C. T., Fortin, J. K., Rode, K. D., Farley, S. D., Shipley, L. A., & Felicetti, L. A. (2007). Optimizing protein 

intake as a foraging strategy to maximize mass gain in an omnivore. Oikos, 116(10), 1675-1682. 

 

Robbins, C. T., Lopez-Alfaro, C., Rode, K. D., Tøien, Ø., & Nelson, O. L. (2012). Hibernation and seasonal fasting in 

bears: the energetic costs and consequences for polar bears. Journal of Mammalogy, 93(6), 1493-1503. 

 

Rode, K. D., & Robbins, C. T. (2000). Why bears consume mixed diets during fruit abundance. Canadian Journal 

of Zoology, 78(9), 1640-1645. 

 

Rode, K. D., Robbins, C. T., & Shipley, L. A. (2001). Constraints on herbivory by grizzly bears. Oecologia, 128(1), 

62-71. 

 

Romme, W.H., & M.G. Turner (1991). Implications of global climate change for biogeographic patterns in 

the Greater Yellowstone Ecosystem. Conservation Biology, 5(3), 373-386. 

 

Rosenbaum, P. R. (1984). From association to causation in observational studies: The role of tests of strongly 

ignorable treatment assignment. Journal of the American Statistical Association, 79(385), 41-48. 

 

Ruzycki, J. R., Beauchamp, D. A., & Yule, D. L. (2003). Effects of introduced lake trout on native cutthroat trout in 

Yellowstone Lake. Ecological Applications, 13(1), 23-37. 

 

Saarma, U., Ho, S. Y., Pybus, O. G., Kaljuste, M., Tumanov, I.L., Kojola, I., ... & Lyapunova, E. A. (2007). 

Mitogenetic structure of brown bears (Ursus arctos L.) in northeastern Europe and a new time frame for the 

formation of European brown bear lineages. Molecular Ecology, 16(2), 401-413. 

 

Salomashkina, V.V., Kholodova, M.V., Tuten’kov, O.Y., Moskvitina, N.S., & Erokhin, N.G. (2014). New data on the 

phylogeography and genetic diversity of the brown bear Ursus arctos Linnaeus, 1758 of Northeastern Eurasia 

(mtDNA control region polymorphism analysis). Biology Bulletin,41(1), 38-46. 

 

Schlaepfer, M. A., Runge, M. C., & Sherman, P. W. (2002). Ecological and evolutionary traps. Trends in Ecology & 

Evolution, 17(10), 474-480. 

 

Schrag, A. M., Bunn, A. G., & Graumlich, L. J. (2008). Influence of bioclimatic variables on tree‐line conifer 

distribution in the Greater Yellowstone Ecosystem: Implications for species of conservation concern. Journal of 

Biogeography, 35(4), 698-710. 

 



18 
 

Schwartz, C. C., Haroldson, M. A., Gunther, K. A., & Moody, D. (2006). Distribution of grizzly bears in the Greater 

Yellowstone Ecosystem in 2004. Ursus, 17(1), 63-66. 

 

Schwartz, C. C., Haroldson, M. A., White, G. C., Harris, R. B., Cherry, S., Keating, K. A., ... & Servheen, C. (2006). 

Temporal, spatial, and environmental influences on the demographics of grizzly bears in the Greater 

Yellowstone Ecosystem. Wildlife Monographs, 161(1). 

 

Schwartz, C. C., Haroldson, M. A., & White, G. C. (2010). Hazards affecting grizzly bear survival in the Greater 

Yellowstone Ecosystem. The Journal of Wildlife Management, 74(4), 654-667. 

 

Schwartz, C. C., Gude, P. H., Landenburger, L., Haroldson, M. A., & Podruzny, S. (2012). Impacts of rural 

development on Yellowstone wildlife: linking grizzly bear Ursus arctos demographics with projected residential 

growth. Wildlife Biology, 18(3), 246-257. 

 

Schwartz, C. C., Fortin, J. K., Teisberg, J. E., Haroldson, M. A., Servheen, C., Robbins, C. T., & Van Manen, F. T. 

(2014). Body and diet composition of sympatric black and grizzly bears in the Greater Yellowstone Ecosystem. 

The Journal of Wildlife Management, 78(1), 68-78. 

 

Shields, G. F., Adams, D., Garner, G., Labelle, M., Pietsch, J., Ramsay, M., ... & Williamson, S. (2000). 

Phylogeography of mitochondrial DNA variation in brown bears and polar bears. Molecular phylogenetics and 

evolution,15(2), 319-326. 

 

Simard, M., Powell, E. N., Raffa, K. F., & Turner, M. G. (2012). What explains landscape patterns of tree mortality 

caused by bark beetle outbreaks in Greater Yellowstone?. Global Ecology and Biogeography, 21(5), 556-567. 

 

Sommer, R. S., & Benecke, N. (2005). The recolonization of Europe by brown bears Ursus arctos Linnaeus, 1758 

after the Last Glacial Maximum.Mammal Review, 35(2), 156-164. 

 

Stavros, E. N., Abatzoglou, J. T., McKenzie, D., & Larkin, N. K. (2014). Regional projections of the likelihood of 

very large wildland fires under a changing climate in the contiguous Western United States. Climatic Change, 

126(3-4), 455-468. 

 

Stokes, C. R., Tarasov, L., & Dyke, A. S. (2012). Dynamics of the North American Ice Sheet Complex during its 

inception and build-up to the Last Glacial Maximum. Quaternary Science Reviews, 50, 86-104. 

 

Strzepek, K., Yohe, G., Neumann, J., & Boehlert, B. (2010). Characterizing changes in drought risk for the United 

States from climate change. Environmental Research Letters, 5(4), 044012. 

 

Swenson, J. E., Sandegren, F., Brunberg, S., Segerström, P., & Segerstrøm, P. (2001a). Factors associated with 

loss of brown bear cubs in Sweden. Ursus, 12, 69-80. 

 

Swenson, J. E., Dahle, B., & Sandegren, F. (2001b). Intraspecific predation in Scandinavian brown bears older 

than cubs-of-the-year. Ursus, 12, 81-91. 



19 
 

 

Syslo, J. M., Guy, C. S., Bigelow, P. E., Doepke, P. D., Ertel, B. D., & Koel, T. M. (2011). Response of non-native lake 

trout (Salvelinus namaycush) to 15 years of harvest in Yellowstone Lake, Yellowstone National Park. Canadian 

Journal of Fisheries and Aquatic Sciences, 68(12), 2132-2145. 

 

Taberlet, P., & Bouvet, J. (1994). Mitochondrial DNA polymorphism, phylogeography, and conservation genetics 

of the brown bear Ursus arctos in Europe. Proceedings of the Royal Society of London B: Biological 

Sciences, 255(1344), 195-200. 

 

Teisberg, J. E., Haroldson, M. A., Schwartz, C. C., Gunther, K. A., Fortin, J. K., & Robbins, C. T. (2014). Contrasting 

past and current numbers of bears visiting Yellowstone cutthroat trout streams. The Journal of Wildlife 

Management, 78(2), 369-378. 

 

Tercek, M., Rodman, A., & Thoma, D. (2015). Trends in Yellowstone’s Snowpack. Yellowstone Science, 23(1), 20 

 

Testa, J. W. (2004). Interaction of top-down and bottom-up life history trade-offs in moose (Alces alces). 

Ecology, 85(5), 1453-1459. 

 

Tranquillini, W. (1964). The physiology of plants at high altitudes. Annual Review of Plant Physiology, 15, 345-

362. 

 

US Forest Service (2006). Forest plan amendment for grizzly bear habitat conservation for the Greater 

Yellowsstone area National Forests: Final Environmental Impact Statement. US Department of Agriculture, 

Forest Service.  

 

Valdiosera, C. E., García, N., Anderung, C., Dalén, L., Cregut‐Bonnoure, E., Kahlke, R. D., ... & Götherström, A. 

(2007). Staying out in the cold: glacial refugia and mitochondrial DNA phylogeography in ancient European 

brown bears. Molecular Ecology,16(24), 5140-5148. 

 

van Manen, F. T., Ebinger, M. R., Haroldson, M. A., Harris, R. B., Higgs, M. D., Cherry, S., ... & Schwartz, C. C. 

(2014). Re‐Evaluation of Yellowstone Grizzly Bear Population Dynamics not Supported by Empirical Data: 

Response to Doak & Cutler. Conservation Letters, 7(3), 323-331. 

 

van Manen, F. T., Haroldson, M. A., Bjornlie, D. D., Ebinger, M. R., Thompson, D. J., Costello, C. M., & White, G. C. 

(2015). Density dependence, whitebark pine, and vital rates of grizzly bears. The Journal of Wildlife 

Management, 80, 300-313. 

 

Vucetich, J. A., Smith, D. W., & Stahler, D. R. (2005). Influence of harvest, climate and wolf predation on 

yellowstone elk, 1961‐2004. Oikos, 111(2), 259-270. 

 

Waits, L., Paetkau, D., Strobeck, C., & Ward, R. H. (1998). A comparison of genetic diversity in North American 

brown bears. Ursus, 307-314. 

 



20 
 

Waits, L. P., Sullivan, J., O'Brien, S. J., & Ward, R. H. (1999). Rapid radiation events in the family Ursidae indicated 

by likelihood phylogenetic estimation from multiple fragments of mtDNA. Molecular phylogenetics and 

evolution, 13(1), 82-92. 

 

Walther, G. R., Beißner, S., & Burga, C. A. (2005). Trends in the upward shift of alpine plants. Journal of 

Vegetation Science, 16(5), 541-548. 

 

Warwell, M. V., Rehfeldt, G. E., & Crookston, N. L. (2006). Modeling contemporary climate profiles of whitebark 

pine (Pinus albicaulis) and predicting responses to global warming. Proceedings of the Conference Whitebark 

Pine: A Pacific Coast Perspective,  US Forest Service R6-NR-FHP-2007-01, 139-142. 

 

Weed, A. S., Ayres, M. P., & Hicke, J. A. (2013). Consequences of climate change for biotic disturbances in North 

American forests. Ecological Monographs, 83(4), 441-470. 

 

Welch, C. A., Keay, J., Kendall, K. C., & Robbins, C. T. (1997). Constraints on frugivory by bears. Ecology, 78(4), 

1105-1119. 

 

Wenger, S. J., Isaak, D. J., Luce, C. H., Neville, H. M., Fausch, K. D., Dunham, J. B., ... & Hamlet, A. F. (2011). Flow 

regime, temperature, and biotic interactions drive differential declines of trout species under climate change. 

Proceedings of the National Academy of Sciences, 108(34), 14175-14180. 

 

Westerling, A. L., M. G. Turner, E. A. Smithwick, W. H. Romme, & M. G. Ryan. 2011. Continued warming could 

transform greater Yellowstone fire regimes by mid-21st century. Proceedings of the National Academy of 

Sciences, 108(32), 13165-13170. 

 

Williams, J. E., Haak, A. L., Neville, H. M., & Colyer, W. T. (2009). Potential consequences of climate change to 

persistence of cutthroat trout populations. North American journal of fisheries management, 29(3), 533-548. 

 

White, D., Jr., K.c. Kendall, H.D. Picton (1998a) Grizzly bear feeding activity at alpine army cutworm moth 

aggregation sites in northwest Montana. Can J Zool 76: 221-227. 

 

White, Jr, D., Kendall, K. C., & Picton, H. D. (1998b). Seasonal occurrence, body composition, and migration 

potential of army cutworm moths in northwest Montana. Canadian journal of zoology, 76(5), 835-842. 

 

White, P. J., Wallen, R. L., Geremia, C., Treanor, J. J., & Blanton, D. W. (2011). Management of Yellowstone bison 

and brucellosis transmission risk–Implications for conservation and restoration. Biological Conservation, 144(5), 

1322-1334. 

 

Wright, G. J., Peterson, R. O., Smith, D. W., & Lemke, T. O. (2006). Selection of northern Yellowstone elk by gray 

wolves and hunters. Journal of Wildlife Management, 70(4), 1070-1078. 

 

Wyoming Game & Fish Department (2015). Draft Wyoming Game and Fish Department chronic wasting disease 

management plan. Wyoming Game & Fish Department, Cheyenne. 



21 
 

 

Wyoming Game & Fish Department (2016). Wyoming Game and Fish Department 2015 Chronic Wasting Disease 

Surveillance. Wyoming Game & Fish Department, Wildlife Health Laboratory, Cheyenne. 

 

Yu, L., Li, Q. W., Ryder, O. A., & Zhang, Y. P. (2004). Phylogeny of the bears (Ursidae) based on nuclear and 

mitochondrial genes. Molecular phylogenetics and evolution, 32(2), 480-494. 

 

Zager, P., & Beecham, J. (2006). The role of American black bears and brown bears as predators on ungulates in 

North America. Ursus, 17(2), 95-108. 

  



22 
 

Attachment 2. Primer on Nutritional Ecology of Bears 
to accompany  

David J. Mattson, Ph.D., Wyoming Wildlife Advocates, Comments on the US Fish & Wildlife Service proposal 
to remove grizzly bears in the Yellowstone ecosystem from the list of endangered and threatened wildlife 
protected under the US Endangered Species Act (ESA); Federal Register 81(48): 13174-13227; And Related 
Materials 

 
 

Digestion 
 
Bears are omnivores, which simply means that they eat a 
varied diet potentially comprised of either almost wholly 
meat or almost wholly vegetation. Yet they have the 
simple monogastric digestive tract of a carnivore lacking 
specialized chambers able to sustain anaerobic 
fermentation by symbiotic microbes. More to the point, 
they lack a rumen and a cecum, although there is 
evidence of some microbial fermentation in the bears' 
simple large intestine. As a result, they obtain little 
nutritional benefit from the fiber that they ingest. This 
fiber can comprise 10-30% of the foliage they graze or 
browse, which means, in turn, that their most digestible 
foods consist of those rich in either digestible protein or 
fat or containing high concentrations of simpler 
carbohydrates such as fructose, sucrose, or starch. 
 

Comparative digestion in bears & herbivores 
 

Figure 1 illustrates the general digestive plight—or 
strategy—of bears in contrast to fore- and hindgut 
fermenters (i.e, ruminants and non-ruminants), as well as 
in comparison to other carnivores. This graph illustrates 
the relative digestibility of several broad categories of 
foods by bears and other taxa (with percent digestibility 
shown as medians and interquartile ranges). For the 
purposes here, bears are parsed out in different ways, 
with giant pandas and grizzly bears differentiated for 
illustrating digestion of foliage and roots, and all bears 
lumped together as "ursids" for illustrating digestion of 
meat. These data come from multiple sources. 
 
The basic patterns are pretty obvious. Bears are as well 
able as any other carnivore to digest most of the meat 
they eat--around 90% plus. By contrast, grizzly bears 
digest roughly 20% less of the foliage they consume 
compared to ruminants and 10% less when compared to 
non-ruminant herbivores. Starchy roots are digested by 
grizzly bears with about the same efficiency as foliage is 
digested by ruminants—which makes roots a 
comparatively beneficial vegetal food for bears, at least 
when reckoned simply in terms of digestibility. 

 
Figure 1. Percent dry matter digestibility of different 
types of foods by mammals of different higher-order 
taxa. 
 
But the other key element of a digestive strategy is not 
just how well an animal can digest a given gram of 
ingested food, but also how many grams are being 
ingested in total. In other words, an animal can 
compensate to some extent for low digestibility by 
increasing the throughput of ingested food, which seems 
to be the strategy adopted by bears, especially giant 
pandas. 
  
Figure 2 illustrates this pattern. Again, broad categories 
of animals are differentiated with non-ruminant 
herbivores separated by whether most fermentation of 
fiber occurs is the cecum versus the colon. Bears (i.e., 
ursids) are differentiated by whether they are ingesting 
foliage and fruit versus wholly meat. The top graph 
shows the rate at which these different types of animals 
ingest food, standardized to metabolism-corrected body 
mass, whereas the bottom graph shows the mean time 
that digesta is retained in the digestive tract (i.e., gut; the 
inverse of the rapidity of transit). 
 
All of this suggests that, when possible, bears ingest 
vegetal material at a higher rate and retain it for a far 
shorter period of time compared to specialized 
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herbivores, especially in contrast to foregut fermenters 
(i.e., ruminants). This would partly compensate for the 
lower efficiency with which bears digest most vegetal 
food. By contrast, bears ingest meat at a slow rate and 
retain it for roughly twice as long as they do their vegetal 
food. For the high digestibility of meat to be realized, 
bears probably need to retain it longer in the digestive 
tract, but still not as long as herbivores dependent on 
fermentation retain foliage or browse. Meat also 
probably passes through the gut more slowly simply 
because there is less accompanying fiber to hasten it 
along compared to when bears eat vegetation. 
  
 

 
Figure 2. Ingestion rates and transit times for digesta by 
mammals with different digestive adaptations and by 
ursids eating meat versus vegetal foods. 
 
The implications of these patterns for bears and bear 
foraging seem pretty obvious. Bears should prefer meat 
whenever they can get it, at least until sated, and up until 
a need to balance nutrient intake comes into play. 
Beyond that, roots (and berries) should be preferred 
vegetal foods, but only if the energy required for 
acquisition does not unfavorably alter the overall 
energetic equation--which, in the case of roots, is 
probably often the case because of the potentially 
considerable costs of excavation. Finally, bears should be 
able to profit from grazing only when they have access 
to large amounts of readily acquired and comparatively 
digestible foliage. And, as shown below, digestibilities of 
foliage can vary widely, not only among sites, but 
also among plant species and seasons. 

   

Specific foods 
 
In keeping with the broad patterns described above, the 
digestibilities of specific bear foods vary widely. 
Emblematic of this, Figure 3 shows the percent of energy 
contained in different foods that is digested by grizzly 
bears (the black, gray, and white dots). The varying 
shades of gray, from black to white, correspond to 
digestibilities during different seasons in instances where 
there is documented seasonal variability: black for spring, 
dark gray for estrus, light gray for early hyperphagia, and 
white for late hyperphagia. The reddish dots represent 
the percent of each food that is comprised of protein, 
again with seasonal variation denoted by varying shades: 
bright red for year-round or spring values; burgundy for 
mid-season; and white for late-season. All of these foods 
are specific to the Yellowstone ecosystem. 

 
Figure 3. Percent digestible energy and percent protein 
for different grizzly bear foods common to the 
Yellowstone ecosystem. 
 
Meat from any source is more digestible than other types 
of food. Roots, insects, and fruits and seeds are of 
comparable digestability, but with roots and fruits 
offering far less protein. Most of the digestable energy in 
these vegetal foods is contained in sugars and starches, 
with the proviso that much of the protein in ants, in 
particular, is bound up in chitin. Finally, the digestible 
energy in foliage varies widely, with forbs such as clover, 
fireweed, and dandelion offering the most, and elk 
thistle, horsetail, and grasses and sedges (i.e., 
graminoids) the least. 
  
As a final note on Figure 3: The pinkish horizontal band 
corresponds to the optimal level of protein in bear diets; 
the point being that grizzlies would be hard-pressed to 
maintain an optimal level of protein intake if they 
subsisted solely on vegetal foods, especially roots, fruits, 
and seeds.
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Protein & Energy Effects 
 
Nutrition obviously entails more than just the 
digestibilities of different foods. The absolute and 
relative amounts of various macronutrients (e.g., 
proteins, lipids, and carbohydrates) are critical elements 
of nutrition, as are the absolute and relative amounts of 
digestible energy. Even though all of these additional 
nutrient-related aspects of nutrition are correlated with 
the digestion of various foods in the gut, there are 
additional consequences that play out through metabolic 
processes involved in the creation and use of body 
protein, fat, and glucose--i.e., protein biosynthesis and 
protealysis, lipogenesis and lipolysis, 
and  gluconeogenesis and glycolysis. Moreover, the 
density of digestible energy in foods matters for reasons 
that transcend simple nutrient composition. Resting 
metabolism varies widely in close synchrony with 
nutrient-specific processes and related energy 
expenditure--with consequences for levels of heat 
production in the body (i.e., thermogenesis). 
 
The net result of all of this is not only variation in the 
efficiencies of energy, protein, lipid, and glucose 
metabolisms, but also variation in the 
composition, efficiency, and total level of body mass 
accretion or loss. Different combinations of relative and 
absolute amounts of protein, fat, carbohydrates, and 
digestible energy in the diet can determine whether an 
animal gains or loses body mass, and whether that mass 
gain or loss is comprised of lean body mass or fat 
reserves. 
  
With respect to bears, then, this amounts to a lot of 
complexity when it comes to understanding the 
ramifications of different diets.  
 

Efficiencies, protein, & growth 
 
Given that a bear eats a diet containing ample digestible 
energy (say 800 kcal per kg raised to the 0.75 power per 
day), it turns out that there can be both too little and too 
much protein when it comes to efficiencies of gain in 
body mass. The graphs in figure 4 are relevant to this 
point, adapted from those in a paper on which Joy 
Erlenbach was lead author—a paper in which she 
synthesized a lot of research specific to bear 
nutrition. Each figure features a bunch of dots of two 
different colors corresponding to the metabolic and 
accretional consequences for bears fed diets comprised 

of different macronutrients, including diets rich in 
protein or carbohydrates (salmon colored) as well as 
diets rich in protein or fat (burgundy). 

 
Figure 4. Effects of dietary protein content on (A) 
efficiency of mass gain, (B) energetic maintenance costs, 
and (C) rate of mass gain by grizzly bears fed diets of 
different protein content.  
 
The main points? The top figure (A) shows that the 
efficiency of weight gain rises rapidly to a peak as diet 
protein increases from roughly 1% to 15% and then 
gradually declines, all of this with the density of diet 
energy remaining roughly the same. Correspondingly, the 
middle figure (B) illustrates a decline in resting 
metabolism (i.e., energetic costs of maintaining the 
body) as diet protein increases from 1% to roughly 30%, 
after which maintenance costs increase. When you put 
these two trends together you get the bottom figure (C) 
which shows the predicted total rate of gain per kg of 
body mass, standardized to the expected basal metabolic 
rate for carnivores (i.e., raised to the 0.75 power); a rapid 
rise as diet protein increases, followed by a steady 
decline. 
  



25 
 

It turns out that the predicted level of diet protein at 
which rates of gain in body mass peaks (roughly 21%) 
corresponds almost exactly with the mean diet protein 
content of diets selected by bears when given a free 
choice of what to eat (22% plus or minus 6%)--shown by 
the large burgundy dot and horizontal error bars in figure 
4C. 
 
From this a person could conclude that the optimal 
protein content of a bear's aggregate diet is around 22%, 
at least as far as growth of body mass is concerned--and 
without considering whether that growth is primarily in 
terms of lean body mass or fat; but with some important 
provisos. This rule of thumb for diet protein holds for a 
given energy concentration in the diet (in this case, 
around 800 kcal/kg 0.75/day) and for bears of 
intermediate body size. But bear size does affect 
nutrition in several ways, as does energy concentration 
of the diet (see below). 
  
This all begs the question of why a diet protein content 
of around 20% yields greater growth rates than, say, 
60%--all of this, of course, standardized to a given 
volumetric intake and to the metabolic rate expected at 
a given body mass. As a start, all else equal, elevated diet 
protein causes greater heat production in the body 
compared to elevated carbohydrates or fats. This thermic 
effect is called diet-induced thermogenesis (DIT). Much 
of this elevation in metabolic rate (as shown in figure 4B, 
above) is attributable to the thermic properties of 
protein synthesis, including increased heat production 
and reduced energetic efficiency. Depending on total diet 
composition, some of the increased heat production 
associated with a high-protein-content diet can be 
attributable to heightened formation of glucose 
(gluconeogenesis) above and beyond what would occur 
with a high-carb diet. 
  
What about the effects of too little protein? Generally 
speaking, if a bear's diet is deficient in protein, it 
compensates by increasing the volume of intake, usually 
of foods rich in carbodydrates (think berries and roots; 
see Digestion). But the results above pertain to an 
isocaloric intake, that is, a constant or equal intake of 
calories. So the results explicitly pertain to differences in 
diet composition, not amount of energy intake. As figure 
4B above shows, the metabolic rate of bears fed a low-
protein diet increases substantially, which, because of 
the resulting increased energy expenditure, leads to 
decreased absolute and relative rates of gain in body 
mass. Why? Ultimately, because an increased 
proportionate consumption of fats or carbohydrates 
when bears are fed a diet low in protein leads to a chain 
of energy consumptive phenomena. The sympathetic 
nervous system is stimulated, which increases production 

of the hormone norepinephrine, which stimulates brown 
adipose tissue metabolism, which results in an elevated 
metabolic rate; in the end, more energy expenditure and 
less weight gain. 
 
 
 

Intake, protein, and growth 
 
At this point it is worth looking at what happens (unlike 
above) when the amount of dry matter ingested and 
digested by bears varies, adding to this variation in diet 
protein content. And, of course, the complement to 
variation in diet protein is complementary variation in 
diet fat or carbohydrates. 

 
Figure 5. Change in mass of bears feed diets of different 
protein content as a function of total digestible dry 
matter intake. 
 
The graphs in figure 5 summarize the results of several 
studies done in Charlie Robbins' lab, unified by a design 
that allowed bears to eat different amounts of digestable 
dry matter (the horizontal or x axis) while measuring 
responses in terms of change in body mass--i.e., growth 
(the vertical or y axis). All of this is standardized to the 
metabolism-corrected mass of the involved bear and 
considers diets with different amounts of protein, 
ranging from berries (3-4%) to deer and salmon (nearer 
70% or more). In addition to the data points and curves 
describing the response in mass gain to variation in dry 
matter intake I've also benchmarked where each curve 
transitions from mass loss to mass gain (the vertical gray 
line). 
 

http://www.allgrizzly.org/#!digestion/spr2w
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The basic patterns are pretty obvious. In all instances 
weight gain tends to plateau (i.e., tends towards an 
asymptote) as intake increases. At some point, increased 
intake does not yield increased mass gain; the bears 
reach the limits imposed by internal metabolic processes. 
But this plateau is considerably higher (45-60 g per kg 
raised to 0.75 per day) for meat diets (B) compared to 
vegetal diets (nearer 20 g; A). Even so, the transition 
from weight loss to weight gain is similar (around 20-40 
standardized ingested grams) for meat diets and vegetal 
diets having at least 12-18% protein content, the latter of 
which is within the lower range of optimal (see above). 
The biggest deviant is the low-protein-content diet 
comprised of berries. Weight gain only occurs when the 
standardized volumetric intake is high--in excess of 80 g, 
which is roughly 2-4 times higher than for other diets. 
  
The implications? Even given the standardized metabolic 
inefficiencies associated with a protein-rich diet shown in 
figure 4, bears can grow much more rapidly on such a 
diet, especially if they have access to large volumes. The 
most notable example of this circumstance would be 
along salmon spawning streams during the height of 
spawning runs, which is why we see very large coastal 
brown bears. By contrast, bears with access primarily to 
berries have to eat relatively large volumes to gain mass 
and, even so, the potential for growth is relatively 
limited. This holds for bears in the interior regions of 
British Columbia, northeast Washington, northern Idaho, 
and northwest Montana. One important proviso to all of 
this is that there is no distinction made regarding the 
tissues in which weight gain occurs, principally whether 
in fat or lean body mass, which introduces the next topic. 
 

Intake, protein, energy, & composition of 
growth 
 
So a key question is whether the location of accreted (or 
lost) of body mass is as fat or lean tissue.  Of relevance to 
this question, the graphs in figure 6 show differences in 
allocation of gain (or loss) for diets of two different 
protein contents: a berry diet comprised of 1.6-3.5% 
protein in A, and a mixed diet comprised of 15.4% 
protein in B. The red dots and associated trend line show 
changes in lean body mass (LBM) for each diet; the 
orange dots and associated trend line, changes in body 
fat. 
 
All of the gain in body mass at a very low diet protein is 
as fat (A), whereas the majority of gain at moderate diet 
protein is in lean body mass (B). Moreover, bears eating 
a very-low-protein diet consistently lose lean body mass, 
which is an untenable situation. An important note: 
These patterns are as much a reflection of the fact that a 

vegetal diet low in protein (as in A) is necessarily rich in 
carbohydrates, whether glucose, sucrose, or starch 
(see Digestion). So the patterns in these figures reflect 
not only protein metabolism but also metabolic 
processes associated with varying concentrations of 
digestible carbohydrates, especially related to 
lipogenesis and protein biosynthesis. 
 

 
Figure 6. Change in lean body mass and body fat of 
bears fed diets of different protein content. 
  
The implication? If a bear, eat a diet rich in 
carbohydrates and get fat while potentially losing lean 
body mass. Admix some amount of protein in the diet 
and you will maintain if not gain lean body mass. So a 
carbohydrate-rich diet with enough protein to maintain 
LBM makes more sense for a female needing to put on 
fat to reproduce; protein more sense for a male needing 
to grow physically large, which fits patterns of 
dimorphism among bears. 
 
So now bring diet energy , as such, into the picture, and 
slightly recast the dynamics of total intake per day, at 
least for protein. Figure 7 shows the relation between 
standardized accretion of body fat and standardized 
ingestion of energy--regardless of the contributing 
macronutrient. And this for various diets comprised of 
very low (1.6-3.5%, the pink dots) and closer to optimum 
(15.4%, the red dots) concentrations of protein. In short, 
as intake of energy increases, so does accumulation of 
body fat. But more importantly, bears tend to gain more 

http://www.allgrizzly.org/#!digestion/spr2w
http://www.allgrizzly.org/#!variation-in-bear-size/c1a9q
http://www.allgrizzly.org/#!variation-in-bear-size/c1a9q
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body fat (as above) on diets low in protein content, 
which is tantamount to saying on diets rich in either 
carbohydrates or fats. In fact, high-fat diets contain the 
highest concentrations of digestible energy, which 
translates into high rates of body fat gain. 

 
Figure 7. Rate of body mass gain standardized to 
metabolic rate as a function of total digestible energy 
and digestible protein intake for diets of two different 
protein compositions.  
 
Figure 7B complements figure 7A by showing rates of 
lean body mass gain related to the total intake of 
digestible protein--with both values standardized. Not 
surprisingly, the more protein that a bear ingests and 
digests, the more lean body mass it accretes, with 
highest rates of both associated with diets containing a 
higher concentration of protein. And, as in the figure 6, 
protein intake on diets very low in protein content (1.6-
3.5%, e.g., berries) does not allow even for maintenance 
of LBM. By contrast, the rate of LBM gain is remarkably 
high (8-9 grams per kg of body mass raised to the 0.75 
power) at the highest rates of protein intake (around 6 
grams per kg of body mass); in other words, in excess of 
a 1:1 translation. 
 

 
Figure 8.Maximum daily intake of digestible energy as a 
function of dietary digestible energy concentration. 

 
Figure 8 illustrates an interesting phenomenon. Even 
when bears eat a diet increasingly rich in calories, overall 
intake of energy, standardized to body mass, doesn't 
correspondingly increase, especially once a threshold of 
1 kcal of digestible energy per gram of fresh food is 
reached. This is most clearly illustrated in figure 8B; 
figure 8A shows the same trend standardized to body 
mass as percent of total mass. 
  
Just to be clear, larger bears can and do ingest more 
absolute amounts of digestible energy during a given 
day, even as the digestible energy in the food they eat 
increases from 1 to 2 and even 4 kcal per gram. The point 
is that the energy per kg of mass doesn't increase and, as 
a percentage of total mass, even decreases, which 
pertains to efficiencies as much as anything. 
 
To put this another way, a diet richer per gram in 
digestible energy--as would be the case with a diet rich in 
fat or protein--doesn't necessarily translate into a lot 
more digested energy for any kg of mass that a bear 
might be carting around. Related back to digestion, this 
pattern fits the much lower rates of transit and 
accompanying 
higher rates of digestion for ingested food for bears fed a 
diet of meat.  
 
I conclude this section on the effects of nutrients, per se, 
with a few points that are either not adequately 
encompassed by the data presented above or that simply 
need additional clarification, and then end by quoting an 
elegant synopsis of nutritional fundamentals for bears 
that was included by Joy Erlenbach in her 2014 paper. 
  
First, diets comprised solely of fruit are a potential 
problem for bears, especially if the involved bear is large 
in size. The low protein content and high glucose or 
fructose content of fruit diets require bears to eat 
exceptionally large volumes just to maintain LBM, but 
with resulting high rates of energy intake. This 
energy either needs to be dissipated as heat (diet-
induced thermogenesis) or converted to body fat 
through lipogenesis, which is notably elevated on diets 
rich in fructose--one of the main sugars in blue- and 
blackberries. Large bears are notably much less efficient 
than small bears at harvesting any given concentration of 
fruit, which means that mass standardized consumption 
of fruit is maximized for large bears at rates far less than 
what they need to meet protein and even energy 
requirements. Hence, fruit-eating is more often a 
strategy of smaller bears or bear species (e.g., juveniles, 
females, and black bears) than it is of those that are 
larger (e.g., adult males and grizzly bears; for more on 

http://www.allgrizzly.org/#!digestion/spr2w
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the implications of size see Foraging efficiency and Body 
mass effects below). 
  
Second, bears prefer fat-rich foods and diets. In instances 
where captive bears had free access to diets of different 
composition they ended up eating diets from which they 
obtained roughly 68% of metabolisable energy from fats. 
Fats provide the highest concentrations of digestible 
energy of all macronutrients and are, in turn, the most 
efficiently converted of any to body fat. And ample body 
fat, to the point of obesity, is a center-piece of the bear 
life strategy. Moreover, unlike diets rich in protein or 
carbohydrates, diets rich in fat do not trigger auto-
regulatory reductions in intake, which also contributes to 
high rates of body fat accumulation on high-fat diets. Or, 
put another way, diets comprised mostly of protein or 
carbohydrates are not optimal for most bears. 
  
Third, related to the points immediately above, bears are 
energy maximizers. In fact, as noted by Joy Erlenbach, 

bears exhibit some of the highest levels of standardized 
energy intake observed for any mammal. When offered 
unlimited access to food these rates can be twice what 
some early researchers such as James Kirkwood 
considered to be the maximum rate likely or possible, 
and up to 18 times greater than the expected basal 
metabolic rate for carnivores, which is a lot of energy. 
  
In conclusion, quoting Joy Erlenbach, bears live by three 
"rules" when it comes to intake of energy and nutrients: 
  
(1) Maximize energy intake while optimizing dietary 
protein intake. 
(2) Select lipids over digestible carbohydrates, which 
reduces dietary protein while maximizing food energy 
density. 
(3) If lipids are not available, use digestible carbohydrates 
to optimize diet protein. 

 

 

 
 
Body Mass Effects 

 
The relationship shown in figure 9 is an interesting and 
compelling introduction to the effects of body mass on 
foraging efficiencies and weight gain of bears. Each dot 
represents the results of a controlled experiment 
involving one bear allowed free access to different kinds 
of foods. All of these data, again, are thanks to research 
by Dr. Charles Robbins and his graduate students at 
Washington State University. 
 

  
Figure 9. Total ad libitum fresh food intake as a function 
of mass of the involved bear. 
 
At one level, figure 9 shows something that might be 
considered self-evident: larger bears tend to ingest 
greater volumes when given unlimited access to food. 
But, then, they would need to given their greater 

energetic needs, even accounting for the lower rate at 
which metabolic needs increase relative to each 
increment of body mass (at roughly the 0.75 power). 
Energy consumption, even at rest, increases nonetheless. 
  
But the interesting thing is that the rate at which intake 
increases varies substantially among foods, but especially 
for berries in contrast to everything else. You might 
expect intake of protein-rich foods such as deer 
or salmon to increase at a lesser rate as body mass 
increases. Each gram of such a food delivers a substantial 
amount of digested energy entailing a comparatively 
slow rate of passage through the gut, with gut length and 
passage rate scaling at less than a 1:1 rate with body 
size (see Digestion). And intake of deer is probably less 
than intake of salmon at any given body mass because of 
the comparatively greater effort required to process a 
gram of tissue from a deer compared to a more easily 
ingested and chewed gram of fish. 
  
It would be reasonable to expect that intake of foliage 
would increase at roughly the same rate as intake of 
berries given that both of these are vegetal foods. So, 
why is the intake of foliage so depressed compared to 
berries for large bears? For the answer, see the section 
below on Foraging Efficiencies. But, in short, when bears 
graze, ingestion is partly limited by the time it takes to 
chew a mouthful of fibrous foliage, which means that 
bite rate drops as a function of bite size; which means 

http://www.allgrizzly.org/#!foraging-efficiency/qin8r
http://www.allgrizzly.org/#!body-mass-effects/akbur
http://www.allgrizzly.org/#!body-mass-effects/akbur
http://www.allgrizzly.org/#!digestion/spr2w
http://www.allgrizzly.org/#!foraging-efficiency/qin8r
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that bears need large standing volumes of tall-statured 
foliage to increase total ingested volumes in defiance of 
the limits imposed by chewing time--which rarely 
happens. 
  
Insofar as berries are concerned, figure 9 only pertains to 
bears offered unlimited access to food. Which begs the 
question of why such large volumes are ingested as body 
mass increases? Unlike with foliage, processing time for 
berries, once ingested, is not of great consequence. 
Moreover, bears are highly motivated to ingest large 
volumes of protein-deficient berries (see Digestion) in an 
effort to meet their protein requirements, but with a 
resulting glut of digested energy which is either 
expended as heat or stored as body fat (see the section 
above on Protein and Energy Effects). 
  

 
Figure 10. Daily change in body mass as a function of 
beginning body mass of the involved bear for (A) fruit. 
(B) foliage, and (C) meat, differentiating salmon (open 
dots) from deer (solid brown dots). 
 

But where things get really interesting is when you look 
at per day rates of gain in body mass as a function of 
bear size--especially under circumstances where the 
involved bears did or did not have access to unlimited 
amounts of different kinds of food. 
 
 
The graphs in figure 10 summarize this relationship for a 
number of individual bears that ate fruit (A), grazed 
foliage (B), and consumed meat from either deer or 
salmon (C). The open circles denote the results for 
captive bears; the brown dots, results for grizzly bears in 
the wild; and the gray squares, for black bears in the 
wild. Importantly, the captive bears had access to 
unlimited amounts of the various foods, whereas the 
wild bears typically did not. 
  
Going over these graphs in reverse order, from bottom 
to top starting with meat: notice that, unlike with foliage 
and fruit, the trend lines for captive (dotted) and wild 
(solid) bears increase without reaching a plateau or peak, 
which means that bears are able to grow increasingly 
large even as their body mass increases. When fed 
unlimited amounts of meat, these gains can be 
phenomenal--upwards of 4 kg per day for a 300 kg bear. 
Moreover, no bear lost body mass eating a diet 
comprised mostly of meat. And, it is worth emphasizing 
that these gains were mostly as lean body mass, and 
despite the depressed per kg energetic efficiencies of a 
high protein diet (see Protein and energy effects). 
 
With foliage, it is perhaps not surprising that a number of 
wild bears seemed to lose body mass when subsisting 
almost wholly on such a food. Foliage is not very 
nutritious or digestible (see Digestion). No wild bear but 
one gained much weight. But, the important trend is the 
one documented for captive bears with access to 
unlimited amounts of foliage (the dashed line). These 
captives were able to gain weight up until around 125 kg 
of body mass, after which gains declined, even into 
negative territory around 250 kg. In other words, the 
modest increases in ingested volumes of foliage that 
occurred at large body masses (see above) could not 
offset the increased energetic needs of a large bear, even 
given a less than 1:1 scaling of unit volume metabolic 
rate with body mass. 
  
Something very similar was evident for wild bears 
subsisting on berries. Gains increased, peaking for bears 
of around 100 kg mass, and thereafter declined, even 
into negative territory for one c. 150 kg grizzly. To explain 
this pattern requires additional explanation of figure 10A. 
The ascending dotted red and blue lines denote the 
theoretical maximum rates of gain for bears eating 
unlimited quantities of serviceberries and huckleberries; 

http://www.allgrizzly.org/#!digestion/spr2w
http://www.allgrizzly.org/#!blank/x1zlm
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that is, for captive bears. But this theoretical maximum is 
obviously not achieved, primarily because of the limits 
imposed by foraging inefficiencies under field conditions; 
for example bite sizes and bite rates. These limits are 
described by the descending gray lines--the farthest left 
associated with a bite size of 1.7 berries and a bite rate 
of 55 per minute, the farthest right with a bite size of 2.5 
berries and a rate of 90 per minute. The point being that 
foraging efficiencies take a major toll on what bears can 
realize from eating berries, with major implications for 
even modest-sized bears. Notably, though, at peak, daily 
gains for wild bears eating berries were over three times 
greater than gains for wild bears eating foliage: roughly 
0.5 versus 0.15 kg per day. 
  
There are some important implications of all this: Most 
important, if you are a bear weighing much in excess of 
100 kg, weight gains are going to be greatest on a meat 
diet, not a berry or foliage diet. And much of these gains 
will be in lean body mass (see Protein and energy 
effects). So, given the consistently greater size of adult 
males compared to other bears--typically in excess of 150 

kg--you would expect adult males to eat 
disproportionate amounts of meat, which is indeed the 
case. And, adopting such a strategy, you would expect 
males to grow ever larger over time, which seems to be 
the case as well. But all of this is with an important 
proviso: If you are female weighing somewhere between 
100-150 kg, rates of body fat accumulation will probably 
be greatest on an energy-rich but protein-poor berry 
diet, as long as you can eat large volumes, closer to 2.5 
berries per bite, at 90 bites per minute. 
  
One important additional proviso: None of the graphs 
above deal with foods rich in fat, but containing 
adequate protein. More concretely, we don't have a 
clear picture of the nutritional benefits entailed for bears 
eating army cutworm moths and whitebark pine seeds: 
two of the most important bear foods in the Yellowstone 
ecosystem. Even so, it is not too hard to imagine that 
these foods are among the best bear foods of all. 
 
 

 

 
 
Diet Meat Effects 
 
Meat is handy shorthand for denoting a food comprised 
mostly of protein and fat. As I describe in the section 
devoted to digestion, protein and fat are the most 
digestible of all nutrients and, because of that, the 
essential ingredients of an energy-rich diet. Put a slightly 
different way, meat is the most concentrated form of 
protein and fat commonly eaten by bears. Given that we 
can only rarely directly measure the nutrient composition 
of bear diets, it is useful at times to use the fraction of 
meat (or berries, for that matter, to denote little protein) 
as a proxy and, from that, get a general sense of how a 
protein- and energy-dense diet affects outcomes such as 
body size and female reproduction, which is what I 
address below. 
 
It is worth noting that not all meat is equal. Fractions of 
water, protein, and fat vary with the season and from 
prey animal to prey animal. Emblematic of this 
variability, I've created a summary in figure 11 of 
variation in the mass of edibles, including body fat and 
metabolisable energy, for a representative source of 
meat: female mule deer. 
 

 
Figure 11. Total mass, amount of fat, and total 
metabolisable energy of female deer carcasses as a 
function of deer age. 
 
The amount of edibles increases (obviously) with animal 
age, up to around age 4 in the case of mule deer; the 
fraction of body fat varies with the season; and, with all 
of this, the amount of metabolisable energy available to 
a carnivore such as bears varies substantially 
seasonally and with age of the prey animal. 
 
The graphs in figures 12 and 13 show data that I 
assembled from North American study areas 
reporting both the body mass of grizzly bears captured 
for research purposes as well as information sufficient to 
determine the percent of the bear diet that was 

http://www.allgrizzly.org/#!blank/x1zlm
http://www.allgrizzly.org/#!blank/x1zlm
http://www.allgrizzly.org/#!digestion/spr2w
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comprised of meat. On the meat front, Garth Mowat was 
the primary source, based on either direct measures or 
estimates derived from interpolation of one form or 
another. I differentiate adult males from adult females, 
and areas where bears had access to abundant spawning 
salmon from those where the primary source of meat 
was land-dwelling herbivores. I also denote the 
Yellowstone area with a white-centered dot. 

 
Figure 12 shows trends towards larger size among 
populations of grizzlies that consume more meat, but 
more so for males than for females. The trend among 
females that eat terrestrial meat is barely discernable, 
and that of salmon-eating bears is substantially greater 
than the trend among populations of grizzlies that eat 
terrestrial herbivores. 
 

 
Figure 12. Population-averaged body mass of female (A) 
and male (B) grizzly bears as a function of population-
averaged meat in the diet. 
 
Figure 13 shows an increase in the ratio of male body 
mass to female body mass as the percentage of meat in 
the collective bear diet increases. In other words, size 
dimorphism of the sexes is greater where bears eat more 
meat, especially terrestrial meat (the burgundy dots). 
This is just a different way of representing the lesser 

response of females versus males to increasing amounts 
of dietary meat, noting, again, that the trend is greater 
among interior versus coastal salmon-eating populations. 
The dampened trend for all populations, including 
coastal ones, is shown by the solid line whereas the trend 
for interior populations alone is shown by the dashed 
line. 

 
Figure 13. Ratio of population-averaged male and 
female body mass as a function of population-average 
meat in the diet.  
 
The different responses of males versus females and of 
coastal versus interior populations to increased dietary 
meat beg for explanation. I can only speculate, but I 
suspect that differences between the sexes have to do 
with differences in diet within any given population, as 
well as differences in sex-linked physiological responses 
to dietary protein--all driven, in turn, by differences in 
the reproductive strategies of male versus female 
grizzlies. 
More specifically, although responses of the two sexes to 
dietary protein have not been explicitly studied (or at 
least reported) for bears, we do know a fair amount 
about this phenomenon in two other omnivores: swine 
and humans. In both Sus scrofa and Homo sapiens, males 
and females fed the same amount of protein differ in the 
efficiency with which they accumulate lean body mass. 
Not surprisingly, males are more efficient than females. 
So if such were true for bears as well, this phenomenon 
could plausibly contribute to the greater population-level 
response of male versus female grizzly bears to elevated 
dietary meat. 
  
Moreover, study after study has shown that, on average, 
male grizzlies eat more meat compared to female 
grizzlies in any given population. This could partly be a 
result of motivation and resulting dietary preferences. It 
could also partly be the consequence of on-average 
larger males being better able to dominate a 

http://www.allgrizzly.org/#!life-strategy/c6jb
http://www.allgrizzly.org/#!life-strategy/c6jb
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concentrated food source, as is typical of packages of 
meat. So, differences in diet between males and females 
could also explain some differences in population-
averaged body size between the sexes. 
  
But what about the differences between coastal and 
interior ecosystems; between areas with spawning 
salmon compared to areas without? As I describe in the 
section devoted to the effects of diet protein, bears fed 
as much salmon as they can eat can grow to a much 
larger size (albeit at a slower rate) compared to bears fed 
deer. As the research in that section also shows, a diet 
exceedingly rich in protein (as would be the case with 

salmon) actually leads to less efficient accretion of body 
mass. But this lesser efficiency (as perhaps manifest in 
the lesser rate of gain among salmon-fed bears) can be 
more than offset by access to large volumes of food, as 
would certainly be the case--and for sustained periods of 
time--in most of the Pacific coastal areas with multiple 
runs of spawning salmon. So, the point here is that the 
greater response of population-averaged body mass to 
increasing dietary meat among grizzlies with access to 
salmon may simply be a consequence of these 
bears having access to a veritable glut of energy-rich 
food perhaps more than it has anything to do with 
protein content of salmon, as such. 

 

 
Foraging Efficiency 
 
The rate at which a bear of a given size can ingest, 
masticate, and swallow food is a critical aspect of 
nutrition. It sets the stage for how much can be passed 
through the gut, which is particularly important when it 
comes to vegetal foods. Bears depend upon passing large 
volumes of foliage through their digestive tract if they 
are to stay ahead energetically when eating such a 
fibrous food (see Digestion). And, when it comes to 
berries and roots, they likewise need to ingest large 
volumes to compensate for the very low protein content 
of these foods--but with the derivative benefit of 
ingesting relatively high concentrations of digestible 
energy (see Protein & energy effects). 
 
Given this imperative to ingest large volumes when bears 
eat vegetal foods, it is with such foods that the 
consequences of fine-scale variation in foraging 
efficiency are starkest--at the scale of bite size and bite 
rate, which is why researchers such as Charlie Robbins 
and Lisa Shipley have focused on berries and foliage in 
their investigations of foraging efficiency by bears. And it 
is their research that I feature here, most of which was 
executed under Dr. Robbin's tutelage by Christy Welch 
and Karen Rode. 
 

Effects of forage density & stature 
 
Figure 14 shows the effects of berry density on the size 
and rate of bites by bears. Bite rate and size are perhaps 
self-evidently the two immediate determinants of the 
total rate at which food is ingested, at least as far as the 
mouth cavity. After that, the rate and efficiency of 
mastication take over; e.g., chewing. 
 
The two graphs in figure 14 feature two berry-producing 
species that are of widespread importance to bears: 
serviceberry (Amelanchier alnifolia; salmon-colored dots) 

and huckleberry (Vaccinium membranaceum; blue dots). 
There are substantial differences between these two 
species in how berries are presented to a potential 
forager. Serviceberries grow in attenuated terminal 
bunches which allow large-mouthed foragers such as 
bears to harvest multiple berries in a single bite. By 
contrast, huckleberries tend to grow singly and 
dispersed, which means that bears need to employ a 
strategy of taking numerous small bites that are often 
contaminated with the accompanying detritus of leaves. 
 
These morphologic differences are clearly evident in the 
relations of bite rate (A) and bite size (B) to variations in 
berry density for each species, where each dot 
represents one feeding trial involving a single bear. Put 
succinctly, bite size, but not bit rate, increases 
substantially as densities of serviceberries increase. The 
opposite is true for huckleberry. Bite rate, but not bite 
size, increases with density. More to the point, different 
strategies are imposed on bears by physical 
configurations of the berries they eat. As a result, 
morphologic features are as important as digestible 
energy in determining the overall energetic benefits of 
exploiting different patches of berries. 
 
The same is true for grazed foliage. Figure 15 shows how 
bite sizes of clover vary with both the size of the involved 
bear and, more to the point here, with stature of the 
grazed plant--this under circumstances where the clover 
is uniformly dense. Basically, the relatively small sizes of 
bites taken by small bears are essentially unaffected by 
the stature of the grazed plant. By contrast, even though 
large bears are constrained to bites no larger than those 
of small bears when grazing plants <9-13 cm (3.5-5") tall, 
they reap huge comparative benefits (at least in terms of 
bite size) if they can find patches of herbaceous plants 
that average >15 cm (6") tall. 

http://www.allgrizzly.org/#!blank/x1zlm
http://www.allgrizzly.org/#!digestion/spr2w
http://www.allgrizzly.org/#!blank/x1zlm
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Figure 14. Bite rate and size of serviceberry and 
huckleberry by bears as a function of berry density. 
 
 

 
Figure 15. Size of bites of clover as a function of clover 
height and mass of the involved bear. 
 
In short, the small dentition and jaws of small bears 
mean that they don't benefit from increases in the 
stature of grazed foliage, whereas the larger dentition 
and jaw of large bears allow them to exploit and benefit 
from greater vertical expression of biomass; which 
amounts to a constraint imposed by foliage stature on 
large but not small bears. This, in turn, exacerbates the 
intrinsic energetic problems for large bears when they 
try to subsist on a diet of stems and leaves. Which is to 

say, they typically can't, whereas small bears more 
commonly can (see Body mass effects). 
 

Bite rate vs Bite size 
 
The relationship between bite size and bite rate further 
elucidates the basic mechanics of bear grazing and, along 
with this, some fundamental constraints imposed on 
bears trying to subsist on foliage. Figure 16 shows this 
relationship; again, each dot represents a single trial 
involving a single bear. 
  
The inverse relationship is not surprising. A larger bite 
requires more processing time, which intrinsically 
constrains bite speed (i.e., bite rate). But the important 
feature here is the rapid diminishment in bite rates with 
increases in bite size. 
 

 
Figure 16. Bite rate as a function of bit size of clover for 
bears of a given size and clover of a given stature. 
 
The implications? If a bear, it probably makes more sense 
to seek out patches of foliage to graze that allow for 
small rapid bites. And, if you are large, you are probably 
not going to benefit much in the end from being able to 
take larger bites of taller-statured foliage (as above), 
which partly explains why, in places such as Yellowstone, 
smaller bears seek out and heavily graze very dense 
short-statured patches of clover and bluegrass--
commonly referred to as "grazing lawns." 
 

Total rate of intake 
 
Regardless of proximal biomechanics, the bottom line for 
bears is the total rate at which they can ingest foliage, 
berries, or any other vegetal food. Again, total rate of 
intake is especially critical for bears when it comes to 
vegetal foods (see above), in contrast to when they eat 
foods such as meat. 
  

http://www.allgrizzly.org/#!body-mass-effects/akbur
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The graphs in figure 17 show total rate of intake (grams 
of dry matter per minute) as a function of key 
constraining factors. In the case of both serviceberry and 
huckleberry (B) intake (not surprisingly) increases with 
the density of each type of berry in a given patch. But the 
response for serviceberry is dramatically greater than the 
response for huckleberry because serviceberries (as I 
describe above) grow in terminal clumps that make it 
much easier for bears to harvest when compared to the 
more dispersed single berries of a huckleberry bush. That 
being said, huckleberry is considerably more digestible 
than serviceberry (see Digestion), which probably 
negates the benefits of the latter species rooted solely in 
ingestible volumes. 

 
Figure 17. Intake rate of (A) clover and of (B) 
serviceberry and huckleberry as a function of bite size 
and berry density, respectively. 
 
Figure 17A shows intake rate as a function of bite size for 
clover, one of the choicest of grazed bear foods. Why 
bite size rather than forage density? Simply because the 
research that produced these data essentially held 
density constant by insuring that bears had access to 
thick patches of foliage within which researchers varied 
composition and stature. Perhaps the point of this is that 
anything less would presumably be a non-starter for a 
food as fibrous and relatively indigestible as foliage (see 
Digestion). But the key point of graph A is that ingested 
volumes increase with bite size at first, but then rapidly 
reach a plateau (i.e., asymptote). This pattern is 
consistent with the depressive effect of bite size on bite 
rate (see above), ultimately rooted in the limits imposed 
by a need to chew foliage and then, after that, rate of 
passage through the gut.

http://www.allgrizzly.org/#!digestion/spr2w
http://www.allgrizzly.org/#!digestion/spr2w
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Attachment 3. Primer on Taxonomy & Biogeography of Ursus arctos 
to accompany  

David J. Mattson, Ph.D., Wyoming Wildlife Advocates, Comments on the US Fish & Wildlife Service 
proposal to remove grizzly bears in the Yellowstone ecosystem from the list of endangered and 
threatened wildlife protected under the US Endangered Species Act (ESA); Federal Register 81(48): 
13174-13227; And Related Materials 

 

Evolutionary relations 
 

 

Figure 1. Consensus tree on the phylogeny of Ursidae, including an inset showing relations between Ursus 
maritimus and U. arctos as well as the diversification of U. arctos into various Clades. Gene flow subsequent to 
species separations is shown by the green arrows. Ranges of uncertainty in times of divergence are denoted by 
the length of the horizontal green bars at each node. Source are given below. 
 
Figure 1 illustrates what taxonomists call a 
"consensus tree" describing relationships and timing 
of divergence among species within the family 
Ursidae, as well as (in the inset) relationships and 
divergence times for various subgroups of the 
species Ursus arctos (the brown and grizzly bears). 
The polar bear Ursus maritimus is included here for 
reasons that will be addressed shortly. This so-called 
consensus has been reached only within the last few 

years, and may be revised in light of new research. 
But the main part of it will likely hold over time. An 
important feature to be noted, in addition to the 
main branching, is the green arrows. These arrows 
indicate on-going gene flow between "species," 
which has led to some of the confusion and 
disagreements over relations and dates of 
divergence among different species. Note the gene 
flow from polar bears to grizzly bears, and from 
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grizzly bears to black bears, which suggests inter-
fertile breeding, albeit under presumably rare 
circumstances. 
 
Surviving bear species of the family Ursidae are, for 
the most part, relatively recent in origin. The most 
ancient surviving derivative is the giant panda 
(Ailuropoda melanoleuca) which, although most 
closely related to bears, is so different as to have led 
taxonomists to put into a separate family, or even 
cluster it with raccoons. Another main split is 
between species of the subfamilies Tremarctinae 
and Ursinae. This split happened about 6-13 million 
years ago (mya), giving rise to bear species that 
evolved and survived mainly in North America (the 
Tremarctine bears), and those that evolved primarily 
in Eurasia (the Ursine bears). The only surviving bear 
of the Tremarctine lineage is the Spectacled bear 
(Tremarctos ornatus) of South America, although 
prior to the end of the last Ice Age a number of 
Tremartine bears had existed and flourished. 
Perhaps the most spectacular of these bears was the 
Giant short-faced bear (Arctodus simus), which was a 
giant as much as 6 feet tall at the shoulder that 
survived until roughly 13,000 plus or minus 300 
years ago (this in years corrected for bias in carbon 
dating). 
  
But the main focus here is the species Ursus arctos, 
which encompasses the grizzly bears living in 
Yellowstone. Grizzlies and their kin the Polar bear 
and Eurasian cave bear (U. spelaeus) split from the 
lineage giving rise to the American black bear (U. 
americanus) roughly 3 mya. These species all shared 
a common ancestor called U. minimus, which gave 
rise as well to an intermediary form called U. 
etruscus. Barring the American black bear, these 
species are all best represented by fossils that have 
been found in Europe and western Asia. 
  
More recently, the branch giving rise to the cave 
bears split from the brown bear lineage in Eurasia 
roughly 1-3 mya and, more recent yet, the polar bear 
lineage split from brown bears about 200-500 
thousand years ago (kyBP). There is persisting 
disagreement among those who study phylogeny 
regarding when "the" polar bear split happened--
some arguing as long as a million years ago, others 
as recent as 300 thousand years ago. The waters 
remain muddy because this so-called split has 
continued to be blurred by interbreeding among 
brown and polar bears. Whatever the conclusion, 
polar bears are closely related to brown bears. 

  
But even before the divergence of polar bears, 
brown bears began to diversify into lineages, or 
clades, most of which have survived to the present. 
The major split between brown bears that live in 
Europe (Clade 1, along with an anomalous bunch on 
the ABC Islands of Alaska--Clade 2a) and brown 
bears that live elsewhere (Clades 3-6) occurred 
around 300-900 kyBP. The reasons for this complex 
of Clades has a lot to do with how various lineages of 
brown bears were split and more-or-less isolated 
during the course of the Ice Ages, which is covered 
immediately below under Evolutionary 
biogeography. Of particular relevance to 
Yellowstone's grizzlies: all of them belong to Clade 4, 
which appears to have been isolated in central North 
America when, according to Chris Stokes and 
collaborators, the Pleistocene ice sheets of North 
America coalesced across the northern span of the 
continent for the last time roughly 70 kyBP, albeit 
with what seems to have been a temporary opening 
around 55 kyBP. Clade 4 split from the various 
lineages of Clade 3 (currently concentrated in Asia 
and Alaska) around 200-350 kyBP. Clade 4 currently 
survives nowhere other than the in the center of 
North America and on the island of Hokkaido, which 
testifies to the Eurasian ancestry of all brown bears, 
including bears of this clade. 
 
Information in this section is based on a host of 
sources, including for the carnivoran supertree, 
Bininda-Emonds et al. (1999) and Nyakatura & 
Bininda-Emonds (2012); phylogency of Ursidae writ 
large, Waits et al. (1999), Lorielle et al. (2004), Yu et 
al. (2004), Krause et al. (2008), Pages et al. (2008), 
and Kutschera et al. (2014); the unrelenting 
discourse on relations between polar bears and 
other bear species, Lindqvist et al. (2011), Cronin & 
MacNeil (2012), Hailer et al. (2012), , Miller et al. 
(2012), Nakagome et al. (2013), Liu et al. (2014), and 
Cahill et al. (2015); and on divergence and nature of 
brown bear clades, Waits et al. (1998), Leonard et al. 
(2000), Shields et al. (2000), Matsuhashi et al. 
(2001), Miller et al. (2006), Hirata et al. (2013, 2014), 
and Solomashkina et al. (2014). 

http://www.allgrizzly.org/#!evolutionary-biogeography/c5uh
http://www.allgrizzly.org/#!evolutionary-biogeography/c5uh
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Evolutionary biogeography 
 

 
Figure 2. A somewhat speculative reconstruction of the Pleistocene biogeography of Ursus arctos, with (A) a 
reconstruction of Northern Hemispheric vegetation during the Last Glacial Maximum (LGM); (B) the LGM 
distribution of Ursus arctos, by Clade, including glacial refugia and subsequent recolonizations; and (C) the 
distribution of U. arctos circa 10,000 year bp. 

 
The three maps in figure 2 attempt to summarize 
much of what's relevant to understanding the 
current population-level genetic diversity evident 
among today's brown and grizzly bears--all included 
within the single species Ursus arctos. Most of 
what's presented in these maps is a result of the 
synthesis published by Davison and his colleagues in 
2011. Parenthetically, the notion of "subspecies" has 

passed out of favor in application to brown bears, 
and been replaced instead with the concept of 
"clades," each of which represents enough genetic 
differentiation to warrant speculations about 
reasons for the divergence. This recent convergence 
by taxonomists on the notion of clades is in stark 
contrast to a 1918 publication of C.H. Merriam in 
which he described over 70 "species" of grizzly bears 
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in North America alone. The shift has been a result 
of both increased reliance on information from the 
genome along with increased appreciation for how 
plastic brown bear morphology can be (morphology 
of the skull was the main basis for Merriam's 
distinctions). 
  
One key to understanding the current genetic 
diversity of brown bears resides in understanding 
the distribution of this species during the last Ice 
Age, which was, in turn, a reflection of vegetation 
and climate--especially the distribution of ice sheets 
and exceptionally harsh polar climates. Geneticists 
speculate that the main explanation for current 
differences in genomes of bears living in different 
parts of Eurasia and North America has to do with 
where their ancestors found refuge--often in 
isolation--during the different Ice Ages of the 
Pleistocene, and how they moved and mixed during 
warmer intervals, especially the current warm period 
that led to terminal melt of ice sheets between 
18,000 and 6,000 years ago. 
  
With that in mind, the map in Panel A, above, shows 
a plausible reconstruction of ice sheets and 
vegetation during the height of the last glaciation, 
roughly 25,000-15,000 years ago. You can see that 
much of the main range of brown bears in Eurasia 
was covered by polar desert and what many have 
called steppe tundra--a kind of tundra with 
substantially more grass than is common in boggy 
shrub-dominated tundras of today. This abundance 
of grass meant that a corresponding abundance of 
large herbivores could live there, including horses, 
mammoths, rhinos, giant bison, and more. Overall, 
though, the main range of Eurasian brown bears (the 
vast majority of the brown bears alive at the time) 
was quite dry and bitterly cold. 
  
The map in Panel B shows a speculative 
reconstruction of the Ice Age distributions of the 
various modern-day clades, each denoted by its own 
number (see Evolutionary relations for more details). 
As you can see, Clade 1 was hunkered down in the 
southern part of Europe while Clade 3 was 
distributed throughout the steppe tundra of Asia. 
Clades 5 and 6, which persist as the genetically and 
morphologically distinct bears of the Tibetan Plateau 
and Gobi Desert, were thought to be more or less 
isolated in high-elevations of south-central Asia. 
Note that Clade 4 is the sole representative south of 
the North American ice sheet. More on where and 
when Clade 4 got there a little later. Also of interest, 

the green arrows in Panel B show how each of the 
clades spread and colonized during the late 
Pleistocene and early Holocene (our current warm 
period). Clade 1 moved north to occupy most of 
Europe, but Clade 3 was the big winner, with bears 
of this lineage spreading into eastern Europe and 
surging once again into Alaska via Beringia. Clade 3 
bears also moved south in North America to mingle 
with Clade 4 bears moving north in what is now 
Alberta. 
  
The final map above, in Panel C, shows (in green) 
how the distribution of brown bears settled out after 
all of the surges and retreats that occurred with 
warming and ice melt--by roughly 1000-2000 years 
ago. Of note, brown bears occurred in the Atlas 
Mountains of Africa as well as in Mediterranean 
coastal mountains of the Middle East. They also 
spread south into Mexico in North America and 
ended up retreating to an eastern boundary on this 
continent that aligned with the Great Plains. 
 

 
Figure 3. Somewhat speculative routes and timings 
of migrations by Ursus arctos Clades from Eurasia 
to North America during the late Pleistocene along 
with a reconstruction of ice sheets prior to the Last 
Glacial Maximum, including a potential ice-free 
corridor that could have allowed for early passage 
of Clade 4 bears south. 
 

http://www.allgrizzly.org/#!evolutionary-relations/cpl8
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The map in Figure 3 provides a little more detail on 
when and how the various clades of grizzly bears 
represented in North America arrived. The earliest 
colonists were apparently of Clades 2 and 4, along 
with a sprig of Clade 3 called 3c. Clade 4 continued 
south, occupying west-central North America prior 
to closure of the last ice-free corridor, which some 
think might have happened as early as 70,000 years 
ago (kyBP), although with a brief opening perhaps 
around 55 kyBP. During this same period bears of 
Clade 2 (specifically, 2a) made it to the ABC 
(Admiralty, Baranof, Chichigof) Islands of Alaska. The 
early southward movement of brown bears into the 
region encompassing Yellowstone is evidenced by 
current distributions of the various clades, as well as 
by a single find of skeletal remains near Edmonton, 
Alberta, that dates to roughly 32 kyBP (corrected for 
bias in carbon dating). 
  
Interestingly, of these early colonizing clades, 2a and 
4 survived in their interior continental and island 
refuges whereas 2c and 3c eventually disappeared. 
  
The final colonists, all across Beringia into and via 
Alaska, were of Clade 3. Clade 3b comprised an 

earlier wave of colonization that occurred perhaps 
during and immediately after the last glacial 
maximum, whereas Clade 3a represents the most 
recent and last wave of migrants, arriving just prior 
to when the land bridge of Beringia disappeared. 
(Remember from the Map in Panel B above, Clade 3a 
bears had farther to go compared to Clade 3b bears 
before reaching Beringia.) Modern-day grizzly bears 
in eastern Alaska consist of descendants of the Clade 
3b colonists, whereas those in western Alaska 
consist of descendants of the Clade 3a new-comers. 
 
The main source of information for the material in 
this section is Davision et  al. (2011), but augmented 
by the numerous publications that describe 
Pleistocene refugia and related brown bear lineages 
in Eurasia, including Taberlet & Bouvet (1994), 
Matsuhashi et al. (2001), Saarma et al. (2007), 
Sommer & Benecke (2005), Valdiosera et al. (2007), 
Keis et al. (2013), Kutschera et al. (2014), and 
Salomashkina et al. (2014). Mathues et al. (2001) 
describe the U. arctos remains found near 
Edmonton, Alberta. Stokes et al. (2012) are the 
source for delineations of ice sheet margins prior to 
the Last Glacial Maximum.

  

 
 

Early prehistory: 70,000-10,000 years ago 
  
Up until the early 2000s most scientists thought that 
grizzlies had not arrived in the middle part of North 
America until after the last continental Ice Sheets 
had melted enough to allow passage of bears from 
Beringia (which included all of modern-day Alaska) 
through an ice-free corridor along the eastern edge 
of the Rocky Mountains (see the maps below)--
probably around 13,000 years ago (all of the ages 
here are corrected for biases in radiocarbon age). 
However, the discovery of grizzly bear remains near 
Edmonton, Alberta, dating to roughly 32,000 (or 32k) 
years ago turned this assumption on its head. Recent 
analyses of genetic material from North American 
grizzly bears have reinforced the idea that grizzlies 
arrived much earlier, probably during the last 
opening in the Alberta ice-free corridor, prior to 
closure at the height of the last Ice Age, roughly 
55,000-18,000 years ago. Recent research by Chris 
Stokes and his colleagues suggests that a long-lasting 
opening between the Crodilleran (to the west) and 
Laurentide (to the east) continental ice sheets 
occurred between 80k and 65k years ago, with a 

possible brief opening again around 55k years ago. 
So, grizzlies probably arrived--and presumably then 
persisted--as early as 70k or as late as 55k years ago. 
  
As I noted in the previous section, figure 3, above 
summarizes current thinking about the several 
migrations of brown bears from Asia into and 
through North America (parenthetically, grizzlies are 
brown bears, all Ursus arctos). An early wave of 
bears carrying genetic material identified with 
Clades 2a, 2c, 3c, and 4 (roughly the equivalent of 
subspecies) arrived in eastern Beringia around 70k 
years ago, having successfully crossed over the 
Bering Land Bridge. Of those bears, those of Clade 4 
managed to successfully complete the journey into 
the middle part of the continent, presumably along 
the eastern edge of the Rocky Mountains. They were 
then isolated with closure of the ice-free corridor, 
intermingling with other grizzlies of the newly-
arrived Clade 3b only after reopening of the ice-free 
corridor around 14-11k years ago (see the maps 
below). Shortly after, the Bering Land Bridge was 
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closed to additional migrants by rising sea levels. 
Parenthetically, some researchers have theorized 
that grizzlies also got to the mid-continent by 
following ice-free coastal areas of modern-day 
Alaska and British Columbia--prior to the opening of 
Alberta's ice-free corridor. Land levels at these ice 
free margins were dramatically elevated as a 
compensatory ("forebulge") response to depression 
of the Earth's crust by the ice sheet farther inland. 
Migrating coastal grizzlies presumably subsisted 
largely on marine resources. 
  

Figure 4 shows the distributions of grizzly bear 
remains from two different periods: In panel A, from 
32-10k years ago, with all but the ones near 
Edmonton dating to less than 15.5k years ago; and, 
in panel B, from 10k to 200 years ago--up to 
essentially historical times. In panel A the extent of 
the ice sheets and bordering glacial melt lakes are 
shown at 13.5 and 11.5k years ago. Note Lake 
Agassiz (see the discussion above about climate). 
Most of the remains are not radiocarbon-dated. 
  
The map in panel A constitutes pretty conclusive 
evidence that grizzly bears occurred in eastern North 
America between roughly 15.5 and 11k years ago. 
But by 10k years grizzlies seem to have been gone in 
the East. All of the specimens post-10k roughly 
coincide with the historical distribution of grizzlies. 
The one exception is the Utz site in Missouri. This 
specimen was apparently found during excavations 
of a prehistoric Indian settlement. I tried to track 
down the original publication documenting this find, 
but without success. My current suspicions are that 
either: (1) the specimen was misidentified or, if 
authentic, then (2) the result of a series of trades 
among tribes that transported grizzly bear remains 
from farther west to this site in Missouri. 
 

In addition to the sources that I mention in the 
section on biogeography, I also reference Guilday 
(1968), Loring & Spiess (2007) and Harington et al. 
(2014) for more information on Ursus arctos in 
eastern North America. The Utz site is described by 
Berry & Chapman (1942). 
 

 
Figure 4. Locations of Ursus arctos remains in 
central North America for two different time 
periods: (A) 32-10k years bp; and (B) 10k-200 years 
bp. Locations are shown as either white dots or 
white squares. 
 
 

 

 


