
What scale of human impact on large carnivores 
is compatible with restoring ecosystem function?

Dr. Brad Bergstrom, Department of Biology, Valdosta State 
University, Valdosta, GA 31698



Human-caused mortality in mammalian carnivores

Premise:

1) Extinction, Extirpation, Range Contraction and Population Reduction have removed 
(Ecologically Effective densities of) large carnivores (= apex predators) from ecosystems;

2) Now fragmented, isolated populations further reduced by Harvest, Control Kills, Poaching, 
and Roadkill;

3) Human-caused mortality is largely Additive, not Compensatory (= replaceable), may not be 
offset by increased Recruitment, and can even be Super-Additive, due to Breeder Loss, 
Infanticide, Pack Dissolution, etc.;

4) Loss of Apex Predators disrupts Trophic Cascades: a) increases prey irruptions and 
overbrowsing; b) destabilizes plant communities, soils, and nutrient flows; c) increases invasions 
and disease; d) destabilizes ecosystems and reduces biodiversity (Keystone effect);

5) Sure, let’s argue about “sustainable” mortality, but “sustainable” with depressed density isn’t 
good enough to restore #4 (“Bristol Bay Fallacy”);

6) Ecosystem function of apex predators not fully restored without natural, intrinsically 
regulated social structure.
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Recent Terrestrial Mammalian Predator Extinctions



Late Pleistocene “overkill” drove many North American large 
carnivores extinct 10,000 - 12,000 years ago, because …

• “ … the large mammalian herbivores of the North American Pleistocene were 
primarily predator limited and at low densities, and therefore highly susceptible to 
extinction when humans were added to the predator guild.”  (Ripple and van 
Valkenburgh 2010).

• “Overkill” victims included canids (Canis dirus), felids (Panthera leo atrox, 
Homotherium serum, Smilodon fatalis, Miracinonyx spp.), and ursids (Arctodus
simus, Tremarctos floridanus).

"Canis dirus Sergiodlarosa" by Sergiodlarosa. 

by Sergiodlarosa



Northern boundary of wolf  
extirpation by mid-20th Century

from Boitani (2003) as adapted by Leonard et al. (2005)



North American Wolf Extirpation Dates

pbs.org



11 spp. of native North American carnivores have experienced historic range contractions of > 20%; 5 large 
carnivores have shown range contractions of 36-53% continent-wide (Laliberte and Ripple 2004).



The hidden biodiversity crisis: loss and depletion 
of populations

• Less than one-fifth of Earth’s land surface still harbors the same large-mammal fauna as it 
did in 1500 (Morrison et al. 2007). 

• One percent of all populations of plant and animal species go extinct every year (Bamford 
et al. 2003, Trends Ecol Evol), which equals 15-35% of all populations in a human 
generation; this represents a loss of geographic and genetic diversity and cultural memory 
(e.g. ancestral feeding or breeding grounds, or migration routes).

The US Endangered Species Act (ESA, 1973) aims to prevent extirpation across a 
“significant portion of [a species’] range” and also of DPSs, which may be 
evolutionarily or ecologically distinct units of a species, and certainly are integral 
components of local/regional ecosystems.  How well does ESA work?



Ripple et al. (2014 Science 343, 
1241484)



from Ripple et al. (2014, Science 343, 1241484)





POLICY OF THE U. S. BIOLOGICAL SURVEY IN REGARD TO PREDATORY MAMMAL 
CONTROL 

"The fact remains that the bureau must work for the eradication of certain species 
locally where their destructiveness is so impressive that no other policy of handling 
them is permissible. For example, the gray wolf and the prairie dog are so 
deleterious to agriculture and stock raising that their presence in some localities can 
not be tolerated. Other species, such as the coyote and the ground squirrel, are so 
prolific and occur over such wide areas that their extermination, even if desired, 
would be impossible. The Bureau of Biological Survey is not embarked upon a 
general extermination program, and the main objective is so to control the 
predatory animals and rodent pests as to reduce economic losses to a minimum." 

Paul G. Reddington
Bureau of Biological Survey, 
U. S. Department of Agriculture, 
Washington, D. C.
April 4, 1929 

Published in Journal of Mammalogy 10(3):276-279.



Cultural and legal devaluation of mammalian predators

- Don Peay, founder of Sportsmen for Fish and Wildlife, says wolves are multiplying exponentially, putting 
wildlife and people at risk. "Wolves will destroy their food supply, and they'll kill people. That's why our 
pioneers got rid of wolves in the first place. Wolves are way out of control in the west, and it's time for 
Congress to step in and reduce wolf populations before they kill people," he says. 

Hunters say they've spent a fortune on programs to build up big-game herds; now wolves are wiping them 
out. "They're destroying our wildlife herds right now John. They destroyed Yellowstone, they're destroying 
the moose population around Jackson," Peay says. 

KSL News Radio (KSL.com)
Salt Lake City, UT
March 14, 2010

Definition of “Predator”

- Under many states’ wildlife laws, deer, elk, bighorn sheep, cougars and black bear are classified as “big 
game” (but no bag limit on cougars in Texas); several other carnivores (and a few rodents) are classified as 
“furbearers.”   But many states legally designate certain native wildlife as “predator “ (synonymous with 
varmint), and they can be killed without license or restriction.  In Wyoming, this applies to coyote, jackrabbit, 
porcupine, raccoon, red fox, skunk and stray cat; and in their short-lived state-management period, it applied 
to gray wolves over 80% of the state.

Current laws on the books approving bounties on predators:  coyotes (6 states), bobcats (2), wolves (3).  Only 
13 states legally prohibit wildlife bounties.
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Wolf population of Yellowstone National Park since reintroduction



AN ESKIMO LEGEND

"In the beginning there was a Woman and a Man, and nothing else walked or swam or flew in the world 
until one day the Woman dug a great hole in the ground and began fishing in it.  One by one she pulled out all 
the animals, and the last one she pulled out of the hole was the caribou.  Then Kaila, who is the God of the Sky, 
told the woman the caribou was the greatest gift of all, for the caribou would be the sustenance of man. “

"The Woman set the caribou free and ordered it to go out over the land and multiply, and the caribou did 
as the Woman said; and in time the land was filled with caribou, so the sons of the Woman hunted well, and 
they were fed and clothed and had good skin tents to live in, all from the caribou.”

"The sons of the Woman hunted only the big, fat caribou, for they had no wish to kill the weak and the 
small and the sick, since these were no good to eat nor were their skins much good.  And, after a time, it 
happened that the sick and the weak came to outnumber the fat and the strong, and when the sons saw this 
they were dismayed and they complained to the Woman.”

"Then the Woman made magic and spoke to Kaila and said: 'Your work is no good, for the caribou grow 
weak and sick, and if we eat them we must grow weak and sick also.' “

"Kaila heard, and he said  'My work is good.  I shall tell Amorak [the spirit of the Wolf], and he shall tell his 
children, and they will eat the sick and the weak and the small caribou, so that the land will be left for the 
fat and the good ones.‘”

"And this is what happened, and this is why the caribou and the wolf are one; for the caribou feeds the 
wolf, but it is the wolf who keeps the caribou strong."

As retold by Farley Mowat in
Never Cry Wolf



Invasive Predator: 
negative indirect 
ecosystem effects

Native Predators: 
positive indirect 
ecosystem effects

from Estes et al. (2011, Science)



Fig. 4. Conceptual diagram showing 
direct (solid lines) and indirect 
(dashed lines) effects of gray wolf 
reintroduction into the Greater 
Yellowstone ecosystem. Wolf direct 
effects have been documented for elk 
(96) and coyotes (97), whereas 
indirect effects have been shown for 
pronghorn (98), small mammals (99), 
woody plants (100), stream 
morphology (54), beaver (55), birds 
(101), berry production (63), 
scavengers (53), and bears (56, 63). 
This is a simplified diagram, and not 
all species and trophic interactions are 
shown. For example, the diagram 
does not address any potential top-
down effects of pumas, bears, and 
golden eagles (Aquila chrysaetos), 
which are all part of the Yellowstone 
predator guild where juvenile or adult 
elk are prey.  

Ripple et al. (2014 Science 343, 1241484)



representative of Levi and Wilmers (2012)





However, Primary Consumers are less abundant than Trophic Pyramid model 
(“Bottom-Up”) predicts because they are limited by their Predators (“Top-Down)

• So said HSS (1960) in the “Earth is Green” Hypothesis. (Fretwell [1977], Oksanen et 
al. [1981] said this works in 3- and 5-level Food Chains.)  

• Within an Intact Food Web:

– Producers and Predators are Resource-limited and therefore compete      BOTTOM-UP

– Herbivores are normally Predator-limited (not plant-limited) TOP-DOWN

1) Equilibrium is perturbed. 
2) Feedbacks within the system 

following perturbation cause 
irruption, then compensatory 
mechanisms adjust mortality 
and reproduction, until 

3) New Equilibrium is attained, at 
higher density.  This could 
reflect removal of Top-down 
Forcing, causing state shift to 
Bottom-up Control.

from Osenberg and Mittelbach (1996)

Evidence of Top-down Control (following Predator removal):



Leopold was right (about release from predation causing irruption of Kaibab 
deer herd; Binkley et al. 2006, Ecosystems).  1906-31 predator removal 
explains 1st irruption, and 1940s decline in hunting explains second.



NRM elk populations declined following wolf 
reintroduction only in wolf-colonized elk herds:

Recruitment declined in those 
herds, and λ fell below 1:

from Christianson and Creel (2014)

…but, only half the decline due 
to direct predation (largely 
compensatory); other half due 
to “risk effects” such as lower 
pregnancy rates.



Wolves may limit prey density and growth rate, but… 
Do wolves decrease deer hunting opportunity in WGL?
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*3,000 wolves kill 11.5% of Minnesota’s deer pop’n annually



Do NRM wolves decrease elk/deer harvest?

*Note: Colorado has more deer (424,000) and elk (279,000) than 
Montana & Wyoming combined.



Sustainable harvest mortality?
Charnov and Zuo (2011): “Extinction results if the ratio of the instantaneous mortality 
rate caused by hunting (F) divided by the adult instantaneous mortality rate (M, for the 
unexploited population) exceeds a critical value (F/M > C). The C value is determined 
mostly by the level of recruitment compensation as N declines, and C is likely very 
similar for different sized mammals. We use existing mammal life-history data to 
estimate C (∼0.5). We then estimate the threshold of instantaneous mortality rate, F, as 
a function of adult body mass, W; it’s a −0.25 power allometry.”

*Adult mortality for wolves in 
YNP, on average = ca. 20% 
(Cubaynes et al. 2014), but 
annual variation in 95% CI 
ranged from 5-50% (higher 
mortality with higher N due to 
inter-pack aggression), so 
threshold F may range from 
2.5% to 25%.



Human-caused mortality can be compensatory, additive, or 
super-additive.

Figure 1. The relationship between total 
annual mortality and human offtake for 
wolves in the Northern Rocky Mtns. 
Recovery Area (black) and other 
populations (red). Points are annual 
means for the Northern Rocky Mtns. 
data, and multi-year means for other 
populations. The bars on each point 
show one standard error. The rela-
tionships shown are from the best-
supported model in Table 1, a linear 
relationship with separate slopes and
intercepts for the two subsets of data. 
Dashed lines show 95% confidence 
bands, accounting for overdispersion by 
multiplying the variance by the inflation 
factor (c-hat) from the best-supported 
model.  From Creel and Rotella (2010)
doi:10.1371/journal.pone.0012918.g001



Recruitment declined in NRM gray wolves after harvest;  < 1/3 of decline in 
recruitment was direct effect of harvest; possible indirect effects include infanticide 
and smaller pack size leading to lower pup survival (Ausband et al. 2015) 



Black bears in Northwest Montana—max. sustainable total mortality of 12%, 
yet actual mortality in early 1990s was 25%, mostly due to hunting, and pop’n
appeared to be declining (Kasworm and Thier 1994).  Yet in Florida, black 
bears can sustain up to 23% mortality (McCown and Sheik 2013).



74% of all mortality human-caused (including WS control, roadkill, poaching)
from Stoner et al. (2006, J. Wildl. Mgmt.)



Species USDA/ Wildlife 
Services  kills

Cougar 400

Lynx 0

Bobcat 1,300

Black Bear 570

Grizzly 1

Gray Wolf 365

Coyote 83,200

Foxes 4,600

Raccoon 14,400

Badger 500

Marten 1

Mink 30

Fisher ? 1

Otter 550

Skunk 7,800

All Carnivores 114,000

Annual control kills of carnivores by 
USDA/WS (2011 annual report)

from APHIS Wildlife Damage annual reports  
(WS 2015)

Boldface = global pop’n decreasing
according to IUCN; ? = trend unk.



from Bergstrom et al. (2014, Conservation Letters)



Available at https://www.documentcloud.org/documents/2272327-aerial-hunting-ws-nv.html



Species USDA/
WS

Hunt/Trap1 Rate
(%)

Cougar 400 3,100 12.5

Lynx 0 5,000

Bobcat 1,300 56,000

Black Bear 570 42,000 8-312

Grizzly 1 0

Gray Wolf 365 1,300 34

Coyote 83,200 451,500

Foxes 4,600 322,000

Raccoon 14,400 1,377,400

Badger 500 12,600

Marten 1 95,0043

Mink 30 101,600

Fisher ? 1 7,000

Otter 550 21,400

Skunk 7,800 98,000

All Carnivores 114,000 2,831,000

Control kills and public harvest of 
carnivores (2011 annual reports)

Boldface = global pop’n decreasing
according to IUCN; ? = trend unk.

1to nearest 100, from AFWA (2013)
2per state; highest in some eastern 

states
3as many as 190,000/year in 1980s



What proportion of post-weaning mortality does road kill comprise?

- 48.8% of all adult and post-emergence cub fatalities in UK badgers (Clarke et al., 1998)

- 69.9% of known mortality of otters in Germany, (Hauer et al. 2002) 

- 89.5% of Florida black bear mortality (now > 200 per year; FWC 2015. Pop. ca. 3,000; total mort. < 10%)

- ca. 80% of grizzly bear mortality in western N. Amer. is human-caused (combined areas with and 
without hunting; McLellan et al. 1999; roadkill not listed separately)

- 77% of Florida panther mortality (FWC 2015)

- 28% of puma mortality in S. Calif. (> 62% of all mortality human-caused; Vickers et al. 2015)

- 17% of red wolf mort.  61% of all mort. human-caused (control + poach; Sparkman et al. 2011)

- 8.4% of gray wolf mortality within YNP (Cubaynes et al. 2014)

- Fuller (1989): MN wolves—80% of all mortality human-caused (when NO legal hunting), 11% from 
roadkill; 10% by other wolves, 10% all other natural causes.

- Non-carnivore e.g. - 50% of known mortality of adult female moose in Kenai NWR (Bangs et al. 1989)
- 24% of deer in east-central Wisc. (hunter harvest an additional 61%)












