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Figure 1. Predation is a frequently misunderstood ecological process, primarily
because people empathize with the prey and confuse the act of predation with
the effect of predation on populations of prey. While successful predation re-
sults in the death of individuals, those deaths may have little or no effect on the
population as a whole. (Photo courtesy of L. Bender.)

SUMMARY

Predation is a much misunderstood ecological process. Most people confuse
the act of predation with the effect, believing that the killing of an individual
animal invariably results in a negative impact on the population (Figure 1).
This view is frequently wrong, and ignores the complexity of predation at
the individual, population, and community levels. At the individual level,
predisposition refers to characteristics (e.g., poor body condition, inadequate
cover, disease, etc.) of individuals that make them more or less likely to die
from predation or any other cause. Predisposition influences whether (or how
likely it was that) an individual would have lived if not killed by a predator.
The greater the degree of predisposition, the less likely the death of a pre-
dated individual would have any effect on the population. Predisposition is
necessary for predation to be compensatory, or substitutive, at the level of the
population. Compensatory mortality means that instead of adding additional
mortality to the population (i.e., additive mortality), increases in predation
result in compensatory declines in other causes of mortality. Hence, the
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overall survival rate of the population is not decreased,
so predation has little effect on the population. Com-
munities in turn are affected by whether predation is
primarily compensatory or additive because high levels
of additive predation can destabilize communities.
Highlighting this complexity, few examples exist of
predator control having any positive effect on prey pop-
ulations in the Southwest. Confusion also comes from
predator-prey investigations; most do little more than
simply identify causes of death of prey, which says noth-
ing of the effect of predation on prey. Unreliable or no
assessment of predisposition of prey, or using simplistic
models (such as predator:prey ratios) to infer predation
effects, similarly contribute to misinformed views of
predation. Consequently, both the general public and
professional biologists often have a poor understanding
of how, why, and to what degree, if any, predation actu-
ally affects prey populations.

INTRODUCTION

Many people, including professional wildlife biologists,
lack a clear understanding of the role of predation in
wildlife populations. This results from a natural confu-
sion regarding the act of predation (i.e., the killing of an
individual) and the effect of predation (i.e., does preda-
tion affect population size?) (Errington, 1946, 1967).
Most biologists are also taught predator-prey interac-
tions using simple theoretical models (i.e., Lotka-Volter-
ra and subsequent derivations; Hassel, 1978; Begon and
Mortimer, 1981; Sinclair and Pech, 1996), which invari-
ably assume that predation decreases the prey popula-
tion size if any individuals are killed. Further, simplistic
measures, such as predator:prey ratios, are often believed
to predict the effect of predators on prey populations,
despite the known unreliability of such approaches
(Theberge, 1990; Bowyer et al., 2013). However, prob-
ably the most important issue contributing to the lack
of understanding of predator-prey interactions is a lack
of appreciation for the complexities that determine the
effect of predation on prey populations.

In reality, the interactions of predators and prey are
far from clear-cut. What we can safely generalize about
predation is that predators can and do impact prey
populations under certain circumstances. Under other
circumstances, predation has little or no effect on prey
populations, even though it may be the main cause of
death for individuals in those populations. What deter-
mines the outcome are the local ecological conditions,
which can vary greatly with regards to habitat char-
acteristics, numbers of predator species, numbers and
vulnerability of prey, population age structure, weather,
and hunting behavior of predators, among many others
(Errington, 1967; National Research Council, 1997;
Ballard and Van Ballenberghe, 1998; Heffelfinger, 2006;
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Figure 2. The hierarchy of predation. The direct effect
of predation on individuals in a population is that an
individual either lives or dies. Whether any particular
individual lives or dies is related to their predisposi-
tion to mortality. The level of predisposition influences
the effect of predation at the level of the population,
where it either substitutes for other mortality factors
(compensatory) or adds to them (additive). The greater
the predisposition, the more likely predation is to be
compensatory. At the community level, compensatory
mortality acts to stabilize communities by functioning as
a regulatory (negative feedback) force, whereas additive
mortality acts to destabilize communities.

Wilmers et al., 2007; Bender, 2008; Mech, 2012; Sin-
clair, 2003; Forrester and Wittmer, 2013; Bowyer et
al., 2013; Bender and Rosas-Rosas, 2016). Predation is
also hierarchical, meaning that it acts at multiple levels,
including the individual, the population, and the com-
munity or ecosystem. Appreciating how predation acts
on each of these, and how the impacts of predation, if
any, flow up through these levels, is key to understand-
ing this complex ecological phenomenon.

THE HIERARCHY OF PREDATION

Predation acts on three levels, starting with the indi-
vidual and working up to the community through its
effects on populations (Figure 2). At each of these levels,
different processes are at work. The key issue at the level
of the individual is predisposition; in other words, are
certain individuals predisposed to death regardless of
the cause? This influences the impact of predation at the
level of the population, where predation can either be
compensatory or additive to varying degrees. This de-
termines whether predation mainly substitutes for other
mortality factors or adds to total mortality experienced
by the population, or whether the population reacts in
some other manner, such as by increasing productivity.
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The location along the compensatory-additive con-
tinuum usually determines the effect of predation at the
community level: Does predation help to stabilize or
destabilize the system? Each of these levels influences the
level above, but predation may have differing implica-
tions at each level. Because of this, how predation func-
tions at each level needs to be appreciated to understand
how predation affects the entire system.

INDIVIDUALS

Individuals in a population are always dying from a vari-
ety of causes, including accidents, disease, malnutrition,
hunter harvest, predation, and old age, to name only a
few. Because of that, survival is never 100% in a popula-
tion; a certain proportion of the population (the annual
mortality) is always lost. The proportion lost depends
upon many things, chiefly the quality of habitat in
terms of providing food and/or cover. As habitat quality
declines, mortality increases because more individuals
die. In a world completely free of predators, disease,
and bad luck, a proportion of each population would
still die each year, and that proportion is roughly equal
to the inverse of the species life span. For example, if a
species can live about 20-25 years, like elk (Cervus ela-
phus), the minimum level of mortality annually would
be about 4-5% (Bender, 2013). This is termed “chronic
mortality.” Only when the number of individual deaths
in a population rises above this background level can
predation or any other mortality factor become a rel-
evant variable in population dynamics.

The direct effect of predation at the level of the in-
dividual is that an individual is either killed by a preda-
tor or not (potential indirect effects of predation are
addressed below). Whether that individual is killed or
not often depends upon its degree of predisposition. In
other words, is there some characteristic of that indi-
vidual that makes it more or less likely to be killed by
a predator? Many factors can predispose individuals to
predation or any other cause of death. For larger ani-
mals, perhaps the most important of these is nutritional
or body condition (Hanks, 1981; Mech and Peterson,
2003; Bender and Rosas-Rosas, 2016). Individuals in
poor shape are more vulnerable for many reasons, in-
cluding less ability to fight or flee, less environmental
awareness and hence less ability to detect the presence
of a predator, greater susceptibility to disease and acci-
dents, etc. Other traits can also predispose individuals to
predation, including age, debilitation (i.e., injury), and
diseases such as chronic wasting disease (CWD) (Err-
ington, 1967; Mech and Peterson, 2003; Mech, 2012;
Krumm et al., 2010). For example, CWD decreases
individual condition and reduces environmental aware-
ness. Consequently, CWD has been shown to predis-
pose mule deer (Odocoileus hemionus) to predation and

to deer-vehicle collisions (Krumm et al., 2005, 2010).
Similar, predators such as wolves (Canis lupus) often kill
aged or injured large prey (Mech and Peterson, 2003;
Mech, 2012), and these individuals may contribute lictle
to population growth (Bender and Hoenes, 2017).

Climatic conditions can also predispose individu-
als (Mech and Peterson, 2003; Bender et al., 2013;
Bender and Rosas-Rosas, 2016). Most relevant for New
Mexico, drought can lower condition of individuals by
decreasing forage quality regardless of the number of
individuals present or the quantity of forage available
(DeYoung et al., 2000; Bender and Cook, 2005; Bender
and Rosas-Rosas, 2016). Similarly, adverse weather such
as deep snow can reduce condition of prey, increasing
predisposition of individuals (Ballard and Van Ballen-
berghe, 1998; Mech and Peterson, 2003).

Some conditions that may increase vulnerability of
prey do not necessarily increase predisposition of prey,
however. For example, drought can also force individu-
als to congregate around a limited number of water
sites, making them easier for predators to locate, and
making detection of, and escape from, predators more
difficult (Polisar et al., 2003; Rosas-Rosas et al., 2008,
2010). Similarly, deep snow can limit the ability of prey
to run from predators, which are often smaller and able
to run on crusted snow where prey break through (Bal-
lard and Van Ballenberghe, 1998; Mech and Peterson,
2003). Such conditions increase vulnerability to preda-
tion, but they would only increase predisposition of
individuals if they also increased the likelihood of death
from other mortality factors.

Human actions can also increase vulnerability, and
potentially predisposition, of prey. For example, /ais-
sez faire livestock management may result in increased
livestock-predator interactions around water sites, in-
creasing vulnerability and facilitating predation (Rosas-
Rosas et al., 2008, 2010). Co-occurrence of livestock
and wildlife may also facilitate disease transmission to
wildlife (and vice versa), resulting in debilitation and
increased predisposition (e.g., Krausman et al., 1996).

Small and large species can also differ with respect
to predisposing mechanisms. The life history strategy
of large mammals (K-selection) emphasizes maximiz-
ing adult survival rather than overproduction of young
(Begon and Mortimer, 1981), so condition is the most
common mechanism through which predisposition op-
erates. Small species like upland game birds emphasize
overproduction of young (i.e., are r-selected; Errington,
1967; Begon and Mortimer, 1981). This overproduc-
tion is often termed a "doomed surplus” (Errington,
1967; Boyce et al., 1999) because the vast majority of
these individuals will die, regardless of the cause. These
r-selected species are most commonly limited by the
availability of cover; sufficient high-quality security
cover is usually available for only a certain number of
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individuals, and the remainder, pri-
marily the “overproduced young,”
are highly predisposed and most

or all will die under typical condi-
tions (Errington, 1967). Why?
Those produced over the habitats
“threshold for security” are highly
vulnerable to most causes of mor-
tality, including severe weather and
predation (Errington, 1967). In
other words, there is usually simply
no space for them.

The most common precept of
predisposition is that a certain min-
imum level of condition (or avail-
able cover within a home range; for
example, sufficient residual grass
or shrub cover to roost under [Err-
ington, 1967]) exists below which ==
individuals are not viable (meaning e
that they would likely die regard-
less of proximate cause; Errington,
1967; Bender and Rosas-Rosas,
2016), or that individuals become

Figure 3. Most people, including many biologists, believe that all attacks by a
predator are invariably successful. The reality is that predators are far from perfect.
Although it cannot be known with certainty, the nature and location of the wounds
suggest that it is highly likely that a puma tried to take down this young buck

increasingly predisposed to death as  (right) and failed. (Photo courtesy of L. Bender.)

condition declines. This highlights
the importance of differentiating between proximate
and ultimate causes of death (Bender and Rosas-Rosas,
2016). The proximate cause of death is what caused
the individual to die at that moment (i.e., what “struck
the final blow”), whereas the ultimate cause of death is
what was truly responsible for the loss of the individual.
To illustrate, a puma (Puma concolor) may kill a mule
deer that is completely unaware of its environment
because of a disease such as CWD. Here, the predator
was the proximate cause of death (i.e., it “struck the
final blow”) but the individual would have invariably
died shortly from some other factor (or to some other
predator) because the disease had eliminated its ability
to survive. Hence, the ultimate cause was disease; the
deer would have died regardless of who or what “struck
the final blow.” Unfortunately, many studies of survival
of wildlife do little beyond listing a proximate cause of
death. Such studies contribute little to understanding
predation beyond simply identifying things that could
possibly kill an animal (Bender and Rosas-Rosas, 2016),
even if they include some index of population trend.
They do not determine the effect of predation or any
other mortality factor on populations, do not test for
other environmental factors affecting populations, and
thus should not be used to assess the effect of predation
on prey (Bender and Rosas-Rosas, 2016).

It is important to understand that predisposition
can be both relative and absolute in populations. Rela-
tive predisposition affects individuals that are in poorer

condition than the population as a whole. For example,
all mule deer killed by pumas were in poorer condition
than their population as a whole in several New Mexico
studies (Bender and Rosas-Rosas, 2016). Further, these
populations as a whole were in very poor condition
(e.g., lactating females averaged <6% body fat, about
1/3 of levels indicative of excellent condition; Bender
etal., 2011), and thus all individuals were likely predis-
posed to some degree (Bender and Rosas-Rosas, 2016).
This illustrates absolute predisposition, which affects all
individuals in the population, and is present when the
population as a whole is in poor condition. For example,
of 371 adult female elk that I captured and assessed for
condition in the arid and semi-arid West and Mexico,
only 10 (2.6%) were in excellent condition (i.e., >16%
body fat; Cook et al., 2004) and just 124 (33.4%) were
in good condition (>12% body fat; Cook et al., 2004)
at the seasonal peak of condition. The vast majority of
individuals in these populations were thus predisposed
to mortality to some degree because of the low overall
condition of these populations.

The above discussion has emphasized the direct ef-
fect of predation on individuals. Predation, however, can
indirectly affect individuals (and populations) as well. For
example, the presence of predators may change the distri-
bution and/or habitat use patterns of prey (e.g., Hernan-
dez and Laundre, 2005; Gude et al., 2006). This, in turn,
could result in decreased condition of individuals because
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of the use of poorer habitats, or result in increased dis-
turbance of prey populations (Hernandez and Laundre,
2005). Both of these indirect effects can reduce indi-
vidual- and population-level productivity (Phillips and
Alldredge, 2000), and thus the population’s potential
rate of increase. While such effects are often described
in predator-prey studies, how common they are and
the actual role of predators in them remains uncertain
(Mech, 2012).

To summarize, the act of predation occurs at the in-
dividual level. The direct effect, at this level, is the death
of an individual. The mechanism that can influence
whether any particular individual lives or dies is predis-
position (Figure 3). The important question is whether,
or how likely it was that, they would have lived if not
killed by that predator (or other factor). The greater the
degree of predisposition, the less likely the death of the
individual would have any effect on the population.
Thus, the degree of predisposition drives the effect of
predation at the next level, the level of the population.

POPULATION

Most conflicts associated with predation result from

the perceived effects on the prey population. Effects of
predation on populations fall along a continuum from
compensatory to additive (Figure 4). If predation is
primarily compensatory mortality, it has little effect on
populations (Errington, 1967; Bartmann et al., 1992;
Boyce et al., 1999). What compensatory means is sub-
stitutive. If mortality is compensatory, an increase in
one cause of death or mortality factor like predation is
“compensated” for by declines in other mortality fac-
tors, such as starvation (Figure 5). The reverse is also
true; if predation declines, other mortality factors such
as starvation or disease would increase. As a result, the
total mortality level of the population remains about
the same, but the number of losses to any cause of mor-
tality may change dramatically, albeit out of phase with
each other (i.e., if one increases, the others decline).
Therefore, in the case of compensatory mortality, an
increasing predation rate has little effect on the survival
rate of the prey (Figures 4 and 5) because mortality is
compensated for or “traded” among causes.

At the opposite end of this continuum is additive
mortality. If mortality is additive, it adds additional
mortality on top of existing mortality (Errington, 1967;
Bartmann et al., 1992). As a result, the total mortality
of a population increases, and the overall survival rate
declines (Figures 4 and 5). It is when predation or other
mortality factors become additive that they can limit a
population, i.e., they “limit” the potential population
rate of increase or size to some level lower than it would
be in the absence of that mortality factor. Thus, the im-
portant question regarding predation at the population

level is: to what degree is it additive or compensatory?
Predation or any other mortality factor is usually never
completely compensatory or additive; rather, it falls
somewhere along the continuum between the two (Fig-
ure 4). Where exactly it falls along the continuum deter-
mines its effect on populations, and whether this effect is
large enough to even be detected.

For predation to be compensatory, some degree of
predisposition must be present at the individual level
(Bender and Rosas-Rosas, 2016). The more predis-
posed individuals are, the more likely predation is to
be compensatory. For example, individuals in a severely
overpopulated population, during a drought, or on poor
range are invariably in very poor condition, and many
will die from various causes, including disease, starva-
tion, or within-species fights. It does not matter what
these individuals die from—disease, starvation, preda-
tion, or any other factor—because a certain percentage
of individuals will die regardless. In other words, if a
predator does not “strike the final blow” for individual
X, then there is a high probability that disease or starva-
tion will. Why? Because some or all individuals in that
population are strongly predisposed to mortality (i.e.,
have significantly increased probability of dying).

Predisposition can similarly act on species capped by
the amount of suitable cover. If suitable security cover
is available for only 100 individuals, then any individu-
als above that number have little chance of surviving
through the season of limitation, usually overwinter. It
does not matter whether predators kill all or none of
this “doomed surplus” because these individuals would
in all likelihood not survive regardless (Errington, 1967;
Boyce et al., 1999).

The degree of predisposition is often the key factor
that differentiates predation on wildlife from predation
on livestock. Unlike livestock, wildlife do not receive
vaccinations against diseases, veterinary care if sick, etc.
Because of these livestock management practices, mor-
tality in adult livestock seldom exceeds chronic mini-
mums, and thus there is little opportunity under most
conditions for compensation to operate, since there is
little extra mortality above the chronic minimum to
“trade” among causes of death. That is not always the
case, however. Maternal care is frequently much less
intensive in livestock as compared to wildlife, and thus
mortality of juveniles has a greater chance to be com-
pensatory (Rosas-Rosas et al., 2008).

Compensatory and additive mortality

This leads to the most common misconception people
have regarding predation, namely that the individual
killed by the predator would still be alive if the predator
was removed. This simplistic view is used, for example, to
justify many predator control programs, and ignores the
concepts of predisposition and compensatory mortality.
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Figure 4. The effect of increasing predation rate on the survival rate of individuals in a population determines whether
predation is additive or compensatory mortality. If totally additive, each increase in predation would result in an equal
decrease in survival. For example, a predation rate of 0.2 would decrease survival from 1.0 to 0.8. Thus, total additivity

is characterized by a corrected slope of -1 (lower dashed line). If completely compensatory, then any increase in preda-
tion rate would have no influence on survival, resulting in a corrected slope of 0 (middle dashed line). Between these two
extremes is a slope of -0.5, above which predation is primarily compensatory (light shading) and below which predation
is primarily additive (dark shading). Plotted are all data (solid lines) from regressions of arcsin-squareroot transformed
predation and survival rates from populations of mule deer, elk, pronghorn, and desert bighorn sheep that have explicitly
tested this relationship (Bender and Rosas-Rosas, 2016; Bender et al., 2017; L. Bender, unpublished data). Note that all
corrected slopes plot in the mostly to completely compensatory region (i.e., slopes >-0.50).
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Figure 5. Illustrating compensatory and additive mortality resulting from a 50% increase in numbers of predation mortali-
ties. In each case, prior to the increase in predation the population loses 33 individuals each to predation (P), disease (D),
and starvation (S). In the compensatory case, the predation mortality increases to 50 individuals, while disease and starva-
tion decrease to 25 individuals each. The increase in predation is compensated for by declines in disease and starvation,
and thus total mortality remains unchanged at around 100 individuals. In the additive case, the increase in predation does
not result in any declines in disease and/or starvation, so total mortality increases from around 100 individuals to around
117. In this case, the increase in predation has added additional mortality to the population.
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Figure 6. Examples of simplistic Lotka-Volterra type predator-prey models (Begon and Mortimer, 1981), showing prey
growth rate (solid line) and predator total response curves (or per capita predation rate; dashed line) as a function of prey
population size. The prey growth rate is maximum at low and mid prey densities, and declines to 0 at ecological carry-
ing capacity (K). Where the two lines cross (Ls) are the equilibrium levels of the prey population as a result of predation.
Note that the Ls are always lower than K. Thus, these models assume additive mortality. Graph A shows density-dependent
responses by predators, where predation pressure increases as prey density increases. Graph B shows depensatory (i.e.,
inversely density-dependent) responses by predators, where predation intensity increases as prey density declines. Depen-
satory predation can destabilize systems and drive prey to very low densities and even extinction. In both cases, more ef-
ficient or multiple efficient predators are assumed to have a greater effect on prey numbers.

Simply, if predisposition is present, the individual killed
by the predator was likely to have died from some other
cause anyway. To illustrate, research in New Mexico has
shown that individual mule deer killed by pumas were
in significantly poorer condition than the population as
a whole (Bender and Rosas-Rosas, 2016). This illustrates
predisposition; such individuals were increasingly likely
to die from some other factor if not killed by a puma.
Hence, mortality in these populations was primarily
compensatory (Figure 4; Bender and Rosas-Rosas, 2016).
Primarily compensatory predation was similarly seen
with pronghorn (Antilocapra americana), elk, and desert
bighorn (Ovis canadensis) across multiple populations in
New Mexico (Figure 4).

Conversely, if individuals in a population are not
predisposed by poor condition, lack of cover, or other
factors, predation can be much more of an additive
mortality factor. Such circumstances can occur in high-
quality habitats where individuals attain excellent nutri-
tion, or in areas where there are multiple efficient preda-
tors of both juveniles and adults (if the prey species has
multiple distinct age classes). In the case of high-quality
habitat, individuals, especially adults, are likely at or
near the chronic minimum levels of mortality. Because
there is no additional mortality to “trade” among causes,
any new mortality such as predation mostly adds to ex-
isting mortality under these circumstances. Interestingly,
the response of the population to predation can still be
compensatory to some degree under these circumstances

if density dependence is the primary factor affecting
population condition, but the method of compensation
changes. Compensation in these cases can occur through
an increase in the number of juveniles born (termed
compensatory natality) and/or survival of juveniles (see
Density dependence and population age structure, below;
Bender, 2008, 2018).

Sometimes, even if individuals in a prey population
are strongly predisposed, predation can still be mostly
additive. These circumstances involve systems with
multiple efficient large predators (especially social or
pack predators) and vulnerable alternative prey species
(National Research Council, 1997; Ballard and Van
Ballenberghe, 1998). For example, combined preda-
tion on moose (Alces alces) by wolves, brown bears
(Ursus arctos), and black bears (Ursus americanus) can
limit moose populations in some areas where caribou
(Rangifer tarandus) and other prey are also present. As
moose decline, the large carnivores are able to shift to
other vulnerable prey to maintain their own popula-
tion size, but still preferentially utilize adult and calf
moose, their preferred prey. Because the predators do
not decline in population size nor does predation pres-
sure on moose lessen, predators can limit the growth
of moose populations. Such conditions can lead to a
“predator-pit” or low-density equilibrium (Ballard and
Van Ballenberghe, 1998), where the primary prey spe-
cies is maintained at low density because of multiple
species of efficient predators preying on both adults
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and juveniles in a depensatory (inversely density de-
pendent) manner, meaning that predation pressure
increases as the prey population declines (Figure 6).

Density dependence and population age structure
Much of the above has focused on compensatory or ad-
ditive mortality within populations with approximately
equal vulnerability among age classes, or within a spe-
cific age class, such as adult females. If present, other
characteristics of populations, such as density depen-
dence or having a complex age structure, can provide
populations with additional mechanisms to compensate
for predation beyond compensatory mortality within a
population segment (Bender, 2008, 2018).

The population process called density dependence
affects populations through the amount of resources
available to individuals as a result of competition. Be-
cause resources (food, water, cover, space) are not unlim-
ited, as the size of a population increases, the quantity
and/or quality of resources available to individuals
declines (Begon and Mortimer, 1981; Bender, 2011).
This decline in per capita resource availability results
in decreased condition and increased stress in individu-
als, the magnitude of which increases as population size
increases and resource availability declines. This results
in a slowing of the rate of population growth because of
declining condition of adults and/or increasing stress.
This slowing of population growth occurs primarily be-
cause of impacts on production and survival of young,
although adult survival can also be affected (Gaillard
et al., 2000). Why? Because resource stress affects indi-
viduals in a population in a fairly predictable order, i.e.,
first body condition declines, followed by lower juvenile
fecundity and survival, then lower adult fecundity, and
finally lower adult survival (Gaillard et al., 2000).

Not all populations experience strong density de-
pendence. Many populations in the arid Southwest, for
example, may never reach densities where strong com-
petition occurs because populations are kept below this
level by frequent drought or other density-independent
effects that reduce productivity and survival (e.g.,
pronghorn [Bender et al., 2013]). Those populations
that do show strong density dependence, however, have
additional mechanisms to compensate for predation (or
other causes of mortality). As noted above, increasing
population density results in individuals finding less
quality food (or fewer quality cover sites) and thus be-
coming increasingly predisposed because of poor condi-
tion or inadequate cover. Under the density-dependent
case, at higher densities loss of an individual to a preda-
tor (or other cause of death) increases available resources
for the remaining individuals (and thereby reduces
predisposition and vulnerability). Thus, the degree (or
strength) and timing of density dependence can be im-
portant in determining whether predation is additive or

compensatory on populations (Errington, 1967; Boyce
etal., 1999; Ballard et al., 2003). If strong density-de-
pendent effects are occurring in populations, predation
is more likely to be compensatory.

However, compensation in the case of strong density
dependence can also occur through an increase in the
number of juveniles born (compensatory natality)
and/or survival of juveniles (Bender, 2008, 2018), in
addition to compensatory mortality among adults. The
reason is that production and survival of juveniles are
affected by even minor levels of resource stress (Gaillard
et al., 2000), and juveniles thus have greater potential
to respond to increases in resource availability caused
by decreased competition. In contrast, adult survival is
the last population demographic affected by resource
stress (Gaillard et al., 2000). Thus, under any degree of
density-dependent resource limitation, a population has
some ability to compensate for predation or other mor-
tality, even if it is primarily additive for one component
of the population, such as adults. Only under optimal
nutrition and cover is that ability lost, and such condi-
tions never occur in nature.

Many biologists mistakenly believe that compensa-
tory responses can occur only if strong density depen-
dence is working on a population. This belief is par-
ticularly unfortunate in arid environments such as New
Mexico, where forage quality can be very low regardless
of the abundance of forage. Thus, condition of indi-
viduals can be poor because of a density-independent
effect (low forage quality) rather than density depen-
dence. Such density-independent (meaning that it does
not matter whether there are many or few individuals
in a population) effects can also decrease condition
and increase predisposition. Again, included here are
things like drought that limit the availability of nutri-
tious foods, or situations where the game range is in
poor condition because of few quality foods as a result
of past overutilization (DeYoung et al., 2000; Bender
and Cook, 2005; Bender and Rosas-Rosas, 2016). In
these cases, regardless of whether there are many or few
individuals in the population (i.e., regardless of the de-
gree of competition), each individual cannot attain good
condition because the nutritional quality of the forage is
simply inadequate (Bender and Cook, 2005).

For species like ungulates with very complex age
structures, the degree of age structuring also influences
the effect of predation on a population. Age-structured
populations can be thought of as “populations within
populations” (Bender, 2018). For example, juvenile and
adult deer are very different, and react to resource stress
differently. Juveniles are more vulnerable to predation
than are adults, and they have much higher forage qual-
ity needs because of a greater energetic need per unit of
body mass; hence, they are affected first and much more
strongly than are adults by resource stress (Gaillard et
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al., 2000; Cook, 2002; Wakeling and Bender, 2003).
Thus, for any given level of resource stress or popula-
tion density, juveniles show greater predisposition and
stronger density dependence than do adults. Predation
on one age class can thus be compensated for by another
age class in age-structured populations. How? Because
the population functions physiologically as two dis-
tinct populations: juveniles and adults. One compo-
nent, the adults, is less affected by density-dependent
resource stress until near ecological (i.e., food limited)
carrying capacity, and thus mortality tends to be closer
to the chronic minimum. The other, juveniles, is much
more strongly affected even under conditions of slight
resource limitations.

Predation at the population level thus can affect age
classes differently. Under conditions of no resource
stress, predation tends to be additive on all. As stress
increases, predation becomes increasingly compensatory
on juveniles. Under greater resource stress, predation
becomes compensatory on both juveniles and adults.
Thus, because adult females are the component least
sensitive to resource stress, if predation or other mortal-
ity is compensatory for adult females, it is almost cer-
tainly compensatory for juveniles over their entire pre-
and post-weaning period as well. Consequently, strong
density dependence results in a much greater ability for
compensations in prey populations.

However, in most cases in New Mexico, resource
limitations that predispose individuals are more likely
to be density independent than density dependent (i.e.,
drought; Bender and Rosas-Rosas, 2016). Thus, preda-
tion or other mortality can be compensatory at low den-
sities as well. Moreover, when predisposition is the result
of density-independent influences, adults can be just as
affected as juveniles at any population density.

Last, remember that populations can only compen-
sate down to the “chronic minimum” or “background”
mortality of the population. This can be conservatively
defined as that associated with individual senescence. If
mortality is at the chronic minimum, there is no excess
mortality to “trade” among causes because lifespan of a
species cannot be increased. Recruitment of new adults
must also exceed the chronic mortality or a population
will decline.

COMMUNITY

Community-level effects of predation are highly local-
ized and dependent upon a multitude of site-specific
factors, including degree of predisposition in prey, where
each predator-prey relationship lies along the compen-
satory-additive continuum, numbers and characteristics
of predator species (i.e., social or solitary, their popula-
tion size, functional and numerical responses), numbers
and vulnerability of alternative prey, and population

age structure, to name only a few (National Research
Council, 1997; Ballard et al., 2003; Mech and Peter-
son, 2003; Heffelfinger, 2006; Wilmers et al., 2007;
Bender, 2008; Mech, 2012; Sinclair, 2003). Despite
this complexity, some generalizations are possible. First,
predation can either stabilize or destabilize communi-
ties or ecosystems depending upon the degree to which
it is compensatory or additive. If predation is additive
and severe, predators can drive populations of preferred
prey to very low levels, which can have cascading effects
throughout the community, in some cases driving the
system to a completely different equilibrium where the
primary prey can be held at low density (Ballard and
Van Ballenberghe, 1998). Such situations are often seen
with the introduction of exotic predators, especially on
islands where potential prey have little experience with
predation (Klein, 1981; Doherty et al., 2016). Similarly,
if predation is additive, predator control can release prey
and allow prey to achieve greater numbers (National
Research Council, 1997; Ballard and Van Ballenberghe,
1998). In the case of herbivore prey, this can negatively
affect plant communities and actually decrease the car-
rying capacity of the habitat for the prey species itself
through changes in plant community composition,
particularly loss of preferred high-quality foods as a
result of excessive herbivory (National Research Coun-
cil, 2002). In contrast, compensatory mortality tends

to dampen variations in systems, acting as a negative
feedback mechanism that works to keep systems in their
current equilibrium state (Errington, 1967).

The impacts of predation on communities can be
influenced by factors other than the degree of additive-
compensatory mortality, however. For example, the
same vegetation can provide both concealment and
stalking cover for predators, and food and hiding cover
for prey. Whether one or both are favored by increased
vegetation affects the outcome of the predator-prey
interaction. To illustrate, Dambacher et al. (1999) used
loop or qualitative modeling to model the interactions
of vegetation, predators, and snowshoe hares (Lepus
americanus). The outcome of this predator-prey system
depended on whether predators were or were not aided
in prey capture by increased cover. If they were, then
fertilizing vegetation would have no impact on hares,
despite food becoming more abundant, because preda-
tors such as lynx (Lynx canadensis) would also benefit
from better concealment and stalking cover. If not, then
increased vegetation would benefit hares because of
increased food. Field studies showed that fertilizations
had no net positive effect on hare numbers, a counterin-
tuitive outcome, but an outcome potentially explained
by increases in vegetation benefitting predators as well.
Because of these varied dynamics, the snowshoe hare
predator-prey system is only conditionally stable, and
hence results in cyclic behavior (i.e., the 10-year cycles
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thought to be detectable in many northern wildlife spe-
cies; Dambacher et al., 1999). This illustrates that even
with such a simple system, outcomes of predator-prey
interactions can be far from intuitive, and are influenced
by even subtle effects of any component of the commu-
nity.

Other attributes of communities can also affect
predator-prey relationships at the community level. For
example, Sinclair (2003) postulated that low diversity
systems, such as those comprised of only a single major
predator and a low number of prey species, were un-
likely to result in predators limiting prey populations.
Supporting this, most examples where predation had at
least some limiting effect on prey were multi-predator
systems (e.g., National Research Council, 1997; Ballard
and Van Ballenberghe, 1998; Mech, 2012; Forrester and
Wittmer, 2013). Predator behavior is also important.
Social predators like wolves, especially in combination
with other efficient predators in multi-prey systems or
when benefitted by weather conditions, can seemingly
exert greater pressure on preferred prey species (National
Research Council, 1997; Ballard and Van Ballenberghe,
1998; Mech and Peterson, 2003; Mech, 2012) than can
solitary ambush predators like pumas (Hornocker, 1970;
Ruth and Murphy, 2009; Bender and Rosas-Rosas,
2016). However, even this can be influenced by other
environmental conditions. For example, the complexity
of the system was less important than predisposition due
to poor condition in determining the effect of preda-
tion on mule deer in New Mexico (Logan and Sweanor,
2001; Bender and Rosas-Rosas, 2016).

SO...WHY THE CONFUSION?

Failure to understand or appreciate the complexity of
predator-prey interactions (as described above) is the
primary reason for the lack of understanding of preda-
tion’s effect on prey populations. Predation is no simple
process, and the “effect” is frequently misunderstood
and often not even evaluated in most “predator-prey”
studies. Most studies instead simply determine the
proximate cause of death, which says nothing regarding
the effect of predation as discussed above. Occasion-
ally, results on survival of prey are correlated with some
measure of environmental variability like plant phenol-
ogy (i.e., indices of landscape greenness such as the nor-
malized-difference vegetation index [NDVI]), but this
also says little because there may be no demonstrable
relationship between the measure and the trait (usually
nutrition, body condition, or predisposition) that it is
assumed to index (Caltrider and Bender, 2017). Oc-
casionally, simple measures like predator diets or the
ratio of predators to prey are used to assess the impact
of predation (Theberge, 1990; Bowyer et al., 2013), but
these are often misinterpreted and represent another

unreliable shortcut to determining the actual impact of
predation. Using such shortcuts only makes the issue of
predation even less clear. Several other issues common to
predator-prey investigations also contribute to the con-
fusion regarding the effects of predation. These include:

1. No or poor assessment of predisposition.
For larger species, condition is the main factor influenc-
ing whether certain individuals are predisposed to death.
Not all assessments of condition are useful, however. In
particular, @ priori, or before death, assessment is most
useful for determining predisposition. If assessments are
made after death, questions arise as to what is actually
being compared, i.e., what populations are you compar-
ing? For example, a posteriori assessments often compare
predator kills to human harvest samples, but whether
the harvest samples are representative of the population
is unknown because of hunter selectivity.

Some post-death contrasts can potentially be use-
ful because of objective evaluation criteria, such as
properly interpreted bone marrow fat levels (Ratcliffe,
1980; Depperschmidt et al., 1987; Cook et al., 2001).
However, even these operate within a limited range of
usefulness. For example, femur marrow fat levels below
12% indicate that an individual’s nutritional reserves are
so low that it cannot recover and live, <90% indicates
poor condition, and >90% indicates viable condition
(Ratcliffe, 1980; Depperschmidt et al., 1987; Cook et
al., 2001). Values between these extremes (i.e., <12%
and >90%) have little predictable relationship with ac-
tual condition; between these extremes individuals are
in poor condition (Cook et al., 2001) and thus predis-
posed to varying degrees, but that degree is not neces-
sarily predictable. Below 12%, the individual would not
have lived long regardless of whether killed by a preda-
tor or some other cause. Additionally, qualitative assess-
ments of femur marrow fat are unreliable. For example,
marrow fat that is waxy white or pinkish-white is often
considered indicative of good condition (e.g., Logan and
Sweanor, 2001), but marrow fat levels can be well below
90% and still show those colors and texture.

Because of improper assessments, interpretations,
or misunderstanding the hierarchical role of predation,
many studies reach potentially incorrect conclusions
based on unreliable individual assessments. For example,
Kunkel and Pletscher (1999) assumed that wolf preda-
tion was additive at the individual level. As noted above,
predisposition acts on individuals, while additive or com-
pensatory are attributes of populations, not individuals.
If predation can be additive at the individual level, it
must also be compensatory, which leads to the question:
How does dying increase the same individual’s chance of
living? Obviously, these authors confused individual and
population responses, and likely intended to say indi-
viduals killed by wolves were not predisposed. Whether
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that was true or not was also problematic
because the indices of condition they used
(femur marrow fat and skeletal measures)
were generally poor indicators of condition
(Cook et al., 2001). For example, they
considered predation additive (and thus
presumably not predisposed) on elk with
>35% femur marrow fat, yet 35% femur
marrow fat at best indicates that elk are in
poor condition (Cook et al., 2001).

In contrast, Okarma (1991) found
lower femur marrow fat levels in wolf-
predated red deer (Cervus elaphus) as
compared to hunter-harvested red deer,
suggesting predisposition of prey. Again,
the index used is valid only at the ex-
tremes of condition (i.e., healthy or at a
level of condition so poor the individual
could likely not recover; Cook et al.,
2001). Individuals are clearly predisposed
in the latter case, but are also predisposed
to varying degrees between these two
extremes. However, this index cannot ac-
curately assess that level. Further, it is un-
known whether hunter-harvested samples
accurately reflect the population or not.

Similarly, many investigations of juveniles only assess
survival during the preweaning period, when juveniles
are mostly to completely dependent upon maternal care
for survival. Because stress faced by the mother is
usually expressed in juveniles prior to birth (i.e., light
birth weights, later birth dates, etc.; Hanks, 1981;
Cook, 2002; Wakeling and Bender, 2003; Cook et al.,
2004) and these attributes are often not collected by
biologists, mortality in this density-independent period
is frequently described as additive. Of course it would
appear so, because predisposition is usually not assessed,
and preweaning studies occur before the period of densi-
ty-dependent resource limitation (i.e., post-weaning and
winter) when the lower competitive ability of smaller
juveniles heightens their predisposition to mortality.
Nevertheless, neonates are highly predisposed by light
birth weights and later birth dates (Cook et al., 2004;
Lomas and Bender, 2007; Hoenes, 2008). Because adult
females are the component least sensitive to resource
stress, if predation is primarily compensatory for adult
females, it is almost certainly compensatory for juveniles
over their entire pre- and post-weaning period as well.
However, the reverse is not necessarily true.

2. Use of simplistic predator-prey metrics and models.
Many metrics commonly used to “guess” the impact of
predation are largely invalid. For example, predator:prey
ratios are frequently used to infer if predators can have

a strong influence on prey. Here, the theory is simple:

Figure 7. Life is no easier for the predator than for their prey. This puma
likely had a territorial fight with another, and suffered some serious wounds
as a result. Predator behaviors, such as territoriality, intolerance, despotism,
and infanticide, can result in predator populations not being able to reach
densities where they can limit healthy prey populations.

(Photo courtesy of L. Bender.)

more predators means increasingly bad news for the
prey. While sounding intuitive, there are many, many
problems with this. For example, predator:prey ratios
assume that predation is completely additive, which

in most cases has been shown to not be the case where
rigorously tested (e.g., in New Mexico; Figure 4).
Predator:prey ratios also ignore the differing potential
influences of alterative prey (i.c., other prey species be-
sides the species used in the ratio), whether a predator is
efficient or not, predisposition in the prey population,
etc. (Theberge, 1990; Bowyer et al., 2013). They further
assume that the numerical response of the predator,
specifically an increase in predator numbers, results in
the total response, or intensity of predation, increasing;
in other words, increasing use of the prey species by the
predator (the total response combines the numerical re-
sponse and the functional response, the latter of which
is roughly equivalent to the predation rate) (Begon and
Mortimer, 1981).

These assumptions come from simplistic models of
predator-prey relationships that in turn assume additive
mortality (Figure 6). They ignore all the biological com-
plexity associated with predation covered above. Addi-
tionally, biologists have a very poor ability to accurately
enumerate prey and especially predator populations,
and the variability of these estimates, usually very large,
is not included in most assessments of predator:prey
ratios (Bowyer et al., 2013). Because of these and other
issues, a rigorous evaluation of predator:prey ratios has
shown that these ratios cannot be accurately interpreted
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(Bowyer et al., 2013). The same is true for other simplis-
tic methods often used to try to infer the effect of preda-
tion, particularly diet studies of predators or studies that
determine only causes of mortality of prey and little else
necessary to understand the effect of predation.

The degree of density dependence in predator
populations can also cloud predator-prey models. For
example, the numerical response of predators is naively
assumed to increase as prey populations increase. How-
ever, many predators have density-dependent checks on
population growth, which may include social regulation,
territoriality, intolerance, stress, despotism, infanticide,
or physiological density dependence as described above
(e.g., Quigley and Hornocker, 2009; Wallach et al.,
2015). These can cause populations of some predators
to limit their population size because of social or other
stress associated with encounters with conspecifics (Fig-
ure 7). Hence, predators might not be able to reach den-
sities where they can limit healthy prey populations.

Last, population trend or trends in juvenile:female or
other ratios by themselves cannot indicate the effect of
predation because populations can be influenced con-
currently by many factors, including predation, weather,
habitat alterations, and density dependence, among oth-
ers (Bender and Weisenberger, 2005, 2009; Christie et
al., 2015; see 3. Confounded predator control examples,
below). Many studies do not assess these other effects
that can influence population trend when investigating
predator-prey relationships (National Research Council,
1997; Mech, 2012). Relatedly, indirect effects of pre-
dation can potentially decrease prey productivity and
population size by affecting prey foraging and distribu-
tion (Hernandez and Laundre 2005; Gude et al., 2006)
even if the direct effect of predation has no impact on
prey populations.

3. Confounded predator control examples.

For predator control programs to work, predation must
be primarily additive on the prey population. If additive,
then decreases in predators and thus predation should
increase survival of prey. Successful predator control pro-
grams are hard to find outside of Alaska and situations
involving introduced exotic predators, especially on is-
lands (Jones et al., 2016). (Interestingly, this latter case is
also true regarding many introductions of herbivores—a
plant predator—onto islands where the prey—plants—
are not adapted to herbivory [e.g., Klein, 1968].) Evi-
dence supporting predator control in the Southwest

is mostly inferred from historical retrospectives such

as the history of mule deer on the Kaibab Plateau of
Arizona (Heffelfinger, 2006). While increases in mule
deer on the Kaibab are frequently attributed to predator
removal, they were also influenced by extensive declines
in the number of livestock, above-normal precipitation,

eliminating female harvest, etc. (Mann and Locke, 1931;
Heffelfinger, 2006). Which of these many factors con-
tributed the most to increases is unknown.

Similarly, studies that show increased population-lev-
el recruitment or population size in large areas follow-
ing predator control seldom account for other factors
that could concurrently affect prey populations (e.g.,
pronghorn-coyote [Canis latrans]; Brown and Conover,
2011), such as drought, winter severity, and human
alterations of the landscape (Christie et al., 2015).
Hence, such correlative studies often yield conflicting
results, e.g., coyote control favored pronghorn but not
mule deer (Brown and Conover, 2011), or coyote con-
trol had no effect on pronghorn, whereas weather and
landscape development did (Christie et al., 2015). Both
results could well be correct for the given set of ecologi-
cal conditions at each site. However, results from inves-
tigations such as these should be viewed with caution
and not generalized beyond their study areas if they
fail to account for other factors that may affect prey
dynamics. Such investigations invariably fail to account
for the complexities of predation.

Other manipulative or correlative tests have shown
no effect from predator removals. For example, little
evidence supports puma control having any effect on
mule deer populations in the Southwest or elsewhere
(Logan and Sweanor, 2001; Heffelfinger, 2006; Hurley
etal., 2011; Forrester and Wittmer, 2013; Bender and
Rosas-Rosas, 2016). To illustrate, in a seven-month pe-
riod Logan and Sweanor (2001) removed 13 adult and
subadult pumas from an estimated population of 16 on
a treatment area within the San Andres Mountains. Sur-
vival of adult female mule deer did not differ prior to or
after removals (Bender and Rosas-Rosas, 2016). Similar
results were also seen in desert bighorn; ewe and ram
survival did not differ when comparing the three years
prior to (survival = 0.83) and the three years during
and after (survival = 0.81) puma removals (Logan and
Sweanor, 2001; Bender et al., 2017).

CONCLUSIONS

Predisposition is a prerequisite for compensatory mor-
tality (Bender and Rosas-Rosas, 2016), so whenever
any degree of predisposition is known or likely to be
present, predation should not be assumed to limit prey
even if it is the primary cause of death. Nor does low
density of prey populations in the Southwest indicate
that little density dependence is present in the prey, and
therefore predation is likely to be additive because of a
lack of density-dependent predisposition. Especially in
the Southwest, conditions such as drought can reduce
condition and predispose individuals to mortality re-
gardless of the numbers present because forage quality
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or habitat cover may be inadequate regardless of popula-
tion density (e.g., DeYoung et al., 2000; Ballard et al.,
2003; Bender and Cook, 2005). Thus, for example,
precipitation has consistently been shown to be the pri-
mary influence on ungulates in the Southwest (Smith
and LeCount, 1979; Marshal et al., 2002; Bender and
Weisenberger, 2005, 2009; DeVos and Miller, 2005;
Brown et al., 2006; Heffelfinger, 2006; Simpson et al.
2007; Bender et al., 2007, 2011, 2012, 2013; McKin-
ney et al., 2008), not predation (Heffelfinger, 2006;
Bender and Rosas-Rosas, 2016; Bender et al., 2017).
This is not meant to imply that predation has no
effect on wildlife in the Southwest. Given amendable
circumstances, it certainly can and does. However, the
common perception of a uniform deleterious effect is
mistaken, and any effect, whether negative or none, is
completely dependent upon the factors affecting the
hierarchy of predation locally, particularly at the indi-
vidual and population levels. Attempts to shortcut un-
derstanding of these local factors with simplistic metrics
or additive models have driven the confusion and over-
simplification of this complex ecological situation.
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