Human-Wiildlife Interactions 17(1):123-133, Spring 2023 - digitalcommons.usu.edu/hwi

Commentary

A critical look at wild pig elimination:
myths and facts

Kim M. PEPIN, U.S. Department of Agriculture, Animal and Plant Health Inspection Service,
Wildlife Services, National Wildlife Research Center, 4101 Laporte Ave., Fort Collins, CO 80521,
USA kim.m.pepin@usda.gov

TRAVIS L. GUERRANT, U.S. Department of Agriculture, Animal and Plant Health Inspection
Service, Wildlife Services, Columbia, MO 65202, USA

JEREMIAH L. PSIROPOULOS, U.S. Department of Agriculture, Animal and Plant Health
Inspection Service, Wildlife Services, National Feral Swine Damage Management Program, 4101
Laporte Ave., Fort Collins, CO 80521, USA

JEANINE T. NESKEY, U.S. Department of Agriculture, Animal and Plant Health Inspection
Service, Wildlife Services, National Feral Swine Damage Management Program, 4101 Laporte
Ave., Fort Collins, CO 80521, USA

JOHN M. TOMECEK, Department of Rangeland, Wildlife, and Fisheries Sciences, Texas A&M
University, MS 2138, College Station, TX 77843, USA

MiCcHAEL J. BODENCHUK, U.S. Department of Agriculture, Animal and Plant Health Inspection
Service, Wildlife Services, Cooperative Wildlife Services Program — Texas, P.O. Box 690170, San
Antonio, TX 78269, USA

JANEAN L. ROMINES, U.S. Department of Agriculture, Animal and Plant Health Inspection
Service, Wildlife Services, National Feral Swine Damage Management Program, 4101 Laporte
Ave., Fort Collins, CO 80521, USA

Abstract: Wild pigs (Sus scrofa) are abundant and widely distributed in the United States.
They damage crops and pastures, predate livestock and sensitive species, impact ecosystem
functions, and damage personal property. To address these issues, some states in the United
States are seeking complete elimination. A frequently asked question by stakeholders is: “What
portion of the population needs to be removed annually to reach elimination?” The number
70% is widely touted as the answer. There is little scientific evidence to support that this
percent annual removal would be needed to achieve elimination, yet 70% has now become
a standard measure of management success, and in some cases the rationale for support or
lack thereof for operational management programs. For example, some stakeholders believe
that if a wild pig elimination program does not remove 70% of the population annually across
the state, then it is not being effective. These strong and widespread anecdotal beliefs may
actually impede management progress. Herein, we describe the likely origin of the 70%
parameter and the science to support why this metric measuring success of an elimination
program is inaccurate.
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In THE UNITED STATES, Wild pigs (Sus scrofa)
are an invasive species that cause an enormous
amount of damage to agriculture, natural re-
sources, and private property annually (Bevins
et al. 2014). To mitigate this damage, the U.S.
Department of Agriculture (USDA), Animal
and Plant Health Inspection Service (APHIS),
Wildlife Services (WS) program has been work-
ing with federal, state, territorial, and local
agencies, tribes, conservation and commod-

ity organizations, and private individuals for
a few decades to mitigate local wild pig dam-
age. Earlier management actions were success-
ful at the local level, but the size and range of
the wild pig population and associated damage
increased despite local efforts in several areas.
To address a growing national problem, in
2014, APHIS began a national program, the Feral
Swine Damage Management Program (USDA-
APHIS 2020). In some U.S. regions and states, the
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main objective of the program was elimination of
wild pig populations. For those managing state
programs to eliminate wild pig populations, a
fundamental question is “What proportion of the
population must be removed annually to elimi-
nate a population?” One answer widely cited in
informal conversations is 70%. However, experi-
enced wildlife managers and population ecolo-
gists know that the true answer is “it depends.”
Herein we discuss origins of the 70% number,
the management challenges it poses, and why
planning and evaluation of elimination programs
should not be based on a universal parameter
such as a percentage of annual take.

Methods

To evaluate the origins of the 70% number,
we searched the Web of Science topic query on
June 3, 2022, using the following search terms:
“(wild or feral) and (swine or pig or hog or boar)
and (elimination or eradication).” This returned
459 results. We then constrained the search re-
sults to relevant scientific categories, focusing on
ecological and environmental sciences (specifi-
cally we selected the following Web of Science
categories: Ecology, Biodiversity Conservation,
Zoology, Multidisciplinary Sciences, Environ-
mental Sciences, Biology, Evolutionary Biology,
Ornithology, Agronomy, Environmental Stud-
ies, Agriculture Multidisciplinary, Economics,
Forestry, Regional Urban Planning, Agricultural
Economics Policy, Horticulture, Mathematical
Computational Biology, Mathematical Interdis-
ciplinary Applications, Reproductive Biology,
and Urban Studies). This reduced the search re-
sults to 145. From this list, we identified publica-
tions that described in the abstract the effects of
removal rates on wild pig populations in areas
where elimination or maximum control is the
objective (inclusion criterion). We identified 5
articles with these criteria. In addition to search-
ing Web of Science, we searched the references
in the Web of Science papers that met our inclu-
sion criteria and references in 4 comprehensive
book chapters on wild pig elimination (Mayer
2009; Hone 20124, b; Snow et al. 2020) to locate
older articles and those from the gray literature.
From all sources, we selected 15 publications for
inclusion (Table 1). Our objective was to provide
examples of studies of different removals rates
across a variety of ecological contexts, not to be
comprehensive.
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Results and discussion
Origin of the 70% ‘““rule”

The 70% removal number was originally re-
ported by Giles (1976) as the annual removal
rate needed to reduce a wild pig population
over 12 months. The conclusion was based on
wild pig population growth rates in the state
of New South Wales in Australia, which were
estimated to be 57-70% annually (specifically,
intrinsic growth rate r = 0.57-0.70) across 2
study sites, and on the effects of control efforts
on abundance in the region (Giles 1980). In his
dissertation, Giles (1980) concluded that “an ef-
fective control program would need to reduce
a wild pig population by at least 70% within a
short period of time to keep it below pre-con-
trol level for more than 12 months. Even with
this reduction, the program would have to be
repeated at intervals of about two years to be
of more than short-term benefit. Although a
reduction of 70% in a large pig population is
technically feasible on agricultural and grazing
lands, it is very difficult and expensive” (229).

In later work, Giles (1999) examined the
population response to a 1-time 70% removal
rate and demonstrated how the response dif-
fers dramatically depending on the underlying
population growth rates. Giles (1999) concludes
“it can be seen that a population reduction of
the order of 70% or below, is likely to result in
recovery to pre-control levels within a couple
of years if r is about 0.6 [i.e., intrinsic growth
rate of 60% annually] or above” (42). Similarly,
Hone and Robards (1980) used a population
model to examine the 70% number on the same
growth rate (r = 0.60 annually) and empha-
sized the importance of considering multiple
factors when making recommendations about
removal rates for management—especially the
local population growth rate, the frequency at
which management is applied, and whether the
removal rate occurs on the original population
size or current population size.

Building on this work, other authors have
reported varying effects of removal rates near
70% depending on ecological contexts and ef-
fects of other removal rates (Mayer 2009, Snow
et al. 2020; Table 1). Thus, the scientific evidence
evaluating the 70% “rule” highlights a simple
fact in population ecology: to cause a popula-
tion decline, you must remove more individuals
than are produced (Fryxell et al. 2014), meaning
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Table 1. Selected studies of the effects of different removal rates on wild pig (Sus scofa) populations.
N, = initial population size.

Author(s) Year Location  Objective® r* Range of removal ~ Outcome of Source
rates examined® removal
Hone and 1980 New 1 0.60 70% Years to Mayer
Robards South elimination chapter
Wales, . =9
Australia 70% twice Years to
per year elimination
=3.8
Klingeretal. 2011 California, 1 NA 70% Years to Snow
USA elimination chapter
=10 (all Ny)
Dexter and 2015 New 1 0.79 50% removal rate  Years to Web of
McLeod South over 90% of the elimination Science
Wales, ) area =14.5 search
Australia 90% removal rate  Years to
over 90% of the elimination
area =77
50% removal rate  Years to
over 50% of the elimination
area =275
90% removal rate  Years to
over 50% of the elimination
area =10
Dzieciolowski 1992  Northern 2 0.90 70% once ever Years for Mayer
etal. art of population chapter
outh to recover to
Island, original size
New =25
Zealand 80% once ever Years for
population
to recover to
original size
=29
90% once ever Years for
population
to recover to
original size
=3.8
95% once ever Years for
population
to recover to
original size
=4.6
Giles 1999  New 2 0.92  70% once ever Abundance Mayer
South (No=100) after 2 chapter
Wales, years = 189
Australia (population
growth 189%)
0.80 70% once ever Abundance
(No=100) after 2
years = 150
(population
growth 150%)

Table continued on next page...
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Table continued from previous page...
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0.66 70% once ever Abundance
(No=100) after 2
years =113
(population
growth 113%)
0.41 70% once ever Abundance
(No =100) after 2 years =
68 (Fopulatlon
decline 32%
0.19 70% once ever Abundance
(No=100) after 2 years =
(population
dec ine 56%)
-0.23  70% once ever Abundance
(No=100) after 2 years =
19 (Fopulahon
decline 81%
McMahon 2010  Northern 0.34  17% in first year, Population Snow
etal. Territory, 9% in subsequent  declined by chapter
Australia years 25% after5
years
50% in first year, =~ Population
35% in subsequent declined by
years 75% after 10
years
50% in first year, Population
42% in subsequent declined by
years 75% in prioril
areas and 50%
park-wide in
10 years
Klinger etal. 2011  California, NA  50% (No =800) Population Snow

USA

50% (Nj = 2,400)

50% (N, = 5,000)

30% (N, = 800)

30% (No = 2,400)

30% (N, = 5,000)

remained at  chapter
N after 10
years

Population
declined by
66% after 10
years

Population
declined by
84% after 10
years

Population
increased by
250% after 10
years

Population
declined by
29% after 10
years

Population
declined by
64% after 10
years

Table continued on next page...
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Table continued from previous page...

Timmons 2012 Texas, 2 0.25 15% Population Pepin
etal. USA growth rate  etal.
declined by (20170)
21% (from
28% to 22%)

28% Population
growth rate
declined by
43% (from
28% to 16%)

41% Population
growth rate
declined by
57% (from
28% to 12%)

66% Population
growth rate
declined by
100% (from
28% to 0)

Salinasetal. 2015  Tennessee, 2 NA  40% Population Snow
USA declined over chapter
6 years

Pepin et al. 2017b  South 2 026 40% 90% Web of
Carolina, population Science
USA declined in search
4.4-5.8 years
depending
on spatial
removal
strategy

50% 90% |
opulation
geglined in
2.5-3.8 years
depending
on spatial
removal
strategy

70% 90%
opulation
geglined in
1.9 years for
all spatial
removal
strategies

Pepin et al. 2017a Texas, 2 026 38% >95% Web of
USA population Science
reduction search
within 4 years

0.58 50% >95%
population
reduction
within 4 years

0.89  60% >95%
population
reduction
within 4 years

Table continued on next page...
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Table continued from previous page...
026 20% 50%
population
reduction
within 4 years
0.58 30% 50%
population
reduction
within 4 years
0.89 35% 50%
population
reduction
within 4 years
Anderson 1993  Hawaii, 3 NA  66% in first 3 88% Snow
and Stone USA months, followed reduction chapter
by 40-50% in sub-  after 1 year,
sequent 3-month  elimination in
intervals 2 years
20% in first 3 54%
months, 39% next  reduction after
3 months, 40-60% the first year,
in subsequent elimination in
3-month intervals 2 years
McCann and 2008 California, 3 NA  71.5% in the first Elimination Web of
Garcelon USA 3 months with in 1.3 years Science
continued intense search
removal
Barrett and 1993  Hawaii, 4 NA Removal of Maintain Mayer
Stone USA 30-40% twice per  population chapter
year at 50% of
equilibrium
density
Hess et al. 2006  Hawaii, 4 NA 71% Reduce Mayer
USA ﬁoFulation by chapter
alf in each
successive
year
>41-43% Necessary
to cause
population
decline
Salinasetal. 2015 Tennessee, 4 NA 19.60% Population Snow
USA growth rate  chapter
declined by
24% over 6
years
Davis et al. 2022  Missouri, 4 0.16 18% monthly 95% chance Web of
USA of population  Science
decline search

* Methods/objective of the study: simulation modeling to determine time to elimination (1), simula-
tion modeling to examine effects of removal rates on population abundance or growth rates (2),
empirical measure of time to elimination (3), empirical measure of effects of removal rates on abun-
dance or population growth rates (4).
b Intrinsic rate of increase per animal. Note: r is related to net population growth rate through other
factors such as population density (Figures 1B and 1C) and can fluctuate in nature due to environ-
mental conditions (Choquenot 1998).
¢ Percent of population removed annually unless time period is specified.
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A. Exponential population growth
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Figure 1. Population growth trajectory under exponential (A) or density-dependent (B, C) wild pig
(Sus scrofa) population growth models assuming an intrinsic rate of increase (r) of 0.4. Annual
growth is shown under 3 different removal rates (see legend) starting after 1 year of growth. The
density-dependent model assumes a carrying capacity (K) of 10,000. Under the exponential growth
model (A), the population grows beyond K within 5 years (black line), but slower growth occurs

for the model with density-dependent growth even though each model uses the same r. This is
because in the density-dependent models, density modifies the net population growth rate (A) such
that A is much lower when the abundance is closer to carrying capacity (C), and lower removal
rates can cause a population decline because density is working synergistically with removal to
reduce abundance. For similar reasons, we also see that lower removal rates initially cause high
rates of population decline when N, is closer to K (compare blue lines in B and C). When the
removal rate matches the population growth rate (red line in A), the population maintains a

constant abundance.

that the effect of a 70% annual removal rate is
highly dependent on the underlying population
growth rate. However, anecdotally, we have no-
ticed that the 70% removal rate is widely quoted
as a rule for effective wild pig management in
public media outlets and by word of mouth, of-
ten in contexts where population growth rate is
unknown.

Note that the net population growth rate
(N/No, often denoted as A and referred to as
the net population growth rate or finite rate of
increase) can be different from the intrinsic or
maximum population growth rate (r or r,, often
referred to as the per individual [maximum] in-
stantaneous rate of increase). This is because r
is a parameter in a population growth model,
whereas A is the predicted outcome (net popu-
lation growth rate) from all parameters in the
model. In the simplest model of population
growth (e®1v); Figure 1A), r equals A across
different initial population sizes (Ny) and wild
pig densities, and thus r and A are sometimes
used interchangeably when referring to popu-
lation growth rate. These are the models that
were assumed in Giles (1976) and Giles (1980).
However, when density-dependent growth is
assumed, A changes for the same r based on
population density and N, (Figures 1B and 1C).

The relationship between r and A can be even
less intuitive when more realistic ecology, such
as age-specific r, environmentally dependent r,
or spatial processes are added into the popula-
tion growth model (Choquenot 1998; McMahon
et al. 2010; Pepin et al. 20174, b). These realistic
ecological processes can work synergistically
with removal rates to cause population decline
at removal rates different from r (McMahon et
al. 2010; Pepin et al. 20174, b). Similarly, the ef-
fects of a particular management removal rate
on A can be different depending on how remov-
als are conducted in time and space (Hone and
Robards 1980; McMahon et al. 2010; Pepin et
al. 20174, b), and how the analysis is conducted
(Table 1). Thus, while some of the mixed find-
ings (Table 1) are due to local population dif-
ferences in r, other discrepancies, especially
among the simulation-based studies, are due
to differences in the model structures used to
evaluate removal rates and their underlying
ecological assumptions.

Management challenges
Managing wildlife or invasive species is chal-
lenging because wildlife ecology is complex
(Fryxell et al. 2014). Management is further
complicated by diverse stakeholder knowl-
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edge, perceptions, and opinions about wildlife
(Messmer et al. 1997). Concomitantly, to be ef-
fective, managers must cultivate partnerships
with other managers, landowners, and stake-
holders rather than use a single metric to man-
age populations.

In the case of the 70% metric, some stake-
holders have become such strong proponents
that they may not support efforts that do not
meet this number (T. Guerrant, Wildlife Ser-
vices, personal communication). In other cases,
opponents to wild pig elimination weaponize
the 70% metric to argue that a management
strategy is not working and therefore should
not be supported. When stakeholders do not
agree on how to proceed, actions to mitigate
wild pig impacts can be delayed. Control de-
lays magnify the challenge of elimination be-
cause of the extreme reproductive potential of
wild pigs. While managers hash out the “how
to,” the population is continuing to expand. In
some areas, this can allow development of a
hunting culture that argues against elimination
or plays a role in spreading wild pigs to new
areas (Bevins et al. 2014).

The downstream issues that can arise from all
these challenges are that managers may respond
by not estimating local wild pig densities locally
to avoid determination of removal rates. How-
ever, density estimates are important as they can
help prioritize allocation of limited resources to
different areas in a way that optimizes both local
management objectives and widespread elimi-
nation (Pepin et al. 2020, Davis et al. 2022). Pop-
ulation density estimates are also important for
assessing disease risks, planning national dis-
ease surveillance, planning response to potential
disease introductions (e.g., African swine fever),
and estimating time to elimination in local areas
(Pepin et al. 20174, b).

Why one removal rate is wrong

Ultimately, the removal rate needed to cause
a population decline depends on [ in the local
population during the time frame the removal
rate is applied and how removal is conducted in
space and time. In the absence of management,
annual population growth rate values are the
net difference of gain and loss rates in a popu-
lation from all non-management processes (A;
Figure 1; [births + immigration] — [mortality +
emigration]). Thus, to determine the removal
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rate that will cause a population decline, one
needs to know the net population growth rate,
which can be estimated by monitoring abun-
dance over time. For example, if a population
consists of 100 individuals on January 1 and has
125 individuals on December 31, then the annu-
al population growth rate is (N:/No = 125/100 =
1.25) or 25% higher than the initial abundance.
This population would decline if >25% of the
initial population size is removed annually, as-
suming that population growth from natural
sources remains constant.

Population growth rates in nature are rarely
constant; they may vary within a single year or
across years (Hone and Robards 1980, Choque-
not 1998, Snow et al. 2020). Environmental con-
ditions such as shifts in food abundance may
alter birth rates or survivorship (Choquenot
1998, Snow et al. 2020). Many populations are
thought to follow a pattern of density-depen-
dent population growth where the growth rate
of anascent population with few females is low-
er than the growth rate of the same population
once well-established (“Allee effect”; Kramer et
al. 2009). For similar reasons, population dy-
namics may change in response to culling. For a
population at or near carrying capacity (an up-
per limit defined by the environment’s ability
to support further population growth), growth
rates approach 0 (Figures 1B and 1C) and thus
the culling of some percentage of pigs may in-
crease birth rates or survival while decreasing
A (Choquenot 1998). This increase in birth rates
or survival may alter the percentage of pigs that
need to be culled in subsequent events (Pepin et
al. 2017b). Removal rates above the current in-
put level will lead to declines in the population.
In practice, this may occur at levels as low as
20% (Snow et al. 2020), though managers need
to remain adaptable to current rates of net pop-
ulation growth to continue to drive populations
downward. That is why using one number to
guide population management is not necessar-
ily effective or efficient and can be misleading.

Other strategies used by managers can am-
plify effects of removal rates providing “more
bang for the buck.” In many situations where
elimination is the goal, it is infeasible to control
the full management unit simultaneously due
to financial or logistical constraints. Instead, a
better strategy can be to focus control on areas
that have the highest population growth rates
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from all sources until local elimination occurs,
and then move sequentially to other areas (Pe-
pinetal. 2017b, 2020). In this case, removal rates
over the entire area might appear low on aver-
age, but elimination is more likely because re-
sources are used in a way that eliminates local
populations that could otherwise be the source
of new populations or contribute to population
growth in other local populations through im-
migration.

A second strategy for efficient use of control
resources has to do with timing (Hone and Ro-
bards 1980). If the most intense removal efforts
are targeted during times of the year before the
most litters are born, then higher rates of popu-
lation decline can occur than if the same remov-
al rates are applied during times of the year
after most litters are born (Pepin et al. 2017b).
This strategy, referred to as “additive mortal-
ity,” acts to pull the grass out at the roots rather
than simply mowing it (compensatory mortal-
ity; Burnham and Anderson 1984, Bartmann et
al. 1992). The fact that the same removal rate
can play out differently depending on how it
is applied to the populations further illustrates
why a single removal rate number is a mislead-
ing evaluation of program success.

Finally, in geographically expanding popula-
tions, control acts to limit not only the growth
rate within the local population where control
occurs but also the expansion rate across the
landscape (Pepin et al. 2019). However, the
concept of “removal rates” only applies to the
effects of control within a local population, em-
phasizing the limitations of the removal rate
concept. When elimination is the ultimate ob-
jective, it is important not to lose sight of the
value the control program might have on ex-
pansion rates in evaluating overall benefits and
planning or refining elimination strategies. Ul-
timately, if the culling rates that are used lead
to progress toward elimination, then those cull-
ing rates are beneficial. Using one number to
decide whether a management program is suc-
cessful gets in the way of realizing its benefits
and achieving the management objectives.

Recommendations
Effective management should not be planned
or evaluated based on a single removal rate.
The scientific evidence demonstrates that mul-
tiple factors determine the effectiveness of a
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given removal rate, yet the 70% metric contin-
ues to be propagated in fact sheets and other
outreach sources in the absence of information
about local ecological context or management
objectives. A better approach for outreach ma-
terials would be to describe the factors that de-
termine effective management and how they
can be manipulated to optimize management
in a given population, management, or envi-
ronmental context.
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