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period. Rapid recovery and growth beyond pre-trap-
ping levels of wild pig populations likely were driven 
by residual wild pigs not removed by trapping and 
compensatory reproduction and immigration. Our 
study is one of the first to provide information on how 
quickly wild pig populations can recover following 
overall density reductions of 54–68% and indicates 
practitioners should be prepared to reinitiate trapping 
efforts in as little as 3 months to prevent recovery of 
wild pig populations following control.
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Introduction

Invasive wild pigs (Sus scrofa) have become a major 
management concern due to their extensive negative 
economic and ecological impacts throughout their 
introduced range. Over the past several decades, the 
magnitude of negative impacts of wild pigs have 
increased concurrently with the species’ abundance 
and distribution throughout their introduced range 
(Seward et al. 2004; Barrios-Garcia and Ballari 2012; 
Bevins et  al. 2014; Risch et  al. 2021; McDonough 
et al. 2022). As one of the 10 most globally important 
non-native invasive species, the ongoing expansion 
of wild pig populations consequently has stimulated 
greater focus on management and control aimed at 

Abstract  Trapping is an effective strategy for con-
trol of invasive wild pig (Sus scrofa), but eradication 
of populations via trapping alone typically is imprac-
tical throughout much of the species’ introduced 
range. Consequently, recovery of wild pig popula-
tions to pre-trapping levels following control is a 
major impediment to success of long-term control. 
In this study, we conducted camera-trap surveys to 
monitor recovery of two wild pig populations imme-
diately following density reductions achieved via 
trapping on two sites on the Savannah River Site, SC. 
We used spatial capture-recapture models to estimate 
wild pig density during seven 3  week periods span-
ning 12  months to: (1) determine the time required 
for populations to recover to pre-trapping levels; and 
(2) evaluate trends in population growth, density, and 
distribution during recovery. Recovery of both wild 
pig populations started immediately after trapping 
ceased, with populations reaching pre-trapping lev-
els in 3 and 5 months. Threeweek population growth 
rates for each wild pig population during recovery 
averaged 1.28 (range = 1.11–1.39 on site 1) and 1.24 
(range = 0.64–1.92 on site 2), which corresponded to 
a 345% and 132% increase in abundance (an increase 
of 141 and 126 individual wild pigs on site 1 and 2, 
respectively) of each population by the last survey 
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mitigating their negative impacts (Lowe et  al. 2000; 
Crystal-Ornelas et al. 2021; Cuthbert et al. 2022).

Throughout much of their introduced range, eradi-
cation of invasive wild pigs is impractical given their 
extensive distribution, high fecundity, and ability to 
disperse. Trapping is often a primary strategy adopted 
for wild pig control due to its efficiency and acces-
sibility to most managers (Choquenot et  al. 1993). 
However, despite demonstrated success of trapping in 
achieving substantial local reductions in wild pig den-
sity (e.g., 40–90% reduction; Choquenot et al. 1993; 
Ditchkoff et al. 2017; Davis et al. 2022; Lewis et al. 
2022; Kilgo et  al. 2023), and recent technological 
advances that further increase trapping removal rates 
(e.g., whole-sounder removal; Gaskamp et  al. 2021; 
Kilgo et  al. 2023), eradication of wild pig popula-
tions via trapping alone typically is not feasible (but 
see Lewis et al. 2022). In addition to the sheer extent 
of established populations (e.g., every county in 
South Carolina is occupied by wild pigs), providing 
a nearly endless source of immigrants, locating and 
trapping the last remaining wild pigs after density has 
been reduced by trapping often is not cost effective 
relative to effort required (Garcelon et al. 2005; Davis 
et al. 2016; Fischer et al. 2020; Gaskamp et al. 2021). 
Additionally, the last remaining wild pigs often are 
conditioned to avoid traps due to previous exposure 
to traps and thus can be more difficult to trap (Kilgo 
et al. 2023). Consequently, many wild pig populations 
recover to or surpass pre-trapping density levels after 
cessation of trapping, thus requiring trapping to be 
implemented in perpetuity to maintain reduced den-
sity conditions and mitigate negative impacts of this 
invasive species (With 2002; Lurgi et al. 2016).

Recovery of wild pig populations following con-
trol represents a pervasive challenge to control efforts 
throughout the species’ introduced range. Compen-
satory in situ reproduction and immigration by wild 
pigs in response to local density reductions achieved 
via trapping are major impediments to long-term 
success of control programs (Hanson et  al. 2009; 
Servanty et al. 2011; Gamelon et al. 2011), as these 
mechanisms should enable rapid recovery of wild 
pig populations to pre-trapping levels. Further, com-
pensatory in situ reproduction and immigration may 
operate simultaneously and result in growth rates 
of recovering wild pig populations exceeding that 
observed during pre-control time periods (Morelle 
et al. 2016; Snow et al. 2017). The time required for 

wild pig population recovery to pre-control levels 
may also be influenced by the magnitude of density 
reduction achieved during control, such that removing 
a greater proportion of the wild pig population should 
increase the time required for population recovery. 
However, trapping at spatial scales sufficiently large 
to limit immigration is logistically difficult and often 
cost-prohibitive (Epanchin-Niell and Hastings 2010; 
Pepin et  al. 2017, 2020). Compensatory immigra-
tion and reproduction following density reduction 
can facilitate rapid population growth, thereby reduc-
ing the time required to recover to pre-control levels 
(Pepin et al. 2017).

Guidance on when to reinitiate trapping efforts 
following density reduction is essential for control 
programs aimed at maintaining reduced wild pig den-
sity to minimize damage and public safety hazards. 
Although the efficacy of different trapping strategies 
has been studied (Choquenot et  al. 1993; Gaskamp 
et al. 2021; Lewis et al. 2022; Kilgo et al. 2023), we 
are unaware of research that has provided empiri-
cal data to support when practitioners must reiniti-
ate trapping efforts after density has been reduced or 
after reaching targets for proportion of the wild pig 
population removed (Pepin et  al. 2017). Information 
needed to guide decisions on when to reinitiate trap-
ping could be based on objectives of wild pig con-
trol programs. The time for a wild pig population to 
reach pre-trapping density levels is critical informa-
tion for control programs aimed at reducing density 
to mitigate damage and risks to human safety. Simi-
larly, trends in wild pig population growth rates rela-
tive to the magnitude of density reduction achieved 
are critical for success of control programs aimed at 
preventing growth and expansion of wild pig popula-
tions (Pepin et al. 2017). However, existing research 
on recovery of wild pig populations following con-
trol is limited and only focuses on longer time scales 
(i.e., > 1 year; Hone and Pedersen 1980; Hone 1983; 
Saunders et  al. 1990; Twigg et  al. 2006). Empirical 
data describing wild pig density and distribution at 
fine temporal scales following control would provide 
invaluable decision support for maximizing success 
of control efforts (Pepin et al. 2017, 2019, 2020).

In this study, we evaluated spatiotemporal patterns 
in density and distribution of two wild pig popula-
tions immediately following local density reductions 
achieved via an intensive trapping effort using whole-
sounder removal strategies on the Savannah River 
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Site, South Carolina. Our objectives were to: (1) 
determine the time required for each wild pig popu-
lation to reach pre-trapping density levels; and (2) 
evaluate spatial patterns in density and distribution of 
wild pigs in each area across seven 3 weeks periods 
covering a 10 months period beginning immediately 
following cessation of trapping.

Methods

Study site

The Savannah River Site (SRS), an 80,267-ha 
National Environmental Research Park owned and 
operated by the U.S. Department of Energy, is located 
on the Upper Coastal Plain and Sandhills physio-
graphic provinces in South Carolina. The landscape 
of the SRS is characterized by sandy soils and gently 
sloping hills dominated by pines with scattered hard-
woods and, although forest rotation lengths are longer 
than average for the area, the site is generally repre-
sentative of habitat in the region (Kilgo and Blake 
2005). The climate of SRS is humid subtropical 
with annual precipitation and temperature averaging 
1225 mm and 18 °C, respectively (Blake et al. 2005). 
Planted stands of loblolly (Pinus taeda), longleaf (P. 
palustris), and slash (P. elliottii) pines comprise 66% 
of the SRS and are managed on 50–120-year rota-
tions. Bottomland hardwood, forested wetlands, and 
cypress (Taxodium distichum)–tupelo (Nyssa aquat‑
ica and N. sylvatica var biflora) comprise approxi-
mately 18,461 ha (23% of the SRS). The remaining 
6421 ha of forested area on the site includes mixed-
hardwood stands and water bodies/reservoirs (Imm 
and McLeod 2005). Developed areas (i.e., facilities) 
comprise 3% of the SRS (Imm and McLeod 2005).

Wild pigs have been known to exist on the SRS 
since 1950 but likely originated from free-ranging 
domestic pigs that went feral as early as the eighteenth 
century (Mayer 2005; Mayer and Brisbin Jr 2012). 
The size and distribution of the SRS wild pig popula-
tion has expanded dramatically since the early 1950s 
(Mayer and Moore-Barnhill 2009), growing from a 
couple hundred individuals along the floodplain of the 
Savannah River in 1952 to between 4000 and 5000 
individuals distributed throughout the entire SRS pre-
sent day (Mayer et al. 2021). Wild pig density estimates 
on SRS range from 3 to 20 pigs/km2 (Davis et al. 2020; 

Bastille-Rousseau et  al. 2021; Kilgo et  al. 2021; Gar-
abedian et  al. 2023). The SRS wild pig population is 
demographically open with few barriers to dispersal 
and movement either within or outside the SRS, which 
presents a major obstacle to eradication of the SRS wild 
pig population (Mayer and Moore-Barnhill 2009).

Between 1956 and the present, the SRS wild pig 
population was managed through annual public deer 
hunts (during which wild pigs were legally har-
vested), a contract control program, and control activ-
ities conducted by the USDA Forest Service, Savan-
nah River (Mayer 2005). Control activities, including 
lethal removal of wild pigs through shooting, trap-
ping, and hunting with dogs (Mayer and Brisbin Jr 
2012), were implemented sporadically since 1952 
but more intensively beginning in 1985. From 1985 
to 2022, control activities removed 26,059 wild pigs 
from the SRS, with annual removals averaging 696 
wild pigs; from 2018 to 2022, annual wild pig remov-
als averaged 1067 (T. Mims, USDA Forest Service, 
unpublished data).

Despite decades of intensive control activities, the 
SRS wild pig population has continued to increase in 
size (Mayer and Moore-Barnhill 2009; Mayer et  al. 
2021; Kilgo et al. 2021). Accordingly, the SRS wild 
pig control program is aimed at population reduction, 
rather than eradication, with the goal of minimizing 
damage and public safety hazards (i.e., pig-vehicle 
collisions; Mayer 2005; Mayer and Moore-Barnhill 
2009; Beasley et  al. 2014). Given the size of the 
SRS and the site-wide distribution of the SRS wild 
pig population, control activities necessarily are 
conducted on smaller management units with con-
trol operators shifting effort to different units once 
wild pig density has been reduced to the extent that 
removal of remaining wild pigs is not cost effective 
relative to effort required to remove them (Choque-
not et al. 1993; Fischer et al. 2020). As a result, most 
units subjected to wild pig control on the SRS require 
follow-up control effort to varying degrees in order to 
maintain reduced density conditions achieved during 
initial control activities (Kilgo et al. 2023).

Data acquisition

Wild pig study populations

We addressed our study objectives using camera trap 
data collected on two sites on the SRS that were part 
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of a previous study evaluating relative efficacy of 
whole-sounder removal and traditional removal strat-
egies for reducing wild pig density (Kilgo et al. 2023). 
Sites 1 and 2 were 20.1  km2 and 26.3  km2, respec-
tively (Fig.  1). We selected these two sites for the 
present study because whole-sounder removal strate-
gies reduced wild pig density on sites 1 and 2 by 54% 
(90% CI 53–55%; reduced from 3.2 individuals/km2 
[90% CI 2.7–3.7  individuals/km2] to 1.4 individuals/
km2 [90% CI 1.2–1.7 individuals/km2]) and 68% (90% 
CI 65–70%; reduced from 5.5  individuals/km2 [90% 
CI 4.8–6.1  individuals/km2] to 1.8 individuals/km2 
[90% CI 1.4–2.1 individuals/km2]; Kilgo et al. 2023), 
respectively, between 2017 and 2019. In Sep 2019, 
after two years of whole-sounder removal efforts that 
were as intensive as possible (Kilgo et al. 2023), post-
control wild pig density estimates were 1.47 individu-
als/km2 (90% CI 1.23–1.72 individuals/km2) and 1.77 
individuals/km2 (90% CI 1.44–2.11  individuals/km2) 
on sites 1 and 2, respectively. See Kilgo et al. (2023) 
for additional details on the range of wild pig density 
reductions achieved, the proportion of initial wild pig 
populations removed prior to our study, control effort, 
and whole-sounder removal strategies implemented, 
including selection of trap locations, on the two study 
sites selected for the present study.

Post‑control monitoring and density estimation

After whole-sounder removal efforts ceased in Sep 
2019 on sites 1 and 2, we conducted camera-trap 
surveys to document wild pig detections on each 
site during seven 21 day periods between Nov 2019 
and Aug 2020. We deployed 51 and 67 cameras 
(Reconyx Hyperfire 2 Professional White Flash, 
Holmen, WI) on grids of 636 × 636 m cells in sites 
1 and 2, respectively (Fig.  1); average distance 
between cameras was 616 m (range = 216–798 m) 
and 635 m (range  =  284–798  m) on sites 1 and 
2, respectively. We chose a grid cell size of 
636 × 636 m (40 ha) based on estimated home range 
radii of wild pigs on SRS (Kilgo et al. 2021, Kilgo, 
unpublished data), which maximized the likeli-
hood of detecting individuals at multiple camera 
stations as well as the proportion of the population 
detected (Keiter et al. 2017; Moqanaki et al. 2021). 
Additionally, this camera spacing also was consist-
ent with long-term camera-trap surveys conducted 
for white-tailed deer (Odocoileus virginianus) and 

wild pig population monitoring on the SRS (USDA 
Forest Service-Savannah River, unpublished data). 
Camera grids and deployment locations within grid 
cells were consistent throughout the study. We set 
cameras to capture a single image per trigger with 
no delay between consecutive triggers and did not 
use bait or lures to increase wild pig detection rates. 
Within each grid cell, we deployed cameras at loca-
tions with wildlife trails and/or evidence of wild 
pigs and where dense vegetation would not obscure 
camera viewsheds. We mounted cameras on trees at 
a height of approximately 60 cm and parallel with 
the ground, facing north unless vegetation obscured 
the camera viewshed, in which case we oriented 
cameras in the direction with the best visibility. 
Using images of wild pigs captured during surveys, 
we assigned individual identities to as many wild 
pigs as possible based on pelage color, pattern, nat-
ural markings, and/or uniquely numbered ear tags. 
Approximately 62% of the SRS population contains 
such markings (Kilgo et al. 2023).

We estimated wild pig density during each sur-
vey period using spatial capture-recapture models 
for partially marked populations (Royle et al. 2014) 
and data augmentation (Tanner and Wong 1987; 
Royle et  al. 2007) using a half normal function to 
model detections on both marked (i.e., individu-
ally identifiable, hereafter, marked individuals) and 
unmarked wild pigs from each survey period. Fol-
lowing Kilgo et al. (2023), we fit models for each of 
the seven survey periods using a 1 km buffer around 
camera grids and ran three Monte Carlo Multiple 
Chain (MCMC) chains in parallel for 500,000 itera-
tions with a burn-in of 100,000. We evaluated con-
vergence of MCMC chains using the Brooks-Gel-
man-Rubin convergence diagnostic (i.e., potential 
scale reduction factor [PSRF]; Brooks and Gelman 
1998) and considered MCMC chains to have con-
verged if PSRF was < 1.1. We ran spatial capture-
recapture models in the R statistical environment 
(v. 4.2.1; R Core Team 2022) using the “scrPID” 
MCMC algorithm from the contributed R package 
‘scrbook’ (Royle et  al. 2020) and evaluated con-
vergence using the contributed R package ‘mcm-
cOutput’ (Meredith 2022). See Kilgo et  al. (2023) 
for additional details describing our approach to fit-
ting spatial capture-recapture models for partially 
marked populations and data augmentation.
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Statistical analyses

We used two complementary approaches to assess 
recovery of local wild pig populations on sites 1 and 
2. First, we evaluated changes in wild pig density 
across successive survey periods by comparing wild 
pig density estimated for survey period t against wild 
pig density estimated for survey period t + 1. Simi-
larly, we evaluated changes in wild pig population 
growth rates (λ; calculated as Nt+1/Nt) across succes-
sive survey periods. We evaluated changes in density 
across survey periods based on overlap of confidence 
intervals and considered estimates with non-overlap-
ping confidence intervals to be different.

Second, we used the degree of individual turnover 
and the number of marked piglets (piglet age class 
assigned if body mass was estimated at <  10  kg) 
detected during each survey period as indices of 
immigration and in situ reproduction, respectively. 
We assessed the degree of individual turnover of 
wild pigs in each study site based on changes in the 
number of marked wild pigs detected across survey 
periods. For this analysis, we cross-referenced images 
of uniquely marked pigs (i.e., markings were suf-
ficient for assigning individuals a unique identity) 
obtained during a given survey period against images 
of uniquely marked pigs from preceding survey peri-
ods and enumerated the number of uniquely marked 
wild pigs that were detected across multiple survey 
periods. We considered individual turnover to be low 
if the number of marked wild pigs increased across 
successive survey periods and the majority of marked 
wild pigs (i.e., > 50%) were detected in a given study 
site during 3 or more other survey periods. In other 
words, this scenario suggests that new individuals 
that move into the study site following control remain 
in the area. On the other hand, we considered individ-
ual turnover to be high if the number of new uniquely 
marked pigs (i.e., uniquely marked pigs that were not 
matched with uniquely marked pigs detected during 
previous survey periods) increased across succes-
sive survey periods but the majority of new uniquely 
marked pigs were detected during fewer than 3 survey 
periods. This scenario suggests that new individu-
als moving into the study area following control are 
transient and do not remain in the area. Other sources 
of wild pig mortality (e.g., roadkill) were negligi-
ble and no removal events occurred on either of our 
study sites (T. Mims, USDA Forest Service, personal 

communication), and therefore these factors did not 
introduce measurable bias in our assessment of indi-
vidual turnover or reproduction.

Finally, we enumerated the number of marked pig-
lets that were detected during each survey period as 
an index of reproduction on each site. Given piglet 
striping patterns disappear by 3–4  months of age in 
the SRS population (Mayer et al. 2021, J. Mayer, per‑
sonal communication), we could not track individual 
piglets across survey periods that spanned 10 months. 
Therefore, we used counts of uniquely marked piglets 
within survey periods as an index of reproduction.

Results

Recovery to pre‑control density

For both study sites, PSRF estimates were < 1.1 for 
MCMC chains across all survey periods indicating 
convergence. Overall, following density reductions of 
54% and 68% on sites 1 and 2, respectively, wild pig 
populations increased in density by 345% (an increase 
from 1.4  individuals/km2 [90% CI 1.2–1.7  individu-
als/km2] to 6.1 individuals/km2 [90% CI 4.8–7.4 indi-
viduals/km2]) and 132% (an increase from 3.1 indi-
viduals/km2 [90% CI 2.8–3.5 individuals/km2] to 7.3 
individuals/km2 [90% CI 6.5–8.5  individuals/km2]) 
between the first and seventh survey periods on sites 
1 and 2, respectively (Fig. 2). During survey periods 
when wild pig density was increasing on site 2 (sur-
vey periods 1 through 5), wild pig density increased 
by 366% (an increase from 3.1 individuals/km2 [90% 
CI 2.8–3.5  individuals/km2] to 14.6  individuals/km2 
[90% CI 13.2–16.2  individuals/km2]). Detection 
probability estimates on site 1 across survey periods 
averaged 0.75 (range = 0.63–0.88). On site 2, detec-
tion probability averaged 0.39 (range = 0.20–0.60).

Population growth rates (λ) among succes-
sive 3 weeks survey periods averaged 1.28 
(range = 1.11–1.39) and 1.24 (range = 0.64–1.92) on 
sites 1 and 2, respectively (Table  1). During survey 
periods when wild pig density was increasing on 
site 2 (survey periods 1 through 5), average 3 weeks 
growth rate was 1.50 (range  =  1.08–1.91; Table  1). 
The recovery trend on site 1 increased linearly over 
time, with the population surpassing pre-control den-
sity (3.2 individuals/km2, 90% CI 2.73–3.66 individu-
als/km2) in 5 months following trapping (Fig. 2). On 
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Site 2, the recovery trend was more variable, with 
density increasing during the first 5 survey peri-
ods but declining during the last 2 survey periods 
(Fig. 2). On Site 2, the wild pig population surpassed 
pre-trapping density (5.5  individuals/km2; 90% 
CI 4.8–6.1  individuals/km2) in 3 months following 
control (Fig. 2).

Spatial distribution and spread during recovery

Overall, the distribution of wild pigs on both sites 
varied spatially across all survey periods (Figs. 3 and 
4). Across all survey periods, the highest wild pig 
densities were located in or adjacent to bottomland 
hardwood areas (Figs. 3 and 4). No clear directional 
patterns in wild pig distributions on either of the two 
sites were evident (Figs. 3 and 4), although wild pig 
density appeared to be more concentrated along the 
eastern and western boundaries of site 2 during sur-
vey periods 1 and 2 (Fig. 4).

Individual turnover and in situ reproduction

The total number of marked wild pigs detected 
throughout the entire study on both sites was 353 
(n  =  216 for Site 1, n  =  137 for Site 2). The num-
ber of marked wild pigs overall increased across sur-
vey periods on site 1 (Table 1). On site 2, the number 
of marked wild pigs increased consistently between 
survey periods 1 and 4, but then declined during 

survey periods 5 and 6 before increasing during sur-
vey period 7 (Table 1).

Individual turnover was generally high on both 
study sites. The percentage of marked wild pigs that 
were detected across 3 or more surveys was <  50% 
for both sites. The majority of marked wild pigs on 
both sites (overall 58% of marked pigs) were detected 
only during a single survey period, followed by 18% 
detected during two survey periods, 11% detected 
across 3 survey periods, 5% across four survey peri-
ods, and <  5% detected across more than 4 survey 
periods.

The number of marked piglets detected across sur-
vey periods on site 1 increased between survey peri-
ods one and five, but then slightly declined during 
survey periods six and seven (Table 1). On site 2, the 
number of marked piglets increased between survey 
periods one and five, but then declined during survey 
periods six and seven (Table 1).

Discussion

Our study indicates that recovery of wild pig popu-
lations following density reduction occurs over short 
time periods. Based on our results, recovery started 
immediately after control had ceased and rapid 
growth of both populations over short time inter-
vals (approximately 3  weeks, equivalent to the time 
between survey periods in our study) resulted in 

Table 1   Number of 
uniquely marked wild pig 
(Sus scrofa) adults and 
piglets detected during 
camera trap surveys aimed 
at tracking population 
recovery, estimates of 
population abundance, and 
growth rates (λ) between 
Nov 2019 and Aug 2020 on 
Savannah River Site, South 
Carolina, USA

Area Survey dates No.
marked adults

No.
marked piglets

Abundance λ

Site 1 19 Nov 2019–10 Dec 2019 20 2 41
31 Dec 2019–21 Jan 2020 28 11 55 1.34
11 Feb 2020–3 Mar 2020 48 20 78 1.42
24 Mar 2020–14 Apr 2020 45 22 106 1.36
5 May 2020–26 May 2020 76 31 118 1.11
16 Jun 2020–7 Jul 2020 90 22 163 1.39
28 Jul 2020–18 Aug 2020 86 28 182 1.11

Site 2 19 Nov 2019–10 Dec 2019 15 4 95
31 Dec 2019–21 Jan 2020 19 18 181 1.92
11 Feb 2020–3 Mar 2020 24 49 253 1.39
24 Mar 2020–14 Apr 2020 26 58 208 1.08
5 May 2020–26 May 2020 70 67 444 1.62
16 Jun 2020–7 Jul 2020 67 29 343 0.77
28 Jul 2020–18 Aug 2020 51 17 221 0.64
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recovery to pre-control levels in as little as 3 months. 
To our knowledge, no other study has reported empir-
ical data on recovery times, changes in density and/or 
growth rates during recovery of wild pig populations 

at such fine temporal scales (i.e., 3 week periods), but 
the rapid recovery to pre-control levels we observed 
was surprising. Residual wild pigs not removed dur-
ing trapping efforts prior to our study combined with 

Fig. 1   Camera grids for 
surveys conducted to moni-
tor wild pig (Sus scrofa) 
populations on two sites 
following intensive trapping 
between Nov 2019 and Aug 
2020 on Savannah River 
Site, South Carolina, USA
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compensatory reproduction and immigration likely 
both drove the rapid recovery of wild pig populations 
in our study.

Several factors may influence time to recovery, 
including level of density reduction, potential for 
immigration from surrounding areas, habitat and 
environmental conditions that affect suitability of the 
area, and resource levels, which in turn affect in situ 
reproduction. The recovery we observed occurred 
after density reduction of 54% and 68% in our two 
wild pig populations. Greater or lesser initial den-
sity reductions should affect time to recovery. For 
example, the lesser the density reduction, the more 
residual individuals remain in trapped areas to repro-
duce, likely leading to more rapid recovery. Increas-
ing control intensity by as much as two-fold may be 

the best strategy to counteract rapid immigration from 
surrounding uncontrolled areas for some species (e.g., 
red fox Vulpes vulpes; Porteus et al. 2018), but on the 
SRS wild pig control efforts are already as intensive 
as possible relative to available resources. Neverthe-
less, population growth rates in both our study areas 
were unexpectedly rapid and were sufficient for both 
areas to achieve recovery to pre-removal levels within 
5  months. Further, the area with the greater density 
reduction recovered more rapidly, within 3 months.

Although the relative importance of immigration 
and compensatory reproduction in recovery of our 
populations is difficult to discern, both mechanisms 
were likely instrumental. In an Alabama, USA study 
where the wild pig population had been reduced 
by over 90%, Lewis et  al. (2022) considered their 

Fig. 2   Abundance and 
density (individuals/km2) 
estimates for wild pig (Sus 
scrofa) populations recover-
ing following intensive 
trapping on sites 1 (a) and 
2 (b) between Nov 2019 
and Aug 2020 on Savannah 
River Site, South Carolina, 
USA. Black horizontal lines 
reflect wild pig abundance 
and density estimates in 
2017, prior to initiation of 
trapping efforts on sites 
1 and 2, and gray shaded 
areas about each line 
represent 90% confidence 
intervals
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population demographically open but expected den-
sity to recover slowly (e.g., over a period of 12 months 
or more) due to the presence of rivers on two sides 
of their study area that would minimize immigration. 
In contrast, our sites lacked any natural or anthropo-
genic barriers to limit immigration. Likewise, food 
availability in our sites following density reduction 
likely was greater than prior to reduction. Abundant 
food resources are known to positively affect lit-
ter size in wild pigs (Mayer et al. 2021). In addition, 
timing of normal reproductive cycles in the popula-
tion also may have affected the time to recovery we 

observed. Mayer and Brisbin (2012) reported annual 
pulses in reproduction occur in the SRS wild pig 
population during December and January, falling 
within the first 3–4  months of our recovery period. 
However, Chinn et al. (2022) reported March through 
June as the peak farrowing months in the SRS popu-
lation, with nearly 50% of all litters farrowed during 
those months and < 20% farrowed during December 
and January. Whether a normal peak in reproduction 
occurred coincident with cessation of trapping in our 
populations, increased reproduction by both residual 
residents and immigrants (Hone and Pedersen 1980; 

Fig. 3   Spatial variation in relative wild pig (Sus scrofa) den-
sity following intensive trapping on site 1 during 19 Nov 
2019–10 Dec 2019 (a), 31 Dec 2019–21 Jan 2020 (b), 11 Feb 
2020–3 Mar 2020 (c), 24 Mar 2020–14 Apr 2020 (d), 5 May 

2020–26 May 2020 (e), 16 Jun 2020–7 Jul 2020 (f), and 28 Jul 
2020–18 Aug 2020 (g) on Savannah River Site, South Caro-
lina, USA
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Saunders et al. 1990) clearly could explain why wild 
pig populations in our study recovered to pre-control 
density levels in as little as 3 months.

While the rapid recovery to pre-control lev-
els may have been driven by compensatory repro-
duction and immigration, continued growth well 
beyond pre-control density levels may have been 
largely driven by ongoing reproduction. The inter-
play between wild pig population density and food 
availability is a key driver of wild pig demograph-
ics through effects on reproduction (Gamelon et al. 
2021; Mayer et al. 2021; Chinn et al. 2022). During 

periods of low wild pig density following control, 
reduced competition for food can accelerate growth 
rates of sows (Mayer et al. 2021), thereby reducing 
the time for sows to reach threshold size for breed-
ing and resulting in a rapid increase in the number 
of breeding females and their reproductive output 
(Sabrina et al. 2009; Gamelon et al. 2021; Gethöffer 
et  al. 2023). Such increases in female body mass, 
and by extension reproductive output (Mayer et  al. 
2021), could explain why number of piglets on site 
1 rapidly increased during early survey periods and 
remained high through the final survey period in our 

Fig. 4   Spatial variation in relative wild pig (Sus scrofa) den-
sity following intensive trapping on site 2 during 19 Nov 
2019–10 Dec 2019 (a), 31 Dec 2019–21 Jan 2020 (b), 11 Feb 
2020–3 Mar 2020 (c), 24 Mar 2020–14 Apr 2020 (d), 5 May 

2020–26 May 2020 (e), 16 Jun 2020–7 Jul 2020 (f), and 28 Jul 
2020–18 Aug 2020 (g) on Savannah River Site, South Caro-
lina, USA
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study. Moreover, such increases in body mass can 
result in breeding by females as young as 3 months 
to 1 year old, thus accelerating the already fast life 
history of wild pigs (Giles 1980; Comer and Mayer 
2009; Veylit et  al. 2020; Mayer et  al. 2021; Mayer 
2021; Chinn et  al. 2022). Thus, marked density 
reductions following control that create conditions 
that favor rapid increases in body mass of females 
in all age classes can dramatically increase repro-
ductive output, thereby resulting in growth of recov-
ering wild pig populations far beyond pre-control 
density levels.

Resource availability in areas surrounding our 
study sites could explain divergent recovery trends 
between our two wild pig study populations. Even 
when control units are relatively close in space, 
recovery of wild pig populations cannot be assumed 
to follow similar trends among control units. The 
decline in the recovery trend on our site 2 study 
population occurred during the hottest months of 
the year (Jul and Aug), suggesting thermoregula-
tory requirements of wild pigs may have driven 
this decline, rather than limited food resources, as 
wild pigs may have sought thermal refuge in nearby 
floodplain forests where water was more readily 
available. Such refugia were not present near site 
1 where recovery increased linearly across survey 
periods. Temperature is a well-known driver of wild 
pig movements, whereby pigs reduce movement 
when temperatures are high to avoid overheating 
(Geisser and Reyer 2005; Kay et al. 2017). Reduced 
movement when temperatures are high also can 
entail declining abundance in an area when wild pig 
distributions shift to areas where thermoregulatory 
cover and food resources can be accessed without 
incurring costs of travel (Choquenot and Ruscoe 
2003; Chinn et al. 2023). Indeed, the southern bor-
der of site 2 was the large bottomland hardwood 
swamp in the floodplain of the Savannah River. The 
eastern and western borders of this site were also 
along creeks supporting bottomland hardwoods, a 
vegetation type known to influence wild pig move-
ments and home ranges, especially during the hot-
test months when thermoregulatory needs are most 
demanding (Schlichting et  al. 2016; Garza et  al. 
2018; Clontz et  al. 2021). The potential for move-
ment of wild pigs in and out of refuges like the 
large bottomland hardwood swamp that bordered 
our study population reinforces the importance of 

ongoing monitoring of areas following wild pig 
control (Lewis et al. 2022).

That areas with increased wild pig density became 
more diffuse as density increased across survey peri-
ods likely reflects wild pigs’ ability to quickly adjust 
movement and territorial behaviors during periods 
of rapid population growth following control. When 
pigs are not constrained by high density and asso-
ciated intraspecific competition, their distribution 
appears to be dynamic, likely reflecting increased 
movements to access resources previously defended 
by neighboring individuals removed by trapping 
(Fischer et  al. 2020; Bastille-Rousseau et  al. 2021). 
Space rendered free of wild pigs by control efforts 
was reoccupied in as little as three weeks in our study, 
similar to the rapid reoccupation of control areas 
with reduced density of Rattus spp. (Hein and Jacob 
2015). Such reoccupation of vacated space required 
wild pigs to quickly adjust movements, which ulti-
mately manifested as short-term and extensive spa-
tial variation in density. This spatial variation in 
wild pig density over short periods of time presents 
a major challenge to preventing recovery of wild pig 
populations, because control efforts often are neces-
sarily shifted among units across the landscape over 
time, rather than being implemented continuously on 
a given area. In some species (e.g., brushtail possum 
Trichosurus vulpecula; Morgan et al. 2006), recovery 
can be countered by prioritizing control along borders 
with adjacent populations, thus curbing immigration. 
Such an approach may be an effective strategy to pre-
vent population recovery in areas where wild pigs 
from neighboring areas quickly immigrate and reoc-
cupy vacated space (Cowled et al. 2006; Hanson et al. 
2009; Delgado-Acevedo et  al. 2013). Based on our 
results, in areas that have high likelihood of recovery 
due to immigration, information on wild pig distribu-
tion more than 2 months old may be unreliable for 
selecting trap locations when the goal is preventing 
recovery following control, and real-time information 
is preferable if possible.

We suspect that population growth rates as high as 
we observed are not sustainable over longer periods 
than we studied, as food resources will be depleted 
(limiting reproduction) and vacant space will be re-
occupied (limiting immigration). Indeed, after an 
initial increase on our site 2, density there declined 
even during our monitoring period. Further, had 
control activities continued, growth could have been 
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reversed. Nevertheless, in the absence of control, our 
data indicate the potential of wild pig populations to 
recover to and exceed pre-control densities rapidly, 
regardless of whether such growth is sustainable.

Population dynamics of wild pigs, in particular 
their reproductive potential and dispersal ability, are a 
major challenge for successful control of this species. 
Although eradication of demographically open wild 
pig populations may be possible under certain con-
ditions (Lewis et al. 2022), in most cases eradication 
of established wild pig populations is generally not 
feasible. Thus, developing control strategies aimed at 
preventing and/or extending time to recovery of wild 
pig populations following control is paramount for 
mitigating their detrimental impacts. To our knowl-
edge, our study is the first to report empirical data 
on density and/or growth rates during population 
recovery and the time required for recovery of wild 
pig populations to pre-control levels at such fine tem-
poral scales following density reduction via intensive 
trapping efforts. Based on our results, recovery begins 
immediately following control, so practitioners 
should be prepared to reinitiate control of recovering 
wild pig populations in as little as 3 months follow-
ing initial control. Importantly, our results indicate 
growth of wild pig populations will continue well 
beyond pre-control levels, placing greater emphasis 
on post-control monitoring at frequent intervals to 
adequately track changes in wild pig density and dis-
tribution. Managers can leverage information gained 
from more frequent or real-time monitoring to inform 
the decision of when to re-initiate control to maxi-
mize trapping success, thereby reducing long-term 
costs of ongoing control programs. Where wild pigs 
are present in surrounding areas, we recommend con-
ducting post-control surveys at approximately 3 week 
intervals to detect incipient recovery of wild pig pop-
ulations following control.
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