Determining Body Mass of Wild Pigs from Body Measurements
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Abstract: Animal body mass can be used to estimate age, determine health status, or guide dosage when administering sedatives. Because it can be diffi-
cult to weigh live large animals, using morphometric measurements to estimate body mass is sometimes used in field studies. Several statistical models
exist for estimating domestic pig mass from morphometric measurements, but models based on domestic animals are likely unreliable estimators of
wild pig (Sus scrofa) body mass due to known hybridization between domestic and wild pigs, and variable environmental conditions. The goal of this
project was to evaluate several easily obtainable morphometric measurements as predictors of wild pig body mass and compare our estimates with
those of models developed from both wild and domestic pigs. We measured neck girth, heart girth, body length, and body mass from 127 wild pigs in
Florida and Georgia, and 450 wild pigs in South Carolina. Our best-supported linear model included body length as the best predictor of wild pig body
mass. Our body length and heart girth univariate models produced similar estimates to those of other published models using these attributes, pro-
viding evidence that these models may be broadly generalizable. We also compared estimates from our model to estimates from models derived from
domestic pigs and found significant differences between our model and two of the models developed from domestic pigs. Thus, while body mass may

be reliably estimated from simple morphometric measurements from wild pigs, our results suggest morphometric models produced for domestic pigs

are not reliable predictors of wild pig body mass.
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Direct measurement of large mammal body mass is often dif-
ficult in field settings. Obtaining animal body mass, though, is
necessary for meeting many research objectives that include de-
termining age, health status, or correct dosage for administering
sedatives (Sweitzer et al. 1997, Fenati et al. 2008, Schlichting et al.
2015, Drimaj et al. 2019). Because it can be difficult to weigh live
large animals, using easily obtainable morphometric measure-
ments to estimate body mass is sometimes used in field studies
(Bell et al. 1997, Amaral et al. 2010, Barrett et al. 2021, Baruzzi et
al. 2023).

Wild pigs (Sus scrofa) can exceed 100 kg and therefore could
be difficult to weigh in the field (Mayer et al. 2020). Equations
that predict pig body mass from morphometric measurements
are available; however, most of these equations were developed for
commercial pig producers using domestic animals (Groesbeck et
al. 2002, Mutua et al. 2011, Sungirai et al. 2014, Walugembe et al.
2014). Most wild pigs in the U.S. are hybrids with domestic and
wild origins, and therefore retain some phenotypic and biological
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attributes of domestic pigs (Keiter et al. 2016, Smyser et al. 2020,
Mayer 2021). However, there is often considerable phenotypic
variability among wild and domestic pigs (Smyser et al. 2020), and
it is likely that body mass-predicting equations developed for do-
mestic pigs may be inappropriate for use with wild pigs. Domestic
and wild pigs also differ in selective pressures, both of which di-
rectly influence growth rate and morphometric features (Pedone
et al. 1995, Sungirai et al. 2014, Drimaj et al. 2019). For instance,
domestic pigs are placed under favorable conditions (i.e., less se-
lective pressures) that generally result in earlier maturity, larger
litters, and heavier body mass than wild pigs, depending on their
ancestry (Comer and Mayer 2009). These conditions have resulted
in more vertebrae and faster growth rates for domestic pigs relative
to wild pigs (Hammond 1962, Tohara 1967, Mikawa et al. 2011). In
addition, domestic pigs are provided with veterinary care and ad
libitum access to food and water, whereas wild pigs must opportu-
nistically locate resources that fluctuate in availability and quality,
thereby increasing their energetic demands.
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Despite the differences between domestic and wild pig morpho-
metric characteristics, models developed for domestic pigs have
been used to estimate body mass of wild pigs, perhaps because
models that are explicitly developed for wild pigs have not been
readily available until recently (Baruzzi et al. 2023). Therefore,
models to predict body mass from morphometric measurements
should be explicitly developed for wild pigs. Baruzzi et al. (2023)
confirmed the validity of using morphometric measurements to
predict body mass of wild pigs by generating models from six mea-
surements for wild pigs in Mississippi. These models were validat-
ed across eight areas in Australia, Guam, and the U.S. using wild
pigs of both sexes and a variety of sizes.

Given that wild pigs exhibit extensive morphometric variation
both within and among populations across their invasive range
(Mayer and Brisbin 2009), our objective for this study was to fur-
ther evaluate the extent to which morphometric measurements
can be used to estimate wild pig body mass across multiple pop-
ulations within the southeastern U.S. In addition, we further ex-
plored our data to test the hypothesis that models developed for
predicting body mass of domestic pigs would not be reliable for
use in free ranging wild pig populations.

Study Area

We conducted our study on private and public lands in south-
western Georgia, northern Florida (hereafter SW GA/N FL due to
proximity to each other), and central South Carolina. Properties
in SW GA/N FL ranged in elevation from 52 m to 82 m and were
dominated by agricultural fields of corn (Zea mays), cotton (Gos-
sypium spp.), peanut (Arachis hypogaea), and pecan (Carya illi-
noinensis) or upland landscapes dominated by loblolly pine (Pinus
taeda), longleaf pine (P. palustris), and shortleaf pine (P. echinata).
Mean annual temperature across the SW GA/N FL properties was
19-20 C, and mean annual precipitation was 134-145 cm (NOAA
2022). All samples from South Carolina were obtained from the
Savannah River Site (SRS), a 780 km? U.S. Department of Ener-
gy property located in the upper coastal plain (Mayer and Brisbin
2009). The SRS ranged in elevation from 20 m to 130 m and was
dominated by managed upland pine forests (i.e., loblolly, longleaf,
and shortleaf pine), riparian landscapes, and forested swamp land.
No agricultural lands were present on the SRS. Mean annual tem-
perature was 18 C, and mean annual precipitation was 122.5 cm
(Chinn et al. 2022).

Methods
Data Collection

On the SW GA/N FL properties, wild pigs were removed by
U.S. Department of Agriculture (USDA) Animal and Plant Health
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Inspection Service (APHIS) Wildlife Services personnel via trap-
ping and ground shooting from May 2021 to June 2022. On SRS,
wild pigs were captured and euthanized by SRS-contracted trap-
pers or captured, anesthetized, processed, and released by Uni-
versity of Georgia personnel as part of ongoing research activities
from April 2017 to May 2021. Trappers placed whole corn in areas
with evidence of wild pig activity (e.g., tracks, wallows, rooting,
rubbing) and erected remotely triggered, corral-style traps once
the target pigs visited the bait for several nights. Detailed descrip-
tions of capture and handling procedures for SRS can be found
in Keiter et al. (2017) and Chinn et al. (2022). We euthanized or
anesthetized captured wild pigs and measured neck girth (NG),
heart girth (HG), and body length (BL) with a cloth measuring
tape (Figure 1), and measured body mass using either a dial or dig-
ital scale. Handling of wild pigs in SW GA/N FL and SRS occurred
under approved University of Georgia Institutional Animal Care
and Use Committee (IACUC) protocols (A2020 04-028-R1, A2023
01-030-Y1-A0, A2015 12-017, A2015 05-004, A2019 01-012, A2018
06-024, A2021 12-001, and A2021 04-013).

Statistical Analysis

We used univariate linear models to predict wild pig body
mass from morphometric measurements. Our models regressed
In-transformed body mass against In-transformed NG, HG, and
BL. We In-transformed body mass and each morphometric pre-
dictor to meet linearity assumptions (James and McCulloch 1990,
Dobson 1992) as evaluated by quantile-quantile plots in the ‘stats’
package in program R (R Core Team 2023). We focused analysis
on univariate models to avoid multicollinearity issues due to our
highly correlated predictors. Furthermore, univariate models re-
quire fewer field measurements and therefore more incentive to
calculate wild pig body mass. We evaluated all univariate models

Figure 1. Diagram of the morphometric measurements taken on wild pigs (Sus scrofa) in central
South Carolina and southwestern Georgia/northern Florida from April 2017 to June 2022. Measure-
ments included body length (A-B), heart girth (C), and neck girth (D). Measurements were taken on
wild pigs while in a lateral recumbent position. Diagram modified from Pater (2007).



(including a null model) using Akaike’s Information Criterion ad-
justed for small sample size (AIC,) using the ‘AICcmodavg’ pack-
age (Mazerolle 2020) in R (R Core Team 2023). We considered the
model with the least AIC_ as the best model (Burnham and An-
derson 2002). We used coeflicient of determination (R?) to assess
the proportion of the variation in wild pig body mass that was ex-
plained by each model. We used the beta coefficients from the top
model(s) to create equation(s) predicting body mass of wild pigs
from their morphometric measurements.

We then evaluated models developed for wild and domestic
pigs to determine how well each predicted body mass of wild pigs
in our sample and compared the estimated body masses to those
generated from our top model(s). We used our wild pig measure-
ments to predict pig body mass using models from Groesbeck et al.
(2002), Sungirai et al. (2014), and Baruzzi et al. (2023). The model
produced by Walugembe et al. (2014) was based on domestic pigs
<40 kg. Therefore, we tested this model using the wild pigs <40 kg
(n="77) available in our sample. The models developed from both
wild pigs (Baruzzi et al. 2023) and domestic pigs (Groesbeck et
al. 2002, Sungirai et al. 2014) used combinations of HG and BL to
predict body mass and therefore could be applied to our wild pig
data. The Baruzzi et al. (2023) models included:

(-9.56+2.82 xIn[BL))

Body mass = and

Body mass = e(-673+238x ln[HG])’

where body mass was measured in kg, and BL and HG were mea-
sured in cm. Walugembe et al. (2014) used HG and length from the
midpoint of the ears to the base of the tail to calculate body mass
in domestic pigs. We collected the latter measurement on a subset
of our wild pigs weighing <40 kg and used these data to include
the Walugembe et al. (2014) model in our analysis. Although other
models exist for domestic pigs, they could not be evaluated using
our data because they incorporated different measurements (e.g.,
age; Jezek et al. 2011), were developed using larger pigs (mean:
116 £ 14.5 [SE] kg; Knauer and Wiegert 2017) than available in our
data set, or because model coefficients were not provided (Mutua
et al. 2011). We calculated the true differences and absolute value
of the differences between the actual wild pig body mass and esti-
mated body mass for each model, using the mean raw difference
as a measure of bias and the mean absolute value of the differences
as a measure of precision. We used an ANOVA and Tukey’s hon-
estly significant difference (HSD) test from the ‘stats’ R package (R
Core Team 2023) to determine if there were differences (P <0.05)
among the estimated body masses generated from the alternative
models and our wild pig model.
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Results

We collected morphometric measurements from 127 wild pigs
(62 males, 65 females) from SW GA/N FL and 450 wild pigs (89
males, 361 females) from the SRS. The mean body mass of wild
pigs in our data set was 45.42 kg (SD =22.71) and included 151
males and 426 females. Our best-supported model was the BL uni-
variate model, which explained 94% of the variation in wild pig
body mass (Table 1; Figure 2). This model was expressed as:

BOdY mass = e(79.78 +2.851 x In[BL])

We evaluated five models developed for domestic and wild pigs
using our wild pig data. The Groesbeck et al. (2002) model under-
estimated body mass for smaller pigs and slightly overestimated
body mass for larger pigs (Figure 3A). Meanwhile, the Sungirai
et al. (2014) model overestimated body mass for all pigs (Figure
3B), and the Walugembe et al. (2014) model slightly underestimat-
ed body mass for pigs <40 kg (Figure 3C). Both the BL and HG
models from Baruzzi et al. (2023) produced body mass estimates
similar to those of our best-supported model (Figure 4). Although
our HG model received no support for being the best model based
on AIC_ ranking (AAIC_ =12.11), we included it in comparisons
with domestic and wild pig models (Figure 4B) because HG is
commonly measured in field settings, and our HG model still ex-
plained 94% of the variation in wild pig body mass (Table 2). The
HG model was expressed as:

Body mass = e(-7-671+2.599 x In[HG])

To facilitate use, we provided guides for estimating wild pig
body mass with our BL and HG models (Table 2 and Table 3).

The absolute value of the differences (i.e., precision) of our
best-supported wild pig model using BL differed (P <0.001) from
those of Groesbeck et al. (2002) and Sungirai et al. (2014; Figure 5).
The Walugembe et al. (2014), our HG, Baruzzi et al. (2023) HG,
and Baruzzi et al. (2023) BL models produced similar precision
as our top wild pig model (P=0.891, 0.994, 0.969, and 0.982,

Table 1. The univariate models used to evaluate wild pig (Sus scrofa) body mass in central South
Carolina and southwestern Georgia/northern Florida. Wild pig body mass and morphometric
measurements were collected between April 2017 and June 2022. Models include In-transformed
body mass regressed against In-transformed body length (InBL), heart girth (InHG), and neck

girth (InNG). Included for each model are the number of parameters (K), sample-size adjusted
Akaike's Information Criterion (AIC)), Akaike differences (DAIC)), the AIC_ model weight (wi), and the
coefficient of determination (R?).

Model K AIC, DAIC, wi r
InBL 3 -310.04 0.00 1.00 0.940
InHG 3 -297.93 1n 0.00 0939
InNG 3 13345 4348 0.00 0.871
Null 1 3146.82 3456.86 0.00 -
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Figure 2. Relationship between wild pig (Sus scrofa) body mass (kg) to A) body length and B) heart girth, both measured in cm. Actual body mass is depicted with black points while estimated body mass
is depicted with a blue line. Estimated body mass is from models developed from morphometric measurements taken on wild pigs (Sus scrofa) in central South Carolina and southwestern Georgia/northern
Florida from April 2017 to June 2022.

A) B) )
o 200 200 200
o~
S
w 160 160 160
&
., 120 120 120
.=
c
- 80 80 80
:0'_3 40 S
40 40
L]
g g tep® e L
Z o 0 o | S
-40 -40 -40
0 20 40 60 80 100 120 0 10 20 30 40

Actual body mass (kg)

Figure 3. Comparison of actual wild pig (Sus scrofa) body mass (kg) and estimated body mass (kg) when using previously published models derived from domestic pig morphometric measurements. In each
panel, our best-supported wild pig model is depicted with filled circles relative to models of: A) Groesbeck et al. (2002) with transparent circles; B) Sungirai et al. (2014) with transparent triangles; and C)
Walugembe et al. (2014) with transparent squares. Note: Models in panel Conly applied to pigs <40 kg.
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Figure 4. Comparison of actual wild pig (Sus scrofa) body mass (kg) and estimated body mass (kg) when using previously published models created from wild pig morphometric measurements. In each panel,
our best-supported wild pig model (using body length as a predictor) is depicted with filled circles relative to: A) the body length and B) heart girth models from Baruzzi et al. (2023) with transparent circles.
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Table 2. Wild pig (Sus scrofa) body mass estimated using the best-supported body length (BL) model generated from wild pig data in central South Carolina and southwestern Georgia/northern Florida.
Body length is measured as the length from the tip of the snout to the base of the tail where the tail meets the body. Model: Weight (kg) = e-°78 + 2851 < In[BLD) yyith B jn cm,
Body length (cm)
42 46 50 54 58 62 66 70 74 78 82 8 90 94 98 102 106 110 114 118 122 126 130 134 138 142 146 150 154 158
Weight (kg) 2 3 4 5 6 7 9 10 12 14 16 19 21 24 27 30 34 37 4 46 5 5 60 66 71 77 8 90 98 105
Table 3. Wild pig (Sus scrofa) body mass estimated using the heart girth (HG) model generated from wild pig data in central South Carolina and southwestern Georgia/northern Florida. Heart girth is
measured as circumference of body just behind shoulder and forelegs. Model: Weight (kg) = (7671 + 2599 xIn(HGD yyith HG in cm.
Heart Girth (cm)
30 34 38 4 46 50 54 58 62 66 70 74 78 82 8 90 94 98 102 106 110 114 118 122 126 130 134
Weight (kg) 3 4 6 g8 10 12 15 18 21 25 29 34 39 4 5 5 63 70 77 86 94 103 13 123 134 145 157
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Figure 5. The mean and 95% | of the absolute value of the difference between actual body mass
and estimated body mass (used as an estimate of model precision) for each domestic and wild pig
(Sus scrofa) model. Models are ordered as follows: 1= Walugembe et al. (2014); 2 = heart girth
model from Baruzzi et al. (2023); 3 = body length model from our study; 4 = heart girth model

from our study; 5 = body length model from Baruzzi et al. (2023); 6 = Groesbeck et al. (2002);

7 = Sungiari et al. (2014). Black dots represent the means for each model. Models with unique letters
are statistically different (P < 0.05).

respectively). The true differences (i.e., accuracy or bias) of our
best-supported wild pig model differed (P <0.001) from those of
Groesbeck et al. (2002), Sungirai et al. (2014), and Baruzzi et al.
(2023) BL models (Figure 6). The Walugembe et al. (2014), our
HG, and Baruzzi et al. (2023) HG models produced similar ac-
curacy as our top wild pig model (P=0.116, 0.981, and 0.740,

respectively).
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Figure 6. The mean difference and 95% Cl between actual body mass and estimated body mass
(used as an estimate of model accuracy or bias) for each domestic and wild pig (Sus scrofa) model.
Models are ordered as follows: 1 = Walugembe et al. (2014); 2 = heart girth model from Baruzzi et
al. (2023); 3 = body length model from our study; 4 = heart girth model from our study; 5 = body
length model from Baruzzi et al. (2023); 6 = Groesbeck et al. (2002); 7 = Sungiari et al. (2014).
Models are considered unbiased if their confidence intervals overlap with 0. Black dots represent the
means for each model. Models with unique letters are statistically different (P < 0.05).

Discussion

Our results demonstrated that easily obtainable morphometric
measurements can be used as precise and accurate predictors of
wild pig body mass, and that models we developed using data from
wild pigs can better estimate wild pig body mass than those devel-
oped using data from domestic pigs. Importantly, two of the three
models developed using domestic pigs resulted in biased estimates
of wild pig body mass. The Groesbeck et al. (2002) model overes-
timated overall body mass of larger wild pigs and underestimated



body mass of smaller wild pigs, whereas the Sungirai et al. (2014)
model consistently overestimated body mass. Overestimation of
wild pig body mass by the Groesbeck et al. (2002) and Sungirai
et al. (2014) models is likely attributed to differences in environ-
mental characteristics among domestic and wild pigs. In contrast,
the Walugembe et al. (2014) model underestimated wild pig body
mass likely because this model only used data from domestic pigs
<40 kg (Jezek et al. 2011). Magnitude of underestimation of wild
pig body mass associated with the Groesbeck et al. (2002) and
Walugembe et al. (2014) models is evidenced by negative predicted
body mass for smaller wild pigs.

We determined that BL was the most informative predictor of
wild pig body mass. This supports the findings of Baruzzi et al.
(2023) who demonstrated that BL accounted for 96% of the varia-
tion in wild pig body mass. The coeflicients of our BL model were
very similar to the BL model of Baruzzi et al. (2023). We antici-
pated this result because the Baruzzi et al. (2023) BL model reli-
ably estimated wild pig body mass across several locations such
as Alabama, Australia, and Hawaii, illustrating the consistency of
morphometric measurements in predicting body mass.

Our findings and those of Baruzzi et al. (2023) suggest body
morphometrics can be used to precisely and accurately estimate
wild pig body mass. Both modeling efforts yielded similar coeffi-
cients when using BL or HG, therefore we recommend using either
of our models or those generated by Baruzzi et al. (2023) rather
than models derived using domestic pigs when estimating wild pig
body mass from morphometric measurements. There is more vari-
ability in body mass as wild pigs become heavier, possibly attribut-
ed to concomitant variation in reproductive status among female
wild pigs which breed year-round throughout our study area. This
variability was documented by the HG and BL models produced
by both Baruzzi et al. (2023) and our study. Thus, there remains
room for improvement when estimating the body mass of larger
wild pigs. Morphometric measurements likely fluctuate less than
body mass throughout the year due to environmental variation
(Barrett 1978, Mayer 2021), and we encourage future research to
evaluate how well our models generalize relative to seasonal varia-
tion of food and water availability.
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