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tissue maceration. Compared to standard and double‐jaw
models, moderate injuries (in the form of chipped or broken
teeth) were more common in padded‐jaw models (Tables S1
and S26). Overall, an average of 32% of the raccoons sustained
severe injuries in padded‐jaw models meeting sample size re-
quirements, and 32% exhibited self‐directed biting; we did not
find any raccoons dead from trap‐related stress or injury in
padded‐jaw traps (Tables S1 and S26). Both injury scores and
efficiency generally increased with trap size for padded‐jaw
models (Fig. 16; Table S25). Five of 6 padded‐jaw foothold
models meeting sample size requirements passed the BMP ef-
ficiency criterion (range= 67–85%) and furbearer selectivity
ranged from 83–98% (Fig. 16; Table S25). One padded‐jaw
foothold model (number 1.5 coil‐spring, padded jaws, 2‐coil‐
springs [15P]) tested on raccoons met all BMP criteria (Fig. 16;
Table S25).
Of 397 raccoons captured in 4 models of offset‐ or laminated‐

jaw coil‐spring traps meeting sample size requirements,

we conducted post‐mortem examinations on 296. None of the
4 models with sufficient samples passed either welfare criterion
(Fig. 16; Table S25). The mean cumulative injury score for all
offset‐ or laminated‐jaw models meeting sample size requirements
was 69.5, similar to double‐jaw and padded‐jaw footholds. Also
similar to both standard‐ and double‐jaw models, the most
common injuries in offset‐ or laminated‐jaw models were in the
mild category, particularly swelling, minor laceration, minor tissue
maceration, and minor periosteal abrasion. However, for traps
with adequate sample sizes, these jaw models had the highest
percent of animals with severe injuries (36%) and the highest rate
of self‐directed biting (35%; Tables S1 and S26); we found
2 raccoons dead from trap‐related stress or injury in this foothold
jaw‐type category. Although there was no linear association
between trap size and injury scores for these jaw types, the largest
traps had the highest injury scores (Fig. 16). Efficiency did not
exhibit any correlation with trap size, and ranged from 70–97%
for the 4 traps with sufficient samples; furbearer selectivity ranged

Figure 16. Trap performance profiles for live‐restraining traps evaluated on northern raccoons from 1997–2018 during development of best management practices
(BMP) for trapping in the United States. A) Trap‐specific boxplots of cumulative injury scores for all animals necropised; thick line represents mean, thin line
represents median. Necropsy sample size is shown in parentheses after x‐axis trap labels. B) Injury severity class distribution (%) for the most severe injury each
animal incurred; necropsy sample sizes are the same as in A. C) Efficiency (% of northern raccoons captured that activated the trap); error bars represent 95%
confidence intervals, and numeric labels represent number of northern raccoons captured. D) Furbearer selectivity (%); error bars represent 95% confidence intervals,
and numeric labels represent total number of furbearers captured in each trap type. All graphs have traps organized by broad type (e.g., cage trap, footsnare, foot‐
encapsulating trap) or by jaw type (standard, double, padded, and offset or laminated) for foothold traps, and are generally ordered in increasing size from left to right
within each type. Dashed lines represent metric‐specific BMP thresholds and an asterisk preceding a trap code in panel C denotes a trap that met sample size
requirements and passed all BMP criteria. Detailed explanation of trap codes can be found in Appendix A.
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from 87–96% (Fig. 16; Table S25). None of the offset‐ or
laminated‐jaw models tested that met sample size requirements
passed all BMP criteria (Fig. 16; Table S25).
Foot‐encapsulating traps.—Trappers captured 522 raccoons in

9 models of foot‐encapsulating traps with adequate sample
size, and we conducted post‐mortem examinations on 497.
Six of the 9 models passed both animal welfare criteria, 1
failed the injury‐score criterion, 1 failed the lower‐trauma
criterion, and 1 failed both injury criteria. The mean injury
score for all foot‐encapsulating models was 50.7, lower than
the average for any foothold trap regardless of jaw type
(Fig. 16; Table S25). The most common injuries from foot‐
encapsulating traps were mild edema, minor lacerations, and
minor subcutaneous soft tissue maceration or erosion (Tables
S1 and S26). Overall, an average of 13% (or 9%, considering
only passing traps) of animals captured in this trap type had
severe injuries and an average of 4.3% exhibited self‐directed
biting, the lowest for any foot‐restraining type of trap we
evaluated. Excluding the foot‐encapsulating trap with an
atypical design (HE, which has a tube attached to the pan of a
standard‐jaw foothold trap; Appendix A), an average of 1.6%
of raccoons exhibited self‐directed biting. We did not find any
raccoons dead from trap‐related stress or injury in foot‐
encapsulating traps (Tables S1 and S26). All foot‐
encapsulating models met the capture efficiency criterion
(range = 68–100%), and all had high (>94%) furbearer
selectivity (Fig. 16; Table S25). Of the 9 models of foot‐
encapsulating traps with sufficient sample size, 6 met all BMP
criteria for live‐restraining raccoons and 3 failed at least 1
welfare criterion (Fig. 16; Table S24).
Footsnares.—Using the power‐activated footsnare (BEL;

Appendix A), trappers captured 34 raccoons and we assessed
injuries on 24 (Fig. 16; Table S25). The mean injury score was
51.8 and 79% of the captured raccoons sustained only lower‐
trauma injuries (Fig. 16; Table S25). The most common injuries
were mild edema and minor soft tissue maceration; self‐directed
biting was reported in 6 (25%) raccoons, and we did not find any
raccoons captured in the BEL dead from trap‐related stress or
injury (Tables S1 and S26). The BEL had the second‐lowest
capture efficiency across all traps with sufficient samples, and
furbearer selectivity was 88% (Fig. 16; Table S25). The BEL
met all BMP criteria for capturing raccoons (Fig. 16; Table S25).
Cage traps.—Trappers captured 121 raccoons in 1 model of

wire‐mesh cage trap (Cage 108; Appendix A) and we examined
110 for trap‐related injuries. The Cage 108 had the lowest mean
cumulative injury score (13.8) for any restraining trap tested
on raccoons (Fig. 16; Table S25). Greater than 95% of the
captured raccoons sustained only lower‐trauma injuries (Fig. 16;
Tables S1 and S26). The most common injuries were mild
edema and tooth damage; self‐directed biting was reported in
1 (<1% of total) captured raccoon and we did not find any
raccoons dead from trap‐related stress or injury in the Cage 108
(Tables S1 and S26). Capture efficiency was high (95.3%), and
furbearer selectivity was 88.4 (Fig. 16; Table S25). The Cage
108 met all BMP criteria for capturing raccoons (Fig. 16;
Table S25).
All traps.—For traps that met sample size requirements,

the Cage 108 had the lowest injury score (13.8 points), followed

by the overall means for foot‐encapsulating traps (50.7),
the power‐activated footsnare (51.8), padded‐jaw footholds
(65.3 points), double‐jaw footholds (67.9 points), offset‐ or
laminated‐jaw footholds (69.5), and standard‐jaw footholds
(82.6). Self‐directing biting was most prevalent in foothold traps
(27.4%), of which double‐jaw models had the lowest incidence
(19%), followed by the footsnare (25.0%), foot‐encapsulating
traps (4.3%, or 1.6% excluding 1 atypical design), and the cage
trap (<1%).
Among all restraining traps that met all criteria for raccoons,

capture efficiency was highest for foot‐encapsulating traps
(x ̅ = 95.6%) and the cage trap (95.3%), followed by foothold
traps (x ̅ = 79.5%) and the footsnare (65.4%). Furbearer se-
lectivity by trap type, in descending order, was foot‐
encapsulating traps (x ̅ = 98.3%), foothold traps (x ̅ = 95%), the
cage trap (88.4%), and the power‐activated footsnare (88.1%).
Overall, 13 restraining traps met all BMP criteria, 27 devices
failed 1 or more criteria (Fig. 16; Table S25), and 10 traps had
insufficient samples to reach a conclusion.

Nutria
We evaluated 7 different models of restraining devices (all
foothold traps) on nutria, all of which had sufficient sample sizes
for BMP assessment. Trappers captured 426 nutria in live‐
restraining (non‐submersion) sets in the Southeast region. We
conducted post‐mortem examinations on 269. Three of the
7 traps, all padded‐jaw models, had cumulative injury scores
≤55 points; of the 4 models that had injury scores >55 points,
1 had padded jaws (Fig. 17; Table S27). Of the 3 foothold
traps that met the injury‐score criterion (1P, 11CH, 15PT;
Appendix A), 2 (1P, 15PT) also met the lower‐trauma criterion
(Fig. 17; Table S27). Among all foothold traps, mild edema or
mild hemorrhage was the most common injury, particularly for
padded‐jaw traps, with minor cutaneous lacerations and fracture
or joint luxation above the carpus or tarsus to a much lesser
extent (Tables S1 and S28). One captured nutria showed evi-
dence of self‐directed biting, and we did not find any nutria dead
from trap‐related stress or injury in any of the trap models
(Tables S1 and S28). All foothold traps met the capture
efficiency criterion (range= 68–97%), with the number 15PT
being the most efficient. Furbearer selectivity for these trap
models ranged from 94–100% (Fig. 17; Table S27). Overall,
2 restraining devices (1P, 15PT) met all BMP criteria for live
restraint, and 5 devices failed 1 or both animal welfare criteria
(Fig. 17; Table S27).

Red Fox
Trappers captured 672 red foxes (Vulpes vulpes) in 19 models of
foothold traps (all coil‐spring models) and 1 model of footsnare
in Alaska, the Great Plains‐West, Midwest, Northeast, and
Southeast regions. We conducted post‐mortem examinations on
603 red foxes. Fourteen traps had sufficient sample sizes for
BMP assessment, including 3 standard‐jaw foothold models,
5 padded‐jaw foothold models, 5 offset‐, laminated‐, or
wide‐jaw models, and the footsnare.
Of 129 red foxes captured in the 3 models of standard‐jaw

coil‐spring traps meeting sample size requirements, we con-
ducted post‐mortem examinations on 121. Two of the devices
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(15C, 175C) passed both welfare criteria, and the 2C failed the
injury‐score criterion (Fig. 18; Table S29; Appendix A). The
mean cumulative injury score for all 3 standard‐jaw foothold
models meeting sample size requirements was 43.2. The most
common injuries in standard‐jaw foothold traps were in the
mild category, particularly mild edema, minor lacerations, and
minor periosteal abrasions; self‐directed biting occurred on
1 red fox, and we did not find any red foxes dead from trap‐
related stress or injury in these devices (Tables S1 and S30).
There were few standard‐jaw traps on which to gauge the in-
fluence of trap size on injury scores or efficiency, though our
data suggest no consistent pattern for injury but a decline in
efficiency for larger traps (Fig. 18). All standard‐jaw foothold
models meeting sample size requirements passed the BMP
efficiency criterion (range = 80–95%) and furbearer selectivity
ranged from 88–94% (Fig. 18; Table S29). Two of the
standard‐jaw models tested on red foxes passed all BMP cri-
teria, with the third failing the injury‐score criterion (Fig. 18;
Table S29).
Of 206 red foxes captured in the 5 models of padded‐jaw

coil‐spring traps with sufficient sample sizes, we conducted

post‐mortem examinations on 179. All 5 of the padded‐jaw
models passed both welfare criteria (Fig. 18; Table S29). The
mean cumulative injury score for the 5 padded‐jaw foothold
models meeting sample size requirements was 26.0. The most
common injuries in padded‐jaw foothold traps were in the mild
category, particularly mild edema, minor lacerations, and
minor periosteal abrasions; self‐directed biting occurred with
3 (2%) red foxes, and we did not find any dead from trap‐
related stress or injury in these devices (Tables S1 and S30).
There was no consistent relationship between trap size and
injury scores for padded‐jaw models, but efficiency generally
increased with trap size. All padded‐jaw foothold models
meeting sample size requirements passed the BMP efficiency
criterion (range= 74–94%) and furbearer selectivity ranged
from 84–93% (Fig. 18; Table S29). All 5 of the padded‐jaw
models with sufficient sample sizes passed all BMP criteria for
red foxes (Fig. 18; Table S29).
Of 208 red foxes captured in the 5 models of offset‐,

laminated‐, or wide‐jaw coil‐spring traps that met sample
size requirements, we conducted post‐mortem examinations on
187. Four of the 5 models passed both welfare criteria

Figure 17. Trap performance profiles for live‐restraining traps evaluated on nutria from 1997–2018 during development of best management practices (BMP) for
trapping in the United States. A) Trap‐specific boxplots of cumulative injury scores for all animals necropised; thick line represents mean, thin line represents
median. Necropsy sample size is shown in parentheses after x‐axis trap labels. B) Injury severity class distribution (%) for the most severe injury each animal incurred;
necropsy sample sizes are the same as in A. C) Efficiency (% of nutria captured that activated the trap); error bars represent 95% confidence intervals, and numeric
labels represent number of nutria captured. D) Furbearer selectivity (%); error bars represent 95% confidence intervals, and numeric labels represent total number of
furbearers captured in each trap type. All graphs have traps organized by broad type (e.g., cage trap, footsnare, foot‐encapsulating trap) or by jaw type (standard,
double, padded, and offset or laminated) for foothold traps, and are generally ordered in increasing size from left to right within each type. Dashed lines represent
metric‐specific BMP thresholds and an asterisk preceding a trap code in panel C denotes a trap that met sample size requirements and passed all BMP criteria.
Detailed explanation of trap codes can be found in Appendix A.
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and 1 failed both criteria (Fig. 18; Table S29). The mean
cumulative injury score for the 5 traps meeting sample size
requirements was 42.8, similar to standard‐jaw models. The
most common injuries were in the mild category, particularly
mild edema, minor lacerations, and minor periosteal abrasions;
self‐directed biting occurred with 3 (1.6%) red foxes, and we
did not find any dead from trap‐related stress or injury in these
devices (Tables S1 and S30). For this jaw‐type category, injury
scores generally increased with trap size, with little to no im-
provement in efficiency (Fig. 18). All traps meeting sample
size requirements passed the BMP efficiency criterion
(range = 87–100%) and furbearer selectivity ranged from
84–95% (Fig. 18; Table S29). Four of the 5 models with
sufficient sample sizes passed all BMP criteria (Fig. 18;
Table S29).
We conducted post‐mortem examinations on 39 of the 47 red

foxes captured in the footsnare (BEL; Appendix A); the mean
injury score was 37.4. Approximately 87% of red foxes sustained
only lower‐trauma injuries (Fig. 18; Table S29). The most
common injuries were mild edema, lacerations, and minor

periosteal abrasions; there was no evidence of self‐directed biting
and we did not find any red foxes dead from trap‐related stress
or injury in the BEL (Tables S1 and S30). The BEL met all
criteria for animal welfare and efficiency (98%); furbearer se-
lectivity in this device was 88% (Fig. 18; Table S29). Overall,
12 restraining devices with sufficient sample size met all BMP
criteria for red foxes, and 2 failed the welfare criteria (Fig. 18;
Table S29).

Ringtail
Trappers captured 20 ringtails (Bassariscus astutus) in the Great
Plains‐West region using a wire‐mesh cage trap (Cage 108;
Appendix A). The mean cumulative injury score for ringtails
captured in this trap was 5.0 (median= 0.0; SE= 3.7;
Table S31). All individuals sustained either no (80%), mild
(5%), or moderate injuries (15%), and this trap met the lower‐
trauma criterion (Table S31). The most common injuries were
mild edema and tooth damage; no incidence of self‐directed
biting or trap‐related mortality occurred (Tables S1 and S32).
Capture efficiency was 100% and furbearer selectivity was 88.4%

Figure 18. Trap performance profiles for live‐restraining traps evaluated on red foxes from 1997–2018 during development of best management practices (BMP) for
trapping in the United States. A) Trap‐specific boxplots of cumulative injury scores for all animals necropised; thick line represents mean, thin line represents
median. Necropsy sample size is shown in parentheses after x‐axis trap labels. B) Injury severity class distribution (%) for the most severe injury each animal incurred;
necropsy sample sizes are the same as in A. C) Efficiency (% of red foxes captured that activated the trap); error bars represent 95% confidence intervals, and numeric
labels represent number of red foxes captured. D) Furbearer selectivity (%); error bars represent 95% confidence intervals, and numeric labels represent total number
of furbearers captured in each trap type. All graphs have traps organized by broad type (e.g., cage trap, footsnare, foot‐encapsulating trap) or by jaw type (standard,
double, padded, and offset or laminated) for foothold traps, and are generally ordered in increasing size from left to right within each type. Dashed lines represent
metric‐specific BMP thresholds and an asterisk preceding a trap code in panel C denotes a trap that met sample size requirements and passed all BMP criteria.
Detailed explanation of trap codes can be found in Appendix A.
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for the Cage 108 (Table S31). This restraining device met all
BMP criteria (Table S31). To date, we have not evaluated any
other live‐restraining devices on ringtails.

Striped Skunk
Trappers captured 320 striped skunks in 14 live‐restraining
devices in the Great Plains‐West, Midwest, Northeast, and
Southeast regions. We conducted post‐mortem examinations on
188 skunks. Most striped skunk captures were incidental during
projects targeting other species, with the exception of 1 cage trap
project where striped skunks were the focal species. We met
required sample sizes for only 3 of the 14 devices that captured
skunks (Fig. 19; Table S33).
The number 1 coil‐spring foothold trap with double jaws (1DJ;

Appendix A) did not meet either animal welfare criterion
(Fig. 19; Table S33), but capture efficiency was 100%. Con-
sidering all 11 foothold traps regardless of sample size, only
1 model (number 1.65 coil‐spring with offset laminated jaws
[165OL]; n= 8) currently meets the welfare thresholds. Across
all models with sample size >8, an average of 57% of striped
skunks exhibited severe injuries, and self‐directed biting

occurred in an average of 44% of the skunks; we did not find any
skunks dead as a result of trap‐related stress or injury. No
foothold traps currently meet all BMP criteria for striped skunks
(Fig. 19; Table S33).
Trappers captured 70 striped skunks in 2 models of cage traps

(Cage 105.5, Cage 108; Appendix A), of which we conducted
post‐mortem examinations on 51 (Fig. 19; Table S33). No
animals exhibited any injury (Tables S33 and S34), we did not
find animals dead from trap‐related stress or injury, and both
cage traps had 100% efficiency on striped skunks (Fig. 19;
Table S33). Furbearer selectivity was higher in the smaller Cage
105.5 (96% vs. 88%), and both met all BMP criteria (Fig. 19;
Table S33).
Trappers incidentally captured 18 striped skunks in the

footsnare (BEL; Appendix A), of which 8 were necropsied
(Fig. 19; Table S33). Although sample size is too low for BMP
evaluation, this trap had the second‐highest injury score (106.3;
Fig. 19; Table S33), with 63% of animals exhibiting severe in-
juries and 63% with indications of self‐directed biting (Fig. 19;
Tables S1 and S34); we doubt the trap would pass welfare cri-
teria if additional samples were obtained. Efficiency of the BEL

Figure 19. Trap performance profiles for live‐restraining traps evaluated on striped skunks from 1997–2018 during development of best management practices
(BMP) for trapping in the United States. A) Trap‐specific boxplots of cumulative injury scores for all animals necropised; thick line represents mean, thin line
represents median. Necropsy sample size is shown in parentheses after x‐axis trap labels. B) Injury severity class distribution (%) for the most severe injury each
animal incurred; necropsy sample sizes are the same as in A. C) Efficiency (% of striped skunks captured that activated the trap); error bars represent 95% confidence
intervals, and numeric labels represent number of striped skunks captured. D) Furbearer selectivity (%); error bars represent 95% confidence intervals, and numeric
labels represent total number of furbearers captured in each trap type. All graphs have traps organized by broad type (e.g., cage trap, footsnare, foot‐encapsulating
trap) or by jaw type (standard, double, padded, and offset or laminated) for foothold traps, and are generally ordered in increasing size from left to right within each
type. Dashed lines represent metric‐specific BMP thresholds and an asterisk preceding a trap code in panel C denotes a trap that met sample size requirements and
passed all BMP criteria. Detailed explanation of trap codes can be found in Appendix A.
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on striped skunks was also lower (72%) than for other tested
traps, and furbearer selectivity was 88% (Fig. 19; Table S33).
For all restraining devices evaluated on striped skunks that met
sample size, currently only the 2 cage traps pass all BMP criteria
(Fig. 19; Table S33).

Swift and Kit Foxes
We tested 2 models of number 1 coil‐spring foothold trap (standard
jaws [1C] and padded jaws [1P]) and 1 model of wire‐mesh cage
trap (Cage 108; Appendix A) on swift and kit (Vulpes macrotis)
foxes. Trappers captured 66 swift and kit foxes in the Great
Plains‐West and Midwest regions, of which we necropsied 64.
Although the mean injury score for the 1P was much lower

than for the 1C (67 vs. 100), neither model met either injury
criterion (Fig. 20; Table S35). The most common injuries in
foothold traps included mild edema and hemorrhage, and minor
subcutaneous soft tissue maceration (Tables S1 and S36).
However, failing injury scores appear largely a result of a high
percentage of animals also exhibiting major skeletal muscle
degeneration (Tables S1 and S36) in their limbs (a moderately
severe injury), presumably a result of lunging while in the trap.

One animal showed indications of self‐directed biting, and we
did not find any individuals dead from trap‐related stress or
injury (Tables S1 and S36). The 1C had higher efficiency than
the 1P (95% vs. 81%), and furbearer selectivity in these traps was
identical (98%). Neither device met all BMP criteria (Fig. 20;
Table S35).
Fifty‐five percent of swift and kit foxes captured in the Cage 108

(n= 20) sustained no injuries, with a mean injury score of 13.5
(Fig. 20; Table S35). Of the foxes with injuries, all were in the
lower‐trauma category (Fig. 20; Table S35); the only trauma re-
ported was tooth damage, of which 45% showed evidence
(Tables S1 and S36). There was no evidence of self‐directed biting
or mortality from trap‐related stress or injury in the Cage 108
(Tables S1 and S36). Efficiency of this cage trap on swift and kit
foxes was 81%, and furbearer selectivity was 88% (Fig. 20; Table
S35). The Cage 108 was the only swift and kit fox restraining trap
we tested that met all BMP criteria (Fig. 20; Table S35).

Virginia Opossum
We collected data on Virginia opossums in 26 models of foot-
hold traps (19 with BMP‐sufficient sample size), 2 models

Figure 20. Trap performance profiles for live‐restraining traps evaluated on swift and kit foxes from 1997–2018 during development of best management practices
(BMP) for trapping in the United States. A) Trap‐specific boxplots of cumulative injury scores for all animals necropised; thick line represents mean, thin line
represents median. Necropsy sample size is shown in parentheses after x‐axis trap labels. B) Injury severity class distribution (%) for the most severe injury each
animal incurred; necropsy sample sizes are the same as in A. C) Efficiency (% of swift and kit foxes captured that activated the trap); error bars represent 95%
confidence intervals, and numeric labels represent number of swift and kit foxes captured. D) Furbearer selectivity (%); error bars represent 95% confidence intervals,
and numeric labels represent total number of furbearers captured in each trap type. All graphs have traps organized by broad type (e.g., cage trap, footsnare, foot‐
encapsulating trap) or by jaw type (standard, double, padded, and offset or laminated) for foothold traps, and are generally ordered in increasing size from left to
right within each type. Dashed lines represent metric‐specific BMP thresholds and an asterisk preceding a trap code in panel C denotes a trap that met sample size
requirements and passed all BMP criteria. Detailed explanation of trap codes can be found in Appendix A.
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