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Abstract 
Given a shift in public opinion in the European Union (E.U.), the United States of America (U.S.), Canada and Russia 
developed standards (International Organization for Standardization, ISO, standards) to increase humaneness in 
trapping.  However, concern for maintaining the viability of the fur industry and management of furbearing animals 
dependent on trapping undoubtedly catalyzed the development of a Best Management Practices (BMP) initiative to 
identify and compare traps and trapping techniques.  Given the push for the development of BMPs, White et al. (2021) 
set out to develop recommendations as what they termed BMPs for trapping of “furbearers” in North America to meet 
agreed upon guidelines.  That study is one of the few analyses comparing and evaluating restraining, primary foothold 
(leghold), trap devices across multiple species.  As such, it has been used to justify and promote trapping and to 
develop trapper education courses in the US and abroad.  In this evaluation of White et al. (2021), we demonstrate 
that 1) trap assessments did not properly use ISO standards and definitions of trap evaluation metrics, and failed to 
implement the most recent standards accepted by the U.S., and 2) researchers followed a research protocol that was 
incomplete, inadequate, and non-replicable.  When sound policy depends on a solid base of evidence, then too science 
should be held to the highest standards of the open science movement that prioritizes transparency, reproducibility, 
and research integrity. We conclude that White et al.’s (2021) study should be redone with a comprehensive, 
standardized approach and new parameters to arrive at better best management practices for capturing furbearers. 
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Introduction 
Government policies that permit restraint or killing of wild 
animals exemplify the science-policy interface in which 
policy is defined both by values and by scientific evidence 
describing past, present, and potential futures of wildlife and 
human interactions.  Since the early 1900s, organized anti-
trapping and anti-leghold trap campaigns relentlessly pushed 
against wildlife conservation and management programs 
involving mammal trapping (Proulx and Barrett 1989).  As a 
result, and because of widespread European concerns, the 
International Organization for Standardization (ISO), 
through Technical Committee 191, re-evaluated mammal 
trapping across the United States of America (U.S.), Russia, 
Canada, and the European Union (E.U.), and laid out 
standards to improve humaneness of any mechanically 
powered traps used to restrain or kill animals (Proulx et al. 
2020).  Also, under the pressure of the European Community 
to ban the importation of fur products from animals captured 
with steel-jawed leghold traps, negotiations between fur-
producing countries began toward an Agreement on 
International Humane Trapping Standards (AIHTS) that 
would result in the development of trap assessment protocols 
(Proulx et al. 2020).  These standards were agreed upon and 
signed by Canada, Russia and the European Community in 
1997 (Proulx et al. 2020).  The U.S. did not sign the AIHTS, 
but participated through an Agreed Minute, a non-binding 
diplomatic agreement, which nearly replicated the AIHTS 
guidelines (Agreed Minute 1998).  However, these standards 
are not necessarily representative of state-of-the-art trapping 
technology, and their inability to properly assess trapping 
devices have repeatedly been pointed out by wildlife 
professionals (Powell and Proulx 2003; Iossa et al. 2007; 
Proulx et al. 2020; Conejero et al. 2022; Serfass 2022).  
Inadequate trap testing for animal welfare (Caravaggi et al. 
2021) and selectivity (Virgós et al. 2016), the use of non-
replicable trap assessment methodology (Caravaggi et al. 
2021), and the continued use of steel-jawed leghold traps 
(Feldstein and Proulx 2022), killing neck snares (Proulx  et 
al. 2015) and other trapping devices that are known to cause 
prolonged pain and suffering (Proulx et al. 2012) are 
examples of why, to be acceptable, trap assessments should 
be based on properly designed, implemented, and critically 
evaluated scientific methodologies.    
   The concern for maintaining the viability of the fur 
industry and other approaches for managing furbearing 
animals dependent on trapping undoubtedly catalyzed the 

development of a Best Management Practices (BMP) 
initiative as a basis to assess traps and trapping techniques. 
The Wildlife Society Technical Review 90-1 (Boggess et al. 
1990) serves to advocate trapping; identifies concerns about 
adverse consequences the “anti-trapping” movement could 
have on the perpetuation of trapping; establishes the virtues 
of trapping (e.g., social, economic, and research values); and 
identifies approaches to enhance the perception of trapping 
through public education.  A subsequent publication in the 
Wildlife Society Bulletin (Batcheller et al. 2000) mirrors 
many of the concerns established by Boggess et al. (1990) 
about the potential loss of trapping as a viable aspect of 
wildlife management and has essentially served as an action 
plan for the promotion of trapping by listing 12 focal areas 
that should be addressed as a basis for maintaining the 
integrity of the furbearer management system in the United 
States. The first focal area is the development and 
implementation of BMPs for trapping.  The document 
emphasizes the importance of educational outreach and 
associated messaging in promoting the virtues of trapping 
both internally (i.e., a focus on wildlife professionals and 
policymakers associated with the US wildlife management 
system) and to the public.  
   White et al. (2015) portray various benefits of “regulated” 
trapping and establish that “Steps have been taken by wildlife 
professionals to improve the humaneness of trapping 
through the development of international standards used to 
evaluate traps.” (i.e., through the BMP process). The 
Conservation Brief “Regulated Trapping and the North 
American Model of Wildlife Conservation” (Association of 
Fish and Wildlife Agencies [AFWA] Undated a), establishes 
trapping as fitting the North American Model of Wildlife 
Conservation (see Serfass and Proulx 2024 for a contrary 
position), contrasts regulated versus unregulated trapping, 
and connects science to the BMP process.  The Northeast 
Furbearer Resources Technical Committee published a 
document about trapping apparently intended at least in part 
for a non-professional audience (“Trapping and Furbearer 
Management in North American Wildlife Conservation”; 
Organ et al. 2015), which espouses various societal and 
wildlife management benefits derived from trapping and 
advances in the humaneness of trapping propagated by the 
BMP process.  The portion of the AFWA website devoted to 
trapping likewise contains an extensive review of 
educational initiatives, messaging for public relations, 
social-science-based assessments, and traditional research 
associated with trapping wildlife, including an             
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extensive, updated review of BMPs (see  
https://www.fishwildlife.org/afwa-inspires/furbearer-
management). 
   Given the push for the development of BMPs, White et al. 
(2021) set out to develop recommendations as BMPs for 
trapping of “furbearers” in North America to meet the 
guidelines in the Agreed Minute (1998).  That study is one 
of the few analyses comparing and evaluating restraining 
trap devices across multiple species.  As such, it has been 
used to justify and promote trapping and to develop trapper 
education courses in the US and abroad.  In fact, 12 of the 14 
authors on White et al. (2021) are employees of agencies that 
are members of the AFWA and therefore associated, either 
directly through the Furbearer Conservation Technical 
Working Group (at least 2 authors on White et al. 2021) or 
indirectly, with the promotion of trapping.  The fish and 
wildlife agencies represented by AFWA have specific goals 
of promoting trapping and its supposed benefits, yet we 
expect their research on the impacts of trapping on wildlife 
to be transparent, reproducible and unbiased.  The close 
association of promotional aspects of trapping with wildlife 
professionals and the evolution of BMPs, should raise 
concern about the objectivity among those engaged in the 
BMP process.  In this evaluation of White et al. (2021)’s 
BMPs for restraining mammals using traps, we demonstrate 
that 1) trap assessments, particularly in the way these authors 
assessed humaneness, efficiency and selectivity, did not 
properly use ISO standards and failed to implement the most 
recent AIHTS standards accepted by the US, and 2) 
researchers followed a research protocol that was incomplete, 
inadequate, and non-replicable. The most accurate and useful 
BMPs should ideally represent protocols which are based 
upon the best scientific evaluations.  In this case the authors 
have attempted to develop BMPs by testing traps using ISO 
guidelines as a baseline, but they have fundamentally fallen 
short because they did not appropriately define trap 
evaluation metrics and did not design a transparent, 
reproducible experiment. 

Evaluation of White et al. (2021) 
Methodological constraints of the study design 
White et al. (2021) evaluated 84 models of restraining traps 
across 33 U.S. states between 1997–2018 to determine how 
well they performed by 3 primary criteria: (1) animal welfare, 
(2) capture efficiency, and (3) selectivity.  While these 
criteria are defined in the ISO guidelines, which White et al. 
(2021) ostensibly used to establish their BMPs, the ISO 
guidelines were not released until 1999, 2 yrs after the 
beginning of White et al. (2021)’s study.  According to 
White et al. (2021)’s supplemental materials, of the 84 trap 
types tested, 10.7% (n = 9) were tested in 1998, before the 

release of the ISO standards, though many of these were 
tested again after the release of ISO standards.  Perhaps more 
concerning, however, is some trap types were only tested on 
4 species (coyotes Canis latrans, northern raccoons Procyon 
lotor, red foxes Vulpes vulpes, and North American 
opossums Didelphis virginiana) before the release of the ISO 
standards.  This suggests that White et al. (2021) may have 
begun their study by following the standards laid out in the 
Agreed Minute (which were based on AIHTS) and then 
changed their standards once ISO was released.  Further, we 
find significant discrepancies in how the authors defined 
their guidelines or developed their study designs.  
Specifically, these discrepancies are related to failure of 
approaches followed by White et al. (2021) to align with the 
ISO and/or Agreed Minute (i.e., AIHTS) definitions or 
recommended trap evaluation methods (Table 1). 
   One discrepancy at the outset is that the ISO defines traps 
being evaluated as being included in a trapping system.  A 
restraining trap device can be installed in numerous ways 
under diverse conditions.  A trapping system is more than 
just the device and includes: 1) the trap device, with its many 
specific characteristics (i.e., dimensions, shape, power, and 
attachments); 2) a trigger with a specific shape and operation; 
and 3) a set with a specific placement of the trap, and bait or 
lure (Figure 1a; Pawlina and Proulx 1999).  How traps are 
set can differ widely and has been shown to have different 
outcomes on trap humaneness, efficiency, and selectivity 
(Pawlina and Proulx 1999; Caravaggi et al. 2021; De Ruyver 
et al. 2023).  Figure 1(b-d) shows the same trap device being 
used in 3 different systems.  Mammal trapping standards 
should refer to trapping systems, and not just individual trap 
devices. Furthermore, from the perspective of reproducibility, 
if the trap system results in differing outcomes, trap devices 
cannot be compared without a standardized trapping system 
(Pawlina and Proulx1999).  Indeed, the same trap device in 
a different system cannot be compared.  White et al. (2021) 
did not specify which system they used, though they did 
specify if they set traps on land, nor did they standardize 
systems between sets, therefore we assume they allowed 
trappers to choose their preferred system.  Standardizing a 
trapping system is the only reproducible way to uniformly 
test a trap across the country, as these authors wanted to do. 
Without standards and control over variation in systems, 
comparing between trap devices risks confusing the system 
with the device. 
   Relatedly, there are numerous variables involved in trapper 
behaviour and system set up, let alone ecological conditions, 
leading to nearly infinite variations in micro-site, trapper 
practice, and response of target and non-target animals 
(Pawlina and Proulx 1999; Responsive Management, 2015).   
 

https://www.fishwildlife.org/afwa-inspires/furbearer-management
https://www.fishwildlife.org/afwa-inspires/furbearer-management
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Table 1.  A comparison of White et al.’s (2021) methodology and the ISO and/or AIHTS requirements they claim to follow.  
We include suggested alternative approaches we argue are better supported by the literature, and would result in more 
robust and reproducible results. 

White et al.’s (2021) method 
 

Suggested alternative ISO and/or AIHTS requirements 

Testing trap types.  Testing trapping systems–
standardization of set and trap type. 

Testing traps within trap systems. 

   
Unclear sampling effort: 10, 14 or 21 
days (page 15). 
Minimum of 4 traps (page 14), non-
standardized across trap types, species, 
cover type. 

Standardized sampling effort with clear 
reporting of sampling time, number of 
traps, sample location selection, 
technician training. 

Enough traps to ensure statistical power, 
traps should be paired with control traps 
and vegetation, substrate and trap 
system should be standardized. 

   
Capture efficiency defined as number of 
individuals captured divided by number 
potentially captured (page 16). 
Relies on potentially biased 
interpretation of ‘potential captures’. 

Use the scientifically supported 
definition of efficiency based on number 
of captures per trap-period which 
accounts for sampling effort and time. 
Only relies on actual captures. 

Capture efficiency is defined as 
“capability of the trap, as part of a 
trapping system, to capture target 
animals within a specified time period” 
(ISO, page 1). 

   
Animal welfare scoring only included 
injury, and excluded self-inflicted 
wounds and ‘external’ deaths (i.e., 
determined non-trap related). 

Liberalize the definition of ‘trap-related’ 
to be more precautionary, thereby 
including internal injuries from over 
exertion, self-inflicted injuries, and 
deaths that are a result of restraint, 
leading to drowning, hypo- or 
hyperthermia and/or attack by external 
individuals. 

 AIHTS specifies that behaviour be 
considered as a welfare metric, and that 
behavioural indicators of poor welfare 
include self-inflicted wounds and 
unresponsiveness. 
AIHTS also defines restraining traps as 
traps that keep animals alive until 
trappers can make contact with them. It 
does not make exceptions for ‘external’ 
causes of death.  
ISO also does not distinguish between 
causes of death for an animal in a trap. 
ISO requirements only state ‘describe 
all injuries that can be related to the 
trap/trapping system’ (ISO, page 5). 
 

Animal welfare scoring for a trap type 
based on average welfare score. 

Using a one-tail binomial distribution to 
determine the probability that traps will 
be successful and humane >70% of the 
time as per Proulx et al. (2020). 

80% of animals must have a welfare 
score <50 points. 

   
Selectivity defined as all captured 
furbearers divided by total captures of 
all species. 

Use a selectivity index, such as Savage’s 
W: capture proportion of target 
species/population proportion of target 
species. 
Capture proportion is ISO’s definition of 
selectivity, divided by a known 
proportion of target species. 

ISO defines selectivity as “number of 
captured target animals divided by the 
total number of captured animals” (ISO 
page 2). 
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Figure 1.  Example of various canid trapping systems using the same (A) trap model, chains, and bait; B – a dirt-hole set; 
C – a drag set; and D – a trail set.  The dirt-hole set (B) consists of a trap attached with a short chain to a stake located 
immediately underneath the trap.  The trap is covered with sifted soil.  The bait is covered in a hole.  The same baited hole 
can be used with a drag set (C) where the trap is affixed to a long chain and a log.  A stake or a drag set can be used on a 
trail set (D).  If the chain used in these sets is equipped with swivels and a shock absorber, the risks of injuring the captured 
limb is lower.  If the chain used in the drag set is short, the captured animal may get injured while pulling on the chain.  
Injuries to a Canada lynx (Lynx canadensis) captured in a stake set will be less likely to be severe than in a drag set where 
the chain may become entangled with vegetation and the animal may break a leg.  A dirt-hole set (B) is more selective than 
a trail set (D), which can capture different species of furbearers moving through an area.  In all sets, if the bait is not properly 
covered, birds of prey may be captured.  Because the trap device will impact differently on captured animals, each trapping 
set needs to be tested independently from each other.  Results obtained for a trap device in one trap set cannot be pooled 
with those of another trapping system. 
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The authors conducted their study in various undescribed 
vegetation cover   types   with    different weather and soil 
conditions (White et al. 2021, page 11).  They also did not 
appear to standardize trap preparation, which can affect the 
appearance and therefore capture rate of particular species 
(Proulx et al. 2022a).  Further, for humaneness evaluations, 
trap check intervals should be standardized.  While White et 
al. (2021) required checks at maximum intervals of 24 hrs, 
they did not standardize beyond that.  Further, trap check 
intervals  are  never  mentioned  as  a  key element of BMPs  
(White et al. 2021, pg. 51).  Standardization is particularly 
important when numerous different field locations, a 
substantial number  of  trappers, trap types,  and  preparation 
influence response variables.   Standardization is imperative 
to a scientific comparison of trap devices. Without 
standardization, reproducibility and validity of the study is 
limited (Pawlina and Proulx1999).  Concern over such 
limitations is ostensibly why the ISO guidelines are careful 
to specify that trap type evaluation should 1) be included 
within a trapping system, which includes standardization of 
methods are used, as there are infinite inputs that might trap 
site variation, and 2) be compared against a control, defined 
as the trap type most commonly used to trap a target species 
(ISO 1999).  White et al. (2021) fell short of meeting these 
basic study design standards because, while different trap 
devices were described on pages 12–13, the authors did not 
standardize how traps are to be set beyond a cursory 
explanation that each trap station would be made up of              
2 traps.  Moreover,  despite the use  of  2  traps,  there  is  no 
mention in White et al. (2021) of whether 1 of these traps is 
a control trap, though it is unclear why the authors set traps 
in pairs if they were not attempting to follow the ISO 
recommendations to use control traps. Apparently, no 
control trap is included, given control groups are never 
mentioned anywhere in the monograph.  
Unreliable definition of capture efficiency 
Standard capture efficiency (like catch per unit effort in 
fisheries) should be counted as number of captures per trap-
period, e.g., per 100 trap nights (Proulx 1999; Powell and 
Proulx 2003; Proulx et al. 2020).  The ISO standards specify 
this need for a time variable in their definition of efficiency, 
and most trapping studies use this metric (Table 1).  By 
contrast, White et al. (2021) define efficiency as the capture 
rate of target animals, i.e., “capability of a trap, as part of a 
trapping system, to capture target animals …expressed as a 
percentage of the total number of potential captures of target 
animals.” (ISO 1999, page 1).  Therefore, the authors include 
no time variable or trapping effort in their evaluation of 
capture efficiency, and risk confusing readers by using a 
metric that ISO standards do not use for the evaluation of 

traps.  ISO (1999, page. 1) stipulates that trap test reports 
should include the following information: i) the number of 
captured target animals; ii) the number of traps set; and iii) 
the capture efficiency, i.e., “the capability of the trap, as part 
of a trapping system, to capture target animals within a 
specific time period”  
   By using capture rate instead of a true capture efficiency, 
the authors systematically overstate the ‘efficiency’ of every 
trap.  If applying the standard method to calculate capture 
efficiency, estimates of trap efficiency would differ 
significantly from results of White et al. (2021).  To illustrate, 
we compare outcomes from White et al. (2021) of the 
estimates of “capture efficiency” for 1 trap type (no. 11) used 
to capture northern raccoons in 1 yr (1999) to estimates 
derived using the ISO definition of capture efficiency (Table 
2).  Our estimates assume that traps were checked and set 
once every 24 hrs, and therefore only 1 raccoon could be 
captured per day.  We cannot be sure this assumption is true, 
however, because White et al. (2021) use vague and 
imprecise language such as: “We required trappers to check 
each trap and remove any animals once each day before 
1200 hours…” (page 15).  This statement is unclear because 
it does not specify if some animals were removed after 
shorter periods of time (e.g., 4, 8, or 12 hrs).  Furthermore, 
information is not provided to discern when traps were first 
set and reset after capture.  In Figure 4 on page 14, the 
authors show an example of trap stations, and state in the 
caption that “Each trapline consisted of a series of stations.”  
Because this is the only information provided about the 
number of traps set, we establish examples of the necessary 
assumptions pertaining to the number of traps set, and the 
resultant estimated capture efficiency that would be 
calculated for 3 differing trapping scenarios.    
   We estimate the highest possible capture efficiency for the 
no. 11 trap type is 78% (Table 2), whereas White et al.’s 
(2021) metric of number of captures/number of potential 
captures estimated an efficiency at 85.9%.  The outcome by 
White et al. (2021) implies that if 439 raccoons approached 
the no. 11 trapping device, 377 would be captured.  Potential 
captures could be calculated using trail cameras around traps 
which could observe when animals approached but were not 
captured by a trap.  However, in this study, trap stations had 
no trail cameras, so researcher-trapper teams collected data 
on signs around the traps.  From the information provided, 
we can only infer that someone estimated when and how 
much sign was left after the trap was assumed to have 
triggered but it is unclear how teams confirmed this sequence 
of events.  On page 16, White et al. (2021) described a 
‘potential capture’ in 3 scenarios when a trap device was 
activated by the focal species where 1) the individual “was 
never restrained”   ̶ the authors do not explain how a species  
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was identified in such a case; 2) the individual was “captured 
but not restrained until trap inspection”  ̶  again, this 
statement is not explained; and 3) the individual was 
“captured and restrained until the trap was inspected”.  
Although the authors state that field researchers were trained 
by the authors, there is no explanation of how they were 
trained.  The published study contains no analysis of field 
identification accuracy or inter-observer reliability.  It is 
common in many studies to train community participants, 
but the best science validates the success of systematic and 
well documented training, which is included in the study 
design (Poisson et al. 2019; Brown and Williams 2018; 
Weidenhoeft et al. 2003).    
   Even if such estimates of potential captures could be made 
reliably, one would expect it to vary by site, habitat, year, or 
trapper set, not only by device.  White et al.’s (2021) method 
defies fundamental principles of good wildlife science, 
which is that the actual number of raccoons (or any other 
wildlife species) visiting sampling sites is predicted by 
habitat quality, life history, threats, and demographics, 
among other factors, not by the effort and method of capture.  
Effort and method of capture produce estimates of detection 
probability or encounter rate, not the total number present.  
We conclude the methods used by White et al. (2021) are 
inadequate to properly assess the efficiency of any trap type 
because capture rate is not a substitute for measuring trap 
efficiency; the authors did not measure capture effort, i.e., 
number of traps and amount of time traps were open; and the  
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
authors’ protocols for determining ‘potential captures’ are 
unclear and non-reproducible.  
Missing parameters in animal welfare assessment 
Each restraining trap studied was given an animal welfare 
score based on animal injury levels rated with a 0–100 
trauma criterion (White et al. 2021, Table 2, page 16).  
Animals were scored during necropsies with a minimum 
sample size per species-trap device combination of n=20 (a 
sample size specified only in AIHTS; ECGCGRF 1997).  
Mortality, i.e., death caused directly by the trap, received a 
trauma score of 100, whereas a 0 resulted from no injury.  We 
have several concerns about how animal welfare was 
calculated for each species-trap combination. 
   First, White et al. (2021) state “We required a minimum 
sample size of 20 individuals of a given furbearing species 
per trap device...” (page 15).  However, it is unclear whether 
the minimum sample size of 20 animals necropsied had to be 
the first 20 of that species, or whether a trapper-researcher 
team could have discarded a member of the species and then 
included the 21st member trapped, for example.  The unclear 
sampling scheme could introduce selection bias into the 
study and allows researcher bias to infiltrate.  The risk of 
intentional or unintentional bias is concerning as the study 
occurred  over a  20-yr  period  and  the  researchers  did  not 
explain how 20 carcasses were chosen for necropsy.  For 
example, 76 northern river otters (Lontra canadensis) were 
captured in 3 trap types, but only 70 were necropsied, with 
no explanation as to why the other remaining 6 otters were 
not included in the evaluation (White et al. 2021, page 27).  

Table 2. Three possible trapping scenarios to illustrate how trapping effort impacts calculations of capture efficiency by 12 
trapper teams trapping for northern raccoon (Procyon lotor) using trap type nos. 11 in 1999.  Scenario 1 assumes that each 
trapper team set 4 traps for 10 d each.  Scenario 2 assumes that each trapper team only set 2 traps, which is the minimum 
possible based on (White et al. 2021)’s methodology on page 14.  This scenario is impossible given that there were more 
raccoons captured than the number of traps set.  Scenario 3 illustrates an equally implausible scenario in which each trapper 
team trapped every day of 1999, each setting only 1 trap. 

  No. 
Trapper 
Teams* 

No. of 
Raccoons 
Captured* 

No. 
Traps/trapper 
team 
 

No. days of 
trapping/trapper 
team 

Trap 
nights 

Estimated 
Capture 
Efficiency 

Scenario 
1 

12 377 4 10 480 377/480= 
78% 

Scenario 
2 

12 377 2 10 240 377/240= 
150% 

Scenario 
3 

12 377 1 365 4,380 377/4,380= 
8.6% 

      *Reported by White et al. (2021) 
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   Second, we question 3 decisions White et al. (2021) made 
regarding what to include in their animal welfare scoring.  
The authors appear to have only used “…injury as the 
primary criterion to evaluate animal welfare..” (page 16) in 
their necropsy evaluations, but omitted other potential 
metrics of welfare such as “…criteria related to behavior, 
physiology (stress), immunology, and molecular biology” 
(page 16) because they state “the ISO process concluded 
there was insufficient knowledge or technology to 
incorporate those potential metrics” (ISO 1999b: Annex A, 
Scope 1, paragraph 1.2)” (page 16).  If our interpretation is 
correct, this suggests an incomplete necropsy procedure as 
exertion can result in internal bleeding, emphysema, or 
dislocation of proximal joints other than limbs (Proulx et al. 
2012).  Furthermore, the authors appear to omit some 
relevant conclusions regarding trapping impacts on animal 
welfare from the ISO guidelines.  AIHTS and the Agreed 
Minute recognized the need for using other techniques than 
only necropsies, and the ISO standards indicated that 
physiology and behaviour assessments were in their infancy.  
Infancy does not mean absence; knowledge should be 
incorporated when it exists (Oreskes 2019).  Furthermore, 
studies on raccoons (Proulx et al. 1993), red foxes (Kreeger 
et al. 1990; White et al. 1991), and other species (Cross et al. 
1988; Chapple et al. 1991; Press et al. 1993; Groenink              
et al. 1994;) from the 1980s and 1990s have all shown that 
behavioural and physiological evaluations of trapped 
animals are possible.  In fact, in Section 2.2 of AIHTS, under 
PARAMETERS, it is indicated: “The parameters must 
include indicators of behaviour and injury listed in 
paragraphs 2.3.1 and 2.3.2”.  White et al. (2021) could at 
least have used those methods on the well-understood 
species and analogized those findings to other species as a 
precaution.  In the past 20 yrs, many more studies have been 
conducted on the physiology of captured animals.  White et 
al. (2021) could have adopted such protocols at least at some 
point during their 20-yr study. 
   Third, the authors decided not to include self-inflicted 
wounds in their calculations of injuries, even though these 
are explicitly referenced as needing to be evaluated in 
AIHTS. “Although not assigned injury points in and of itself, 
we also noted presence or absence of any self‐directed biting 
on all animals during post‐mortem examinations.” (White et 
al. 2021, page 15).  Not including self-inflicted injuries in 
injury scoring could bias the results to over-estimate 
humaneness, particularly for certain species such as raccoons, 
which are known to self-mutilate in leghold traps (Proulx et 
al. 1993; Hubert et al., 1996).  Self-mutilation is included in 
the AIHTS guidelines as an indicator of poor animal welfare 
caused by a trapping device (Proulx et al., 1993; Talling and 
Inglis 2009).  In the case of raccoons, encapsulated traps 

were developed by veterinarians and biologists to resolve the 
problem.  In fact, no matter the proximate cause of an injury, 
it would not have occurred if the animal were not in a trap, 
therefore all injuries must be included to avoid under 
reporting of negative impacts of traps on animal welfare 
(Dellinger et al. 2023). 
   Finally, White et al. (2021) state “Because our restraining-
trap research was focused on injuries (including death) 
associated with the trap itself, we excluded from analysis 
animals that were already dead (or injured) upon trap 
inspection as a result of uncontrolled external variables (e.g., 
shot by another person, attacked by other animals, 
hypothermia, accidental drowning)” (page15).  With the 
exception of animals shot by another person, we do not know 
how the field teams discerned injuries or deaths as a result of 
external causes, or the frequency of such cases.  The ISO 
(1999) specifies that all animals must be necropsied for trap 
device evaluation and does not state that researchers can 
disregard individual animals based on assumptions or 
subjective criteria, such as an assumption of external cause 
of death as suggested by White et al. (2021).  AIHTS also 
lists “death” as an indicator of poor welfare in trapped wild 
animals.  So, White et al.’s (2021) decision to remove death 
shows that the researchers did not follow established 
standards for assessing injuries or deaths contributed from 
restraining an animal in a trap that were not directly related 
to the trap.  Again, the animal would presumably be alive 
were it not for the trapping event.  Though not related 
necessarily to one trap device or another, the mortality does 
relate to the totality of circumstances that were determined 
by the trapper or the research protocol, i.e., the trapping 
system.  
   The physical restraint of a wild animal in restraining traps 
is analogous to temporary captivity, which is a well-studied 
animal welfare challenge.  For animals in captivity, any harm 
that occurs is investigated and documented (Mason 2010).  
Here White et al. (2021) admit that the act of being restrained 
can lead to drowning and hypothermia because the animals 
are being held in a position that puts them at risk of these 
outcomes.  Furthermore, we have observed some trappers 
employ methods of trap setting that ensure such outcomes to 
maximize their number of captures and ensure animals die 
more quickly.  We argue that if hypothermia and drowning 
are a risk based on the location of trap devices, that all trap 
devices are inhumane in such sets. Furthermore, 
immobilization impedes trapped animals from fleeing or 
defending themselves from conspecifics and humans, 
increasing the possibility that an animal will be injured or die 
from these external inputs.  According to the authors, they 
had a “…goal of improving animal welfare in trapping.” 
(White et al. 2021, page 11).  The authors’ decision to omit 
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such instances from necropsy or from analysis produce only 
bias in the direction that trappers and the trapping industry 
would favour, i.e., not a conservative assumption.  Therefore, 
animal welfare scores should diminish each time an animal 
was injured or died as a result of being restrained. 
   Our last major concern with the animal welfare metric is 
the way the authors calculated cumulative injury scores of 
each individual animal-trap combination based upon mean 
injury scores (out of a sample size of 20).  The use of an 
average is not comparable to a standard based on a minimum 
performance level because mean cumulative injury scores 
are affected by extremes.  For example, in a sample of 20 
animals, 16 out of 20 animals may have scores below 15, and 
4 could have scores nearing 100 (Proulx et al. 2022a).  In 
such a case the trap welfare score would be acceptable 
according to White et al. (2021) because the mean score is 
<55 points. This trap would also be approved under the 
AIHTS guidelines because 16/20 or 80% of animals have an 
injury score <50 points.  However, with a result of 16/20 
acceptable captures, the ability of the trap to capture animals 
with little or no injury would actually be 62% using a one-
tailed binomial test (see Proulx et al. 2020), or in other words, 
38% of all trapped animals could likely suffer unacceptable 
pain and distress when captured in such restraining traps.  
This more appropriate statistical assessment indicates that 
White et al.’s (2021) ‘ISO/AIHTS mixed standards’ and 
AIHTS can mislead and over-estimate humaneness.  We 
therefore conclude that the animal welfare scoring employed 
by White et al. (2021) likely over-estimated the humaneness 
of any trap type because sample sizes of necropsies were 
small and samples may have been biased, the authors did not 
count self-inflicted wounds nor mortalities not directly 
caused by traps, and the calculation of injury scores were 
determined using means instead of a minimum performance 
level.  
The confusion of selectivity and bycatch 
“We calculated trap-specific furbearer selectivity by dividing 
the total number of captures of furbearers that were legal to 
harvest by the total number of captures of all species…” 
(White et al. 2021, page17).  The authors justify the decision 
not to make the selectivity metric species specific by 
asserting that most trappers trap for >1 species at any given 
time.  However, the literature is clear that selectivity should 
be species specific because traps that are non-discriminant 
could have devastating impacts to non-target species (Proulx 
2022), particularly for species at risk (Proulx 2024).  
Furthermore, traps tested for 1 species may not be tested, or 
may have been determined inappropriate, for another species 
(Serfass 2022).  Virgós et al. (2016) and Proulx (2022) 
argued that the definition of selectivity in ISO (1999) is 
inherently flawed because it does not account for the 

“relative abundance of target and non-target species and 
represents only a simple rate or capture proportion…” 
(Virgós et al. 2016, page 1411).  White et al. (2021) repeat 
the error in their definition of selectivity by assuming all 
targeted species were as abundant as non-target species, a 
false assumption given the potential for capturing imperiled 
species (e.g., swift fox, Vulpes velox). 
   According to Virgos et al. (2016), a more accurate 
selectivity index would be Savage’s W (see Manly et al. 
2002), which could be written as: capture proportion of target 
species/population proportion of target species. The capture 
proportion is the current definition of selectivity used by ISO 
(1999), divided by a known proportion of target species.  
Savage’s W is derived from ecological literature on resource 
selection and is therefore better justified than the methods 
used by White et al. (2021).  White et al.’s (2021) methods 
do not clearly indicate that they estimated abundance of any 
animals in the populations subjected to trapping, therefore 
their metric of selectivity is only target animals divided by 
total animals.  That metric accepts the idea of bycatch, on 
which there is literature from fisheries highlighting the 
problems with under-reporting illegal bycatch (Lescrauwaet 
et al. 2013; Basran and Mar Sigurosson 2021; Forget et al. 
2021). The problem of under-reporting should be 
acknowledged when discussing capture selectivity. 
Concerns about competing interests 
Science is trusted or distrusted by the sovereign publics of 
many nations based in part on the appearance or existence of 
competing interests, whether financial or non-financial, or 
the appearance of scientific inquiry with preconceived 
notions or outcomes (Oreskes 2019).  The pharmaceutical, 
biomedical, petroleum, and tobacco industries, and others 
have demonstrated their motivations to manipulate science 
for self-interest (Oreskes and Conway 2010).  Therefore, the 
scientific fields studying these industries have had to 
embrace thoroughgoing transparency and disclosures.  We 
do not observe similar disclosures in this instance.  The text 
of the manuscript itself uses brand names from the industry 
as if these were neutral labels, which is not the case.  The 
conclusions of such research that favour one or another brand 
of trap does represent an implicit endorsement of that 
manufacturer regardless of the disclaimer at the end of the 
acknowledgements.  The authors could have used neutral 
identifiers indexed in supplementary material to link results 
to particular brands of traps rather than the constant citation 
to manufacturers.   
   We have concerns with White et al.’s authors’ affiliations 
and incomplete disclosures.  U.S. state wildlife agencies 
(most co-authors in White et al. 2021) generate revenues 
from trapping permits.  The Association of Fish & Wildlife 
Agencies (AFWA, lead author) has a stated interest in 
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promoting trapping, which is demonstrated through 
marketing materials contained on AFWA web page on 
trapping.  US States receive federal funds from the Pittman-
Robertson Act among other sources.  Also, some federal 
agencies, such as USDA-APHIS-Wildlife Services (1 co-
author at least), develop cooperative contracts with 
municipalities, counties, states, tribes, etc., in which they are 
paid to live- and kill-trapping wildlife.  While the monetary 
amount of these contracts may vary, their existence creates a 
direct financial competing interest with impartial treatment 
of research; the undue political and financial influence of 
wildlife-killing individuals and organizations have been 
meticulously documented (Clark and Milloy 2014).  Also, 
professional societies that advocate for trapping, such as 
AFWA (lead author), The Wildlife Institute (another co-
author), and The Wildlife Society (publisher of the         
journal  hosting   White et  al.  2021)  are  not  value-neutral  
 
 
 
 

 organizations (as explained in the introduction, “TWS 
Position Statement: Trapping Furbearers” July 7, 2020).  
Therefore, various competing interests (career advancement, 
direct financial interests, and various individual motivations) 
may impact White et al. ‘s (2021) monograph and they need 
to disclose them.  We urge journals publishing potentially 
controversial information on consumptive use of wildlife to 
impose greater transparency in cases akin to White et al. 
(2021) where one or more authors’ affiliated agencies appear 
to have a competing interest to minimize the negative 
perceptions of trapping. 

Conclusion 
Trapping technology has been highly controversial in the last 
40 yrs (Proulx and Barrett 1989; Proulx 2022), and trade-
oriented standards such as ISO and AIHTS have been highly 
criticized in the past  (Iossa et al. 2007;  Proulx et al. 2020).   
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Trap research and evaluation must be representative of 
emerging knowledge in trapping and scientific method, and 
we believe that White et al.’s (2021) study failed in both 
cases.  Science-based resource management depends on 
validated measures that are accurate (do not systematically 
under- or over-estimate the parameter in question), precise 
(narrow margins of uncertainty around measures), and 
sensitive to changing conditions (reliable and generalizable 
to new areas and other periods) (Creel 2021; Treves 2022).  
We found few of these hallmarks of rigorous science in the 
methods presented by White et al. (2021) because they did 
not test trap systems, compare to control traps, nor 
standardize trap setting and trap check frequencies.  Further 
White et al. (2021) incorrectly defined capture efficiency, 
chose not to include certain deaths and injuries in welfare   
scoring, and did not measure species-specific selectivity. 
Any BMPs developed for furbearer trapping must carefully 
examine each trap type using the strongest scientific methods  
and reducing biases to the greatest degree possible in order 
to ensure humaneness of trapping practices.  
   We realize the challenges inherent in long-term studies 
such as that described by White et al. (2021), given our 
experience in fur-trapping and long-term studies (see Proulx 
1999; Niemeyer and Evans 2012; Naughton-Treves et al. 
2017; Serfass 2022).  However, long-term does not 
inherently equate to high quality.  The standards used by 
White et al. (2021) do not correspond to either ISO or AIHTS  
standards.  White et al.’s (2021) study employed a mixture 
of criteria and  parameters from  one but  not  both standards, 
and in some cases, apparently elaborated by the authors 
themselves.  The analysis methods used by White et al. (2021) 
are flawed, not transparent, and irreproducible.  Therefore, 
we question the outcomes of the study as representing best 
management practices for capturing furbearing animals in 
restraining traps.   
   We conclude that White et al. (2021)’s study should be 
redone with a comprehensive, standardized approach and 
new parameters. 
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