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Mark my words: experts’ choice of marking methods used in
capture-mark-recapture studies of small mammals
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Crucial to the success of studies based on capture-mark-recapture (CMR) designs is the retention (permanency)
and recognition (readability) of marks to identify individuals. Several marking methods for small mammals (<
60 g) are available, but their efficacy and use is not well known. We implemented a targeted survey of experts
to gather their experiences and opinions regarding marking small mammals. Respondents (n = 114) stated their
beliefs, perceptions, and current and future use, of marking methods, as well as factors influencing their choices,
based on Likert and rank order scale questions. We compared responses based on where researchers’ studies
occurred, their level of experience, and their subfield of mammalogy. Most respondents (73%) had > 5 years
experience marking small mammals, with 60% each marking > 1,000 individuals. Respondents believed that
ear-tagging was most preferable in terms of efficiency, impact to affected animals (survival, pain), and personal
ethics, whereas passive integrated transponder (PIT)-tagging was the most preferable with regard to retention
and recognition, and toe-clipping with respect to cost. Most respondents plan to use ear-tagging (78%) or PIT-
tagging (70%) in the future. PI'T- and genetic-tagging are expected to increase, and toe-clipping to decline, in the
future. The factors influencing which marking method respondents used were ranked—in order of decreasing
preference—as impact, retention, recognition, cost, efficiency, and ethics. There were few differences in the mean
response or consensus among respondents, regardless of their experience, location, or subfield. Most respondents
(66%) agreed that additional studies on the performance and impact of various marking methods are needed to
assess their costs and benefits for CMR-based studies. Ultimately, choice of marking method will depend on
the species, research question, available resources, and local legislation and permitting. Our study, however,
illustrates that collective insights by experienced mammalogists may aid individual researchers in deciding on
study designs and protocols, particularly early career scientists.
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Capture-mark-recapture (CMR)-based approaches are widely
used to estimate the abundance, density, and demography
of various species (Williams et al. 2002; Lindberg 2012).
Paramount to the success of CMR-based studies is the retention
(permanency) and recognition (readability) of marks applied
to individuals. Two key assumptions that underlie CMR ana-
lyses are that marks are retained (not lost) and recognized (not
misread—Otis et al. 1978; Pollock et al. 1990; Amstrup et al.
2005). Violation of these assumptions may result in abundance
or density estimates that are unreliable (McDonald et al. 2003),

which ultimately may lead to flawed ecological inferences. As
such, the method chosen to mark individuals in CMR-based
studies is of utmost importance (McDonald et al. 2003; Fokidis
et al. 20006). Unfortunately, there is often a lack of information
on the performance and effect of marking methods available to
researchers about to embark on CMR-based studies (Murray
and Fuller 2000).

Small mammals (< 60 g; e.g., Apodemus, Microtus, Mus,
Myodes, Peromyscus, etc.) have long been used as model spe-
cies to investigate basic questions regarding behavior, ecology,
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evolution, physiology, and diseases, probably because they are
excellent experimental models to ask fundamental questions,
and it can be relatively efficient and inexpensive to obtain a
sufficient number of individuals to permit robust analyses.
Additionally, some species that reach high densities may be
pests that are involved in human—wildlife conflicts, particularly
alien and invasive species such as house mice (Mus musculus—
Singleton 1989; Krebs et al. 2004; Singleton et al. 2005).
Several other species have been driven to low densities due
to human activities and are thus of conservation concern (i.e.,
several species of hopping mice, Notomys spp.—Moseby et al.
1999; Diete et al. 2016). Both pest and threatened species evoke
a strong management need to monitor populations. CMR-based
designs are frequently used to answer both basic and applied
questions (Anderson et al. 1983; Krebs and Boonstra 1984;
Hammond and Anthony 2006; Gerber and Parmenter 2015;
Romairone et al. 2018; Torre et al. 2018), with some studies
spanning nearly 50 years (Krebs et al. 2019).

Research on the performance of methods used to capture and
mark small mammals is needed to inform the development of ro-
bust experimental designs aimed at gaining reliable knowledge
(Parmenter et al. 2003; Gerber and Parmenter 2015; Bovendorp
et al. 2017; Romairone et al. 2018; Torre et al. 2018). Several
studies have investigated the relative performance of various
types of traps (e.g., Boonstra and Krebs 1978; Beacham and
Krebs 1980; Boonstra and Rodd 1984; Lambin and MacKinnon
1997; Tasker and Dickman 2002; Anthony et al. 2005; Jung
2016; Torre et al. 2016; Korslund 2018) and trapping protocols
(e.g., Parmenter et al. 2003; Bovendorp et al. 2017; Torre et al.
2018; Harkins et al. 2019) to capture small mammals. Marking
small mammals, however, is challenging because of the con-
straints that small body size places on the size of marks that
can be used without altering behavior or survival, and while
ensuring adequate retention and recognition.

Individually marking small mammals for scientific study
dates to at least the 1930’s (e.g., Stockdale 1932; Chitty 1937;
Blair 1941; Scott 1942; Manville 1949). Since then, a variety
of methods have been used, with the most common probably
being ear-tagging and toe-clipping. Other methods have been
used less frequently (e.g., ear-notching—punching, fur-clipping,
fur-dying, and radiotagging; reviewed by Twigg 1975). Passive
integrated transponder (PIT)-tags (e.g., Fokidis et al. 2006;
Korslund and Steen 2006; Lebl and Ruf 2009), genetic-tagging
(e.g., Miller et al. 2005; Ferreira et al. 2018), tattoos (Lindner
and Fuelling 2002; Petit et al. 2012), and visible implant elasto-
mers (VIEs; e.g., Grant 2008) are relatively new methods that
may be increasingly used in future studies. Several studies have
focused on the impact of various marking methods (particularly
toe-clipping) on the survival (Ambrose 1972; Fairley 1982;
Pavone and Boonstra 1985; Braude and Ciszek 1998), growth
(Fisher and Blomberg 2009), body condition (Korn 1987; Wood
and Slade 1990), movements (Borremans et al. 2015), and ecto-
parasite loads (Ostfeld et al. 1993) of affected small mammals.
Mixed effects have been reported from these studies. However,
little attention has been given to the retention or recognition of
marks used in small mammal studies even though these traits
are a crucial consideration in CMR-based designs (Murray and

Fuller 2000; but see Le Boulenge-Nguyen and Boulenge 1986;
Salamon and Klettenheimer 1994; Leclercq and Rozenfeld
2001; Kuenzi et al. 2005; Fokidis et al. 2006; Lebel and Ruf
2009). Despite a variety of marking methods being employed
in CMR-based studies of small mammals, a review of their per-
formance and use by researchers is lacking.

Our aim was to assess the use of various marking methods
for small mammals based on researchers’ perceptions of them
and factors influencing their choices. We surveyed small
mammal researchers with expertise in marking individuals to
collect and collate their experiences and beliefs. Expert opinion
may be a useful means of exploring important questions for
which field data are not available and may be otherwise diffi-
cult to obtain (e.g., Petit and Waudby 2012; Rode et al. 2018).
Indeed, consulting colleagues on their evaluation of marking
methods has been recommended, given gaps in available in-
formation (Murray and Fuller 2000). Our central questions
were: what marking method(s) small mammal researchers used
in their previous studies, which they envisioned using in future,
and what factors influenced their choices. We predicted that
most researchers previously used toe-clipping and ear-tagging
but anticipated using PIT-tags or genetic marking in the future,
possibly as a means of increasing tag retention and recogni-
tion. We also asked them a series of questions to probe deeper
into their beliefs and perceptions about, as well as factors
influencing their choice of, various marking methods. We pre-
dicted that given the critical importance of mark retention and
recognition in CMR-based studies that these factors would be
among the most important when researchers choose a marking
method. Finally, we used a Potential for Conflict Index ap-
proach (PCIZ—Manfredo et al. 2003; Vaske et al. 2010; Vaske
2018) to compare the degree of consensus among groups of
respondents, based on the relative experience researchers had
marking small mammals, where they primarily did field re-
search (e.g., North America, Australia, Asia, etc.), as well as
their general field of study (e.g., behavioral ecology, population
ecology, etc.). The intent of our study was to harness the collec-
tive beliefs, perceptions, and choices of experts regarding small
mammal marking methods so that they could provide a re-
source to individual researchers when deciding which marking
method(s) to use in their work.

MATERIALS AND METHODS

Survey of practitioners.—We developed and implemented
a questionnaire with 23 questions. Our target sample for the
survey was researchers who were experienced marking small
mammals. The survey was designed to ask respondents about
1) their background capturing and individually marking small
mammals (Questions [Q]1-6), 2) their beliefs and perceptions
about marking methods, using a 5-point Likert scale (Q9-20),
3) their opinions on the efficacy of three common marking
methods (ear-tagging, toe-clipping, and PIT-tagging; Q7-8) in
terms of relative cost, efficiency, reliability, and impact to the an-
imals, and 4) which marking methods they planned to use in the
future (Q21) and factors influencing their choice (Q22). Finally,
we added an opportunity to provide additional comments (Q23).
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Our survey was implemented online using SurveyMonkey
as a platform (https://surveymonkey.com). We delivered the
questionnaire by distributing a link to the online survey via
Mammal-L, the Smithsonian Institution’s listserver for mam-
malogists, and through social media websites of the IUCN—
SSC Small Mammal Specialist Group (i.e., Twitter and
Facebook). By targeting these forums, we sought to engage the
global small mammal research community. The online survey
was open from 21 March 2018 to 10 April 2018 (21 days) and
reminders of the closing date were sent out via Mammal-L on
27 March 2018 and 6 April 2018.

Data analyses.—Responses based on a Likert scale (Q9-
20) were coded numerically with 1 = strongly disagree and
5 = strongly agree. We report descriptive statistics (median and
mean = SD) for each question, as well as the frequency dis-
tribution of responses that agreed, disagreed, or were neutral
to the question. When calculating the frequency distributions
for these questions we lumped “strongly agree” and “agree”
as well as “disagree” and “strongly disagree” into two discrete
choices (“agree” or “disagree”) to improve the interpretation
of the results. We also calculated PCI, scores to quantify the
degree of consensus among respondents (Manfredo et al. 2003;
Vaske et al. 2010; Vaske 2018) for each question based on a
Likert scale (Q9-20). Calculated PCI, values range from 0O to
1, with O representing complete agreement, and 1 representing
no agreement, among respondents (Manfredo et al. 2003).
We recoded Likert scale data from —2 (strongly disagree) to 2
(strongly agree) in order to use the equations from Vaske et al.
(2010) for calculating PCI, from a 5-point bipolar scale with a
neutral response.

To further examine variation in responses, we categor-
ized respondents based on their comparative experience trap-
ping small mammals (“High” or “Low”), the location (North
America [“NA”] or “Other”) and field of study (population
ecology [“Pop”] or “Other”) of most of their small mammal
research. Respondents that indicated they had > 5 years of ex-
perience and marked > 1,000 individual small mammals were
classified as having a High level of experience. All other re-
spondents were classified in the Low experience group. We
then repeated the same analyses as above for the Likert scale
questions (Q9-20) that we used for the full data set. We tested
for differences in the mean responses among groups (groups of
three pairs based on trapping experience, location, and field of
study) with pairwise #-tests. Further, we tested for differences
in consensus among respondent groups by comparing PCI,
values and simulated SD values between groups with differ-
ence tests (d), where if d > 1.96 then P < 0.05 (Vaske et al. 2010;
Vaske 2018).

Differences in the types of marks previously used by re-
spondents (Q5) compared to those that they planned to use
in the future (Q21) were evaluated with likelihood-ratio chi-
square tests. We used aggregate scores to assess rank prefer-
ences by respondents on their perceived performance of three
commonly used marking methods (ear-tagging, toe-clipping,
and PIT-tagging), as well as factors influencing their choice of
marking method in the future. Six traits of marking methods

were used for the ranking exercises, including mark retention
and recognition, impact on the animal (i.e., survival, pain), per-
sonal ethics, cost, and efficiency in the field.

RESULTS

Survey respondents.—We received 115 responses to the
online survey, although one respondent was discounted be-
cause they had no experience marking small mammals. Most
respondents (73%) had > 5 years of experience, with 60%
of respondents each marking > 1,000 individual small mam-
mals. Notably, 22 respondents (19%) indicated that they had
> 25 years of experience marking small mammals. Assuming
mid-range values of the four experience classes in Q1, respond-
ents represented about 1,223 (range 859-1,586) person-years
of experience capturing and marking small mammals. Our
sample was skewed toward those that primarily conducted their
research in North America (65%) compared to other contin-
ents (35%; G* = 10.140; P = 0.001) and researchers focusing
broadly on questions related to population ecology (60%) com-
pared to other areas of inquiry (40%; G* = 4.246; P = 0.039;
Supplementary Data SD1). Respondents were close to equal in
terms of having categorically high (56%) or low (44%) levels
of experience trapping small mammals, with those having high
experience each trapping > 1,000 small mammals and > 5 years
of experience.

Expert’s perceptions and beliefs.—Respondents varied in
their perceptions and beliefs of methods for marking small
mammals. Based on medians, means, and frequency distribu-
tions of responses, most respondents agreed that radiotagging
has limited applications in CMR-based designs (74% of re-
spondents agreed; Q9), using two ear-tags increases reten-
tion (67%; Q11), toe-clipping offers excellent mark retention
(67%; Q13) but is antiquated (72%; Q14) and poses personal
ethical issues (80%; Q15), and PIT-tagging has many advan-
tages (63%; Q16) but is too costly (67%; Q17; Table 1). Most
respondents also agreed that more studies are needed on the
efficacy and impact of marking methods (66%; Q19) and im-
proved marking methods are also needed (55%, Q20). Median
responses regarding whether mark recognition was a concern
when using ear-tags (Q12), or that genetic CMR will be impor-
tant in the future, were neutral (Q18; Table 1). Most respond-
ents disagreed that ear-tag retention was not permanent enough
for their research (55%; Q10).

The degree of consensus among respondents on their be-
liefs and perceptions—as indicated by PCI, scores—was var-
iable among questions, with a 2-fold difference observed
(range = 0.18-0.39; Fig. 1). The highest PCI, scores (least
consensus) were reported from questions regarding ear-tag re-
tention (Q10; PCIL, = 0.39), errors in recognition with ear-tags
(Q12; PCI, = 0.39), and whether PIT-tagging was too expensive
(Q17; PCIL, = 0.32; Fig. 1). Conversely, the lowest PCI, scores
(highest consensus) were reported from questions regarding
whether PIT-tagging had many advantages compared to other
marking methods (Q18; PCI, = 0.18) or new marking methods
were needed (Q20; PCI, = 0.18), followed closely by the need
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Table 1.—Likert-style questions posed in the online survey and the sample size (1), median, mean (+ SD), and frequency distribution of re-
sponses by respondents. The “agree” category includes “strongly agree” and “agree”, and the “disagree” category includes both “strongly disa-
gree” and “disagree” responses by respondents to the questions. CMR = capture-mark-recapture; PIT = passive integrated transponder.

Survey question n Median Mean + SD Frequency distribution

Agree  Neutral  Disagree

Q9. Radiotagging has limited applications for marking individuals and is only an option in the 91 Agree 38+1.1 74% 8% 18%
case of studies marking a small number of animals
Q10. Ear-tagging is generally not permanent enough to employ in most of my small mammal 96 Disagree 2.7+1.3 31% 12% 57%
research
Q11. Placing an ear-tag in both ears significantly increases the reliability of ear-tagging as an 93  Agree 37+1.1 67% 14% 19%
individual marking method in terms of mark retention
Q12. Mark recognition and data entry (i.e., correctly reading and recording an ear-tag) is a 101 Neutral 3012 42% 16% 42%
major concern when using ear-tagging
Q13. Toe-clipping offers excellent mark retention (permanency) for long-term studies of 87  Agree 3712 67% 16% 17%
individually marked small mammals
Q14. Toe-clipping is an antiquated method of individually marking small mammals 95 Agree 40+12 72% 14% 24%
Q15. For me personally, toe-clipping poses ethical concerns 101 Agree 4112 80% 5% 15%
Q16. PIT-tagging has many advantages compared to other methods currently used for 95 Agree 3613 63% 16% 21%
individually marking small mammals
Q17. PIT-tagging is currently too costly to employ in most of my small mammal research 98  Agree 38+1.2 67% 12% 21%
Q18. Marking of individual small mammals based on genetic (DNA)-tagging will be an 87  Neutral 32+1.1 46% 31% 23%
important method in future CMR-based studies of small mammals
Q19. More published studies on the efficacy and impact of various small mammal marking 101 Agree 36+1.0 66% 17% 17%
methods are needed to help researchers assess the costs and benefits of choosing a marking
method
Q20. Improved methods for individually marking small mammals are needed 102 Agree 35+1.0 55% 26% 19%
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Fig. 1.—Bubble plots of the mean and degree of consensus of survey respondents (n = 114) on questions regarding beliefs and perceptions about
various small mammal marking methods. Relative sizes of the bubbles indicate the degree of consensus among respondents (larger bubbles equal
less consensus). Values above each bubble are PCI, scores for that question. Specific questions can be found in Table 1. PCI, = Potential for
Conflict Index.

for more studies on the efficacy and impact of marking methods different groups of respondents regarding their beliefs about
(Q19; PCI, = 0.18; Fig. 1). marking methods (Fig. 2; Supplementary Data SD2). Level of

Group comparisons of perceptions and beliefs.—Overall, experience, location (North America or elsewhere), or primary
there were few significant (P < 0.05) differences in either  research interest made little difference in either group means or
the mean response or degree of consensus (PCI, scores) by PCI, scores.
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Fig. 2.—Bubble plots of the mean and degree of consensus of survey respondent groups on questions regarding beliefs and perceptions about
various small mammal marking methods. Respondent groups were based on (A) level of experience marking small mammals (High versus Low;
see “Materials and Methods” for more details), (B) location where most of their research occurred (North America or Other), and (C) their pri-
mary field of study (Population Ecology versus Other). Relative sizes of the bubbles indicate the degree of consensus among respondents (larger
bubbles equal less consensus). Values above each bubble are d statistic, while those below each bubble are the 7 statistic. d and ¢ values followed
by an asterisk are significantly different (*P < 0.05, **P < 0.01, ***P < 0.001). Specific questions can be found in Table 1.
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Researchers’ level of experience (HIGH versus LOW) re-
sulted in different mean responses, and different PCI, scores,
for five and four of 12 questions, respectively (Fig. 2). In four
of five instances where the mean response was significantly

different among groups based on experience level, respondent
groups did not differ in whether they agreed or disagreed with
the statement; rather, the difference was a matter of how much
they agreed with the statement. For example, both groups agreed
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that toe-clipping offers excellent mark retention (Q13) and that
PIT-tagging was too costly to include in their research programs
(Q17; Fig. 2). However, in both instances, the degree with which
respondents agreed with these statements was slight but statisti-
cally significant (Supplementary Data SD2). In the fifth instance,
the mean response was neutral and agree for the High and Low
groups, respectively, regarding whether they believed that ge-
netic CMR will be important in the future (Q18; Fig. 2). When
considering responses within these groups on the question of the
future role of genetic-tagging, however, consensus differed sig-
nificantly (d, = 2.68, P < 0.05). Respondents in the Low group
were much more consistent in their response than those in the
High group (Q18; Fig. 2). With one exception, significant differ-
ences in the degree of consensus between High and Low groups
were caused by a higher PCI, score (less consensus) among re-
spondents within the High group: significantly higher PCI, score
for the Low, compared to the High, group regarding whether PIT-
tagging has many advantages (Q18; Fig. 2).

‘When grouped by where respondents primarily conducted their
research (NA versus Other), significant differences in the mean
responses and degree of consensus between groups were found
for five and one of 12 questions, respectively (Supplementary
Data SD2; Fig. 2). Most of these differences (three of five) re-
garded toe-clipping. The Other group was significantly less in
agreement that toe-clipping offered excellent mark retention
(Q13) and in greater agreement that it is an antiquated method
(Q14) and poses ethical concerns (Q15; Fig. 2). These groups
of respondents also differed regarding whether ear-tagging pro-
vided adequate retention for their research (Q10), with the mean
response for the NA group being disagree, whereas the Other
group mean was neutral. Conversely, the Other group was ap-
proaching neutral, while the NA group more firmly agreed, re-
garding whether genetic CMR will be important in the future
(Fig. 2). Finally, PCI, scores differed significantly (d, = 1.98,
P < 0.05) among groups when considering responses to whether
toe-clipping poses ethical concerns (Q15). Respondents in the
Other group had a significantly higher degree of consensus in
their responses than those in the NA group (Fig. 2).

There were fewer significant differences between respondents
when grouped by their field of study (Pop versus Other), com-
pared to their level of experience or where they primarily con-
ducted their small mammal research. Mean response and degree
of consensus differed for one question each between groups
(Supplementary Data SD2; Fig. 2). The mean response to the
question of whether improved marking methods were needed
(Q20) differed significantly between the two groups (z,,, = 2.03,
P = 0.046), with the Pop group being close to neutral and the
Other group in more agreement (Fig. 2). Consensus in the Pop
group was significantly less than in the Other group when consid-
ering the future use of genetic CMR (d, = 3.84, P < 0.05; Fig. 2).

Comparison of ear-tagging, toe-clipping, and PIT-tagging.—
Most respondents believed that ear-tagging and PIT-tagging
were the most preferable with respect to their personal ethics
and having the least impact (pain, survival) to affected indi-
viduals, whereas toe-clipping was the least preferred for these
two traits (Fig. 3). PIT-tagging was ranked as the most prefer-
able method in terms of both mark retention and recognition by

I Ear-tagging
== Toe-clipping
I PIT-tagging

Ethics

Impact

Recognition

Retention

Efficiency

Cost

Method trait

Ethics

Impact

Recognition

Retention

Efficiency

Cost

0 20 40 60 80 100
Percent of respondents
Fig. 3.—Perceptions of small mammal researchers’ (n = 114) choice
of the most preferable (top panel, A) and least preferable (bottom
panel, B) method (ear-tagging, toe-clipping, or PIT-tagging) in terms
of its comparative performance with respect to personal ethics, impact
to affected animals, mark recognition and retention, efficiency in the
field, and cost. PIT = passive integrated transponder.

about 60% of respondents. Ear-tagging and toe-clipping were
ranked as the least preferable methods in terms of retention and
recognition, respectively (Fig. 3). Indeed, 75% of respondents
believed that ear-tagging was the least preferred option in terms
of mark retention, and 63% agreed that toe-clipping was the
least preferred regarding mark recognition. Most respondents
(60%) believed that ear-tagging was the most efficient method
to employ, whereas an almost equal percentage of respondents
reported toe-clipping and PIT-tagging as the least efficient (Fig.
3). Respondents reported in almost equal measure that either
ear-tagging or toe-clipping was the preferred choice based on
cost, and that PIT-tagging was overwhelmingly reported (89%)
as the least preferred marking method based on cost (Fig. 3).
Past and future choices in marking methods.—Ear-tagging, fol-
lowed by PIT-tagging, toe-clipping, fur-dying, and radiotagging
were the methods used most frequently in the past by survey re-
spondents (Fig. 4). Ear-punching, fur-clipping, and other were
used by < 11% of respondents, and none reported the use of ge-
netic mark-recapture for small mammals. The frequency that
respondents reported use of ear-tagging or radiotagging did not
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Fig. 4.—Percent of respondents (n = 114) to an online survey that
reported that they had previously used various methods for individu-
ally marking small mammals and those they plan to employ in their
future studies. Methods with an asterisk (*) above were significantly
different (P < 0.05) in terms of the percent of respondents using the
method in the past and that in future studies, based on contingency
table analyses (see “Results”). “Other” methods included leg-ringing,
ear-tattooing, and visible implant elastomers (VIEs).

significantly change between the past and future. Going forward,
however, respondents reported that they would make significantly
(P £ 0.05) greater use of PIT-tagging and genetic-tagging, and
significantly (P < 0.05) less use of toe-clipping, ear-punching,
fur-clipping, and fur-dying, in the future (Fig. 4).

Factors influencing choice of marking method.—The factors
influencing respondents’ decision on which marking method to
use were ranked—in decreasing order—as impact on affected
animals, retention, recognition, cost, efficiency, and personal
ethics. Impact on the affected animals was the highest or second
highest ranked factor influencing choice of marking method by
53% of respondents, whereas ethics was the lowest or second
lowest ranked factor by 41% (Fig. 5). Retention and recognition
were ranked as one of the top three factors influencing choice
by > 50% of respondents. Conversely, efficiency and cost were
ranked as the lowest factor by > 20% respondents (Fig. 5).

Open-ended responses.—We received additional, open-ended
comments by 36 respondents (32%) at the end of the survey
(Q23). No attempt was made to qualitatively analyze these re-
sponses. Verbatim comments added by these respondents are
available in Supplementary Data SD3.

DiSCUSSION

Our primary aim was to evaluate which marking methods
small mammal researchers previously used compared to
those that they envision using in the future. Additionally, we
aimed to understand the factors influencing their choices,
and assessing what future directions or work is needed to im-
prove upon marking methods. We explored these questions
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Fig. 5.—Relative role of personal ethics, impact to affected animals,
mark recognition, mark retention, efficiency to employ in the field,
and cost, in terms of influencing the decisions of researchers (n = 114)
choice of which method to use to individually mark small mammals.
Top panel (A) is the percent of respondents that gave each factor a rank
of 1-6, with 1 being the most, and 6 being the least, influential factor
in their choice of which method to use. (See the top bar [ethics] for a
legend to the color coding for each rank.) Bottom panel (B) is the ag-
gregate score for each influencing factor, with higher scores indicating
factors ranked higher.

by harnessing the beliefs, perceptions, and experiences of
experts in the field. In summary, our main finding was that
the marking methods respondents used in past studies were
not necessarily what they plan to use in the future, with one
exception. Toe-clipping and a variety of other methods (e.g.,
fur-dying) were used widely in the past; however, respondents
reported that they planned to use these methods significantly
less in future studies of small mammals. On the other hand,
PIT-tagging and genetic mark-recapture were reported to have
significantly increased use by respondents in the future. The
exception was that ear-tagging, which respondents indicated
as used by most in the past, will likely to continue to be the
most used in the future.

Respondents believed that retention and recognition of
marks was not perfect when using ear-tagging, PIT-tagging,
or toe-clipping. Ear-tags and PIT-tags can become dislodged,
resulting in a lack of mark retention. While toe-clipping
does offer excellent retention, additional toes can be subse-
quently lost or hair may grow over and conceal clipped toes,
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complicating mark recognition. Regardless of the marker
chosen, researchers concerned about retention or recognition
may wish to apply two marks on each animal to ensure as-
sumptions of mark retention in CMR-based designs are met.
For example, this may include using ear-tags on both ears,
which 67% of survey respondents agreed may help with re-
tention. Alternatively, it may include ear-tagging individuals
that are also PIT-tagged, given that retention of PIT-tags may
be questionable depending on how they are applied (Fokidis
et al. 2006; Lebel and Ruf 2009; Rigby et al. 2012). Loss of
PIT-tags by deer mice (Peromyscus maniculatus), for example,
has been as high as 32% (Kuenzi et al. 2005). Additionally, it
is vital to ensure that the proper size of marker is used, and
that field staff are trained in applying marks, so that impacts
are minimized and retention is maximized. For example, some
respondents commented (Q23; Supplementary Data SD3) that
ear-tags commonly used for mice and voles may be too large,
and there is a need to manufacture appropriately sized tags for
mammals this small. Respondents also commented on the need
to ensure that ear-tags need to be inserted properly at the base
of the ear to ensure retention. Similarly, inserting PIT-tags into
small mammals requires experience to maximize retention and
minimize mortalities. Researchers evaluating the use of 12-mm
PIT-tags on Daubenton’s bat (Myotis daubentonii) noted that it
took three field seasons before tag retention rates were > 90%,
which they attributed to increased experience and confidence
inserting the tags (Rigby et al. 2012).

Eventually, noninvasive methods may reduce the need to
physically capture and mark small mammals in studies aimed
at estimating density or abundance alone. Approaches such as
camera trapping (De Bondi et al. 2010; Villette et al. 2016)
or genetic-tagging (Ferreira et al. 2018) using appropriately
sized hair snares (Pocock and Jennings 2006; Pocock and Bell
2011) may reduce the need for livetrapping studies. Overall,
survey respondents were neutral on their thoughts about ge-
netic CMR being an important technique in the future (Q18),
and there were differences in mean responses and consensus
within groups on this question. It will likely take some time,
however, until these noninvasive methods are widely applied in
small mammal studies, if ever given their cost. Even so, many
questions will continue to require CMR-based studies to collect
data that are best assessed by examining captured animals, such
as body condition and reproductive status. As such, researchers
will need to continue to assess the advantages and disadvan-
tages of marking methods that may be employed in their study
designs.

Expert-based surveys can be useful for informing decisions
made by researchers or managers where data are not available
(Petit and Waudbry 2012; Rode et al. 2018), but they have limi-
tations. A limitation of our study was the relatively small sample
sizes, particularly from experts outside of North America. We
sought to maximize our sample size through distribution of
the online link to our survey on social media sites and e-mail
listservers that targeted small mammal researchers. Future sur-
veys such as ours should seek means to increase sample size and
ensure participation by a large group of experts. For instance,

allowing respondents more time to complete the survey than we
did may help improve sample sizes. Perhaps a more conven-
tional approach would have been to conduct a literature review
of published studies. Clearly, larger sample sizes would have
resulted, and several biases addressed (see below), via a liter-
ature review. Our expert-based survey, however, provided sev-
eral advantages compared to a literature review. Specifically,
our survey was able to probe the beliefs and perceptions of a
sample of experts, and respondents were asked what they plan
to use in the future and which factors influenced their choices.
Deeper questions such as these would not be possible to ad-
dress through a literature review of use in past studies alone.

Another limitation of our study was observed biases in terms
of the location where respondents do their studies and their
field of study. Our data were biased toward researchers working
in North America and those focused on population ecology.
We tested for these respondent biases in our data and the ana-
lyses indicated that there were some significant differences
among respondent groups that should to be kept in mind when
interpreting our results. Many of our observed differences,
however, did not have a substantial impact on the overall re-
sponse, likely because of variability within respondent groups
as indicated by PCI, scores. Nonetheless, similar surveys with
a greater response rate from other continents or fields of study
may report different results. In particular, substantial informa-
tion gaps remain on choices made by small mammal experts
working in Latin America, Asia, and Africa. Researchers from
these continents may differ, collectively, in their preferred
marking method or factors influencing their choices compared
to each other or those in North America. Future studies such as
ours should consider means to more thoroughly engage mam-
malogists by targeting other regional forums to increase global
representation.

Ultimately, the choice of marking method will depend on the
species, the question, available resources, as well as individual
preferences (Murray and Fuller 2000). Importantly, local leg-
islation (Loretto et al. 2013; Powell and Proulx 2003), permit
authorizations and conditions, and standard operating proced-
ures (Petit and Waudby 2012) dictate what methods are lo-
cally permissible. For example, toe-clipping is banned in some
countries (e.g., much of the European Union), under consider-
ation of being banned in others (e.g., Loretto et al. 2013), and
elsewhere generally acceptable only when no other marking
method is feasible or biological samples (e.g., DNA) are also
required (Powell and Proulx 2003; Petit et al. 2012; Sikes et al.
2016). Additionally, some scientific journals may not accept
manuscripts that include toe-clipping as a marking technique.
Regardless, as several survey respondents aptly noted “one size
does not fit all” (Supplementary Data SD3), meaning that no
marking method is perfect for all species of small mammals
and all questions—they each have their advantages and disad-
vantages, and this was evident in our data. Within the bounds
of local legislation and permit authorizations, researchers will
need to continue to make personal choices on which marking
method to employ in their studies. In doing so, they need to
consider assumptions regarding mark retention and recognition
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when using CMR-based designs (Otis et al. 1978; McDonald
etal. 2003; Fokidis et al. 2006), and reducing their impact (pain,
survival) on marked individuals (Powell and Proulx 2003; Petit
and Waudby 2012; Wilson et al. 2019). It is encouraging that
these were the three factors that respondents most frequently
reported influencing their choice of marking method.

Many survey respondents (66%) indicated that additional
studies on the efficacy and impact of various marking methods
are needed. As such, we echo the earlier comments by Murray
and Fuller (2000) that more studies along these lines are needed
to allow researchers to make better informed decisions. For in-
stance, there is concern regarding retention of PIT-tags in small
mammals (Fokidis et al. 2006; Lebel and Ruf 2009; Rigby et al.
2012). Given that our data suggest that PIT-tagging small mam-
mals may increase substantially in the future, assessing the
performance and impacts (e.g., pain, survival) of this method
on target species should be paramount. The same is true for
improving methods to apply existing marks to small mammals
(Lebel and Ruf 2009) and adequate training of field staff in
applying them (Rigby et al. 2012). Moreover, 55% of survey
respondents—particularly those with more experience—indi-
cated that there is a need for the development of new marking
methods. It is encouraging that researchers continue to explore
the use of new marking methods such as tattoos (Petit et al.
2012) and genetic-tagging (Ferreira et al. 2018). Additional ex-
ploration of new marking methods that aim to reduce impact to
affected animals, as well as cost and time to apply in the field,
while increasing mark retention and recognition, are encour-
aged. Added to this is the improvement of existing marks cur-
rently available to small mammal researchers. For example, the
development of ear-tags and PIT-tags more appropriately sized
for small mammals may alone be a key advance.

Finally, we conclude by suggesting that collective insights
on the perceptions and factors influencing the decisions of
mammalogists may help researchers (especially early career
scientists) develop their study designs and protocols. It may
also serve as a catalyst to spur or guide the assessment and im-
provement of field methods and protocols. To support greater
knowledge transfer and discourse among mammalogists, we
encourage other expert opinion surveys on methodological is-
sues within the research community.
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Supplementary Data SD1.—Continent where most of the
field studies on small mammals is conducted by (top panel,
A), and broad field of study of (bottom panel, B), respondents
(n = 114) to an online survey about methods for individually
marking small mammals.

Supplementary Data SD2.—Median, mean (+ SD), and range
of responses for Likert scale-based questions in a survey of
small mammal researchers (n = 114) about marking methods.
Comparisons are made for respondents with 1) comparatively
High versus Low levels of small mammal trapping experience,
2) that work in North America or Other continents, and 3) with
a focus on Population Ecology or Other subfields of biology.
Means between groups are compared with #-tests. Questions
can be found in Table 1.

Supplementary Data SD3.—Verbatim (unedited) responses
(n=306) to the final, open-ended question in the survey (Question
23) regarding respondents experiences, beliefs, and perceptions
about individually marking small mammals or the survey.
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