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ABSTRACT. The choice of methods for trapping animals can
greatly affect the studies and their results, despite that there are
relatively few studies on the matter. Thus, the purpose of this
study is to compare two common methods of live trapping
(Tomahawk traps and pitfall traps), their efficiency and ethical
implications for trapping Virginia opossums (Didelphis
virginiana). Traps were located in a paired design, the trapped
animals were checked for sex, injuries caused by the trap and
stress level, then marked and released in the same spot. At the
same time, costs of both trap types were compared. Tomahawk
traps were 60 % more efficient to trap opossums but the pitfall
traps had better results in all the other categories: were more
cost-effective, did not injure the animals as often and were less
stressful. Neither type of trap presented bias in sex proportion
or number of recaptured animals. In general, both types of traps
resulted to be effective, the pitfall trap was the better option in
almost all of the categories but has the disadvantage that in the
infrequent event of two males being caught on in the same trap,
they are likely to fight.
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trapping methods
RESUMEN. La elección del método de trampeo de los animales puede afectar de manera
considerable los resultados de los estudios, a pesar de esto hay pocos estudios de este tema. Por
lo tanto, el objetivo de este trabajo es comparar dos métodos comunes para capturar animales
vivos (trampas Tomahawk y trampas de caída), y su eficiencia e implicaciones éticas para atrapar
tlacuaches norteños (Didelphis virginiana). Las trampas se colocaron en un diseño pareado; a los
animales se les tomaron los datos de sexo, heridas causadas por la trampa y nivel de estrés,
posteriormente se marcaron y se liberaron en el sitio de captura. También se compararon los
costos de ambos tipos de trampa. Las trampas Tomahawk resultaron 60 % más eficientes, pero las
trampas de caída tuvieron mejores resultados en todos los demás aspectos: tuvieron mejor costoeficiencia, rara vez causaban heridas a los animales y estos estaban menos estresados. Ningún tipo
de trampa presentó sesgos en la proporción sexual ni el número de animales recapturados. De
manera general, ambos tipos de trampa resultaron eficientes, la trampa de caída fue la mejor en
la mayoría de los aspectos, pero su desventaja consiste en que en el poco frecuente caso de que
dos machos sean capturados en la misma trampa, es muy posible que se peleen.
Palabras clave: costo-eficiencia; Didelphis virginiana; México; REPSA; métodos de trampeo

INTRODUCTION
Trapping animals could be the single most important challenge in mammal ecology research. The
technics and equipment (e.g., traps) or tools for this can be costly, time-consuming (Trapp &
Flaherty, 2017; Waubdy et al., 2019), and can have a negative impact on the welfare of the
individuals, which is detrimental both from an ethical point of view (Waubdy et al., 2019) and for
the research results (for example in capture-recapture estimates; Waubdy et al., 2019).
The two most popular live trapping techniques are pitfall traps and box traps (most
commonly Sherman and Tomahawk; Santos-Filho et al., 2015; Trapp & Flaherty, 2017; Waubdy et
al., 2019). These techniques have been previously compared for small mammals in terms of
number of animals captured, richness, and diversity obtained by each method, showing mixed
results (Hice & Velazco, 2013; Santos-Filho et al., 2015; Waubdy et al., 2019); thus, no single
method can be declared as the optimal, yet several studies show that the combined use of
methods is the best option for diversity studies (Palmeirim et al., 2019). Despite this, studies
targeting a single species are rare, and few include the ethical implications (but see Pestell & Petit,
2007) and the damage caused to the animal during capture, thus creating a knowledge gap
(especially for medium-sized mammals). At the same time, most recent studies were performed in
tropical forests (Santos-Filho et al., 2015; Helder et al., 2019), leaving other ecosystems like
xerophylous shrublands relatively unexplored.
The objective of this study is to compare the efficiency of the Tomahawk and pitfall traps
for trapping opossums (Didelphis virginiana; Kerr, 1792) as well as the differences in the sex ratios
and physical and psychological effects of both techniques.
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MATERIALS AND METHODS
The study was conducted in “Reserva Ecológica del Pedregal de San Ángel” (REPSA) an ecological
reserve located in Mexico City (Mexico). The dominant vegetation type is xerophylous shrubs with
an important cover of herbaceous vegetation, trees are relatively common but generally small, and
there is an important variation in vegetation and local conditions (Cano-Santana, 1994; Rzedowski,
1954). The reserve terrain is rugged and soil scarce, as it is located on a recent lava field, with a
mean rainfall of 833 mm and average temperature of 15.5 ˚C (detailed description in Rzedowski,
1954; REPSA, 2020).
The trapping was designed for Virginia opossum (hereafter opossum) Didelphis virginiana,
a medium-sized omnivore (description given in McManus, 1974) that is common in the study site
(Arenas-Pérez, 2016).
Traps were set-up in a paired design with a Tomahawk (27×27×72 cm) and a pitfall trap
located at no more than 5 m from each other; the trapping points were situated between 30 and
500 m apart. Since the soil is scarce in the study site, plastic buckets (75 cm high and 44 cm wide)
were used as pitfall traps (similar to Helder et al., 2019) and installed close to big rocks or trees
that allowed the opossums to easily climb inside (see Fig. 1), the traps were secured by ropes to
avoid falling, covered with leaves or grass and filled with a small amount of the same material, this
was made to: 1) hide the trap, 2) soften the impact from the fall and 3) provide material for a
temporary nest for the animal (since external materials may interfere with the Tomahawk activation
mechanism no vegetation was added to this type of trap). It is to be noted that the pitfall traps
here are not used in the most traditional way, by digging holes in the ground (like Palmeirim et
al., 2019). Still, the method used here is the only possible alternative of using pitfall traps in
locations with scarce soil, and it has the advantage of being less labor-intensive. Furthermore,
there is no disturbance in the soil, and damage to the root system; this is especially important
when digging traps for medium and large animals since the volume of the soil removed could be
considerable.
Trapping was conducted from November 20 to December 10 of 2019, during the dry
season in the REPSA. Traps were activated between 19:00 and 22:00 and inspected between 7:00
and 10:00 local time.
Four to six pairs of traps were active each night, and each 7-8 nights the location of the
traps was changed, giving 108 trap-nights for each trap type. Commercial cat food (80 g of
Whiskas® paté, beef, or tuna flavor) and apples (one apple per trap) were used as bait. The data
collected: stress level (considering that a sleeping opossum has a low-stress level and if awaken it
is stressed), sex, and injuries caused by the trap. In addition, the animals were marked with
Methylene blue on left or right foot according to the trap type they were found in. To ensure that
the manipulation of the animals did not affect the stress levels, this factor was the first measured,
carefully approaching the trap to look if the animals were active and its position (this allows to
distinguish between sleeping and catatonia, a defense mechanism used by opossums).
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Sleeping was considered as a low-stress sign because opossums are nocturnal animals, and
previous studies show that their activity in the morning (when the traps were inspected) is very
low (Coronel-Arellano et al., 2021), and the normal behavior at this time is sleeping (McManus,
1971). Therefore, an awake animal found in the trap indicates that normal activities and sleeping
patterns were affected (almost certainly by the stress caused by trapping).
A sign test was used to compare the effectiveness of the traps, and a χ2 test was used to
compare the other characteristics (sex proportions, proportions of recaptures, number of injured
and sleeping individuals; see Table 1). Since Tomahawk traps were more effective than pitfall when
comparing the sex proportions and the number of injured and sleeping animals, the null
hypothesis was a 0.625:0.375 ratio, since this is the ratio of captures by the two types of traps.
Analyses were made using the R statistical package BADA (Arnholt & Evans, 2017; R Core Team,
2018).
The lowest current prices for Tomahawk traps in Mexico were obtained, considering that
traps fitted for this species were at least 25 cm wide and 25 cm high.

Table 1. Comparison of the number of Didelphis virginiana trapped with Tomahawk and pitfall traps. p value
of the analysis used to compare the treatments: sign test for the total captures and for the remaining data
a χ2 with a null hypothesis of a ratio of 0.625:0.375 (equal to the ratio of the total captures by trap type).

Variable
Total captured
Female (including recaptures)
Male (including recaptures)
Females (no recaptures)
Males (no recaptures)
First capture
Recaptures
Injured
Sleeping

Tomahawk
100
54
46
22
14
36
64
27
14

Pitfall
61
35
25
16
7
23
37
2
44

p
<0.001
0.722
0.690
0.558
0.693
0.814
0.857
<0.001
<0.001

RESULTS
A total of 161 captures were made, 100 using Tomahawk traps and 61 using pitfall traps, one
animal captured in the pitfall trap managed to escape during the inspection, and no data could be
taken; therefore, it was considered for the overall effectiveness analysis but excluded from the rest.
The effectiveness of the Tomahawk traps was significantly greater than the pitfall (a 93 % and 56
% of effectiveness, respectively). The sex ratio did not differ from a 1:1 in Tomahawk and pitfall,
nor in the pooled data of both traps (in all cases p > 0.1). At the same time, pitfall traps were less
stressful (most of the animals found inside were sleeping) and safer for the opossums, although
the percentage of recaptures was the same for both trap types (see Table 1). The lowest cost for a
Tomahawk trap was 1,345.00 Mexican Pesos (including shipping), while the cost for the pitfall trap
was 100.00 Mexican Pesos (save 92.6 %) and are readily available.
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Two events of double captures took place in pitfall traps (6.6% of the captures); all animals
in double captures were male. In one event (two young males), no signs of interaction between
the animals were noticed; in the other (two adult males), the opossums fought, and both exhibited
several injuries, although not life threatening (being this two the only ones that suffered injuries
in this type of trap). In Tomahawk traps, 27 % of animals suffered some injuries, 22 % in nose and
face, 3 % in tail, and 2 % in nose and tail; injuries registered were minor.
Qualitative observation showed that opossums found in the pitfall traps conditioned the
trap as a provisional nest using the vegetation provided (Fig. 1) or hide beneath it (this is why one
opossum managed to escape). Furthermore, opossums were easier to manipulate when sleeping
in both types of traps (especially pitfall traps).

Figure 1. Pitfall trap: a) active trap, notice the rope (upper corners) holding it to the tree; b) schematic of
an opossum climbing into the trap (a tree or some substrate is necessary to allow the animal to climb into
the opening); c) opossum hiding under the vegetation (in this case is slightly visible in the lower right
corner); d) opossum sleeping in the trap.

DISCUSSION
The first result that stands out is the extremely high efficiency of the traps. In a previous study,
Arenas-Pérez (2016), working with the same species in the REPSA reserve in 2014 and 2015, was
able to catch 45 individuals in 1,680 trap nights using Tomahawk traps giving an efficiency of 2.7
% (data provided only for new captures). While in this study, the efficiency of newly captured
animals for Tomahawk traps was 13.3 times higher: 36 % (see Table 1). Considering that ArenasPérez (2016) used several types of bait, including cat food (the main bait in the present study), two
explanations for these differences could be made: 1) the previous study was made during the rainy
season, and this could affect the food availability and the detectability of the bait, 2) the population
increased in size drastically from 2015 to 2019. However, the first explanation is unlikely since the
Arenas-Pérez (2016) study was made between May and October and this study in November and
December the differences in vegetation between those periods, although noticeable (see CanoSantana, 1994), are not significant enough to cause a tenfold change in captures, and other studies
(Pestell & Petit, 2007) show that differences between trapping periods are smaller than the
observed in this work. The second explanation could be related to the program for removing dogs
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(Canis familiaris) from the reserve That took place between 2015 and 2019 and archived the goal
of removing most dogs (pers. com. Gil-Alarcón and Arenas-Pérez). With the removal of this
predator, opossums became one of the biggest mammals in REPSA (Hortelano-Moncada et al.,
2009); the risk of predation is greatly diminished and that could have caused a significant increase
in the population and a change in their behavior. Although the population change could be a part
of a natural variation or a combination of several of the factors described, thus a long-term
monitoring program is recommended.
Tomahawk traps were 1.6 times more effective than pitfall traps. This is consistent with
previous studies (Hice & Velazco, 2013; Santos-Fihlo et al., 2015) that show that Tomahawk traps
are more effective to capture species of Didelphis. At the same time, pitfall traps were 13.5 times
cheaper, thus being 8.4 times more cost-effective, similar to Waubdy et al. (2019). The greater
effectiveness of the Tomahawk traps could be explained in this case by the fact that these traps
were located at ground level and did not require to climb, thus the bait inside these traps was
found first in the trapping point. This suggests that in absence of Tomahawk traps, pitfall trap
efficiency could be greater since the first animal to arrive at the trapping point was more likely to
get in the Tomahawk trap, and the captures in the pitfalls were due to posterior arrivals (that in
some cases could have not happen). At the same time, D. virginiana opossums are good climbers
(McManus, 1974), therefore climbing into the pitfall trap wouldn’t represent a great effort and
other factors could explain the lower efficiency of the traps.
There was no preference of the nether type of trap for the sex of captured individuals. The
proportion of male to female individuals did not differ significantly from 1:1 proportion, which is
normal for the species (McManus, 1974), suggesting that both methods have little or no bias for
the sex and information obtained in studies using these methods is valid.
The number of first captures and recaptures did not differ from the proportions expected
among the traps (Table 1). This suggests that the effect of the capture did not affect or affect
equally the probability of being captured in the future, thus implying a low psychological impact
on the animal, an inefficient learning process, or that the gain of food in the traps outweighs the
negative consequences of being trapped. At the same time, opossums suffered more stress and
were more commonly injured inside the Tomahawk traps (see Table 1), this is because the
Tomahawk traps have wire walls and while the animals were trying to escape through the bars
injured the nose, something that cannot happen in a rounded and smooth plastic pitfall trap.
Furthermore, the see-through walls of the Tomahawk trap created an illusion of an escape
possibility and allowed the opossum to see around, contributing to stress the animal. This was not
true for the pitfall traps and could explain why most animals (72 %) captured in pitfall traps were
sleeping and thus were less stressed, while only 14 % of the Tomahawk trapped opossums were
sleeping. This is especially important since sleeping animals were easier to manipulate as they did
not offer much resistance in the first and most difficult moments of handling, which reduces the
manipulation time and risk of injuries of both researcher and animal; therefore, the best thing for
an animal to do when trapped is to sleep. Another factor that could have contributed to the
differences in the stress was the vegetation provided in the pitfall traps that was used to condition
the trap as a provisional nest (this cannot be performed in the Tomahawk traps since external
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objects interfere with the activation mechanism). These defects in the Tomahawk traps could be
corrected if the walls are lined with a solid material (preferably plastic). The significant
disadvantage of the pitfall traps is that they allow for the capture of more than one animal
(Waubdy et al., 2019) and the males of this species tend to have antagonistic encounters
(McManus, 1974). In this study, there were two double captures, representing 6.6 % of the captured
possums; in one (two young males), no signs of fighting were found, but the other pair (two adult
males) fought, resulting in injuries for both, the injuries were not life-threatening but more serious
than the injures commonly found on the Tomahawk trapped possums. Though it has to be
considered that fights are common between possum males (McManus, 1974), and it is unclear if
the traps contribute to the frequency or severity of those fights. No female-female or female-male
double captures were observed, yet since double captures are rare, it cannot be assured that these
are rarer than the male-male encounters.
This suggests that Tomahawk traps are more efficient, but pitfall traps are notoriously
cheaper. For ethical implications, it is not clear which is better; the more stressful Tomahawk traps
that have a high chance of causing minor injuries or the less stressful pitfall traps that have a low
probability of causing wounds, in the infrequent cases that two males are captured together,
therefore the decision of which trap to use has to be made case by case. Yet these results suggest
that the pitfall traps could be ethically better for species that do not fight when confined to
reduced space and for the locations where densities of antagonistic animals are low, and the
probability of a double capture is low.
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