
NORTHWEST NATURALIST
Friday Sep 19 2008 02:31 PM
Allen Press • DTPro System

nwnt 89-03-04 Mp_171
File # 04em

171

NORTHWESTERN NATURALIST 89:171–180 WINTER 2008

EFFICACY OF THREE TYPES OF LIVE TRAPS USED FOR
SURVEYING SMALL MAMMALS IN THE PACIFIC NORTHWEST

LAURIE DIZNEY, PHILIP D JONES, AND LUIS A RUEDAS

Department of Biology, Portland State University, Portland, OR 97201

ABSTRACT—Capture rates of 3 trap types were compared at 5 sites in and around Portland,
Oregon, USA: Sherman traps, custom-made steel-mesh traps, and pitfall traps. Simpson and
Shannon diversity indices were calculated for various combinations of trap types and compared
for differences. Sherman and mesh traps also were evaluated for mortality rates before and after
the use of a rain shield during the rainy winter months. Of the 5 species of small mammals
caught in all 3 types of traps, pitfalls were the most effective trap, followed by Sherman traps,
with mesh traps a very distant third. Sherman traps significantly outperformed mesh traps
overall when compared for larger species that were not contained by pitfall traps. Different
combinations of trap types yielded significantly different Simpson and Shannon diversity in-
dices, with pitfalls having the highest measures for small mammals, and a combination of Sher-
man and pitfall traps having the highest measures when considering both larger and smaller
mammals. Use of rain shields with Sherman and mesh traps did not affect mortality rates. How-
ever, mortality was affected by trap type, with significantly higher death rates in mesh than
Sherman traps.

Key words: capture rate, live trap, mesh trap, pitfall trap, rain shield, Sherman trap, small
mammals, trap mortality, trap success

A critical, but often overlooked, aspect of
sampling small mammals within a community
is the choice of trap to be used. Most population
studies assume that there exists equal catcha-
bility among individuals being sampled. This
assumption has, however, been shown to be in-
valid at least some of the time (Young and oth-
ers 1952; Weiner and Smith 1972; Slade and
others 1993; Anthony and others 2005; Belant
2007). Failure to address these differences in
trapability may result in significant biases in
estimates (Manly 1970; Carothers 1973; Burn-
ham and Overton 1978). Many seemingly in-
nocuous variables can affect trapping success,
including: trap type, configuration of the trap-
ping array, bait preference (Smith and others
1975; McComb and others 1991), local weather
(Doucet and Bider 1974), and season and phase
of the moon (Mengak and Guynn 1987). In ad-
dition, trap efficacy for a given species may dif-
fer in different localities (Williams and Braun
1983). No single trap type will capture individ-
ual members of a local ecological community of
all species, sexes, and age classes with equal
probability (Smith and others 1975). Therefore,
a combination of trap types should be used to

gain as broad a representation of the local small
mammal fauna as possible (Getz 1961; Smith
and others 1971; Weiner and Smith 1972; Szaro
and others 1988).

To date, no study known to us has compared
these 3 trap types for sampling small mammals
at the same time and location. Furthermore,
small mammals are often at risk for hypother-
mia, which can eventually lead to the death of
many captives in live traps, in turn biasing the
results of mark-release-recapture studies (Ro-
senberg and Anthony 1993). To examine trap
related biases in sampling mammals in the Pa-
cific Northwest, the present study combined
the use of 3 types of live traps: folding Sher-
man, custom mesh, and pitfall. The objectives
of this study were to determine if there were
differences in capture rates and diversity anal-
ysis among small mammal species using vari-
ous combinations of 3 kinds of live traps, and
if the use of a rain shield during the rainy sea-
son increased the survival rate of individuals
caught in the Sherman and mesh traps.

METHODS
Study Sites

Five sites were sampled in and around the
Portland, Oregon, USA, metropolitan area:



172 NORTHWESTERN NATURALIST 89(3)

NORTHWEST NATURALIST
Friday Sep 19 2008 02:31 PM
Allen Press • DTPro System

nwnt 89-03-04 Mp_172
File # 04em

Forest Park (5048692.5 N, 484267.53 E, UTM
Zone 10, WGS-84), Multnomah Co.; Tryon
Creek State Park (5031184.0 N, 474109.6 E,
UTM Zone 10, WGS-84), Multnomah Co.; Pow-
ell Butte Park (5036804.5 N, 461386.22 E, UTM
Zone 10, WGS-84), Multnomah Co.; Oxbow Re-
gional Park (5037392.5 N, 445064.88 E, UTM
Zone 10, WGS-84), Multnomah Co.; and Tual-
atin River National Wildlife Refuge (TRNWR;
5026923.0 N, 486732.9 E, UTM Zone 10, WGS-
84), Washington Co. These sites were selected
for their differing sizes, habitats and levels of
human disturbance, and potential differences
in biodiversity. Forest Park, at a relatively flat
184 m above sea level (masl), consisted of a mix
of Douglas-fir (Pseudotsuga menziesii), Western
Hemlock (Tsuga heterophylla), Western Redce-
dar (Thuja plicata), Bigleaf Maple (Acer macro-
phyllum), and Red Alder (Alnus rubra). Sword
Fern (Polystichum munitum), Vine Maple (Acer
circinatum), and Oregon Grape (Berberis aqui-
folium) dominated the understory, with a mod-
erate level of English Ivy (Hedera helix). Several
hiking or biking trails crossed the trapping
web, making Forest Park the only study site to
have daily human and domestic dog intru-
sions. Tryon Creek State Park, 105 masl, had es-
sentially the same composition of vegetation as
Forest Park, but with a much greater invasion
of English Ivy, as well as Stinging Nettle (Urtica
dioica), in the understory. The center of the
trapping array was atop a mesa, so that at least
part of each trap line sloped downwards, half
of them quite steeply. Two small creeks sur-
rounded the trapping site. Powell Butte Park
was the most anthropogenically altered of the
sites. It had a relatively open canopy made up
of Douglas-fir, Bigleaf Maple, and Red Alder.
The site was dominated by Stinging Nettle,
such that for about half of the year the under-
story was dense, and the other 6 mo it was quite
open. Of all the parks, Powell Butte had the
smallest amount of bryophytes, coarse woody
debris (CWD: snags, stumps, and downed
logs), large shrubs, and tree cover. The Tualatin
River National Wildlife Refuge (TRNWR; 33
masl), on the banks of the Tualatin River, was
virtually level and dominated by Hawthorn
(Crataegus monogyna) and Himalayan Blackber-
ry (Rubus discolor). The area is interspersed
with wetlands, so that during winter and
spring of wet years, parts of the trapping web
were covered in water. The trapping site at Ox-

bow Regional Park on the Sandy River (36
masl) was within a remnant patch of old
growth forest. Large Douglas-fir, Western
Hemlock, and Western Redcedar dominated
the area and provided about 90% canopy cover.
Bryophytes, mosses, and large amounts of
CWD covered the ground and there was a
healthy secondary story including Vine Maple,
Salmonberry (Rubus spectabilis), Hazelnut (Cor-
ylus cornuta), and Thimbleberry (Rubus parviflo-
rus).

Sampling

For these analyses, specimens were sampled
from October 2002 through May 2004. Trap-
ping was performed using a 200-m dia trap-
ping web (Wilson and Anderson 1985; Parmen-
ter and others 1998; Parmenter and others
2003). The web design included 144 trap sta-
tions on 12 spokes with 12 trap stations on each
100-m spoke, 1 trap station in the center of the
web, and 30� separation between spokes. The
first 4 stations of each line were spaced 5 m
apart while the remaining 8 were set at 10-m
intervals. The center of the web was also con-
sidered a trap station and included 2 Sherman
and 2 mesh traps at 90� angles to each other.
Each of the stations included an aluminum
folding Sherman trap (7.6 cm � 8.9 cm � 22.9
cm) and a custom-built mesh trap (7.6 cm � 8.9
cm � 22.9 cm) modeled after those of O’Farrell
and others (1994). The mesh traps were con-
structed of galvanized steel mesh with a gal-
vanized teeter-totter treadle and gravity drop
down door. Due to park regulations, concern
for the habitat, and dictates of the web design,
pitfall traps were positioned only at stations 4,
7, and 12 of each line. Pitfall traps were made
using a 19-L bucket (0.30 m dia, 0.36 m height)
buried flush to the rim, with a fitted bucket lid
(for rain and predator cover) suspended above,
leaving an approximately 8 cm gap for access
by small animals (Williams and Braun 1983).

Sherman and mesh traps were baited with a
mixture of peanut butter and rolled oats. Pitfall
traps were not baited. Polyfiber nesting mate-
rial was added to Sherman and mesh traps
when warranted by the weather. Traps were set
out for 4 consecutive nights at a site, with col-
lection occurring at dawn the following day.
After collection on the last morning, all Sher-
man and mesh traps were removed. To avoid
extraneous captures, pitfall traps were closed
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TABLE 1. The number of individuals within each species captured in each trap type. a Signifies the number
of each trap type used per trapping array (trap effort). Trap efficacies are shown within parentheses and are
calculated as such: number of individuals/trap effort � 1000.

Total Captures Sherman 29200a Mesh 29200a Pitfall 7200a

P. maniculatus 1743 1367 (46.8) 134 (4.6) 242 (33.6)
S. trowbridgii 440 160 (5.5) 3 (0.1) 277 (38.5)
S. vagrans 124 70 (2.4) 3 (0.1) 51 (7.1)
M. oregoni 91 57 (2.0) 7 (0.2) 27 (3.8)
N. gibbsii 30 19 (0.7) 0 (0.0) 11 (1.5)
S. townsendii 6 0 (0.0.0) 0 (0.0) 6 (0.8)
S. bendirii 6 0 (0.0.0) 0 (0.0) 6 (0.8)
Z. trinotatus 2 0 (0) 0 (0.0) 2 (0.3)
T. townsendii 218 174 (6.0) 44 (1.5) na
G. sabrinus 35 28 (1.0) 7 (0.2) na
T. douglasii 9 6 (0.2) 3 (0.1) na
M. erminea 6 4 (0.1) 2 (0.1) na
Totals 2710 1885 (64.6) 203 (7.0) 622 (86.4)

with the lid while not in use. Each park was
trapped 10 times over the course of this study,
approximately every 8 wk. Total effort was
65,600 trap nights (29,200 each for Sherman
and mesh traps and 7200 for pitfall traps).

This research was conducted under the aus-
pices of federal and state permits, and com-
plied with the American Society of Mammalo-
gists’ guidelines for animal care and use (Gan-
non and others 2007). Captured animals were
transferred from traps into clear, sealable plas-
tic bags for transport to the center of the web
for processing. Standard precautionary meth-
ods were implemented (Mills and others 1995).
Each animal was identified to species and eval-
uated for gender, reproductive status, mass,
relative age, and any other notable character-
istics. Euthanasia was performed, when appli-
cable, using a chloroform chamber (Mills and
others 1995). Specimens that were not eutha-
nized were ear tagged and released at the point
of capture (Parmenter and others 1998).

For the rainy season from October 2003
through May 2004, mesh and Sherman traps
were placed within a clear 1 mil (2.54 � 10�5

m) plastic bag with only the trap opening ex-
posed, in an effort to reduce trap mortality due
to rain and cold. During the previous rainy sea-
son (October 2002 to May 2003), no such pro-
tective measures were taken. To compare mor-
tality before and after placement of the rain
shield, only 5 species caught in Sherman traps
and 2 species caught in mesh traps had mini-
mally enough captures in all 4 categories (alive,
dead, with rain shield, without rain shield) for
analysis.

Data Analysis

To account for unequal trap effort due to few-
er pitfalls than Sherman and mesh traps per
trapping web, trap efficacy was calculated by
dividing captures per trap type for each species
by the total trap nights per trap type, and then
multiplying by 1000. For instance, the trap ef-
ficacy for 1743 Deer Mice (Peromyscus manicu-
latus) captured in Sherman traps would be 1743
� 29,200 � 1000. Trap efficacies were also cal-
culated for total captures (all species com-
bined). Statistical comparisons were made us-
ing a Chi-square goodness-of-fit test for bino-
mial distribution with acceptance of the null
hypothesis (equal trapability) at 0.05 for each
species alone, and 0.01 (Bonferroni correction)
when species were totaled (Miller 1991). If
equal trapability applied, then the total num-
ber of observed captures of each species should
have been equally divided between the 3 trap
types according to trap effort. In other words,
Sherman and mesh traps would have captured
an equal number of small mammals and pitfall
traps would have captured approximately 25%
of that number. Three separate Chi-square
analyses were undertaken with the trap effi-
cacy data. The 1st compared the trapability of
all 3 types of trap for the 5 species small enough
or immobile enough to be contained by the pit-
falls (Table 1; first 5 species). But the mesh traps
performed poorly and were largely responsible
for the huge Chi-square values, so the 2nd anal-
ysis compared the trapability between just
Sherman traps and pitfall traps for the same 5
species. The 3rd Chi-square analysis compared
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the 4 species that were too large to be contained
in pitfall traps in an analysis of trapability be-
tween Sherman and mesh traps only (bottom 4
species of Table 1). Three species, Sorex bendirii
(Marsh Shrew), Scapanus townsendii (Town-
send’s Mole), and Zapus trinotatus (Pacific Jump-
ing Mouse) were omitted from all Chi-square
analyses due to their low capture numbers and
because they were caught in pitfall traps only.
They were, however, included in the diversity
analyses (see below). When comparing just 2
trap types, Yate’s Correction for Continuity was
applied to the Chi-square analysis (Zar 1999).

Simpson and Shannon diversity indices were
calculated for various trap combinations using
software from Brower and others (1998), and
then compared with a t-statistic (Brower and
others 1998) with significance set at 0.05 to as-
sess differences in diversity measurements re-
sulting from trap type. While both Shannon’s
Index (H�) and Simpson’s Index (DS) consider
species richness and evenness, DS is a measure
of the inverse of dominance of a community,
and H� is a measure of uncertainty (Brower and
others 1998), providing somewhat different di-
versity measures of a community.

Three separate mortality analyses were also
performed using Chi-square contingency ta-
bles with Yates’s Correction for Continuity, or
Fishers Exact Test for Count Data when 1 or
more expected frequencies were less than 5
(Crawley 2002). The 1st analysis compared spe-
cies singly and in total to assess whether there
was a significant change in mortality from ap-
plication of the rain shield. The 2nd and 3rd
analyses compared Sherman and mesh traps to
each other, both with and without a rain shield,
to evaluate the differences in mortality that
might occur due to trap type. All of the above
analyses, unless otherwise noted, were per-
formed in R, a free statistical software package
available on the web (R Development Core
Team 2006).

RESULTS

Captures

A total of 2710 individuals from 12 species
were captured during the 20 mo of this study
(Table 1). Peromyscus maniculatus was the most
prevalent species captured (64.3% of total cap-
tures), followed by Sorex trowbridgii (Trow-
bridge’s Shrew; 16.2%), Tamias townsendii

(Townsend’s Chipmunk; 8.0%), Sorex vagrans
(Vagrant Shrew; 4.6%), Microtus oregoni (Creep-
ing Vole; 3.4%), Glaucomys sabrinus (Northern
Flying Squirrel; 1.3%), Neurotrichus gibbsii (Pa-
cific Shrew-mole; 1.1%), Tamiasciurus douglasii
(Douglas’s Squirrel; 0.3%), Mustela erminea
(Short-tailed Weasel; 0.2%), Scapanus townsendii
(0.2%), Sorex bendirii (0.2%), and Zapus trinota-
tus (0.07%).

Trap Efficacy

At first glance, Sherman traps appear to have
far out-performed mesh and pitfall traps (Table
1). However, when weighted for trap effort, pit-
falls captured more individuals overall, as well
as more individuals in 4 of the 5 species (Fig.
1). After mesh traps were omitted from the
analysis due to their exceedingly poor capture
rate (Table 2, top section), pitfall traps signifi-
cantly outperformed Sherman traps overall, as
well as within 4 of the 5 species considered;
only P. maniculatus were caught significantly
more frequently by Sherman traps than by pit-
fall traps among the species that were contain-
able by pitfalls.

When comparing trap efficacy between Sher-
man and mesh traps for the 4 larger species (Ta-
ble 2; bottom section), mesh traps caught fewer
individuals overall, as well as significantly few-
er T. townsendii and G. sabrinus. Mesh traps also
captured fewer T. douglasii and M. erminea than
Sherman traps, though the differences were not
significant, most likely due to the small sample
sizes.

Different combinations of trap types resulted
in different species accumulations and num-
bers of individuals captured, which in turn af-
fected diversity measures (Table 3). Mesh traps
performed so poorly that a combination of
Sherman and pitfall traps versus a combination
of Sherman, pitfall, and mesh traps resulted in
no significant difference in either Simpson or
Shannon diversity. Therefore, mesh traps were
omitted from the diversity analyses. When
considering all sizes of species captured (Table
3, top section), use of Sherman and pitfall traps
together resulted in 3 more species captured,
as well as highly significant differences in both
diversity indices than when Sherman traps
were used alone. Because there is a limit to the
size of a mammal that can be contained by a
pitfall, perhaps a more meaningful comparison
is one that considers just those species that are
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FIGURE 1. Trap efficacy for Sherman, custom mesh and pitfall traps. The bars show the contribution of
each trap type, after adjustment for trap effort, to the total number of captures within a given species and
among all 5 species. PM � Peromyscus maniculatus, ST � Sorex trowbridgii, SV � Sorex vagrans, MO � Microtus
oregoni, and NG � Neurotrichus gibbsii.

at least theoretically trappable by a pitfall. For
this study, those species are P. maniculatus, S.
trowbrigii, S. vagrans, M. oregoni, N. gibbsii, S.
townsendii, S. bendirii, and Z. trinotatus. Cap-
tures from pitfall traps alone resulted in the
highest levels of diversity followed by Sherman
and pitfall traps combined, and lastly Sherman
traps alone. All pairwise comparisons of either
index revealed highly significant differences in
diversity measures obtained by different traps
or trap combinations. Pitfall traps alone result-
ed in higher values than either Sherman traps
alone or Sherman and pitfall traps combined;
and Sherman and pitfall traps combined had
higher diversities than Sherman traps alone.

Trap Mortality

Overall, the effects of the rain shield upon
mortality were not significant regardless of
species or trap type (Table 4; top section). The
mortality of 2 species, S. vagrans in Sherman
traps and T. townsendii in mesh traps actually

increased with placement of the rain shield,
though the results were not significant.

In comparing mortality between Sherman
and mesh traps, trap type appears to be a factor
in mortality (Table 4, bottom section). When no
rain shield was in use, mortality was signifi-
cantly less in Sherman traps both for all species
combined and for P. maniculatus, the only spe-
cies for which there were enough captures for
separate analysis. When a rain shield was ap-
plied, mortality also was lower for P. manicu-
latus and for all species combined in Sherman
traps than in mesh traps, though not signifi-
cantly.

DISCUSSION

Trap Efficacy

Significant differences in the success rate of
the 3 trap types used for capturing small mam-
mals were found in this study. While some in-
vestigations have shown live traps constructed
from open mesh to be superior to enclosed
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TABLE 2. Trap Efficacy using Chi-square Goodness-of-Fit analyses. The top section compares 3 trap types
among 5 species of small mammals, the 2nd section compares the trapability of the same 5 species in just
Sherman and pitfall traps, and the bottom section compares trapability between Sherman and mesh traps
for 4 species too large to be contained by pitfall traps. Obs � Observed; Exp � Expected.

Sherman
Obs-Exp Mesh Obs-Exp Pitfall Obs-Exp X2 p

P. maniculatus 591.4 �641.6 50.3 994.8 �0.001
S. trowbridgii �35.8 �192.8 228.6 1,276.1 �0.001
S. vagrans 14.8 �52.2 37.4 156.2 �0.001
M. oregoni 9.5 �33.5 17.0 63.3 �0.001
N. gibbsii 5.4 �13.4 7.7 33.8 �0.001
Total 592.5 �933.5 341.0 1,566.9 �0.001

P. maniculatus 76.3 �76.3 22.5 0.001
S. trowbridgii 190.6 190.6 521.3 �0.001
S. vagrans �27.1 27.1 36.9 �0.001
M. oregoni �10.1 10.4 7.4 0.006
N. gibbsii �5.1 5.1 4.5 0.034
Total �156.8 156.8 67.5 �0.001

N. townsendii 65 �65 76.3 �0.001
G. sabrinus 10.5 �9.5 11.4 �0.001
T. douglasii 1.5 �1.5 0.44 0.510
M. erminea 1 �1 1.67 0.200
Totals 76.5 �79.5 89.6 �0.001

Sherman traps (Holdenreid 1954, O’Farrell and
others 1994), and Sherman traps more success-
ful than pitfall traps (Dowler and others 1985),
others have found pitfall traps superior to other
live traps (Boonstra and Krebs 1978; Beacham
and Krebs 1980; Williams and Braun 1983). The
analyses herein suggest that, overall, pitfall
traps were superior to both Sherman and mesh
taps across the 5 species of small mammals that
were caught in all 3 trap types. In addition, pit-
fall traps caught 4 of the 5 species (S. trowbrid-
gii, S. vagrans, M. oregonii, and N. gibbsii) sig-
nificantly more often based on trap effort than
Sherman traps did. Although the 5th species (P.
maniculatus) was caught more often in Sherman
traps than in mesh or pitfall traps, pitfalls still
had a high trap efficacy for this species.

For larger species that are not contained by a
pitfall trap, Sherman traps significantly out-
performed mesh traps for all species combined,
and for the capture of 2 of the species (T. town-
sendii and G. sabrinus) when analyzed separate-
ly. There was no difference in trap efficacy in
the other 2 species (T. douglasii and M. erminea),
although their low capture numbers in mesh
traps prevents meaningful comparisons.

A number of factors may have had an influ-
ence on our results. The custom-made mesh
traps may have been inferior to Sherman traps
due to problems in construction and stability

(Holdenreid 1954; O’Farrell and others 1994).
Because of the flexible nature of wire cloth, the
mesh traps were easily deformed during trans-
port, leading to doors aligning improperly
which possibly allowed the escape of captured
individuals. In addition, the treadle arms hold-
ing the doors open were inconsistent in the
amount of pressure required to trigger the door
to shut. Small species, such as shrews and
small mice, may not have been of sufficient
mass to activate the treadle in all of the mesh
traps. Adding weight to these arguments is the
fact that the mesh traps performed better,
though still less well than expected, on larger
species, such as T. townsendii, G. sabrinus, T.
douglasii, and M. erminea. Sherman traps also
have the capability of being set up with incor-
rect trigger pressures as well as the treadle
sticking due to bait or excreta underneath it,
but this problem was at least partially over-
come in our study by weekly cleaning of the
traps.

Because an animal unwittingly falls into a
pitfall while moving about, complications due
to trap type preferences or fear of entering a
trap are removed with the use of pitfall traps.
Bait preferences have been shown to create dif-
fering trap efficacies (Rickart and others 1991,
O’Farrell and others 1994). Pitfall traps do not
need to be baited to entice an animal to enter,
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alleviating this problem as well. Indeed, our
pitfall traps performed exceptionally well in
capturing insectivores, which may not have
been attracted to the bait in the Sherman and
mesh traps. By eliminating the potential biases
introduced by trap and bait preferences, pit-
falls may offer a more thorough survey of the
small mammal community. Additionally, sin-
gle capture traps, such as Sherman and mesh
traps, can confound population density and
presence-absence studies due to the fact that
once a trap is occupied no other animal can use
it. The same is not true for pitfall traps, where
any number of small mammals can be cap-
tured. The problem of predators removing prey
from an open pitfall does, however, remain. We
tried to minimize the problem by covering the
pitfall with a lid suspended above, leaving an
approximately 8 cm opening. This potentially
hid the prey species from some predators, and
also alerted us to the fact that a capture may
have been taken if the lid was removed.

There were no instances in our study where-
in a small species of mammal was captured
only in a Sherman or mesh trap and not in a
pitfall trap, although of note, 3 rare species (S.
townsendii [n � 6], S. bendirii [n � 6], and Z. tri-
notatus [n � 2]) were caught only in pitfall
traps. Not surprisingly, then, pitfall traps alone
had the highest levels of diversity. This is not
only due to the extra 3 species captured only in
pitfall traps, but also to differences in the num-
ber of P. maniculatus captured. Sherman traps
caught many more P. maniculatus than pitfall
traps, resulting in a lower evenness factor,
which in turn lowered both Simpson and Shan-
non diversity indices for Sherman traps. This is
particularly evident when comparing small
mammal captures in pitfall traps versus Sher-
man and pitfall traps combined. Intuitively, it
would seem that Sherman and pitfall traps
used together should capture a more diverse
fauna than pitfall traps used alone, particularly
because the same number of species was cap-
tured in both combinations. Yet because of the
number of P. maniculatus captured in Sherman
traps, pitfall traps ended up with a significant-
ly higher diversity indices due to the evenness
component.

Pitfall traps however, can only capture small
mammals or those whose mobility does not
permit jumping. Our pitfall traps caught pri-
marily insectivores (5 species) and small ro-
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TABLE 4. Mortality analysis using Pearson’s Chi-square Goodness-of-Fit test with Yates’s Correction for
Continuity to determine the effectiveness of a rain shield and differences in mortality by trap type and the
presence or absence of a shield. a Includes captures from species whose totals were too small to analyze
separately. b Indicates an odds ratio from Fisher’s Exact Test which was used instead of Chi-square in cases
where count data equaled �5.

Dead Captures (% of total captures)

No shield Shield X2 p

Sherman
P. maniculatus 23 (6.8) 60 (7.3) 0.03 0.86
S. trowbridgii 9 (64.3) 35 (58.3) 0.01 0.91
N. townsendii 8 (13.1) 5 (13.5) b1.03 1
S. vagrans 4 (40.0) 20 (58.8) b2.10 0.47
M. oregoni 2 (40.0) 7 (16.3) b0.30 0.23

Totala 46 (10.6) 131 (13.0) 1.32 0.25
Mesh

P. maniculatus 15 (27.3) 8 (15.1) 2.45 0.12
N. townsendii 2 (16.7) 2 (33.4) b2.30 0.57

Totalb 19 (27.1) 12 (18.2) 0.89 0.34
No shield Sherman Mesh

P. maniculatus 23 (6.8) 15 (27.3) 20.21 K0.001

Totala 46 (10.6) 19 (27.1) 12.27 0.0004
Shield

P. maniculatus 60 (7.3) 8 (15.1) 3.13 0.08

Totala 131 (13.2) 12 (18.2) 1.05 0.31

dents (3 species). Other studies have also found
pitfall traps to be superior to Sherman traps
(Umetsu and others 2006), especially for cap-
turing insectivores (McComb and others 1991).
The only larger species we caught in pitfall
traps was S. townsendii, which can neither jump
nor climb. However, Sherman traps were re-
quired for capturing larger, more mobile spe-
cies. O’Farrell and others (1994) found mesh
traps outperformed Sherman traps for 5 of 6
species in several different habitat types; how-
ever, those authors did not sample forest habi-
tats of the Pacific Northwest. The differences in
results between that study and our study ac-
tually support their findings that there likely
are strong differences in trapability among
species, habitats, and regions that must be tak-
en into account when designing studies.

Trap Mortality

The low number of captures for most species
in our study makes it difficult to draw robust
conclusions about trap mortality. Only 5 spe-
cies had enough captures to analyze the use of
a rain shield in conjunction with Sherman
traps, and, arguably, only 2 species had enough
captures for analysis using mesh traps. Of
these species, only Microtus oregoni captured in

Sherman traps seemed to benefit, though not
significantly, from the use of a rain shield.

The concept of a rain shield for protection of
small mammals captured in live traps in ex-
cessively wet climes appears intuitively to be a
good one; however, our particular type of
shield had some problems. In our design, the
use of plastic bags did not prevent rainwater
from occasionally pooling in the bottom of the
rain shield. This caused the floor of the trap to
be wet and almost certainly added to the stress
of the captured animal. There also may have
been an inadvertent increase in moisture con-
tainment within the trap due to decreased air
circulation. Indeed, the rather large, though
statistically insignificant, increase in mortality
of S. vagrans in Sherman traps and T. townsendii
in mesh traps with the use of a rain shield
seemed to be due to the added moisture. Some
studies have used polyvinylchloride tubing of
appropriate length and diameter to contain the
traps, or cardboard milk cartons. These weath-
er shields appear to have been somewhat suc-
cessful in preventing weather induced mortal-
ities (J. L. Dunnum, pers. comm.). Further test-
ing and modification of our sampling design, as
well as possible modifications of our rain shield
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design when used with Sherman and mesh
traps may improve the survival rate of cap-
tured individuals.

Conclusion

Our research suggests that the species of in-
terest should dictate the traps used. For small
mammals, and particularly insectivores, pitfall
traps alone appear to offer the best trapability,
and can be purchased for a fraction of the cost
of Sherman traps. No additional species were
captured by the addition of Sherman traps,
though additional individuals were caught. For
chipmunks and larger mammals, larger traps
are obviously needed, and our data show Sher-
man traps to be superior to mesh traps. If all
small mammals are to be included in the study,
then a combination of pitfall and Sherman
traps captures more species, more individuals,
and results in significantly greater diversity in-
dices than Sherman traps alone. Pitfall traps
should therefore be considered a vital addition
to field studies in order to more completely sur-
vey small mammal communities.
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