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Abstract Despite the widespread use of Sherman (H. B. Sherman Inc., Tallahassee, Flor.) and
Longworth (Penlon Ltd., Oxford, U.K.) live traps in small-mammal-community assessment,
few studies have directly compared the effectiveness of these 2 popular models. This study
compared the relative efficacy of both trap types in capturing small mammals in southern
Wisconsin grasslands. As trap size may cause capture bias, we compared Longworth traps
with equal numbers of small and large, folding Sherman traps. We also deployed a small
number of pitfalls. We carried out trapping at 12 sites over a 2-year period (1996-1997).
We observed a significant year effect, so we analyzed differences in capture success,
species diversity indices, and percent community similarity between trap types separately
for each year. Two-way contingency table analyses indicated that all 3 trap types exhibit-
ed species-specific differences in capture rates. We assessed standardized deviates for each
cell within this two-way design, and we considered departures greater than 2 standard devi-
ations (SE+1.96) from the mean to show an either significantly positive (>+1.96) or signif-
icantly negative (<—1.96) association. In the first year, Longworth traps captured greater
numbers of long-tailed shrews (Sorex spp.) whereas small Sherman traps captured more
western harvest mice (Reithrodontomys megalotis) and white-footed or prairie deer mice
(Peromyscus spp.). In the second year, small Sherman captures were greater for long-tailed
shrews and western harvest mice while large Sherman traps captured more meadow voles
(Microtus pennsylvanicus) and jumping mice (Zapus hudsonius). Although estimates of
community diversity were similar between trap types, percent community similarity esti-
mates were [owest for Longworth-Sherman trap comparisons. Mortality rates were highest
for Longworth traps and small Sherman traps and lowest for large Sherman traps. Pitfalls
caught proportionally more long-tailed shrews than conventional live traps in the first but
not the second year of study. In general, body mass of the animal had little effect on trap
capture rates. However, in the first year of this study, small Sherman traps caught lighter (P
=0.028) long-tailed shrews than the large Sherman traps. Similarly, Longworth traps caught
significantly lighter white-footed/prairie deer mice than either small (P=0.022) or large (P=
0.035) Shermans. When used in combination, both Longworth and Sherman traps can
diminish overall sampling error and yield less biased estimates of species composition than
either trap type alone. The use of new as opposed to used Sherman traps in the second year
of this study might account for the greater capture efficacy of these traps and contribute to
differences in relative trap type success between years.
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Numerous studies have demonstrated that no sin-
gle trapping method can yield accurate and unbi-
ased estimates of the structure and composition of
small-mammal communities (Brown 1967, Williams
and Braun 1983, Szaro et al. 1988, Handley and
Kalko 1993). Each trap has its own inherent biases
and mechanical limitations that are likely to favor
capture of some species over others. Comparisons
between conventional live traps, snap traps,and pit-
fall traps strongly suggest that a combination of dif-
ferent trap types is the best means of assessing
overall composition and structure of small-mammal
communities (Kalko and Handley 1993, McComb et
al. 1991). Furthermore, many authors also have
argued that pitfall traps are a crucial part of any
community assessment because they sample
shrews (Sorex spp., Neomys spp.) more effectively
than other trap types (e.g., Briese and Smith 1974,
Pucek 1969, Williams and Braun 1983, McComb et
al. 1991).

Of the many commercial live traps available, the
Longworth trap (Penlon Ltd., Oxford, U.K.) and the
Sherman live trap (H. B. Sherman Inc., Tallahassee,
Flor.) are probably the most widely used. The
Longworth trap is commercially available as a 2-
piece model. The trap itself consists of a nesting-
chamber box attached to a tunnel with a treadle
that trips the door of the trap when the animal
enters the chamber (Chitty and Kempson 1949). In
contrast, the Sherman live trap is a simple box trap
that operates on a door-and-treadle system and is
commercially available in a number of different
sizes.

Several studies have attempted to compare
Longworth traps with pitfalls, snap traps, and other
live traps (Boonstra and Krebs 1978, Beacham and
Krebs 1980, Innes and Bendell 1988, Lambin and
MacKinnon 1997). Similarly, Sherman trap types
also have been compared to a variety of other trap
types (Sealander and James 1958, Williams and
Braun 1983, O’Farrell et al. 1994, Whittaker and
Feldhammer 2000). However, with the exception
of an earlier, limited study (Morris 1968), little infor-
mation is available on the relative capture rates of
Longworth and Sherman traps.

The aim of this study was to compare the relative
efficacy of Sherman and Longworth trap types at
capturing grassland-associated small mammals and
provide guidelines for their use. This study also set
out to test the following hypotheses: 1) mortality
rates do not differ between trap types, 2) pitfalls are
equally as effective as conventional live traps in

capturing shrews, 3) animal mass has no effect on
capture efficiency, and 4) estimates of species diver-
sity indices and community similarity do not differ
between trap types.

Study area

We carried out this study in 12 grassland pre-
serves located throughout southern Wisconsin (for
a detailed description see Anthony et al. 2003).
These sites encompassed examples of both dry (n
=7) and mesic (n=5) grassland community types
within the southwestern and southeastern natural
divisions of Wisconsin (see Hole and Germaine
1994). Six grassland natural areas (Nature
Conservancy preserves and State Natural Areas)
were assessed in 1996 and a further 6 in 1997. We
carried out trapping twice at intervals of at least 6
weeks apart between May and August at each site
within the same year.

Methods

We laid out 3 trap grids at each site. Each grid
was made up of 25 trap stations arranged ina 5 x 5
configuration. We marked each station with remov-
able flags set 15 m apart on the grid. We employed
the following 3 trap models: a 2-piece Longworth
trap (13.8 cm x 6.4 cm x 8.4 ¢cm), a small nonfold-
ing Sherman trap (17.0 cm x 5.4 cm x 6.5 cm), and
a large folding Sherman trap (23.0 cm x 7.7 cm X
9.1 cm). We placed one of each of these trap types
within a 3-m radius of each trap station. We dug pit-
fall traps, consisting of 2 #10 tin cans (36 cm x 15
cm) held together by duct tape, at each of the 4 cor-
ners and at the center of each grid. The age of
Sherman traps differed between years: traps used in
the first year had been used extensively for several
field seasons whereas traps for the second year
were acquired new. In contrast, Longworth traps
deployed in the study were approximately 30 years
old. For all trap types, each trap was individually
inspected and tested for functional reliability
before and during trapping studies.

Preceding each survey, we left traps open within
the grid and pre-baited them for 2 days with a 25-g
peanut butter bag. Following the pre-baiting peri-
od, we rebaited and tested all traps before the trap-
ping period began. The trapping period extended
over 4 consecutive nights, and we checked traps
once in the morning and once in the evening,
except that when temperatures exceeded 27°C, we



shut down traps during the day. Following capture,
we identified, sexed, weighed, and ear-tagged each
animal. We also recorded data for the trap type and
trap station location for each captured animal and
whether it was a new or recaptured animal. We ear-
tagged rodents using Fingerling Monel tags
(National Band and Tag Co., Newport, Kent.). Upon
capture, we always checked animals for evidence of
a torn ear that might indicate previous tagging. On
the rare occasion where this was observed, we
marked animals as recaptures and assigned each a
new number. As long-tailed shrews (Sorex spp.)
were too small to be ear-tagged, we marked them
with a dab of nontoxic paint behind the ear. We
color-coded paint for different days during the trap-
ping period so that animals recaptured more than
once could be identified. We made no distinction
between white-footed mice (Peromyscus lewcopus)
and prairie deer mice (P maniculatus),because dis-
crimination between these 2 species in the field
was often difficult in the absence of detailed exter-
nal measurements (Stromberg 1979) or analysis of
salivary amylase variation (Aquadro and Patton
1980, Feldhammer et al. 1983, Palas et al. 1992).
Similarly, separation of the masked shrew (Sorex
cinereus) from the pygmy shrew (S. boyi) was
impossible in the field, so we combined data for
these two long-tailed shrew species.

Data analysis

We only analyzed nocturnal trapping data
because of the need to intermittently shut traps
down in the daytime during hot weather. Because
prior experience is known to modify species cap-
ture rates in different ways (e.g., Getz 1961,
Boonstra and Krebs 1978, Rose et al. 1977, Slade et
al. 1993), only data for first-time-capture animals
(new) were used to compare capture rates
between trap types. We used a x2 test to test for dif-
ferences in overall nocturnal captures rates
between the first and second years of this study. We
used a generalized linear model with a Poisson
error structure to test for between-year interaction
effects. Within years, trap-type data were combined
across seasons because there was little evidence to
support the hypothesis that relative capture rates
were affected by season (see results). We used two-
way contingency table analysis to test whether
equal proportions of animals were caught by trap
type and by species within each year. We assessed
the standardized deviates for each cell within this
two-way contingency design, and we considered

departures greater than 2 standard deviations from
the mean (+1.96) significant (Feinberg 1977).

We compared estimates of small-mammal-commu-
nity diversity between trap types using the Shannon
diversity index (Shannon and Weaver 1949) and the
Berger-Parker index (Magurran 1988). Both indices
are a measure of species heterogeneity but differ in
that the Shannon index is based on proportional
abundances of species while the Berger-Parker index
is a measure of dominance (Magurran 1988). As pre-
viously noted by Magurran (1988), Shannon diversi-
ty index values follow an approximate normal distri-
bution. Berger-Parker index values were arcsine
square-root transformed (Sokal and Rohlf 1997). We
assessed differences in diversity measures between
trap types by two-way analysis of variance where we
treated site and trap type as categorical variables and
suppressed the interaction term. We compared esti-
mates of percent community similarity (PS) between
the 3 principal trap types, using the following rela-
tionship adapted from Pielou (1977):

S
%PS =200 Y min (P, Py ),

i=1
where P, and P, were the minimum quantities of
ith species captured in either trap type x or J,
expressed as the proportion of the quantity of all s
species in both traps combined. This value can vary
from O (no similarity) to 100% (complete similari-
ty). For all estimates of community structure, we
considered only new captures. We used a one-way
chi-square test to compare proportional mortality
rates between the different trap types (expressed as
number of deaths over the total number of captures
for a given trap type) and assessed the relative effi-
cacy of pitfalls at capturing shrews where the ratio
of pitfalls to live traps was 1:15. We used an analy-
sis of variance to test whether the mass of each
species differed significantly between trap types.
We used Bonferroni post hoc tests to compare
between means. We carried out all statistical analy-
ses using SYSTAT 6.0 for Windows (SPSS, Chicago,
Il) and S-Plus (Insightful Corporation, Seattle,
Wash.). Unless explicitly stated, we adopted a sig-
nificance level of «<0.05 for 1- and 2-way contin-
gency table tests and analyses of variance.

Results

Species richness and overall abundance
We captured 9 species using a combination of






