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Comparative effectiveness of
Longworth and Sherman live traps

Nicola M. Anthony, Christine A. Ribic, Richard Bautz, and
Theodore Garland, Jr.

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 lowest 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 in a 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
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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 leucopus)
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. hoyf) 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 %2 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):

% PS = 200 £
t=\

where Pix and Piy were the minimum quantities of
zth species captured in either trap type x or y,
expressed as the proportion of the quantity of all s
species in both traps combined. This value can vary
from 0 (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,
111.) and S-Plus (Insightful Corporation, Seattle,
Wash.). Unless explicitly stated, we adopted a sig-
nificance level of a<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
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Table 1. Standardized residuals derived from a two-way contingency table analysis to test
whether the 3 trap types (small Sherman, large Sherman, and Longworth) caught equal propor-
tions of each species. Data are presented for animals trapped at 6 Wisconsin grassland sites in
year 1 (1996) and 2 (1997). Residuals greater than +1.96 are highlighted in bold.

Year

1
1
1
1
1
1

2
2
2
2
2
2

Species

Long-tailed shrew
Short-tailed shrew
Western harvest mouse
White-footed/prairie deer mouse
Meadow vole
Meadow jumping mouse
Long-tailed shrew
Short-tailed shrew
Western harvest mouse
White-footed/prairie deer mouse
Meadow vole
Meadow jumping mouse

Small

Sherman

-2.12
1.03
2.22
2.11
0.79

Not tested
5.86
0.26
2.26
1.22
0.35
1.28

Trap types

Sherman

-3.26
-1.55
-1.94
-3.12

1.88
Not tested

-4.40
1.06

-0.87
2.31
3.24
2.10

Large

Longworth

5.38
0.52

-0.28
1.01

-2.66
Not tested

-1.47
-1.32
-1.39
-3.54
-3.49
-3.38

small and large Sherman and Longworth traps.
However, we captured only 6 of these in sufficient
quantity for statistical analysis: long-tailed shrew
(Sorex spp.), short-tailed shrew (Blarina brevicau-
da), western harvest mouse (Reithrodonomys
megalotis), white-footed and prairie deer mice
(Peromyscus spp.), meadow vole (Microtus penn-
sylvanicus), and meadow jumping mouse (Zapus
hudsonius). Summed across all species, there were
no differences between years in the number of new
(Xi= 1-315, />=0.251) animals captured.

Trap type efficiency
We observed a significant year effect (P<0.001)

so that we analyzed data from the first (Figure la)
and second year (Figure lfo) of this study separate-
ly in all subsequent analyses. Contingency table
analysis indicated that species were not caught uni-
formly across trap types in either the first (xfo =

83.0, /><0.001) or the second Ocfo= 125.6, P<
0.001) year of study. In the first year, Longworth
traps captured more long-tailed shrews than either
of the other trap types while both Sherman trap
models captured less long-tailed shrews than ex-
pected given a model of equal capture success be-
tween trap types (Table 1). White-footed and
prairie deer mouse and western harvest mouse cap-
tures were greater in small Sherman traps whereas
large Sherman traps captured fewer white-footed/
prairie deer mice than expected. Meadow voles
also were captured at lower frequencies in
Longworth trap types than in either of the 2 other

trap types. Short-tailed
shrews failed to show
any differences in rela-
tive capture rates be-
tween trap types in ei-
ther year.

In the second year
of trapping, long-tailed
shrew capture rates
shifted positively toward
small Sherman traps and
were negatively associat-
ed with large Sherman
traps and Longworths.
Western harvest mice
still showed a positive
association for small
Sherman traps whereas
white-footed and prairie
deer mice captures were

biased toward large Sherman traps and negatively
biased toward Longworth traps. Both meadow
voles and jumping mice were positively associated
with large Sherman traps and negatively associated
with Longworth traps, as suggested voles in the first
year of trapping.

Although we did not take recapture rates into
consideration for the present study, we also tested,
where there was sufficient data, the hypothesis that
trap types had similar recapture rates (i.e., the prob-
ability of an animal being recaptured was inde-
pendent of trap type). Due to data limitations, it
was possible to test this hypothesis with only 2
species: white-footed and prairie deer mice, and
meadow voles. In the first year of this study all 3
trap types had similar recapture rates for both
species. However, in the second year, meadow vole
recaptures were greater than expected for small
Sherman traps (xf = 18.9, P<0.005). Although sea-
sonal differences in abundance were noted
between trapping sessions within years (Anthony
et al. 2003), we found little evidence for an effect of
trapping session on differential rates of capture
between species. For cases where there was suffi-
cient data to test this hypothesis, contingency tests
revealed only 1 comparison out of 8 where differ-
ences in capture rates between trapping periods
were significant (x\= 8.7,.P=0.01).

Although pitfalls failed to capture many species,
long-tailed shrews made up the bulk of all captures.
Taking into account the ratio of pitfalls:live traps
(1:15),pitfalls caught more (x|=5.9,P<0.025) long-
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LTS STS WHM WDM MDV MJM

LTS STS WHM WDM MDV MJM

Species
Figure 1. Histograms illustrating the number of newly captured
animals captured in each trap type for the 6 most frequently
encountered species caught in (a) year 1 (1996) and (b) year 2
(1997) from 12 Wisconsin grassland sites. Species are labeled
as LTS (Long-tailed shrews), STS (Short-tailed shrews), WHM
(Western harvest mice), WDM (White-footed/prairie deer
mouse), MDV (Meadow vole) and MJM (Meadow jumping
mouse). The 3 trap types are labeled as SS (Small Sherman), LS
(Large Sherman), and LW (Longworth).

tailed shrews than live traps in the first year of the
study. However, there were no differences (xf=4.0,
P<0.25) in long-tailed shrew capture rates between
pitfall and live traps in the second year.

Community composition
There were no apparent differences in small-

mammal diversity estimates between the 3 trap
types deployed in this study. Neither Shannon
diversity nor Berger-Parker dominance indices dif-
fered in either the first year (i7

2il0=0.151,.P=0.862;
F210 = 0.407, P=0.676) or the second year (f2iio =
0.721,P=0.510;i?

210=0.930,P=0.426) of the study.
However, consideration of pairwise community
similarity estimates revealed some interesting dif-
ferences. In the first year, although estimates of
community composition did not differ much

between the 2 sizes of Sherman trap (81.6%) or
between small Sherman and Longworth traps
(81.7%), large Sherman versus Longworth trap com-
parisons revealed a greater dissimilarity (69-5%).
With the introduction of new Sherman traps in the
second year, similarity estimates between the 2
types of Sherman remained high (77.9%), whereas
Longworth traps produced lower similarity esti-
mates for both small (66.7%) and large (62.5%)
Sherman traps.

Trap mortality
Relative mortality rates showed slightly different

patterns between years. In the first year, mortality
was proportionally higher in Longworths (39/375
captures = 10.4%), intermediate in small Shermans
(28/433 captures=6.5%), and zero in large Shermans
(0/344=0%). With the introduction of new Sherman
traps in the second year, mortality was higher in both
Longworth (100/508=20%) and small Sherman traps
(47/231 = 20.3%) and lowest in large Sherman traps
(40/437 = 9.1%). Long-tailed shrew constituted the
majority of trap deaths, representing 54.9% and 86%
of deaths in the first and second year of this study,
respectively. Long-tailed shrew proportional mortal-
ity rates (expressed as number of deaths over total
number of captures for a given trap type) were inde-
pendent of trap type for both year 1 (x| = 2.15, P=
0.34) and year 2 (^=0.91,^=0.63). The remaining
trap deaths in year 1 were attributable to meadow
voles (30.5%), short-tailed shrews (12.2%), western
harvest mice (1.2%), and white-footed/prairie deer
mice (1.2%). In year 2, proportions were similar in
being made up of meadow voles (11.2%), short-
tailed shrews (2.1%), and jumping mice (0.5%).

Body mass
Differences in body mass between trap types

were noted for 2 species in the first year of study.
Long-tailed shrew body mass differed (̂ 2,11 = 5.031,
P-0.028) between trap types, with lighter animals
being caught in small rather than large Sherman
traps (P = 0.028). White-footed/prairie deer mice
also differed (F2 176=4.877,iJ=0.009) in body mass
between trap types and, in this case, were lighter in
Longworths than in either small (P=0.022) or large
CP=O.O35) Sherman traps.

Discussion
Previous studies have compared the relative effi-

cacy of different commercially available live traps,
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snap traps, and pitfall traps (e.g., Weiner and Smith
1972, Rose et al. 1977, Williams and Braun 1983,
Slade et al 1993). It has long been recognized that
many factors can affect trap success including trap-
ping configuration, bait type, prior trap experience,
seasonal change, lunar cycles, and inclement weath-
er conditions (e.g. Getz 1961, Pernetta et al. 1977,
Kaufman and Kaufman 1981,0'Farrell et al. 1994).
Several studies also have reported sampling biases
associated with different sizes of trap (e.g., Quast
and Howard 1953, Slade et al. 1993,Whittaker et al.
1998). In particular, certain live trap types are
believed to be unsuited to catching small shrews,
and this has led to the belief that pitfalls generally
are more effective than snap traps or conventional
live traps (Williams and Braun 1983, Bury and Corn
1987, Mengak and Guynn 1987, McComb et al.
1991). Thus, the potential for under-sampling cer-
tain species due to inherent trap biases combined
with variation in trap success due to species behav-
ior and environmental variation can undermine
efforts to quantify small-mammal-community struc-
ture and make valid comparisons between studies
difficult. These considerations are important to
base-line inventory (e.g., Anthony et al. 2003) and
long-term monitoring where the use of different
trap types could potentially confound estimates of
species composition and studies of relative demo-
graphic change.

Results from our live-trap type analyses indicated
substantial differences in overall capture rates
between trap types. If abundance was used as a
measure of trap type efficacy, then small Sherman
traps consistently captured more individuals than
either of the 2 other traps used in this study. This
was likely to be due to the greater sensitivity of the
treadle system and the fact that none of the target
species were large enough to be excluded from
these traps. Although large Sherman traps
appeared to be more effective in capturing voles,
our findings otherwise do not reflect the potential
length bias noted in Sherman traps by Slade et al.
(1993) and suggest that trap size dimensions per se
do not present an obstacle to the species trapped in
our study. In the case of field voles, however, the
longer traps may have been more effective simply
because larger voles may have escaped capture in
smaller traps or Longworths by blocking the door
with the back or rump (Boonstra and Rodd 1982).

We observed significant sampling biases for long-
tailed shrews, western harvest mice, white-footed
and prairie deer mice, meadow voles, and jumping

mice. In the case of long-tailed shrews, Longworth
traps proved to be the most effective means of cap-
turing these small-bodied (2.5-5.0 g) species. This
finding was not surprising given the fact that past
studies on shrew population ecology have relied
exclusively on Longworths (e.g., Hawes 1977,
Pernetta 1977, Churchfield 1980). Lambin and
MacKinnon (1997) also noted that the capture
mechanism of Longworths was sensitive to masses
as low as 5.0 g. However, results from the second
year of this study also indicated a shift in success
rates to small Sherman traps and suggested that live
traps may be as effective as pitfalls in capturing
shrews, as reported by Whittaker and Feldhammer
(2000). This result has important implications as
conventional live traps often are viewed as an inef-
ficient method of sampling shrews. It should also be
noted, however, that because of the configuration of
the trapping grid, pitfalls were deployed at relative-
ly low densities without drift fences. As drift fences
generally increases pitfall trap success (Kalko and
Handley 1993), their omission may have underesti-
mated pitfall trap success. Moreover, differences in
vegetation type (dry versus wet prairie) also could
conceivably affect the relative efficacy of pitfalls and
other conventional trap types and therefore trap
success across sites. Although there is no a priori
reason to suspect that the relative efficacy of differ-
ent trap types is likely to be affected by vegetation,
it might be interesting in future studies to test for
these effects.

Meadow vole capture rates were higher in large
Sherman traps over both years of the study, whereas
Longworth traps consistently captured lower num-
bers of voles, indicating that these traps were poor at
capturing microtine rodents. Previous studies have
shown that Longworths alone inadequately enumer-
ate adult individuals in the population (Boonstra and
Krebs 1978,Beacham and Krebs 1980,). Several bias-
es have been recorded for Longworth traps
(Boonstra and Krebs 1978), including variation in
treadle sensitivity leading to a positive bias in prairie
deer mice captures (Grant 1970) and a failure to cap-
ture larger, heavier voles (Boonstra and Rodd 1982).
This positive bias in white-footed and prairie deer
mouse captures, however, was not observed as these
mice showed greater capture rates in Sherman traps
in both years and a negative association with
Longworth traps in the second year of the present
study. Interestingly, western harvest mice, which are
among the smallest mice, were captured more fre-
quently in small Sherman traps than in either of the
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other trap alternatives, suggesting that the smaller
size of these traps and their presumed greater sensi-
tivity affected trap-type success. Finally, the negative
bias observed in jumping mice toward Longworth
traps is not at all surprising given the narrow
entrance tunnel of Longworth traps. The differences
in patterns of trap success between years could be
attributable to a number of factors, the 2 most plau-
sible being either: 1) differences among sites or envi-
ronmental effects between years or 2) differences in
the age and wear of the Sherman traps used.
Sherman traps employed in the first year of the study
had already been used for several seasons and were
replaced by new traps in the second year of the
study. Longworth traps by comparison were ~30
years of age so that any differences between years
would have been negligible. While there were no
differences in total number of animals captured
between years, results indicated that long-tailed
shrew capture success was much higher when new,
small Sherman traps were deployed in the second
year. Similarly, white-footed/prairie deer mouse cap-
tures were greater in large Sherman traps in the sec-
ond but not first year of study, although small
Sherman traps also captured more white-footed or
prairie deer mice than other traps in the first round
of study. Although comparison of trap-type effec-
tiveness between years is necessarily limited by the
fact that these comparisons were not carried out in
parallel, the strong shift in capture rates between
years suggests that trap age may be an important
consideration and also can lead to potentially biased
estimates of species capture rates. An additional
caveat in our data set was that differences in the rate
of recapture between trap types could conceivably
differ from initial capture rates, as was observed for
meadow voles in the second year of the study.
Although the present study focused on differential
capture rates for first-time captures only, it was pos-
sible that high rates of recapture in one trap type rel-
ative to another could influence trap type availabili-
ty. Given the high numbers of traps used in this
study and the small areas under study, this issue was
likely to be a problem only in areas where animal
abundance was very high.

Trap mortality rates also were clearly non-uni-
form between trap types, although mortality was
heavily skewed toward shrews. Although commu-
nity diversity estimates between trap types were
largely comparable, community similarity indices
indicated differences in overall species capture
rates between trap types. Community similarity

estimates were most dissimilar between Longworth
and Sherman traps, indicating that these 2 trap
types were non-interchangeable.

Conclusions
The following observations can be drawn from

this study: 1) small Sherman traps captured the most
animals and may be the most effective trap type for
smaller-bodied animals; 2) in the absence of drift
fencing, pitfall traps do not necessarily capture more
shrews than conventional live traps; 3) Longworth
and Sherman traps exhibited species-specific differ-
ences in capture rates and when used in combina-
tion are more likely to diminish overall bias; 4) trap
age may affect relative capture rates; and 5) although
species diversity indices are comparable between
trap types, proportional abundance of each species
may differ between trap types.
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the University of Wisconsin Zoological Museum.

literature cited
ANTHONY, N. M., R. BAUTZ, E. SPENCER, AND T. GARLAND, JR. 2003.

Small mammal community composition in native dry and
wet prairies of southern Wisconsin. Milwaukee Public



Comparative effectivories* of live traps • Anthony et al. 1025

Museum Contributions in Biology and Geology 98:1-26.
AQUADRO, C. F.,AND J. C. PATTON. 1980. Salivary amylase variation

in Peromyscus: use in species identification. Journal of
Mammalogy 61:703-707.

BEACHAM.T. D.,AND C.J. KMBS. 1980. Pitfall versus live-trap enu-
meration of fluctuating populations oiMicrotus townsendii.
Journal of Mammalogy 61:486-499.

BOONSTRA, R.,AND C.J. KREBS. 1978. Pitfall trapping of Microtus
townsendii. Journal of Mammalogy 59:136-148.

BOONSTRA, R, AND F. H. RODD. 1982. Another potential bias in the
use of the Longworth trap. Journal of Mammalogy 63:
672-675.

BRIESE, L. A., AND M. H. SMITH. 1974. Seasonal abundance and
movement of nine species of small mammals. Journal of
Mammalogy 55:615-629.

BROWN, L. N. 1967. Ecological distribution of six species of
shrews and comparison of sampling methods in the central
rocky mountains. Journal of Mammalogy 48:617-623.

BURY, R.B., AND PS. CORN. 1987. Evaluation of pitfall trapping in
North-western forests: trap arrays with drift fences. Journal
ofWildlife Management 51:112-118.

CHITTY, D. H., AND DA. KEMPSON. 1949- Pre-baiting small mammals
and a new design of live trap. Ecology 30:536-542.

CHURCHFIELD, S. 1980. Population dynamics and the seasonal
fluctuations in numbers of the common shrew in Britain.
ActaTheriologica 25:415-424.

FELDHAMMER, G. A., J. E. GATES, AND J. H. HOWARD. 1983. Field iden-

tification of Peromyscus maniculatus and Peromyscus leu-
copus in Maryland: reliability of morphological characteris-
tics. ActaTheriologica 28:417-423.

FEINBERG, S. E. 1977. The analysis of cross-classified categorical
data. Massachusetts Institute of Technology Press,
Cambridge, USA

GETZ, L. 1961. Responses of small mammals to live-traps and
weather conditions. The American Midland Naturalist 66:
160-170.

GRANT, P R. 1970. A potential bias in the use of Longworth traps.
Journal of Mammalogy 51:831-835.

HANDLEY,C.O.,JR.,ANDE.K.VKALKO. 1993. A short history of pit-
fall trapping in America, with a review of methods currently
used for small mammals. Virginia Journal of Science 44:
19-26.

HAWES, M. L. 1977. Home range, territoriality, and ecological sep-
aration in sympatric shrews, Sorex vagrans and Sorex obscu-
rus. Journal of Mammalogy 58:354-367.

HOLE, F. D., AND C. E. GERMAINE. 1994. Natural divisions of
Wisconsin. Map (scale 1:1,000,000) and accompanying
text. Wisconsin Department of Natural Resources, Madison,
USA.

INNES,D.G. L.,ANDJ.F.BENDALL. 1988. Sampling of small mammals
by different types of traps in Northern Ontario, Canada. Acta
Theriologica 33:443-450.

KALKO, E. K.V.,AND C. O. HANDLEY. 1993. Comparative studies of

small mammal populations with transects of snap traps and
pitfall arrays in southwest Virginia. Virginia Journal of
Science 44:3-18.

KAUFMAN, D.W., AND G.A.KAUFMAN. 1981. Effect of moonlight on
activity and microhabitat use by Ord's kangaroo rat
iDipodomys ordit). Journal of Mammalogy 63:309-312.

LAMBIN, X., AND J. MACKINNON. 1997. The relative efficiency of two
commercial live-traps for small mammals. Journal of Zoology
242:400-404.

MAGURRAN.A. E. 1988. Ecological diversity and its measurement.

Princeton University Press, Princeton, New Jersey, USA
MENGAK, M.T., AND D. C. GUYNN. 1987. Pitfalls and snap traps for

sampling small mammals and herptofauna. American
Midland Naturalist 118:285-288.

MCCOMB, W. C , R. G. ANTHONY, AND K. MCGARIGAL. 1991.

Differential vulnerability of small mammals and amphibians
to two trap types and two trap baits in Pacific Northwest
forests. Northwest Science 65:109-115.

MORRIS, R. D. 1968. A comparison of capture success between
Sherman and Longworth live traps. The Canadian Field
Naturalist 82:84-87.

O'FARRELL, M. J., W A. CLARK, E H. EMMERSON, S. M. JUAREZ, R. K.

FENTON,T.M.O'FARRELL,ANDT.Y.GOODLET. 1994. Useofamesh
live trap for small mammals: are results from Sherman live
traps deceptive? Journal of Mammalogy 75:692-699.

PalasJ.S., O.A.Schwartz, and A.M.Vivas. 1992. Identification of
Iowa Peromyscus using external measurements and salivary
amylase. Prairie Naturalist 24:273-277.

PIELOU,E.C. 1977. Mathematical ecology. Wiley Press, New York,
New York, USA

PERNETTA, J. C. 1977. Population ecology of British shrews in
grassland. ActaTheriologica 22:279-296.

PUCEK, Z. 1969. Trap response and estimation of numbers of
shrews in removal catches. ActaTheriologica 28:403-426.

QUAST, J. C.,AND W. E. HOWARD. 1953. Comparison of catch of two

sizes of small mammal live traps. Journal of Mammalogy 34:
514-515.

ROSE R. K.,N.A. SLADE.AND J. H. HONACKI. 1977. Live trap prefer-
ence among grassland mammals. Acta Theriologica 22:
296-307.

SEALANDER,J. A., AND D.JAMES. 1958. Relative efficiency of differ-
ent small mammal traps. Journal of Mammalogy 39:215-223.

SHANNON, C. E.,AND W.WEAVER. 1949. The mathematical theory of

communication. Urbana: University of Illinois Press, Urbana,
USA.

SLADE, N. A., M. A. EIFLER, N. M. GRUENHAGEN, AND A. L. DAVELOS.

1993. Differential effectiveness of standard and long
Sherman live traps in capturing small mammals. Journal of
Mammalogy 74:156-161.

SOKAL, R. R.,AND F.J ROHLF. 1997. Biometry: the principles and

practice of statistics in biological research. W H. Freeman
and Company, New York, New York, USA.

STROMBERG, M. R. 1979- Field identification of Peromyscus leu-
copus and P. maniculatus with discriminant analysis.
Transactions of the Wisconsin Academy of Arts, Science and
Letters 67:159-164.

SZARO, R. C, L. H. SIMONS, AND S. C. BELFIT. 1988. Comparative

effectiveness of pitfalls and live traps in measuring small
mammal community structure. Pages 282-288 in R. C. Szaro,
K. E. Severson, and D. R. Patton, technical coordinators.
Proceedings of the symposium on the management of
amphibians, reptiles and small mammals in North America.
United States Forest Service General Technical Report RM-
166,Washington D.C., USA.

WEINER J.G., AND M. H. SMITH. 1972. Relative efficiencies of four
small mammal traps. Journal of Mammalogy 53:868-873.

WHITTAKER, J. C, AND G. A. FELDHAMMER. 2000. Effectiveness of

three types of live trap for Blarina (Insectivora: Soricidae)
and description of new trap design. Mammalia 64:118-124.

WHITTAKERJ.C..G.A.FELDHAMMER,AND E.CHARLES. 1998. Captures

of mice, Peromyscus, in two sizes of Sherman live traps. The
Canadian Field Naturalist 112:527-529.

WILLIAMS D.E, AND S.E.BRAUN. 1983. Comparison of pitfall and



102(i H //.///A- linlhtin Jiurt. ^ i 4V KMS-lOJb

conventional traps for sampling small mammal populations.
Journal ofWildlife Management 47:841-845.

Nicola Anthony is an assistant professor at the University of
New Orleans, Louisiana. She received her B.S. in biological
sciences (Honors) from the University of Birmingham, U.K. and
her Ph.D. in zoology from the University of Cambridge, U.K.,
More recently, she also received an M.S. in conservation biolo-
gy and sustainable development from the University of
Wisconsin, Madison. Her research interests are in insect and
vertebrate molecular ecology, comparative phylogeography,
and conservation biology. Christine Ribic is Unit Leader of the
U.S. Geological Service's Wisconsin Cooperative Wildlife
Research Unit, University of Wisconsin, Madison. She has
degrees in wildlife biology (B.S., Colorado State University),
ecology (M.S., Ph.D., University of Minnesota), and statistics
(M.S., University of Minnesota). Her ecological interests
include landscape-scale management of grassland birds in
Wisconsin and the ecology of Adelie penguins. Her statistical
interests include model selection, the use of computer-intensive
methods and smoothers for understanding species-habitat rela-
tionships, and applying spatial statistics to investigate patterns

in ecological systems. Richard A. Bautz is a natural resource
scientist for the Wisconsin Department of Natural Resources.
He received his B.S. in biology from the University of
Wisconsin, Milwaukee and an M.S. in entomology from the
University of Wisconsin, Madison. He began working with
small mammals in 1988 as part of a tick and Lyme disease study
and continues to work on the ecological study of Wisconsin
small mammals and their conservation. Theodore Garland, Jr.
is a professor in the Department of Biology at the University of
California, Riverside. He received a B.S. and an M.S. from the
University of Nevada, Las Vegas, the latter based on studies of
the effects of a highway on Mojave Desert rodent populations.
He completed his Ph.D. at the University of California, Irvine.
His research interests include ecological, evolutionary, and
comparative physiology, the development and testing of phylo-
genetically based statistical methods, and conservation biology.

Associate editor. Nilon


