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ABSTRACT Cost-effective and ecologically sensitive monitoring techniques are required to assess
effects of anthropogenic disturbances on biodiversity. Pitfall trapping is widely used in biodiversity
monitoring programs to measure the diversity of organisms active within leaf-litter. We compared
catch rates and species richness of ground beetles (Coleoptera: Carabidae), rove beetles (Coleoptera:
Staphylinidae), and spiders (Araneae) across Þve different diameters of pitfall traps (4.5, 6.5, 11, 15,
and 20 cm) and three sizes of rain covers (64, 79.2, and 225 cm2) to determine optimal trap size for
studying litter-dwelling arthropod biodiversity. In general, larger pitfall traps collected more indi-
viduals, and more species, of all three taxa. Further tests on data standardized to trap circumference
showed that catch rates are not directly proportional to trap size, and even the smallest traps collected
a disproportionately high number of certain taxa. When catch rate data were standardized by trap
circumference smaller traps collected more small-bodied carabid and staphylinid species and large
traps collected more wolf spiders (Lycosidae) than smaller traps. Roof size had no effect on species
richness or catch rate of beetles or spiders. For thepurposes of ecologicalmonitoring, usingmore small
pitfall traps would be the most efÞcient sampling technique to characterize the dominant epigaeic
arthropod fauna; small traps collect few nontarget vertebrates, and sorting the samples involves
generally less processing time. From a conservation perspective, however, including several large
pitfall traps in the sampling regime would help detect rare species.
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WITH INCREASING INTEREST in human impacts on eco-
systems, such as large-scale forestry, land conversion
for agriculture, global climate change, and introduc-
tion of exotic species, detection of changes in native
biodiversity has become critical. Indeed, large-scale
programs aimed atmonitoring such changes are being
incorporated into landmanagement, conservationand
restoration activities. Thus, sampling techniques must
be studied to ensure both ecological sensitivity and
cost effectiveness (Southwood 1994). The usefulness
of results from both scientiÞc studies and monitoring
are contingent on sampling methods and their inher-
ent biases (Southwood 1994). Consequently, to make
relevant comparisons between studies and among dis-
turbance types, biases in samplingmethods need to be
standardized, or at least understood(Southwood1994,
Spence and Niemelä 1994).

Arthropods are frequently used as ecological indi-
cators because they represent �80% of global species
richness (Wilson 1992); fulÞll essential roles in eco-
systems (e.g., pollination, soil structure and function,
decomposition and nutrient cycling, natural enemies
of pest species, prey for highly valued vertebrates)
(Mattson and Addy 1975, Feinsinger 1983, Seastedt
1984, Pettersson et al. 1995, Madden and Fox 1997,
Schowalter et al. 1998); and have short generation
times and respond quickly to ecological changes. Fur-
thermore, various arthropod taxa have been used to
detect anthropogenic impacts including forest har-
vesting (Niemelä et al. 1993, Buddle et al. 2000), pol-
lution (Hewlett 2000), mining (Majer 1983), agricul-
ture (Eyre et al. 1989), urbanization (Niemelä and
Spence 1991), climate change (Parmesan 1996), and
exotic species (Work and McCullough 2000).
Pitfall trapping is among the most frequently used

methods to sample surface-active terrestrial arthropod
communities. Typically, pitfall traps are open contain-
ers sunk into the ground, ßush with the substrate
surface and covered with a roof to prevent ßooding
and disturbance (Southwood 1994, Spence and Ni-
emelä 1994). These traps passively collect organisms
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moving across the ground, and thus provide measures
of activity rather than absolute density (Southwood
1994). Numerous studies have examined biases asso-
ciated with pitfall trapping, and have shown that fac-
tors such as trap material, shape, preservative type,
and placement inßuence the number, type and rela-
tive abundance of species collected (e.g., Greenslade
1964, Luff 1975, Uetz and Unzicker 1976, Curtis 1980,
Bostanian et al. 1983, Niemelä et al. 1986, Topping and
Sutherland 1992, Spence and Niemelä 1994, Digweed
et al. 1995, Lemieux and Lindgren 1999).
With the exception of Luff (1975) and Brennan et

al. (1999), little attention has been given to variation
in catch rates in relation to trap size, a factor that
frequently varies between studies. Nonetheless, this
factor is directly related to cost-effective sampling and
implementing effective ecologicalmonitoring. For ex-
ample, small traps may catch fewer arthropods, thus
decreasing sample processing time. Luff (1975) com-
pared the capture and retaining efÞciency of several
different sizes andmaterials of pitfall traps for carabid
beetles. Luff (1975) found that glass pitfall traps with
6.5 cm diameter caught a greater total number of
Coleoptera than did glass traps of 2.5 cm diameter.
Brennan et al. (1999) compared abundance and the
number of morpho-species collected in a standard
number (15) of pitfall traps with diameters of 4.3, 7.0,
11.1, and 17.4 cm. These authors also compared trap-
ping intensity by comparing abundance and morpho-
species richness of these same four trap diameters
standardized to cumulative circumference of 206 cm.
In this study, optimal sized traps were judged as traps
that maximized morpho-species richness and mini-
mized overall handling time (including installation of
traps, collecting samples, rough sorting, and morpho-
species designations) (Brennan et al. 1999). Brennan
et al. (1999) concluded that large pitfall traps maxi-
mized morpho-species richness of spiders (Araneae)
particularly through increased collections of salticid
spiders although their study included only a few spe-
cies of spiders (33) and individuals (138). These au-
thors also concluded that more intermediate sized
traps could be processed in a given amount of time
than larger sized traps and thusmaximized thenumber
of speciesprocessedperunitof time.For these reasons
andethical concerns regarding collectionof nontarget
vertebrate and invertebrate species these authors con-
cluded that 11.1-cm traps were optimal for biodiver-
sity studies.
No previous study known to us has considered si-

multaneously the effects of trap size oncaptures of the
several main taxa found in forest litter. Nonetheless,
monitoring programs will seek the best information
possible about whole communities per unit invest-
ment. Thus, our primary objective was to compare
catch ratesof thedominantepigaeic families ofbeetles
(Carabidae andStaphylinidae) and spiders (Araneae)
in Þve different-sized pitfall traps. A secondary ob-
jectivewas to compare the effects of varying roof sizes
on catches of beetles and spiders. Our overall goal was
to provide information about the best trap size and
conÞguration for monitoring these taxa in boreal for-

est ecosystems where they have been widely sug-
gested as appropriate indicators (Niemelä et al. 1986,
Buddle et al. 2000). We also seek to provide a mean-
ingful basis for comparing terrestrial monitoring stud-
ies that have employed a range of trap sizes.

Materials and Methods

Site Description. This work was conducted at the
GeorgeLakeField Site (53� 57�N,114� 06�W), located
�75 km north-west of Edmonton, Alberta, Canada.
The site includes �180 ha of continuous hardwood
forest (�100 yr old), and is bordered by agricultural
land to the south and west, a lake to the east, and
continuousyoungerhardwood forest to thenorth.The
old forest is dominated by trembling aspen (Populus
tremuloides Michx.) and balsam poplar (Populus bal-
samiferaL.),with smaller components of birches [Bet-
ula papyrifera Marsh. and B. neoalaskana (Sarg.)],
white spruce [Picea glauca (Moench)Voss] and black
spruce [Piceamariana (Mill.) BSP] (seeNiemelä et al.
(1992) for additional details). Approximately 4 ha of
homogenous Populus forest, located in the southeast
section of the Þeld site, was selected for the current
study.

Sampling Protocol and Experimental Design. Epi-
gaeic arthropodswere sampledwith pitfall trapsmade
of similar white plastic which andwere obtained from
food-supply companies. Traps were embedded in the
ground so the lip of the trap remained ßush with the
substrate surface. Traps contained 2Ð3 cm of silicate-
free ethylene glycol (GM Dex-Cool, Oshawa, On-
tario) as preservative and were covered with an ele-
vatedplywoodroofheld2Ð5cmabove the trapbynails
placed in the trap corners; lids are commonly used to
reduce ßooding and accumulation of leaves and litter
in the preservative.
Pitfall traps were installed on 25 May 1999 and

samples were recovered every 2 wk until 20 July 1999.
This period was chosen because it encompassed the
period of maximum arthropod activity in these forests
(Spence and Niemelä 1994).
Seven different types of traps were used, which

varied by roof size and trap size (i.e., circumference
and depth). In addition to our ÔstandardÕ trap (a 1-liter
container, 11 cm diameter and covered with a 15 by
15-cm square roof), which has been used extensively
for epigaeic arthropod studies in western Canada
(e.g., Niemelä et al. 1993, Spence and Niemelä 1994,
Spence et al. 1996, Buddle et al. 2000), four additional
trap sizes were selected for study (Table 1). Trap
depth increased in proportion to trap diameter. Trap
sizes were chosen to include traps smaller than those
typically used in studies of arthropod biodiversity (4.5
cm diameter), a size comparable to those commonly
used in studies of carabids in Fennoscandia (6.5 cm
traps) (e.g., Niemelä et al. 1986, Pajunen et al. 1995,
Niemelä et al. 1996), and two sizes thatwere generally
much larger than those typically used to sample epi-
gaeic arthropods (15- and 20-cm-diameter traps), al-
though McIver et al. (1992) used pitfall traps measur-
ing 15 cm in diameter.

June 2002 WORK ET AL.: PITFALL TRAPPING 439

D
ow

nloaded from
 https://academ

ic.oup.com
/ee/article/31/3/438/426948 by guest on 17 M

ay 2023



For the 4.5-, 6.5-, 15-, and 20-cm-diameter traps,
proportion of trap size to roof size in the standard trap
was kept constant. Roof sizes were all 2Ð2.4 times
larger in area than the trap area (Table 1). We eval-
uated the possible effect of roof size using traps with
6.5 cm diameter by including replicates with both a
proportionately smaller and a proportionately larger
roof size than that based on the standard trap ratio
(Table 1).
The resulting seven trap size-roof combinations

were randomly assigned to one position in a grid (Fig.
1).Each trapwas separated fromaneighboring trapby
10Ð15 m, as suggested by Digweed et al. (1995) to
reduce trap-to-trap interference. Ten such grids were
distributed throughout the study area located�30Ð40
m apart. Thus, total sampling effort was 70 traps over
56 sample days (3,920 trap-days).

Species Identification and Measurements. Samples
were sorted in the laboratory and the three most
abundant predatory arthropod taxa, ground beetles,
rove beetles and spiders, were removed for subse-
quent identiÞcation. These taxa have been used ex-
tensively for research on arthropod biodiversity, in
particular with studies relating habitat change in this
region (e.g., following clear-cutting; McIver et al.
1992, Niemelä et al. 1993, Niemelä et al. 1996, Spence
et al. 1996,Hammond 1997, Buddle et al. 2000).On the
Þnal sampling date (6 July), vertebrates (mammals

and amphibians) were also removed from the samples
and counted to establish if trap size affected catches
of these taxa.
Specimens from all arthropod higher taxa were

identiÞed to species; only adult specimens were ex-
amined because it is difÞcult to accurately identify
immature specimens of these groups. Voucher spec-
imens from this study are deposited in the Strickland
Entomological Museum (University of Alberta) lo-
cated in Edmonton, Alberta.
The body size of each species was assigned from

information in the literature or by measuring speci-
mens directly. Total body length for most carabid and
staphylinid species, respectively, was taken from Lin-
droth (1969) andSmetana (1995), using themid-point
between upper and lower sizes when a range was
given. The size of spiders was estimated from various
sources (e.g.,Kaston1948,Dondale andRedner 1990).
Size (lengths of carapace plus abdomen) of some
spiders was measured directly under a dissecting mi-
croscope with an ocular micrometer.

Analyses. Data were pooled over the entire sam-
pling period because the questions of interest were
related to overall response of epigaeic arthropods, as
it would relate to inventory studies and to differences
in trap size or roof size.One-factor analysis of variance
(ANOVA) was used to test for effects in trap size or
roof size, with 10 replicates (i.e., locations) for each
trap type. For tests of trap size, there were Þve levels
of the factor (see A in Table 1). There were three
levels of the single factor for tests on roof size (small,
regular, and large roof size, see B in Table 1). Differ-
ences in trap size and differences in roof size were
analyzed separately.
Dependent variables in the analyses included the

total catch for each taxon, catchof themost commonly
collected species (i.e., species representing �5% of
the total number of individuals collected for each
taxon), dominant families of spiders, and species rich-
ness for each taxon. Additionally, for each taxon, pos-
sible differences among small-, medium-, and large-
bodied specieswere testedusing a one-factorANOVA
for tests on trap size only. Size classes were deter-
mined by dividing the range (smallest to largest spe-
cies for each taxon) into equal thirds, and then group-
ing species as small, medium, or large-bodied. A Þrst
set of analyses was performed on raw data, and the
analyses were repeated on data standardized to trap
circumference.
Luff (1975) suggested that larger pitfall traps will

always collect more individuals because the rate of
encounter is closely related to the circumference of a
trap.To testwhetherdifferences in catch rates aredue
to factors beyond simply the trap circumference, all
catch data were standardized to circumference for a
portion of the analyses. Standardization was done in
relation to the standard pitfall trap size (11-cm-diam-
eter traps, circumference of 34.54 cm). Standardized
catch (y) was determined by multiplying the raw
catch (r) by the standard circumference (34.54 cm)
divided by the circumference of the different trap
sizes (c � 14.13, 20.41, 47.1, and 62.8 cm for traps with

Fig. 1. Design of pitfall trap-placement (1Ð7, open cir-
cles) within each sampling location.

Table 1. Pitfall trap and roof dimensions used for testing ef-
fects of trap size and roof size on collections of epigaeic arthropods

Trap no.
Trap diam,

cm
Roof dimensions,

cm
Tests on
trap sizea

Tests on
roof sizeb

1 4.5 5.2 � 5.2 A
2 6.5 8.0 � 8.0 B
3 6.5 8.9 � 8.9 A B
4 6.5 15 � 15 B
5 11 15 � 15 A
6 15 20.6 � 20.6 A
7 20 27.5 � 27.5 A

a Letters delineate combinations of trap sizes and roof dimensions
used in statistical comparisons of pitfall trap size.

b Letters delineate combinations of trap sizes and roof dimensions
used in statistical comparisons of roof size.
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diameters of 4.5, 6.5, 15, and 20 cm, respectively): y �
(r � 34.54)/c.
Data that did notmeet assumptions of normality for

parametric statistics were transformed to natural logs
[Ln(x � 1)] before analyses. Posthoc comparisons of
means was done using the Bonferroni multiple com-
parison test (Sokal andRohlf 1995)with� �0.05. SPSS
for Windows was used for all ANOVA tests and
posthoc comparisons (SPSS 1999).
Species accumulation curves were calculated to es-

tablish the effect of increasing sample size (i.e., from
1 to 10 samples) in relation to different trap sizes. The
software program EstimateS (Colwell 1997) was used
to calculate species accumulation curves for each
taxon separately. Estimates of species richness for
each sample size were iterated 50 times, and thus
standard deviations were obtained for statistical com-
parisons.

Results

The ‘Catch’ and Body Size. A total of 6,556 individ-
ual arthropods was collected in this study. Of these,
2,578were carabids, 1,542were staphylinids, and 2,436
were spiders.
Differences in the collection rates between trap

sizes may be subject to trap size-species interactions,
which are inpart determinedby factors such as overall
body size (e.g., smaller traps may have an upper size
limit of species thatmay be collected). Distribution of
body sizes from the overall samplewas skewed toward
smaller size classes for all three groups of litter-dwell-
ing arthropods (Fig. 2). The range of mean lengths
(4.3Ð22.0 mm) was largest for carabid beetles. The
largest size class contained only Þve individuals from
two species, Calosoma frigidum Kirby and Carabus
granulatus Linné. The medium size class contained
137 individuals representing only three species,
Scaphinotus marginatus Fischer, Pterostichus melana-
rius Illiger, and Carabus chammisonnis Fischer. The
smallest size class was the most numerically abundant
with 1,186 individuals from 14 different species.
Mean length of staphylinds ranged between 1.7 and

17.5 mm. The largest size class was represented by 17

individuals of a single species, Ontholestes cingulatus
(Gravenhorst). Medium sized staphylinids were rep-
resented by 535 individuals from nine species. The
smallest size class contained 653 individuals from 30
species.
Spiders had the smallest range in body size with

mean body length ranging from 1.5 to 11 mm. Within
the largest size class, 80 individuals from Þve species,
Clubiona canadensis Emerton, Agelenopsis utahana
(Chamberlin & Ivie), Trochosa terricola Thorell, Alo-
pecosa aculeata (Clerck), and Arctosa raptor (Kulc-
zyñski) were collected. Medium sized spiders were
represented by 1,160 individuals from 25 species. The
smallest size class was comprised of 1,155 individuals
from 40 species, 29 of which were in the family
Linyphiidae.

TrapSize.CatchRates. In general, larger pitfall traps
collected signiÞcantly more individuals than smaller
traps, however, effect of trap size on catch varied
among carabids, staphylinids, and spiders (Fig. 3A, C,
and E). SigniÞcantly more carabid beetles were col-
lected in largerdiameter traps (F�9.44; df�4, 45;P�
0.001), with 20-cm traps catching more individuals
than either 4.5- or 6.5-cm traps [Bonferonni multiple
comparison (BMC) P � 0.019 and P � 0.001, respec-
tively]. Fewer carabids were collected in 6.5-cm traps
than in either 11- or 15-cm traps (BMC P � 0.001 for
both comparisons). More carabids were collected in
the smallest traps than in the 6.5 cm traps, although
this difference was not statistically signiÞcant (BMC
P � 0.314). Similar patterns in catch rate were ob-
served for staphylinid beetles (F � 4.81; df� 4, 45; P �
0.003): 20-cm-diameter traps collected more individ-
uals than either 4.5- or 6.5-cm-diameter traps (BMC
P � 0.041 and P � 0.003, respectively). However,
differences in catch rates of staphylinids were less
pronounced than carabids for 6.5-cm traps. No signif-
icant differenceswere observedbetween6.5-, 11-, and
15-cm-diameter traps. As with carabids, more
staphylinids were collected in the smallest traps than
in the 6.5-cm traps, but again this difference was not
statistically signiÞcant. Differences in catch rates of
spiders were more pronounced than for either beetle
taxon. Traps of 11 cm or less collected signiÞcantly
fewer spiders than traps 15 cm or larger (BMC P �
0.002 for all comparisons).
When catch rate was standardized by trap circum-

ference, only carabids and staphylinids showed sig-
niÞcant differences in abundance across trap sizes
(F � 4.43; df � 4, 45; P � 0.004 and F � 4.33; df � 4,
45; P � 0.005, respectively) (Fig. 3 B and D). More
carabids were collected per centimeter of trap perim-
eter in the 4.5-cm trap than either the 6.5- or 15-cm-
diameter traps (BMC P � 0.005 and P � 0.036, re-
spectively). More staphylinids were collected per
centimeter of trap circumference in the 4.5-cm trap
than in traps with diameters of 11 cm or larger (BMC
P � 0.03 for all comparisons). No signiÞcant differ-
ences in catch rates of spiders were observed among
different traps sizes once catch rate was standardized
by trap circumference (Fig. 3F).

Fig. 2. Frequency distribution of species of Carabidae,
Staphylinidae, and spiders by body size (mm).
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Whencatch rateswere analyzed separately bybody
size, differences in trap size reßected the lower limit
of trap size needed to collect larger-bodied species.
For example, all Þve individuals in the largest size class
of carabidswere collected in the 15-cm-diameter traps
(Fig. 4A). Medium-sized carabids were signiÞcantly
more abundant in traps larger than 11 cm than in the
4.5- and6.5-cm-diameter traps(F�8.81;df�4, 45;P�
0.001, BMC P � 0.05) (Fig. 4A). Small carabids [e.g.,
Platynus decentis (Say), Calathus ingratus Dejean,
Agonum retractum Leconte, Pterostichus pennsylvani-
cus Leconte] were also more abundant in larger sized
traps (F � 8.70; df � 4, 45; P � 0.001) but were
collected in relatively high abundance in all trap sizes
(Fig. 4A): more individuals were collected in 20-cm
traps than in 4.5- or 6.5-cm-diameter traps (BMC P �

0.001 and P � 0.045, respectively). Fewer small cara-
bids were collected in the 6.5-cm than in the 11- and
15-cm traps (BMC P � 0.001 and P � 0.002, respec-
tively). When abundance of medium sized carabids
was standardizedby trap circumference, observeddif-
ferences in trap size were no longer apparent (Fig.
5A). However, when abundance of small sized cara-
bids was standardized by circumference, the smallest
trap collected signiÞcantly more individuals than all
other trap sizes with the exception of 11-cm-diameter
traps (F � 5.35; df � 4, 45; P � 0.001, BMC P � 0.01).
Staphylinids in the largest size class were collected

in all but the 4.5-cm-diameter traps (Fig. 4B). Medi-
um-sized individuals were signiÞcantly more abun-
dant in the 20-cm traps than in 4.5- and 6.5-cm-diam-
eter traps (F � 6.66; df � 4, 45; P � 0.001, BMC P �

Fig. 3. Comparison of mean catch (	SE) and mean catch standardized by trap circumference of Þve different diameter
(cm) pitfall traps for Carabidae (A and B, respectively), Staphylinidae (C and D, respectively), and spiders (E and F,
respectively). Histograms with different letters are signiÞcantly different (BMC, test P � 0.05)

442 ENVIRONMENTAL ENTOMOLOGY Vol. 31, no. 3

D
ow

nloaded from
 https://academ

ic.oup.com
/ee/article/31/3/438/426948 by guest on 17 M

ay 2023



0.001 andP � 0.005, respectively). Likewise, the 11 cm
trap collectedmoremediumsized individuals than the
4.5-cm trap (BMC P � 0.026). Size of pitfall traps also
signiÞcantly affected capture rate of small sized
staphylinids (F � 2.62; df� 4, 45; P � 0.048), although
variability in abundance of small staphylinids was
greater thanmedium or larger sized staphylinids (Fig.
4B). As a consequence, posthoc comparisons of trap
size showed no signiÞcant differences in unstandard-
ized capture rate for small sized staphylinids. Differ-
ences in catch rates ofmediumsized staphylinidswere
not signiÞcant after data were standardized to trap
circumference (Fig. 5B). Small sized staphylinids
[e.g., Tachinus fumipennis (Say) and Quedius rusticus
Smetana] were more abundant in the smallest trap
once abundance was standardized by circumference
(F � 4.73; df � 4, 45; P � 0.003, BMC P � 0.03 for all
comparisons).

Fifteen- and 20-cm-diameter traps collected more
individual spiders than 4.5- and 6.5-cm-traps for all
three size classes (Fig. 4C). Within the largest size
class, more individuals were collected in traps 11 cm
or larger than in smaller traps (F � 18.10; df � 4, 45;
P � 0.001, BMC P � 0.02). The same pattern was
observed for medium sized spiders (F � 15.09; df � 4,
45; P � 0.001, BMC P � 0.02). Pitfall traps �15 cm
diameter collected more small sized spiders than 4.5-,
6.5-, or 11-cm traps (F � 12.12; df � 4, 45; P � 0.001
BMC P � 0.05). When spider size classes were stan-
dardized by trap circumference only abundance of
small spiders differed by trap size (F � 12.12; df � 4,
45; P � 0.001), with 4.5- and 6.5-cm-diameter traps
having higher relative efÞciency than 11-cm traps
(BMC P � 0.03 for both comparisons) (Fig. 5C).
Of the spiders collected, 33% were in the family

Linyphiidae and 25% were in the family Lycosidae.
Fewer linyphiids were collected in 11-cm-diameter
traps then in 6.5-, 15-, and 20-cm diameter traps (F �
9.63; df � 4, 45; P � 0.001, BMC P � 0.04 for all
comparisons). The smallest traps (4.5 cm) also col-
lected fewer linyphiids than did the 20-cm-diameter

Fig. 4. Comparison of mean catch (	SE) of three size
classes of (A) Carabidae, (B) Staphylinidae, and (C) spiders
collected in Þve different diameter (cm) pitfall traps. Size
classes were determined by dividing the range in body size
of a given taxon into three equal fractions.

Fig. 5. Comparison of mean catch (	SE) of three size
classes of (A) Carabidae, (B) Staphylinidae, and (C) spiders
standardized by circumference of Þve different diameter
(cm) pitfall traps.
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traps (BMC P � 0.02). Linyphiids were infrequently
collected in 11-cm-diameter traps after standardiza-
tion for trap circumference (F � 10.11; df � 4, 45; P �
0.001, BMC P � 0.02 for all comparisons). Although
differenceswerenot statistically signiÞcant, linyphiids
weremost commonly caught in 4.5-cm-diameter traps
after standardization for trap size. Catches of lycosids
increasedwith trapdiameter (F�30.06; df�4, 45;P�
0.001). After standardization to circumference, fewer
lycosids were collected in 4.5- and 6.5-cm-diameter
traps than in 15- and 20-cm-diameter traps (F � 8.54;
df � 4, 45; P � 0.001, BMC P � 0.005 for all compar-
isons).
The 17 commonly collected species differed in their

afÞnities to trap size (Table 2). For example, four
species were collected in higher than expected abun-
dance in small trap sizes after standardization to pe-
rimeter length. Only one species, Pardosa mackenzi-
ana (Keyserling), showed a strong afÞnity for large
traps after standardization. Three species were dis-
proportionately underrepresented in traps of inter-
mediate size: C. ingratus was seldom collected in 15-
cm-diameter traps, P. decentis occurred infrequently
in 6.5-cm-diameter traps, and Bathyphantes pallidus
(Banks) was notably underrepresented in our stan-
dard pitfall trap (11 cm diameter) (Table 2).

Species Richness. A total of 124 species were iden-
tiÞed, comprising 21 carabid, 33 staphylinid, and 70
spider species. Species richness was signiÞcantly af-
fected by trap size for all three groups of litter arthro-
pods (carabids: F � 5.36; df � 4, 45; P � 0.001,
staphylinids:F� 4.80; df� 4, 45;P� 0.003, spiders:F�
15.42; df � 4, 45; P � � 0.001) (Fig. 6). Mean species
richness of carabids was lower in 6.5-cm traps than
either 15- or 20-cm-diameter traps (BMC P � 0.013
and P � 0.003, respectively), although the range in
mean species richness was only two species. Mean
staphylinid species richness was lower in 4.5- and
6.5-cm traps than in 20-cm-diameter traps (BMC P �

0.013 and P � 0.041, respectively) and the range in
mean species richness was marginally greater than
that observed with carabids. Differences in species
richness were most apparent among spiders with 4.5-,
6.5-, and 11-cm traps having signiÞcantly lower rich-
ness than the 15- and 20-cm traps (BMC P � 0.002 for
all comparisons).
When species accumulation curveswereplotted for

each trap size, larger traps generally collected more
species per sample. However, the increase in species
accumulationwas not a simple linear relationshipwith
increasing trap size. For carabids, signiÞcant differ-
ences between trap sizeswere apparent only after Þve
samples (Fig. 7A). Fifteen-centimeter-diameter traps
had the greatest species accumulation after 10 sam-
ples, and 20-cm-diameter traps did not differ from
4.5-cm-diameter traps in species accumulation after 10
samples. Eleven and 6.5-cm traps had the lowest rates
of accumulation. Twenty-centimeter-diameter traps
had the greatest rates of staphylinid species accumu-
lation and 4.5-cm traps had the lowest rates of accu-
mulation, but traps between 6.5 and 15 cm accumu-
lated species at approximately the same rate (Fig. 7B).
For spiders, traps 15 cm or greater in diameter had the
highest species accumulation rates (Fig. 7C). Species
accumulation in 20-cm traps could only be distin-
guished from that in 15-cm traps after eight samples.
Traps smaller than 15 cm accumulated species at ap-
proximately the same rate.
Although common species were collected in every

size of pitfall trap (Table 2), locally rare species (i.e.,
those represented by Þve or fewer individuals) were
better represented in large traps than in small traps.
Eleven-centimeter traps collected the fewest number
of rare species (8 species), followedby 6.5-cm traps (9
species), and4.5-cm traps (11 species). In contrast. 15-
and 20-cm traps collected 36 and 47 rare species,
respectively.

Table 2. Mean body size and abundance (�SD) of dominant species of carabids, staphylinids and spiders (>5% of total abundance
within taxa) collected in five sizes of pitfall traps

Taxa F-value P-value
Body

size, mm

Diam of pitfall trap, cm

4.5 6.5 11 15 20

Carabids
Agonum retractum 2.42 0.063 6.9 4.0 	 3.40 2.1 	 1.10 3.3 	 2.31 7.2 	 7.67 9.2 	 4.32
Calathus ingratus 3.05 0.026 9.1 5.8 	 3.77 4.3 	 2.58 9.1 	 7.61 5.8 	 5.90 14.7 	 10.59
Pterostichus adstrictus 1.38 0.256 10.8 7.1 	 5.63 3.7 	 3.30 6.4 	 4.45 3.5 	 2.55 6.2 	 3.52
Platynus decentis 4.19 0.006 11.5 3.8 	 4.24 1.7 	 1.64 6.6 	 5.93 5.0 	 5.06 6.3 	 5.98
Pterostichus pennsylvanicus 4.29 0.005 11.5 5.6 	 5.06 2.9 	 3.67 16.8 	 9.25 21.6 	 13.83 19.8 	 9.82
Scaphinotus marginatus 0.45 0.772 15.3 0.9 	 1.10 1.3 	 1.49 3.3 	 3.47 3.7 	 3.92 4.7 	 3.20

Staphylinids
Tachinus fumipennis 3.30 0.019 5.0 7.6 	 8.02 2.4 	 1.65 3.5 	 2.17 7.4 	 6.45 5.8 	 4.08
Quedius rusticus 0.14 0.966 5.2 1.2 	 1.03 1.3 	 1.25 2.4 	 3.31 3.6 	 3.44 4.3 	 3.92
Quedius labradorensis 0.67 0.618 11.0 0.9 	 1.10 1.1 	 1.37 2.4 	 1.65 1.9 	 1.97 3.9 	 2.08
Staphylinus pleuralis 2.72 0.041 13.5 4.9 	 3.90 5.5 	 2.59 9.1 	 2.51 7.5 	 5.04 10.8 	 7.35

Spiders
Bathyphantes pallidus 6.74 �0.001 2.5 3.8 	 2.86 3.8 	 2.35 1.7 	 1.57 7.1 	 3.84 10.0 	 5.60
Ozyptila sincera canadensis 1.61 0.190 2.8 1.0 	 1.25 1.3 	 1.49 2.3 	 1.57 5.8 	 3.79 5.4 	 3.53
Lepthyphantes intricatus 7.42 �0.001 3.3 3.0 	 2.00 3.1 	 2.42 1.5 	 1.08 3.2 	 2.44 3.2 	 2.15
Cybaeopsis euopla 1.88 0.130 5.0 2.5 	 2.17 1.8 	 1.48 2.9 	 1.66 4.1 	 3.60 2.1 	 2.33
Amaurobius borealis 2.48 0.057 5.0 0.7 	 0.82 0.6 	 1.26 1.9 	 1.20 3.2 	 1.87 4.0 	 3.13
Agroeca ornata 0.03 0.998 5.3 2.7 	 4.37 2.7 	 2.63 3.9 	 4.33 4.1 	 2.64 5.9 	 6.30
Pardosa mackenziana 10.33 �0.001 6.4 0.4 	 0.52 1.3 	 1.83 4.1 	 3.11 11.5 	 8.75 13.5 	 7.14
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Roof Size. When trap size was held constant and
captureswere comparedunder threedifferent sizes of
roof, no signiÞcant differences were observed in rel-
ative abundance or species richness. Likewise, no spe-
cies-speciÞc responses to roof sizes were observed.

Nontarget Species. Nontarget mammals and am-
phibians were only collected in 11-, 15-, and 20-cm
traps (Table 3).

Discussion

Although sampling arthropods with pitfall traps has
inherent biases (e.g., Uetz and Unzicker 1976, South-
wood 1994, Spence and Niemelä 1994), this simple
method is still frequently used as a major tool in eco-
logical monitoring and biodiversity studies. As a pas-
sive sampling method, collection rates of pitfall trap-
ping may be subject to a variety of factors including
trap size (Luff 1975, Brennan et al. 1999), habitat
structure (Greenslade 1964), temperature (Adis
1979), daily (Adis 1979) and seasonal activity patterns
(Niemelä et al. 1992), as well as behavioral charac-
teristics and body size of litter organisms (Halsall and
Wratten 1988). In general, pitfall collections of ar-

thropods are measures of activity rather than density,
so interpretations of catches as a reßection of absolute
abundance is not justiÞed. Baars (1979), however, has
suggested that whole-season records support reliable
statements about relative abundance, at least for cara-
bids. Furthermore, Raworth and Choi (2001) have

Fig. 6. Comparison of mean species richness (	SE) of
(A) Carabidae, (B) Staphylinidae, and (C) spiders collected
in Þve different diameter (cm) pitfall traps. Histograms with
different letters are signiÞcantly different (BMC, test P �
0.05)

Fig. 7. Comparison of species accumulation curves of
(A) carabid, (B) staphylinid, and (C) spider species for Þve
different diameter (cm) pitfall traps.
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recently shown that pitfall data may provide reliable
density estimates for single species if they are adjusted
for hunger levels and temperature.
If trap size were the only factor affecting collection

rates, species composition among individual traps of
different sizes should be indistinguishable as should
relative abundance once catch rates are standardized
by trap circumference (Luff 1975). Our results, using
three dominant epigaeic arthropod taxa, suggest oth-
erwise. Larger diameter traps collected more beetle
individuals (carabids and staphylinids) than smaller
traps, and signiÞcant differences in catch rates follow-
ing standardization by trap circumference suggested
this effectwasnot solelydue toan increase in trap size.
Clearly therewere interactions between species iden-
tity and trap size. Although no differences in spider
abundance were observed once catch rate was stan-
dardized by trap circumference, this pattern largely
reßected the combination of higher numbers of lyco-
sids in large traps and higher numbers of linyphiids in
small traps. Lycosid spiders were trapped more com-
monly with large diameter pitfall traps, whereas more
linyphiids were caught in small diameter pitfall traps.
Thus, for all taxa studied examined in this study, the
generalization that catch rates of litter-dwelling ar-
thropods is solely, or evenmainly, due to trap circum-
ference must be rejected.
Compositional differences between catches of dif-

ferent sized trapscanbeattributed inpart tobody size.
Large bodied carabid and staphylinid were generally
not captured in traps�6.5 cm indiameter. The limited
abundance of large bodied species in the samples
collected here, however, precludes meaningful statis-
tical comparisons of trap sizes. Higher catch rates of
larger species in larger traps may reßect the positive
correlationbetweenbody size andmotility (Luff 1975,
Thiele 1977), but additional studies have revealed no
relation between body size and motility in the labo-
ratory (Halsall andWratten 1988) or in theÞeld (Wal-
lin and Ekbom 1994). Future work is required to link
behavior and motility of litter-dwelling arthropods in
relation to trapability.
After catch rates were standardized by the size of

pitfall trap, medium sized beetles showed no afÞnity
for different sized traps but small beetles were dis-
proportionately captured in the smallest traps. This
observation is contrary to previous studies that dem-
onstrated small beetles are more likely to escape from
smaller traps of the same material (Luff 1975). How-
ever, in the same study Luff (1975) demonstrated that

small traps constructed of glass rather than plastic had
increased efÞciency for small beetles, presumably by
limiting beetle escape. One possible explanation for
the increased relative efÞciency of small traps for
small-bodied beetles could be that the beetles cannot
perceive these traps as Ôdifferent than backgroundÕ
environmental heterogeneity. Species that use soil
features such as cracks and Þssures as oviposition sites
or resting places may be preferentially collected in
small pitfall traps.
In general, larger traps collected more spiders of all

sizes. However, after standardization to trap circum-
ference, smaller trapsweremoreefÞcient incollecting
many small-bodied species, and the majority of these
species were in the family Linyphiidae. These results
differ from those of Topping (1993), who suggested
that behavioral adaptations enable linyphiids to es-
cape small pitfall traps though a combination ofmove-
ment and deposition of drag-lines. Litter-dwelling
linyphiids typically live among the leaf-littermatrix on
the forest ßoor (Huhta 1971), and they are thus
thought to have relatively speciÞc micro-habitat re-
quirements. As suggested for carabids, linyphiids in
our study area may not be able to distinguish small
pitfall traps from background environmental hetero-
geneity.
Wolf spiders (Lycosidae), in contrast, were more

commonly collected in larger pitfall traps after stan-
dardization to trap circumference. Wolf spiders are
active on the forest ßoor substrate and have been
known to travel upwards of 10 m in a single day
(Hallander 1967). When actively moving across the
forest ßoor, wolf spiders may simply run purposely
into a large pitfall trap, yet may somehow stop them-
selves or avoid falling into small traps.
Although species richness of beetles was signiÞ-

cantly greater in larger traps, these differences were
relatively small (i.e., 2Ð4 species). The most com-
monly collected species were represented in all sizes
of traps, whereas rare specieswere better represented
in large traps. These observations suggest that the
overall epigaeic arthropod assemblages collected by
small traps are predominately a subset of the assem-
blages collected in large traps.
The relationship between trap size and sampling

effort was not sufÞcient to explain differences in spe-
cies accumulation between trap sizes. For carabid
species, accumulation curves for both the smallest and
the largest trap sizes were equivalent, and 15-cm traps
rather than 20-cm traps, had the highest species ac-
cumulation rate. Species accumulation curves for
staphylinids and spiders showed that the largest trap
size accumulated species most quickly, although rates
of species accumulation are not linearly associated
with trap size. Staphylinid species accumulation
curves differed only by two species for traps between
6.5 and 15 cm. Increased species richness of staphylin-
ids in 20-cm traps is largely attributed to increases in
singleton species. Nonlinear increases in spider spe-
cies richness have been reported elsewhere and have
been attributed to large species avoiding small traps,
behavioral differences in locomotion between diffe-

Table 3. Number of mammals and amphibians collected be-
tween 22 June and 6 July in traps of different sizes

Diam of
pitfall trap,

cm

No. of
mammals

No. of
amphibians

4.5 0 0
6.5 0 0
11 3 5
15 7 21
20 5 15
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rent trap sizes, and/or decreased efÞciency in retain-
ing due to leaf “ladders” that permit escape from
smaller traps (Brennan et al. 1999).However, our data
show that large-bodied spider species are collected as
frequently in small and large traps after standardiza-
tion to trap circumference. Thus, large spiders do not
appear less prone to capture in smaller traps, and their
lower overall rate of capture in smaller traps may
simply be a reßection of trap circumference.
In conclusion, increases in sampling effort were on

a per-trap basis. Similar results (i.e., increased accu-
mulation of species) were reported when sampling
effort was incrementally increased through additional
traps (Niemelä et al. 1986). Consequently, it may be
possible to characterize species composition of the
dominant and active litter fauna using a relatively
limited number of small sized traps.
The optimal pitfall design for ecological monitoring

strongly depends on the ultimate objectives of study.
From a pragmatic perspective, sampling design must
be cost-effective, manageable, and able to detect
meaningful ecological differences. Our results suggest
that at a coarse level, small sized pitfall traps charac-
terize the dominant fauna active within the litter as
well as larger traps although they require substantially
less work processing and identifying samples. Cur-
rently,many forestmonitoring programs overlook ter-
restrial invertebrates as ecological indicators in favor
of larger vertebrate taxa (Dourojeanni 1990, T.T.W.,
unpublished data), even though their use in monitor-
ing andconservation, and their ecological importance,
cannot be overstated (e.g., Kremen et al. 1993).
From a monitoring perspective, larger traps were

more effective at characterizing rare elements of an
epigaeic fauna. It is not clearwhether rare species that
were collected in large traps would be better repre-
sented by complimentary sampling methods rather
than more intensive sampling effort. Our study sug-
gests, however, that larger numbers of small traps
could be effectively employed to sample a greater
range of habitatswhile keeping the overall sorting and
processing costs reasonably low.Monitoring programs
might effectively couple use of a small number of
larger traps, intended mainly to document the pres-
ence of larger-bodied species, with a more extensive
battery of smaller traps aimed at sampling as many
microhabitats as possible.
Large pitfall traps, however, should be used spar-

ingly and with caution as the number of ÔnontargetÕ
mammal and amphibian species substantially in-
creased in larger sized traps. Studies targeting speciÞc
taxa (e.g., linyphiid spiders) or species [e.g., P. penn-
sylvanicus and Lepthyphantes intricatus (Emerton)]
will also beneÞt from using small versus larger traps.
Furthermore, certain sized species (e.g., large-bodied
carabid beetles such as C. frigidum and lycosid spi-
ders) are better collected using larger pitfall traps.
Thus, decisions about the most appropriate trapping
methods, including different traps sizes, should pre-
cede the design of monitoring and/or biodiversity
studies.
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Niemelä, J., and J. R. Spence. 1991. Distribution and abun-
dance of an exotic ground-beetle (Carabidae): a test of
community impact. Oikos. 62: 351Ð359.
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