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Optimizing the use of activity traps for aquatic biodiversity studies

Ralf C. M. Verdonschot1

Team Freshwater Ecology, Centre for Ecosystem Studies, Alterra Wageningen UR, P.O. Box 47, 6700 AA,
Wageningen, The Netherlands

Abstract. I investigated the effectiveness of activity traps for macroinvertebrate monitoring in shallow,
heavily vegetated drainage ditches and explored 2 ways to optimize the use of activity traps for monitoring
purposes. I tested the effects of trapping duration (48, 96, and 168 h) and use of attractants (bait and
preconditioned leaves). The number of taxa and individuals captured increased with trapping duration.
Based on the taxon accumulation curves, deployment times of 48 h and 96 h were equally efficient in
capturing new taxa, but a trapping duration of 168 h was much more efficient and resulted in a larger
number of taxa collected with every new sample added. Of the attractants offered in the traps, only bait
caused differences in the macroinvertebrate assemblage recorded. After 48 h, more predators were
captured in traps with bait than in control traps and traps with preconditioned leaves. This effect
disappeared with longer trapping duration. Because of their relatively low labor requirements and high
level of standardization, activity traps appear to be a valuable tool in lentic biodiversity surveys, especially
when deployed for a longer period than has usually been reported. The use of bait is advisable only if
capture of specific taxa is required and not for standard monitoring purposes.

Key words: sampling method, monitoring, passive sampling, macroinvertebrates, activity-density,
mobility, attractants, drainage ditches.

In small lentic ecosystems like ponds and ditches
standardized monitoring of macroinvertebrates is
hindered by the development of dense stands of
emergent and submerged vegetation during the
growing season. Pond netting, the sampling tech-
nique most commonly applied in the bioassessment of
shallow lentic water bodies (e.g., method EN 27828;
BSI 1994), cannot be considered quantitative when
submerged structures obstruct sweeps, which de-
creases the speed of sweeps, increases the chance of
macroinvertebrate escape, and enhances interoperator
sampling differences (Furse et al. 1981, O’Connor et
al. 2004). Variability in the quantity of submerged
material (with their associated macroinvertebrates)
collected by uprooting and breaking plant parts
during the sweeps also influences the number of
organisms captured. Thus, comparing abundances of
individual species between samples can be problem-
atic.

Box samplers can be used to obtain a standardized
quantitative estimation of biodiversity and to over-
come the problems associated with pond netting
(Gates et al. 1987, Higler and Verdonschot 1989,
O’Connor et al. 2004). However, sample processing is

time consuming and costly because large amounts of
material are collected, and many samples are needed
to compensate for the patchy distribution of taxa and
aggregations of individuals (Downing 1984). This
drawback makes box sampling less useful for large-
scale application because bioassessment methods are
expected to yield a large amount of information about
the community in a cost-effective way (Karr and Chu
1999).

An alternative is to sample lentic macroinvertebrate
assemblages with a combination of complementary
techniques, a strategy that has been advised in many
studies in which sampling devices were compared
(Whiteside and Lindegaard 1980, Higler and Ver-
donschot 1989, Turner and Trexler 1997), but this
practice is not common in aquatic biodiversity
surveys. Among the various devices that are avail-
able, the activity or funnel trap is considered effective
for capturing mobile macroinvertebrates (Murkin et
al. 1983, Hilsenhoff 1987, Brinkman and Duffy 1996,
Turner and Trexler 1997, Becerra Jurado et al. 2008).
Activity trapping is a passive sampling technique.
Activity traps generally are deployed in the water
column or on the bottom substrate with their funnel
opening facing horizontally or vertically and left in
place for a fixed time span (e.g., Elmberg et al. 1992,1 E-mail address: ralf.verdonschot@wur.nl

J. N. Am. Benthol. Soc., 2010, 29(4):1228–1240
’ 2010 by The North American Benthological Society
DOI: 10.1899/09-163.1
Published online: 31 August 2010

1228



Muscha et al. 2001). Interoperator effects on the
sampling procedure are minimized, and because
sampling at night is possible, invertebrates with diel
differences in activity can be captured (Hampton and
Friedenberg 2001). After retrieval, samples can be
preserved immediately. No macrophytes or detritus
are collected, so sorting is not required, and this
source of variation is excluded (Haase et al. 2006).

How many organisms are collected with activity
traps depends on the density of the population being
sampled, the mobility and activity of the organisms,
and their susceptibility to capture (Greenslade 1964).
Therefore, the traps actually record the activity-
density of the fauna (sensu Thiele 1977), a measure
potentially under the influence of many environmen-
tal and biotic factors that are sources of sampling
variation, especially when trapping duration is short.
That preservatives cannot be used complicates the use
of activity traps to capture macroinvertebrates in
freshwater habitats. Trapped macroinvertebrates are
confined in a very small volume of water, and this
confinement inevitably results in mortality and strong
biotic interactions within the trap.

Despite the fact that trapping duration appears
to be a key factor determining the successful use
of traps in inventories of aquatic ecosystems, I
found no studies that specifically explained the
choice of a particular deployment time. Increasing
trapping duration could optimize the efficiency of
activity traps by increasing the number times
organisms encounter the traps, thereby decreasing
variation among samples. On the other hand, longer
trapping durations increase the risk of mortality and
could bias results toward certain groups (e.g., large
predators).

Another way to optimize trapping success is to use
attractants, such as bait or decaying plant material, in
the traps. Low-molecular-weight metabolites released
by decaying organisms attract a wide array of
predators and omnivores that use these chemical cues
to identify and locate food sources (Brönmark and
Hansson 2000, Burks and Lodge 2002). Bacteria, fungi,
and epiphyton on decaying plant material also release
chemical cues that can attract detritiherbivores (De
Lange et al. 2005). Attractants often are used for
species that are difficult to survey, but general
application might be possible if many aquatic
organisms could be lured to the traps.

I studied the effectiveness of activity traps in
shallow, heavily vegetated drainage ditches and
explored 2 ways to optimize the use of activity traps
for monitoring purposes: 1) increased trapping
duration and 2) use of bait and preconditioned leaves
as attractants. I investigated the effects of these

approaches on total taxonomic richness and abun-
dance and richness and abundance of taxa catego-
rized by trophic level and mode of locomotion.

Methods

Study area

The study was conducted in the first ½ of
September 2008 in a series of drainage ditches in
Polder Achteraf, Utrecht, The Netherlands (Fig. 1A).
Polder Achteraf is an extensive agricultural area
drained by numerous linear drainage ditches that
are fed mainly by groundwater seepage from nearby
sandy ridges (Fig. 1B). The amount of seepage is
enough to maintain a more or less constant water
level throughout the year but too low to generate
substantial unidirectional water movement.

I selected 4 adjacent, interconnected drainage
ditches for study based on similarity in dimensions
(mean 6 1 SD, width 3.5 6 0.1 m, depth 0.4 6 0.1 m; n
= 4), bottom sediment (mixture of peat and sandy
patches), trophic state (total P = 0.021 6 0.001 mg P/
L, total N = 1.68 6 0.41 mg N/L), and aquatic
vegetation. Emergent vegetation cover in the 4 ditches
was 75 6 11% and was dominated by Phragmites,
Sparganium, Sagittaria, and Alisma. Submerged vege-
tation cover was 19 6 12% and consisted of Elodea and
Potamogeton. Floating vegetation covered 6 6 3% of
the water surface of the ditches and was dominated
by Potamogeton, Nymphaea, and Hydrocharis.

Study design

I established a sampling grid of 36 horizontal
activity traps in the drainage ditches. The grid
consisted of 4 rows of traps, 9 traps/row, with 0.5 m
between traps. The rows corresponded with the 4
adjacent drainage ditches spaced ,50 m apart
(Fig. 1C). I used 2 attractant treatments and a control
(no attractant added). Attractants consisted of 20 g cat
food (=bait; Felix duck and poultry in jelly; PurinaH)
or 5 g of fresh Alnus glutinosa leaves, dried to a
constant mass at 70uC and preconditioned for 48 h in
pond water at room temperature before application. I
replicated each treatment 12 times and randomized
treatments over the sampling grid.

To investigate the effect of trapping duration, I
sampled in 3 consecutive rounds in which I applied
the same treatments (control, leaves, bait), but
changed trapping duration from 48 h (1st round) to
96 h (2nd round) to 168 h (3rd round). I retrieved all 36
traps after each round. I cleaned the traps, renewed
their contents, and redistributed treatments randomly
over the sampling grid.
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Sampling and sample processing

Traps consisted of a 2-L glass jar with a polyeth-
ylene funnel (outer diameter = 9.5 cm, inner diameter
= 2.1 cm) over the opening. The trap was connected
to the outer end of a 0.5-m stainless-steel rod pushed
into the sediment to keep the trap in place. I placed
each trap in a horizontal position against the bank of
the ditch with the funnel facing toward the middle of
the ditch and the top of the funnel at a depth of 5 cm
beneath the water surface.

During deployment, I lowered traps into the water
column with their openings covered with 250-mm
mesh to prevent entry of macroinvertebrates when the
traps filled with water. For trap retrieval, I lifted traps

carefully to the water surface, turned them upright,
and removed them from the water. I poured the
contents through a sieve (250-mm mesh) and washed
them into a bottle with 70% ethanol. I removed
macroinvertebrates attached to the inside of the jar
and included them in the sample but discarded
organisms in the funnel.

In the laboratory, I identified macroinvertebrates to
the lowest practical taxonomic level. Preserving the
samples in the field resulted in identification prob-
lems in Tricladida. Therefore, I identified this group
to genus. Identifying early-instar invertebrates to
species level often was not possible, so mixed
taxonomic levels (family, genus, and species) were
used in some groups of invertebrates. Therefore, I

FIG. 1. A.—Location of the study site within The Netherlands. B.—Study site in more detail; black hairlines represent drainage
ditches, gray areas indicate larger water bodies. C.—Sampling grid of activity traps established at the study site. The grid
consisted of 4 ditches, each containing 9 activity traps, with an intertrap spacing of 0.5 m and a between-ditch spacing of ,50 m.
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applied an adjustment procedure to the data set to
reduce bias caused by differences in taxonomic
resolution (Schmidt-Kloiber and Nijboer 2004). I took
a conservative approach because I did not know
whether the specimens identified to family level were
actually early instars of species that already were
recorded or were different species. I grouped these
species to a higher taxonomic level.

Analysis of trapping duration

All statistical tests were conducted in SPSS for
Windows (version 15.0; SPSS, Chicago, Illinois).
Because the same 4 ditch stretches were sampled 3
times within a period of 2 wk, I used repeated-
measures analyses of variance to test whether
differences in number of individuals and number of
taxa caught per trap were related to trapping
duration. I used type of attractant (control, leaves,
bait) as the between-subjects factor (with 12 replicates
for each treatment) and the 3 trapping durations (48 h,
96 h, 168 h) as the within-subjects factor. I log10(x)-
transformed the number of taxa and number of
individuals before statistical analysis to meet assump-
tions for normality and homogeneity of variances. I
used Bonferroni-corrected pairwise comparisons
based on the estimated marginal means as a post
hoc procedure for trapping duration.

I also investigated the effect of longer trapping
duration on the relative number of individuals and
taxa captured by comparing the average catch/trap
standardized to the number of taxa or individuals
captured per hour for each trapping duration.
Increased or decreased abundance could indicate
sudden changes in the activity-density of macroin-
vertebrates caused by the environment (abiotic
factors) or the trap itself (mortality). Therefore, I
quantified the effect of trapping duration on the
number of individuals, number of taxa, and number
of individuals in various taxonomic groups separate-
ly. I used nonparametric Jonckheere–Terpstra tests to
detect trends. I used only untreated traps to avoid
interference of the treatments applied to the traps. I
used Bonferroni-corrected levels of significance for
the number of taxonomic groups tested (0.05/10, a =

0.005). I used only taxonomic groups with an average
abundance of .1 individual/trap.

I also compared taxon accumulation curves for each
trapping duration. I smoothed curves by randomizing
the sampling order 50 times and computed means
with 95% confidence intervals with the program
EstimateS (version 7.5.1; Colwell 2005). I calculated
both sample- and individual-based curves. Sample-
based curves describe taxon density and show an

increase in taxa collected with every new sample
added. The number of individuals captured can
confound the observed differences between the
trapping durations. Thus, because macroinvertebrate
abundance is likely to increase with increasing
trapping duration, I also computed individual-based
accumulation curves, which give the number of taxa
captured when a similar number of individuals is
collected (comparison of taxon richness). Accumula-
tion curves reach asymptotes. I considered curves
asymptotic if the last 2 values were within 1% of each
other and the last 20% of the values of the curve were
within 2% of the final value.

Attractants

To test for the effects of attractants on the trophic
rank of the macroinvertebrate taxa caught, I used
multivariate analyses of variance with 2 dependent
variables: number of predator taxa and number of
detritiherbivore taxa. I based classification of taxa to
trophic rank on Merritt and Cummins (1984), Moog
(1995), and Tachet et al. (2000). In the case of
omnivores, I classified taxa according to their primary
food source. I excluded parasites from the analyses.

Differences in trapping duration could cause
changes in the chemical cues released by the
attractants and, consequently, differences in taxonom-
ic composition of the catches. Therefore, I conducted
separate analyses for the different trapping durations.
I log10(x + 1)-transformed data to meet the assump-
tions of normality and homogeneity of variances.
These criteria were met for all variables except the
leaves treatment for predator taxa at t = 168 h
(Kolmogorov–Smirnov test, p = 0.008; Levene’s test, p
= 0.001). I compared means with Tukey’s Honestly
Significant Difference (HSD) multiple comparisons (a
= 0.05).

I used indicator value analysis (IndVal; Dufrêne
and Legendre 1997) to detect characteristic taxa for
each of the attractants. The IndVal test combines
measurements of the degree of specificity of a taxon to
certain treatments and its fidelity (frequency of
occurrence) within that treatment. The maximum
value (100%) is attained when all specimens of a
taxon are found in traps with the same treatment and
when the taxon occurs in all samples of that
treatment. I considered taxa with an IndVal .55%

characteristic for a treatment (symmetrical indicator,
sensu Dufrêne and Legendre 1997). I evaluated
significance (p , 0.05) of each taxon IndVal with a
Monte Carlo test (99999 permutations). I calculated
indicator values with PC-ORD for Windows (version
4.25; McCune and Mefford 1999).
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Because the mode of locomotion of invertebrates
could influence the number of taxa caught in the
traps, I further classified predators and detritiherbi-
vores according to their mode of locomotion (taxa
capable of swimming vs taxa that cannot swim;
Merritt and Cummins 1984, Moog 1995, Tachet et al.
2000). This classification yielded 4 trait groups:
swimming predators, nonswimming predators,
swimming detritiherbivores, and nonswimming det-
ritiherbivores. For each trait group, I compared the
number of taxa caught per trapping duration among
the attractant treatments. Data were not distributed
normally, even after transformation. Therefore, I used
Kruskal–Wallis tests, followed by Mann–Whitney U
tests as a post hoc procedure (Bonferroni corrected:
0.05/3, a = 0.017) to compare the 4 groups.

Results

A total of 3361 individuals belonging to 90 taxa
were caught in the 108 activity traps. The 5 most
dominant taxa collected were Triaenodes bicolor (Tri-
choptera) with 47% of the total macroinvertebrate
abundance, Gammarus sp. (Amphipoda; 12%), Cloeon
sp. (Ephemeroptera; 3%), Stylaria lacustris (Oligo-
chaeta; 3%), and Dugesia (Tricladida; 2%).

Trapping duration

Across all treatments, 476 individuals belonging to
59 taxa were caught when trapping duration was 48 h.
An increase in trapping duration to 96 h resulted in a
total catch of 922 individuals and 65 taxa, and a
trapping duration of 168 h yielded 1963 individuals
and 82 taxa. Across all treatments, the mean number
of taxa (F2,66 = 44.0, p = 0.000) and number of
individuals (F2,66 = 69.1, p = 0.000) per trap increased
with trapping duration (Fig. 2A, B).

The pattern differed when data were standardized
to an equal trapping duration (individuals or taxa
captured h21 trap21). Total number of individuals
captured/h remained constant with increasing trap-
ping duration (mean 6 1 SE; t = 48 h: 0.63 6 0.11
individuals h21 trap21, t = 96 h: 0.83 6 0.19
individuals h21 trap21, t = 168 h: 0.85 6 0.13
individuals h21 trap21; J = 31.0, z = 1.03, p =

0.176), whereas the number of taxa captured/h
decreased as trapping duration increased (t = 48 h:
0.27 6 0.03 taxa h21 trap21, t = 96 h: 0.20 6 0.01 taxa
h21 trap21, t = 168 h: 0.15 6 0.01 taxa h21 trap21; J =

2.00, z = 23.24, p = 0.000). When data for each
taxonomic group were analyzed separately, the
number of individuals caught per h was comparable
for all 3 trapping durations (Table 1). Oligochaeta
were the only exception and showed a significant

positive trend in abundance with increasing trapping
duration ( J = 316.5, z = 3.125, p = 0.001).

The rate of taxon accumulation per sample did not
differ significantly between trapping durations of 48
and 96 h. The overlapping 95% confidence intervals
indicated that the number of taxa added per sample
was similar for t = 48 and t = 96 (Fig. 3A). A trapping
duration of 168 h appeared to be more efficient for
collecting taxa. The rarefaction curve was steeper, and
more taxa were caught. At .5 samples, 95% confi-
dence intervals for t = 168 h did not overlap with the
95% confidence intervals for 48 h and t = 96 h
(Fig. 3A). None of the 3 curves reached an asymptote,
a result indicating that only part of the macroinver-
tebrate assemblage was captured.

When accumulation curves were expressed as
number of taxa accumulated per individual, 95%

confidence intervals for all 3 curves overlapped, at
least for the smallest number of individuals compa-
rable for all trapping durations (Fig. 3B). This
outcome indicated that, for a fixed number of
individuals caught, a similar number of taxa was

FIG. 2. Log10(x)-transformed mean (61 SE) total number
of taxa/trap (A) and total number of individuals/trap (B)
for attractant treatments and trapping durations. Bars with
the same letters are not significantly different.
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collected, and the seemingly greater efficiency at t =

168 h could have been partly an effect of collecting
more individuals.

Attractants

Attractants had no effect on the total number of
individuals (F2,33 = 0.48, p = 0.621) or total number of
taxa (F2,33 = 0.68, p = 0.515) captured regardless of
trapping duration, and attractant treatment and
sampling duration did not interact significantly, a
result indicating that the patterns observed for the
different treatments were comparable across sam-
pling durations (Fig. 2A, B). In contrast, the trophic
rank of the taxa caught appeared to affect the
response to the attractant treatments in traps (Pillai’s
Trace, p = 0.022). When trapping duration was 48 h,
attractants influenced trapping results for predators
(F2,36 = 6.02, p = 0.006) but not for detritiherbivore
taxa (F2,36 = 0.95, p = 0.397) (Fig. 4A). More predator
taxa were caught with baited traps than with control
traps and traps containing leaves. Attractants did not
influence predators or detritiherbivores caught when
trapping duration was increased to 96 h (Pillai’s
Trace, p = 0.289; predator taxa: F2,36 = 1.24, p = 0.303;
detritiherbivore taxa: F2,36 = 2.07, p = 0.143; Fig. 4B)
or to 168 h (Pillai’s Trace, p = 0.131; predator taxa:
F2,36 = 1.787, p = 0.183; detritiherbivore taxa: F2,36 =

1.983, p = 0.154; Fig. 4C).
The triclad Dugesia sp. (IndVal score 69%, p =

0.000) could be considered characteristic for the baited
traps, but only when trapping duration was 48 h. The
specificity of this taxon for baited traps disappeared
with longer trapping duration because its frequency
and abundance decreased in baited traps and in-
creased in the other treatments. The beetles Cybister
lateralimarginalis (IndVal score 33%, p = 0.025) and

Graphoderus cinereus (IndVal score 33%, p = 0.025)
occurred in higher numbers than expected by chance
in the baited traps when trapping duration was 48 h.
When trapping duration was 168 h, the chironomid
Orthocladius holsatus (IndVal score 43%, p = 0.020)
occurred in higher numbers than expected by chance
in the traps containing leaves, and nymphs of
Naucoridae (IndVal score 35%, p = 0.047) occurred
in higher numbers than expected by chance in control
traps. IndVal scores for these taxa were ,55% because
of their occurrence in low numbers in the traps. These
taxa were considered asymmetrical indicators, and
their potential indicator value could not be separated
from the possibility that their presence was accidental
or anecdotal.

Mode of locomotion affected trapping results. For
control traps, the number of swimming predator (H[2]
= 18.327, p = 0.000), swimming detritiherbivore (H[2]
= 9.615, p = 0.005), and nonswimming detritiherbi-
vore (H[2] = 7.126, p = 0.025) taxa differed signifi-
cantly among trapping durations (Fig. 5A). The
number of swimming predator taxa was greater at t
= 96 h than at t = 48 h (U = 20.5, p = 0.002, r =

20.62), but did not differ significantly between t = 96
and t = 168 h (U = 38.5, p = 0.049, r = 20.40). The
number of swimming detritiherbivore taxa did not
differ between t = 48 h and t = 96 h (U = 47.0, p =

0.184, r = 20.31) or between t = 96 h and t = 168 h (U
= 37.5, p = 0.036, r = 20.43), but did differ
significantly between t = 48 h and t = 168 h (U =

25.5, p = 0.005, r = 20.56). The number of nonswim-
ming detritiherbivore taxa did not differ significantly
among trapping durations (post hoc Mann–Whitney
U test), indicating that differences between trapping
durations were small (Fig. 5A). For baited traps, only
the number of nonswimming detritiherbivore taxa
differed significantly among trapping durations (H[2]

TABLE 1. Effect of an increase in trapping duration on the relative number of individuals captured per trap for various
taxonomic groups. Catch for the different trapping durations was standardized to number of individuals captured per hour and
tested for trends in abundance with Jonckheere–Terpstra tests. Only untreated traps were used in the analysis (n = 12/trapping
duration). The level of significance was Bonferroni-corrected for the number of taxonomic groups analyzed. ns = not significant, *
= significant (1-tailed) p , 0.005 (Bonferroni-corrected).

Taxonomic group J z p

Platyhelminthes 230 0.435 0.342 ns

Oligochaeta 316.5 3.125 0.001*
Hydracarina 265.5 1.445 0.075 ns

Amphipoda 199 20.495 0.309 ns

Ephemeroptera 204.5 20.345 0.372 ns

Heteroptera 258 1.310 0.093 ns

Coleoptera 250 1.015 0.153 ns

Diptera:Chironomidae 243 0.894 0.187 ns

Diptera:non-Chironomidae 251.5 1.176 0.127 ns

Trichoptera 281.5 1.911 0.026 ns
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= 9.591, p = 0.003). The number of nonswimming
detritiherbivore taxa was higher at t = 168 h than at t
= 96 h (U = 25.5, p = 0.004, r = 20.57), but did not
differ significantly between t = 48 h and t = 96 h (U =

55.0, p = 0.367, r = 20.21) or between t = 48 h and t =

168 h (U = 33.5, p = 0.022, r = 20.48) (Fig. 5B). For
traps containing leaves, the number of swimming
predator (H[2] = 9.019, p = 0.008) and nonswimming
herbivore (H[2] = 12.562, p = 0.002) taxa differed
significantly among trapping durations. The number

of swimming predator taxa was higher when t = 96 h
than when t = 48 h (U = 28.5, p = 0.01, r = 20.53) and
was comparable between t = 96 h and t = 168 h (U =

51.0, p = 0.229, r = 20.25). The number of nonswim-
ming detritiherbivore taxa did not differ significantly
between t = 48 h and t = 96 h (U = 46.0, p = 0.127, r =

20.33) or between t = 96 h and t = 168 h (U = 34.5, p
= 0.030, r = 20.45), but was significantly higher when
t = 168 h than when t = 48 h (U = 15.5, p = 0.001, r =

20.68) (Fig. 5C).

FIG. 3. Sample-based (A) and individual-based (B) taxon accumulation curves with 95% confidence intervals (CI) of activity
trap catches for different trapping durations: t = 48, 96, or 168 h. Sample order was randomized 50 times to obtain means.
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Discussion

Trapping duration

Most investigators who have used activity traps to
catch macroinvertebrates have used trapping dura-
tions of 24 to 48 h (e.g., Murkin et al. 1983, Brinkman
and Duffy 1996, Turner and Trexler 1997, Hyvönen
and Nummi 2000, Becerra Jurado et al. 2008). Our
results indicate that this duration is too short, at least
when the goal of a study is to describe the
macroinvertebrate assemblage present in a water
body. Extending the trapping duration to 96 h or
168 h resulted in a considerable increase in the
number of macroinvertebrate taxa and individuals
recorded. Trapping efficiency, in terms of adding new
taxa with every new sample collected, increased

markedly, especially for a trapping duration of 168 h.
Because deployment and retrieval time remain equal
regardless of trapping duration, this increase in
efficiency offers the possibility of gaining more
information with the same labor in the field. Extra
effort is required only for counting and identification
of the larger number of individuals and taxa collected
per trap.

The goals of a study dictate how long traps should
be deployed. The absolute increase in total number of
taxa collected with increasing trapping duration
should be weighed against the decrease in relative
number of taxa caught/h when trap deployment
times are standardized to an equal trapping duration.
A short trapping duration probably captures mostly
invertebrates with high activity-density (abundant,
very mobile, or both), whereas a longer trapping
duration increases the chance of including uncommon
or less mobile taxa. Abundant taxa could be interest-
ing from a functional point of view (for example,
foodweb studies, ecosystem functioning) but often are
generalist species that are both locally common and
widely distributed on a larger geographical scale.
Specialists or sensitive species usually have a more
limited distribution and tend to be locally uncommon,
at least in human-affected ecosystems (Brown 1984,
Hanski and Gyllenberg 1997). Specialists or sensitive
species could be more informative as indicators of,
for example, environmental change (Cao et al. 1998).
Therefore, the need for longer trapping durations
seems to be greater when activity traps are used for
bioassessment or biodiversity studies than when the
main interest is the relative abundance and composi-
tion of the abundant taxa.

However, rarity is a relative concept. Many of the
taxa I caught in low abundance would have been
quite common had another sampling technique been
used. An example is Gastropoda, a bias that Brinkman
and Duffy (1996) also noted. The macroinvertebrate
assemblage collected depends on the activity and
mobility of macroinvertebrates, so mode of locomo-
tion is an important factor determining movement
potential and, thus, the trapping rate of organisms
(Turner and Trexler 1997). Swimming invertebrates
were well represented in the traps, a result that is not
surprising because their active movement through the
water column increases their likelihood of encounter-
ing the funnel opening. Taxa that cannot swim have a
much lower probability of encountering the trap
opening because they have to reach the trap actively
by climbing the structure or by passive transport
toward the trap, as might happen, for example, when
they are dislodged by wind-induced water move-
ment. As expected, nonswimming taxa were trapped

FIG. 4. Mean (61 SE) number of predator (P) and
detritiherbivore (DH) taxa/trap for trapping durations: t
= 48 (A), 96 (B), or 168 h (C). Bars with different letters are
significantly (p , 0.05) different. Within groups, bars
without letters are not different.
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in lower numbers than swimming taxa. However,
mode of locomotion can not always be determined
based on morphology alone and can vary with life
stage or instar. For example, early instars of Chir-
onomidae occasionally disperse passively through the
water column, whereas late instars live in tubes
attached to the substrate (Davies 1976).

A problem associated with defining the role of
locomotion of the macroinvertebrates collected is that
the actual trapping range of the activity traps is
unknown. Little is known about the home range of
macroinvertebrate species in lentic freshwater ecosys-
tems (Van de Meutter et al. 2006), so the exact origin
of the organisms collected is difficult to derive. I do

FIG. 5. Mean (61 SE) number of taxa/trap for predators (P) and detritiherbivores (DH) with different modes of locomotion
(swimmers [S], nonswimmers [N]) for attractants: control (A), bait (B), or leaves (C). Bars with different letters are significantly (p
, 0.05) different. Within groups, bars without letters are not different.
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not know whether the home ranges of the taxa
collected overlapped a series of proximate traps or
just one trap, but any overlap probably varied over
different scales for different species. Nevertheless, as
trapping duration increased, the rate at which
invertebrates encountered control traps was relatively
constant. This outcome indicates that the traps did not
deplete macroinvertebrate populations in their imme-
diate surroundings. Had depletion occurred, the
capture rate would have been high immediately after
traps were deployed, followed by a decline with
increasing trapping duration. However, the opposite
scenario also was not the case, i.e., traps did not
become more attractive over time for certain groups of
invertebrates. An increase in capture rate with
trapping duration would have indicated active
colonization of the traps.

Using more traps with a shorter trapping duration
does not provide the same trapping efficiency as
using fewer traps with a longer trapping duration, at
least not for a trapping duration of 168 h. I see 2
possible explanations for the increase in efficiency
with a longer trapping duration. First, the increase
could have been a sampling effect if the chance of
including new taxa became higher because the
number of individuals increased rapidly with in-
creased trapping duration (Douglas and Lake 1994).
This explanation is supported by the fact that the
higher efficiency of the longest trapping duration
disappeared when the number of new taxa added was
standardized per individual captured. Second, a
trapping lag linked to mode of locomotion or activity
pattern might exist for certain taxa. Whether a
deployment time of .168 h would yield an even
higher trapping efficiency by including additional
taxa is not known. This lack of clarity makes it
difficult to predict the sampling effort needed to
describe adequately the macroinvertebrates present in
the study system. On the other hand, further
increasing trapping duration has several potential
problems. First, the longer the traps are deployed, the
greater the chance of trap disturbance by weather
conditions, water-level fluctuations, or animals and
fish. Second, longer duration could increase mortality
of macroinvertebrates and lead to loss of individuals
or hinder identification.

Physicochemical factors, habitat structure, and
biotic interactions all influence invertebrate activity-
density patterns. For example, fluctuations in water
temperature, O2 concentration, daylight intensity,
resource availability, and predator activity can sud-
denly induce or reduce the activity of organisms
(Murkin et al. 1983, Wellborn et al. 1996, Schloss 2002,
Tolonen et al. 2003). Oligochaeta was the only

taxonomic group for which I observed a change in
activity pattern with increasing trapping duration.
The taxa caught (mainly Chaetogaster sp. and Stylaria
lacustris) were relatively good swimmers, so mode of
locomotion probably was not the main factor explain-
ing this increased abundance. A possible explanation
could be an Oligochaeta bloom. Population doubling
time for the dominant taxa observed is ,4 to 5 d at
20uC (Löhlein 1999). The question then is what could
have triggered such a bloom. My study took place in a
relatively short time period with no large weather
fluctuations, so I infer that no major changes in
conditions that could have resulted in large deviations
in activity-density occurred during the sampling
period. Populations of vertebrate predators (fish,
frogs, newts) in the ditches and the density of the
submerged vegetation structure also did not change
during the study (RCMV, personal observation).
Therefore, I speculate that resource availability arising
from epiphyton growth on the inside of the trap or an
algal bloom in the ditch might have changed and
could have induced an increase in population size
and in capture rate.

Another important issue is the influence of preda-
tors in the traps on the total number of individuals
and taxa recorded. Elmberg et al. (1992) found that
invertebrate predators affected neither the abundance
nor the taxonomic diversity of activity-trap catches. I
was unable to investigate this idea because predators
were present in every trap. Nevertheless, both the
number of predators and the number of detritiherbi-
vores increased with trapping duration, results
indicating that accumulation of predators in the traps
did not cause a depletion of the number of detriti-
herbivores. Predators might feed mainly on zooplank-
ton (which I did not take into account), or perhaps
their feeding rate was very low. A low feeding rate of
predators could be the consequence of low O2

concentration in the traps. The presence of dead
organisms in the traps leads to rapid O2 depletion
(RCMV, personal observation) because of increased
bacterial respiration. Low O2 concentrations occur
frequently in drainage ditches (Kersting and Kou-
wenhoven 1989), and most macroinvertebrates there
can survive short-term O2 stress. Thus, low O2

concentrations lead to reduced activity instead of
direct mortality (Kolar and Rahel 1993). Thus, low O2

concentrations decrease the rate of interaction among
captured fauna. If this is the case, including air in the
traps (e.g., by filling the traps to 75% with water)
might lead to a higher rate of biotic interactions in the
traps. Regardless, the actual extent of intratrap
predation is unknown and is an unstudied but
important question in activity-trap methododology.
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Attractants

The use of attractants to improve trapping efficien-
cy gave mixed results. Bait increased the number of
predatory macroinvertebrate taxa relative to in con-
trols when t = 48 h, and comparable numbers of
predators were reached in the 2 treatments only when
trapping duration was §96 h. This finding indicates
that chemical cues from inside the trap were released
into the water column and attracted macroinverte-
brates. Cat food was an especially strong attractant for
Dugesia flatworms. Dugesia have well developed
chemoreceptors for detecting chemical cues of poten-
tial food sources and actively search for food, which
enhances their trapping rate (Seaby et al. 1995). Baited
traps also tended to attract large Dytiscidae, but these
beetles were trapped in densities that were too low for
statistical analysis.

The size and shape of the plume of infochemicals
generated by the bait is not known, but its effects were
of short duration. Baited traps increased captures only
for a trapping duration of 48 h. Seaby et al. (1995)
found that predatory responses of Hirudinea and
Tricladida to decaying prey declined dramatically
after 24 h, and none were feeding at 48 h. I did not
find Hirudinea in higher numbers in baited than in
control traps, despite considerable trophic overlap
with Tricladida. Leeches and Tricladida might parti-
tion food resources in the ditches such that leeches
use more living prey (Seaby et al. 1996).

Chemical cues also are generated by trapped
macroinvertebrates (Brönmark and Hansson 2000,
Burks and Lodge 2002). The strength of these
macroinvertebrate cues in the traps is unknown, as
is whether these chemical signals were stronger than
the cues generated by the bait. If this latter possibility
is the case, the accumulation of organisms in the trap,
both alive and dead, could have interfered with the
chemicals released from the bait. Moreover, the
presence of live invertebrates in the traps could have
affected the behavior of the organisms in the
surrounding water column. Predator avoidance based
on chemical cues is common among freshwater
organisms (Brönmark and Hansson 2000, Burks and
Lodge 2002), and the presence of certain predators in
the trap might deter prey from approaching the trap.
Predators were captured in every trap, so certain
species might simply have avoided the traps com-
pletely because of their presence. On the other hand,
one individual of a species could have attracted other
members of their species into the trap, e.g., for
reproduction (Hilsenhoff 1987).

Another type of cue could have arisen from
macroinvertebrates that died or decayed in the traps

as a result of predation or adverse conditions. When
traps were recovered, most contained several dead
invertebrates. In particular, plastron breathers
drowned rapidly in the traps because they could not
replenish their air supply. Chemical cues from dead
or wounded organisms in the trap can deter species
that respond to the chemical cues released by dead
conspecifics and could result in trap avoidance (Burks
and Lodge 2002). Alternatively, decaying macroin-
vertebrates might be analogous to the bait I added to
the traps and generate a strong chemical cue for
invertebrate scavengers.

Addition of leaves to the traps did not result in
differences in taxonomic composition or abundances
compared to other treatments. I see 2 explanations for
this outcome. First, decaying organic material is
available in high quantities in densely vegetated
ditches, so detritivores had a large array of alternative
food sources. Second, invertebrates are attracted to
the bacteria, fungi, and epiphyton associated with the
dead organic matter instead of to the leaf material
itself (De Lange et al. 2005). Therefore, despite
preconditioning of the leaves in the laboratory, the
level of conditioning of the leaf material might have
been too low to release a chemical cue strong enough
to attract macroinvertebrates.

Despite their apparent short-term effectiveness for
certain taxa, use of attractants in traps is not common
in freshwater macroinvertebrate studies, except those
of crayfish (e.g., Somers and Stechey 1986). A major
problem with chemical attractants is that their effects
are species specific and ecosystem dependent. For
example, Gammarus pulex was readily attracted to bait
in streams (Allan and Malmqvist 1989), but in the
ditches in my study, their capture rate did not differ
between baited and unbaited traps. This specificity
makes standardization of baited traps very difficult
and reduces their usefulness for large-scale applica-
tion.
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men Österreichs. Bundesministerium für Land- und
Forstwirtschaft, Umwelt und Wasserwirtschaft, Was-
serwirtschaftskataster, Vienna, Austria.

2010] OPTIMIZING ACTIVITY TRAP SAMPLING 1239



MURKIN, H. R., P. G. ABBOTT, AND J. A. KADLEC. 1983. A
comparison of activity traps and sweep nets for
sampling nektonic invertebrates in wetlands. Freshwa-
ter Invertebrate Biology 2:99–106.

MUSCHA, M. J., K. D. ZIMMER, M. G. BUTLER, AND M. A.
HANSON. 2001. A comparison of horizontally and
vertically deployed aquatic invertebrate activity traps.
Wetlands 21:301–307.

O’CONNOR, A., S. BRADISH, T. REED, J. MORAN, E. REGAN, M.
VISSER, M. GORMALLY, AND M. SHEEHY SKEFFINGTON. 2004. A
comparison of the efficacy of pond-net and box
sampling methods in turloughs – Irish ephemeral
aquatic systems. Hydrobiologia 542:133–144.

SCHLOSS, A. L. 2002. A laboratory system for examining the
influence of light on diel activity of stream macro-
invertebrates. Hydrobiologia 479:181–190.

SEABY, R. M. H., A. J. MARTIN, AND J. O. YOUNG. 1995. The
reaction time of leech and triclad species to crushed
prey and the significance of this for their coexistence in
British lakes. Freshwater Biology 34:21–28.

SEABY, R. M. H., A. J. MARTIN, AND J. O. YOUNG. 1996. Food
partitioning by lake-dwelling triclads and glossiphoniid
leeches: field and laboratory experiments. Oecologia
(Berlin) 106:544–550.

SCHMIDT-KLOIBER, A., AND R. C. NIJBOER. 2004. The effect of
taxonomic resolution on the assessment of ecological
water quality classes. Hydrobiologia 516:269–283.

SOMERS, K. M., AND D. P. M. STECHEY. 1986. Variable
trapability of crayfish associated with bait type, water

temperature and lunar phase. American Midland
Naturalist 116:36–44.

TACHET, H., M. BOURNAUD, P. RICHOUX, AND P. USSEGLIO-
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