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Sampling aquatic invertebrates from marshes: evaluating the options 

ANDREW M. TURNER1 AND JOEL C. TREXLER 

Southeast Environmental Research Program and Department of Biological Sciences, 
Florida International University, Miami, Florida 33199 USA 

Abstract. Designing an effective sampling program and accurately interpreting the results requires 
a knowledge of the sampling characteristics of the various devices which might be used, but such 
knowledge is lacking for invertebrate samplers that can be used in heavily vegetated wetlands. We 
evaluated the sampling characteristics of 8 invertebrate samplers in vegetated habitats by employing 
them side-by-side in the Florida Everglades. The samplers differed in the number of individuals 
captured, number of species captured, and the equitability of species abundances. A funnel trap, a 
D-frame sweep net, and a stovepipe collected more individuals, more taxa, and a more even distri- 
bution of individuals among taxa, than did a 1-m2 throw trap and Hester-Dendy artificial substrates. 
Three other samplers, a minnow trap, a benthic corer, and a plankton net, captured very few indi- 
viduals. Most importantly, samplers differed consistently in the taxonomic composition of the inver- 
tebrates each captured. These differences argue for the use of several complementary methods in 
order to gain a complete representation of the invertebrate assemblage. We discuss issues involved 
in choosing samplers and recommend the use of 3: the funnel trap, the D-frame sweep net, and the 
1-m2 throw trap, for studies of aquatic invertebrates in heavily vegetated wetlands such as the Ev- 
erglades. 

Key words: sampler bias, aquatic invertebrates, aquatic macrophytes, species richness, rarefaction, 
relative abundance, species composition, marsh, wetlands, Everglades. 

Aquatic ecologists have devised a wide vari- 

ety of methods with which to sample inverte- 
brates from aquatic habitats (Cummins 1962, 
Hellawell 1978, Downing and Rigler 1984, Mer- 
ritt et al. 1984). Deciding which methods to in- 
clude in a sampling program requires consid- 
eration of the sampling characteristics of each, 
the relevance to the question at hand of the taxa 

captured by each sampler, and the labor re- 

quirements. Comparisons have been made of 
devices used to sample invertebrates in lakes 

(review in Downing 1984), and fish in shallow, 
marsh habitats (Kushlan 1974, 1981, Freeman et 
al. 1984, Chick et al. 1992, Loftus and Ekland 

1994) but only a few comparative studies have 
been made of methods used to sample inverte- 
brates in freshwater marshes and other vegetat- 
ed wetlands (e.g., Murkin et al. 1983, Chael et 
al. 1993, Brinkman and Duffy 1996). 

Heavily vegetated wetlands present several 

challenges to those wishing to study aquatic in- 
vertebrates. First, choosing appropriate sample 
sites is not straightforward. Marshes are usually 
patterned into a mosaic of discrete vegetation 
associations (Gunderson 1994), and sampling 

1 Present address: Pymatuning Laboratory of Ecol- 
ogy, University of Pittsburgh, 13142 Hartstown Road, 
Linesville, Pennsylvania 16424 USA 

may need to be stratified with respect to these 

large-scale patterns (Elliott 1977, Green 1979). 
The vegetation may also be very dense. For ex- 

ample, sawgrass (Cladium jamaicense) covers 

great expanses of the Florida Everglades with 
>50 stems/m2 (Urban et al. 1993), so any sam- 

pler used in these habitats must be able perform 
effectively in thick vegetation. Finally, marsh 
water levels may vary seasonally and spatially, 
and invertebrate samplers must be able to func- 
tion at various depths. 

Here we describe how we evaluated 8 meth- 
ods of sampling aquatic invertebrates from 

heavily vegetated wetlands by employing them 

side-by-side. Our goal was to describe how com- 

monly used samplers differ from one another in 
the numbers and kinds of invertebrates they 
capture, thereby aiding aquatic ecologists in 

making informed choices of sampling methods 
and in the interpretation of studies using differ- 
ent methods. Therefore, we chose for compari- 
son a diverse group of sampling devices reflect- 

ing the range that might actually be used to 

sample marshes. Because our objective was to 
see how the methods differed, we did not at- 

tempt to standardize sampler mesh sizes or any 
other aspect of sampler use. Instead, we used 
each in the manner that they are most often em- 
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TABLE 1. Environmental characteristics of the study site. Fish species richness and densities are from the 
1-m2 throw trap, and stem densities are from 20 randomly selected 1-m2 quadrants. Floating mat consists of 
periphyton and vascular plants; biovolume estimated with 1000-mL graduated cylinder. All values are means 
for the plot (+1 SD), n = 10, except for vegetation and periphyton (n = 20). 

Sawgrass Spikerush Cattail 

Fish species richnessa 6 6 5 
Fish density (no./m2)a 32.5 13.1 91.9 
Fish standing crop (g/m2)a,b 0.2 0.3 1.1 
Sawgrass stems (no./m2) 128.9 (23.1) 2.1 (9.8) 43.8 (63.9) 
Spikerush stems (no./m2) 0 184.5 (97.3) 0 
Cattail stems (no./m2) 0 0 19.4 (15.0) 
Submerged plant cover (%) 8.5 (17.8) 81.2 (22.3) 2.8 (11.2) 
Floating mat biovolume (cm3/m2) 225.0 (438.4) 5384.8 (2057.3) 47.5 (87.7) 
Total phosphorus-soil (pxg/g)c 254.1 (50.2) 135.9 (112.6) 269.2 (73.0) 
Total phosphorus-water (JLg/L)c 20.0 (2.9) 23.5 (7.3) 31.5 (3.6) 
Water depth (cm)d 31.5 (1.5) 44.1 (2.4) 25.8 (4.0) 

a Fish summary statistics do not include the occasional large fish (i.e., largemouth bass Micropterus salmoides 
and warmouth Lepomis gulosus) b Dry mass 

c Phosphorus concentrations in soils and water supplied by R. Jones, Florida International University d Water depths at beginning of study in early April 

ployed. We included devices which sampled in- 
vertebrates from each of the marsh's sub-habi- 
tats: the benthic infauna, the epibenthic and epi- 
phytic fauna, and the planktonic fauna. In ad- 
dition, we employed both passive samplers 
(funnel traps and an artificial substrate) and ac- 
tive samplers (nets, enclosure traps, and a cor- 
er). We compared their measurements of vari- 
ables most commonly measured by aquatic ecol- 

ogists: invertebrate abundance, species richness, 
relative abundance, and taxonomic composition. 
In addition, we compared the precision with 
which each sampler estimated invertebrate 
abundance, and we estimated the labor costs as- 
sociated with using each sampler. 

Methods 

Study area 

We conducted our study in the marshes of the 
Florida Everglades, a widely known but little- 
studied example of a vegetated wetland. The 

Everglades occupies a shallow limestone de- 
pression near sea level and historically received 
most of its water and nutrients from seasonal 
rainfall (Davis 1994). Oligotrophic waters, sea- 
sonal sheet flow, and a subtropical climate are 
thought to be responsible for the characteristic 
fauna and flora of the Everglades (Steward and 
Ornes 1975, Davis 1991). Despite recent interest 

in the effects of altered hydroperiod and nutri- 
ent enrichment on the aquatic communities of 
the Everglades, only a few studies of aquatic in- 
vertebrates there have been published (e.g., Lof- 
tus et al. 1990, Rader and Richardson 1992, 1994, 
Rader 1994). Therefore, an ancillary goal of our 

study was to present a preliminary description 
of the patterns of abundance and diversity of 

aquatic invertebrates in the marsh. 
We chose for study an area in the southwest 

corner of Water Conservation Area 3B. The Ev- 

erglades has several distinct vegetation associ- 
ations, the most widespread being densely veg- 
etated sawgrass marshes (Cladium jamaicense) 
and sparsely vegetated slough communities 
dominated by the emergent rush Eleocharis spp. 
(spikerush), submerged Utricularia spp., and pe- 
riphyton (Loveless 1959, Craighead 1971, Gun- 
derson 1994). Recent changes in nutrient load- 

ing, hydroperiod, and fire regime are causing a 
conversion to cattail marsh (mostly Typha dom- 

ingensis) in some areas (Davis 1994, Davis et al. 
1994, Gunderson and Snyder 1994). We estab- 
lished a study plot in each of these 3 vegetation 
associations, hereafter referred to as the saw- 

grass plot, spikerush plot, and cattail plot (en- 
vironmental characteristics of each plot are sum- 
marized in Table 1). For each of the 3 vegetation 
plots, we established a square sampling grid 
containing 100 stations uniformly arranged in a 
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45-m by 45-m quadrat and randomly selected 
10 stations. We then used the 8 methods de- 
scribed below to sample each of the 30 stations, 
taking care not to overlap the actual areas sam- 

pled. Thus, each sampler generated 30 samples 
(10 from each plot), and each set of 30 samples 
was taken from the same set of sampling sta- 
tions. Sampling was conducted in the spring of 
1995, except for the plankton, which was sam- 

pled in March of 1996. Mean water depth was 
34 cm at the beginning of sampling, fell to 17 
cm by mid May, and then rose to 39 cm by the 
end of the sampling period in mid June 1995. 

Sampling methods 

Sweep net.-We used a conventional D-frame 

sweep net (mesh size = 1.2 mm, mouth area 690 

cm2). We took one sweep of 0.5 m length at each 

sample station (a floating meter stick was used 
for reference), yielding an estimated volume fil- 
tered of 34,500 cm3 (assuming 100% sampling 
efficiency). In shallow-water conditions such as 
those experienced during this study, the net 
mouth spans most or all of the water column, 
and the net is used by bumping it horizontally 
along the bottom (Usinger 1956, Macan 1977, 
Chael et al. 1993), thereby sampling epibenthic 
as well as epiphytic invertebrates. Samples were 
taken to the laboratory, washed through a 
0.5-mm sieve, and placed into a white enamel 

pan where live animals were manually separat- 
ed from plant material. Animals were then pre- 
served in 10% formalin for identification and 
enumerated under a dissecting scope in the lab- 

oratory. 
Stovepipe.-The stovepipe sampler was a cy- 

lindrical enclosure trap 34 cm in diameter and 
60 cm tall. Similar samplers are often used to 

sample benthic and littoral habitats (Merritt et 
al. 1984) and are sometimes called Wilding sam- 

plers (Wilding 1940). Like the sweep net, this 
method samples epibenthic as well as epiphytic 
habitats. We used the stovepipe by quickly forc- 

ing it down through the vegetation to the marsh 
bottom and firmly seating it in the peat. We then 
removed material through the open top of the 

sampler by hand and by dipping with small 
nets (12 cm x 14 cm, 1.0-mm mesh). We stan- 
dardized netting effort by having two people 
dip continuously for a total of 5 min. Animals 
were sorted and processed as described for the 

sweep net. 

Throw trap.-The throw trap was a square 
cage (1 m on a side) open at the top and bottom, 
with 2 mm mesh enclosing the sides. The trap 
was thrown into the marsh, and the interior of 
the trap was then cleared with a 2-mm-mesh 
bar seine (Kushlan 1981, Chick et al. 1992). The 
bar seine was a 1 m x 0.5 m rectangular frame 
with netting stretched across it. We seined until 
2 consecutive hauls yielded no invertebrates, 
and then used 2 dip nets, with 5-mm and 
1.2-mm mesh respectively, until 10 consecutive 

nettings yielded no invertebrates. Invertebrates 
(as well as fish) were hand picked from each bar 
seine haul or dip net sweep as it was taken, and 
were preserved in formalin for identification 
and enumeration. 

Benthic corer.-We collected 1 sediment core 
from each sample station using a plexiglass cor- 
er 6.5 cm in diameter which was inserted 8 cm 

deep into the sediments (Flannagan 1970, Kajak 
1971). The cores were washed through 2 stacked 
sieves, 0.5-mm and 0.125-mm mesh, and the 
contents of the 0.5-mm sieve were placed in a 

tray and searched for 1 h. The contents of the 
0.125-mm sieve were placed in a 20% solution 
of MgSO4 for flotation of animals, which were 
then picked from the surface of the solution by 
hand. All animals recovered were then pre- 
served in 10% formalin for laboratory identifi- 
cation and enumeration. 

Funnel trap.-The funnel trap consisted of 9 
funnels 65 mm in diameter and with necks 55 
mm long set into an acrylic frame and emptying 
into 30-mL bottles (Szlauer 1963, Whiteside and 
Williams 1975, Brakke 1976, Whiteside and Lin- 

degaard 1980). Neck diameter of the funnels 
was 4.5 mm, limiting passage to animals with 
a body width smaller than this dimension. The 

sampler was placed on the substrate of the 
marsh in mid-morning with the funnels facing 
downwards, allowed to remain in place for 24 
h, and removed the following day. The contents 
of the 9 bottles were pooled into a single sample 
and preserved in 10% formalin. Samples were 
rinsed through a 0.153-mm-mesh screen, and 
invertebrates were enumerated under a dissect- 

ing scope. 
Minnow trap.-Minnow traps were construct- 

ed of galvanized wire (6-mm mesh), were 44.5 
cm long, 22.9 cm diameter, and had a funnel 

opening of 3.1 cm (Memphis Net and Twine Co., 
Memphis, Tennessee). The trap was deployed, 
unbaited, on the marsh bottom in midafternoon 
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and left in place for 24 h. Captured invertebrates 
were identified, enumerated, and released in the 
field. 

Hester-Dendy artificial substrate.-The Hester- 
Dendy sampler (Hester and Dendy 1962) con- 
sists of a series of 75-mm-diameter hardboard 
disks alternating with 25-mm disks (Forestry 
Suppliers, Jackson, Mississippi). Spacing be- 
tween the 75-mm disks ranged from 3.5 mm to 
14 mm. Each substrate was suspended 15 cm 
below the surface of the water for 6 wk. At the 
end of this time, the substrate was removed, dis- 
assembled, and carefully washed and scraped 
clean. Material removed from the substrate was 
washed on a 0.153-mm screen, preserved in the 
field with 10% formalin, and later stained with 
Rose Bengal. Animals were sorted from detritus 
and enumerated under a dissecting scope in the 
laboratory. 

Plankton net.-We sampled planktonic fauna 
by dipping surface water from the marsh with 
1-L beakers and pouring 20 L through a 0.153- 
mm-mesh net at each sample station. Samples 
were then filtered through a 0.153-mm screen 
and preserved in 10% formalin for laboratory 
identification and enumeration. The thick vege- 
tation, shallow water, and extensive periphyton 
mats made it difficult to obtain samples free of 
benthic or epiphytic material, and we acciden- 
tally entrained large insects, oligochaetes, and 
gastropods that were obviously not planktonic; 
these taxa were excluded from our counts. 

Analyses 

We evaluated sampler efficacy from the num- 
ber of animals captured, number of taxa repre- 
sented, and the precision of abundance esti- 
mates. We also characterized the taxonomic 
composition of the animals sampled and their 
patterns of relative abundance. We considered 
the number of invertebrates per sample, rather 
than the number per standardized sample area 
or volume, because the effort associated with 
obtaining samples, as well as the power to make 
statistical inferences, is proportional to the num- 
ber of samples taken, and not necessarily the 
size of the samples. We evaluated sampler pre- 
cision by calculating the coefficient of variation 
(CV = (standard deviation / mean) x 100) for 
each sampler in each vegetation plot. Research 
on aquatic invertebrates has shown that sam- 
pling variance typically increases with the mean 

(Downing 1979, Downing and Downing 1992), 
so we used the CV instead of the standard de- 
viation to compensate for unequal means 

among samplers. We chose the variable of total 
invertebrate abundance for evaluation of sam- 

pler precision; preliminary analyses showed 
that the CVs of the abundance estimates for in- 
dividual taxa were correlated with those for to- 
tal invertebrate abundance. We considered the 
number of invertebrates per sample and the pre- 
cision of the abundance estimates in an initial 

screening of the 8 samplers, and 5 samplers 
were retained for further analyses. 

We used 2-way ANOVA to test the hypothe- 
ses that the mean number of animals captured 
and the total number of species captured dif- 
fered among samplers and vegetation types. Be- 
cause the total number of species captured is a 

plot-level variable, no within-plot replication is 

present. We used Tukey's (HSD) test to make 

post-hoc comparisons of species richness. 
Each sampler was used with equal effort in 

terms of the number of samples gathered, but 
the area sampled and number of individuals 

captured was not equal. Observed differences in 
total species richness may result from 1) differ- 
ences in the number of animals collected, or 2) 
real differences in the species richness of the as- 

semblage sampled (Sanders 1968, Simberloff 
1972, 1978, 1979). To distinguish between these 
2 possibilities, we standardized the species rich- 
ness estimates to account for differential num- 
bers of individuals (rarefaction). We pooled data 
from the 3 plots and estimated the number of 

species each sampler would recover if capture 
rates ranged from 0 to 500 organisms per sam- 

pler (calculations performed by modified ver- 
sion of the FORTRAN program RAREFACT 
found in Krebs 1989). 

We tested the hypothesis that these samplers 
differed in the equatability of species abundance 
estimates by calculating Simpson's index of di- 

versity (SI) for each sampler in each vegetation 
type. Simpson's index is a non-parametric mea- 
sure of equitability and provides an estimate of 
the probability that 2 randomly picked individ- 
uals will be different species. The index can 

range from 0 (low equitability) to near 1 (high 
equitability). We calculated Simpson's index for 
each sampler with the following formula devel- 

oped for finite populations (Simpson 1949, Pie- 
lou 1969): 

1997] 697 



A. M. TURNER AND J. C. TREXLER 

n,(n,- 1) 
SI = 1 - n(n 1) 

,_ N(N - 1) 

where s = total number of species, ni = number 
of individuals of species i in the sample, and N 
= total number of individuals in the sample. 

We characterized the taxonomic composition 
of the catch for each sampler by reducing the 
data set to a small number of uncorrelated vari- 
ables with principal components analysis (PCA). 
To reduce the influence of rare taxa as potential 
outliers (Gauch 1982), we included in this anal- 

ysis only the 20 taxa most frequently encoun- 
tered by each sampler, for a total of 55 taxa. 
Because we were interested in patterns of taxo- 
nomic composition and not patterns of abun- 
dance, we standardized the abundance of each 
taxon in a sample by the total number of ani- 
mals in that sample. We then angularly trans- 
formed these relative abundances (Sokal and 
Rohlf 1981) and performed PCA on the trans- 
formed relative abundance matrix. We extracted 
4 principal components and rotated them using 
the varimax technique (Stevens 1986). Each prin- 
cipal component can be conceptualized as de- 

scribing a unique axis of variation in the pat- 
terns of relative abundance. We then tested the 

hypotheses that the catch of samplers differed 
in taxonomic composition, and that the inver- 
tebrate assemblages of the vegetation plots dif- 
fered in taxonomic composition, by performing 
a 2-way multivariate analysis of variance 

(MANOVA) on the 4 principal components (5 
samplers and 3 plots; n = 10 replicate collections 
for each sampler-plot combination). This overall 
test was followed by Tukey's (HSD) test to de- 
tect which samplers and vegetation plots dif- 
fered. All analyses were done using the Statis- 
tical Analysis System (Release 6.09, SAS Insti- 
tute Inc., Cary, North Carolina). 

Developing an optimal sampling program de- 
mands consideration of the costs associated 
with collecting and processing each type of 

sample (Sheldon 1984, Downing and Cyr 1985, 
Brinkman and Duffy 1996). The primary costs 
are the labor requirements, and we considered 
those associated with each sample method in 
terms of person-hours invested. For invertebrate 

sampling major requirements are time spent 1) 
collecting samples from the field, 2) sorting in- 
vertebrates from associated periphyton, vegeta- 
tion, or sediments, and 3) identifying and count- 

ing the sorted samples. Because the time spent 

identifying and counting a sample is largely in- 

dependent of the technique used to gather it 

(depending primarily on the number of animals 
in the sample), we shall not consider it further. 

Collecting and sorting times were recorded for 
each sample as the work was performed. 

Results 

Invertebrate abundance 

The first and most fundamental question as- 
sociated with any sampler is "will it catch any- 
thing?" The number of animals captured de- 

pended both on the sampler used and on the 

vegetation type (Table 2; 2-way ANOVA: sam- 

pler effect, p < 0.01; vegetation effect, p < 0.01). 
Of the 8 candidate samplers, 3 captured very 
few animals. Averaged across plots, the benthic 
corer captured 1.1 invertebrates per core, the 
minnow trap captured less than 0.1 inverte- 
brates per trap, and the plankton net captured 
9.3 invertebrates per sample. The remaining 5 

samplers had overall capture rates of 20 or more 
invertebrates per sample (Table 2). 

The CV associated with estimates of inverte- 
brate abundance in each plot ranged from 36% 
to 211% (Table 2). The funnel trap, sweep net, 
throw trap, stovepipe, and Hester-Dendy artifi- 
cial substrate had the lowest CVs, with overall 
values ranging from 43% to 108%. In addition 
to capturing the fewest number of invertebrates, 
the benthic corer, minnow trap, and plankton 
net also yielded the most variable estimates of 
invertebrate abundance, with overall CVs rang- 
ing from 112% to 211%. Because the benthic cor- 
er, minnow trap, and plankton net caught so 
few animals, and because their abundance esti- 
mates were relatively variable, the remaining 
analyses will focus on the funnel trap, sweep 
net, throw trap, stovepipe, and Hester-Dendy 
artificial substrate. 

Species richness 

Our study site yielded 114 taxa of inverte- 
brates. The total number of taxa collected, how- 
ever, depended on both the sampler used and 
the vegetation type sampled (Fig. 1; 2-way 
ANOVA: sampler effect, p < 0.01; vegetation ef- 
fect, p < 0.01). Of the 5 samplers, the funnel trap 
and sweep net collected the most taxa, with the 
funnel trap collecting a total of 67 taxa and the 
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TABLE 2. Mean number of invertebrates captured by 8 different sample in each of the 3 vegetation plots, 
ranked by the coefficient of variation (CV, %) associated with the means (n = 10). Invertebrate numbers are for 
all taxa pooled together. Samplers are ranked by their overall CV; the overall CV is calculated by averaging the 
CV across the 3 vegetation plots. 

Area or Numbers of invertebrates per sample and CV 
volume Overall mean 

Sampler cleared Sawgrass Spikerush Cattail and CV 

Funnel trapa 415.5 (51) 55.6 (43) 550.8 (36) 340.6 (43) 
Sweep net 34.5 L 140.7 (75) 47.2 (55) 77.7 (37) 88.5 (56) 
Throw trap 1 m2 36.4 (46) 6.8 (67) 28.6 (64) 23.9 (59) 
Stovepipe 908 cm2 28.4 (74) 62.3 (80) 45.5 (73) 45.4 (76) 
Hester-Dendya 518.0 (98) 2.9 (110) 100.0 (116) 207.0 (108) 
Plankton net 20 L 15.6 (174) 4.6 (55) 7.6 (107) 9.3 (112) 
Benthic corer 33.2 cm2 0.6 (161) 1.1 (157) 1.5 (130) 1.1 (149) 
Minnow trap ( 0 0 ) 0.2 (211) <0.1 (211) 

aPassive sampler 

sweep net 70 taxa when the 3 habitats were 
combined. The throw trap collected fewer in- 
vertebrate taxa than any other sampler, and the 
Hester-Dendy substrate accumulated fewer taxa 
than the funnel trap and the sweep net but was 
not distinguishable from the stovepipe sampler 
(Fig. 1; Tukey's test, p < 0.05). 

When the estimates of species richness were 
standardized to a common sample size of 500 

60 

C,) 
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(1) 
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40 

20 

0 

Funnel Sweep S'pipe Hester Throw 

FIG. 1. Total species richness of invertebrates cap- 
tured by each sampling method in each vegetation 
plot. Each bar represents the number of taxa captured 
in 10 replicate samples in each vegetation type. Hori- 
zontal lines show groups of samplers that do not sig- 
nificantly differ (Tukey's test, p = 0.05). 

individuals, the rarefield estimates fall into 2 

groups: the funnel trap, sweep net, and stove- 

pipe sampler estimates were between 36 and 47 

species, while the Hester-Dendy substrate and 
throw trap estimates were only 21 and 17 spe- 
cies, respectively (Fig. 2). 

Equitability of species abundances 

The assemblage of invertebrates we sampled 
from Everglades marshes comprised a large 
number of species that were not equally abun- 
dant. We evaluated the contribution of rare taxa 
to overall catch in 2 ways. First, we plotted the 
relative abundance of the 25 most abundant in- 
vertebrate taxa in rank order for each sampler 
to illustrate the equitability of relative abun- 
dances (Fig. 3). The pattern of relative abun- 
dances illustrated in Fig. 3 is one of the most 

repeatable patterns in community ecology 
(Krebs 1989), but Fig. 3 shows that the slope of 
the relationship depends on the method used to 

sample a community. The funnel trap, stove- 

pipe, and sweep net yielded relative abundance 

patterns that appear to be more evenly distrib- 
uted than the Hester-Dendy substrate and the 
throw trap (Fig. 3). 

The rank order of Simpson's index of equita- 
bility showed the same pattern as species rich- 
ness (species richness shown in Fig. 1): the fun- 
nel trap sampler had the highest equitability (SI 
= 0.87), followed by the sweep net (SI = 0.85), 
the stovepipe sampler (SI = 0.74), Hester-Dendy 
artificial substrates (SI = 0.66) and the throw 

trap (SI = 0.64). Thus, samplers that captured a 
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FIG. 2. Rarefaction curves for each sampling method with data from the 3 vegetation plots pooled together. 
Curves are estimates of the expected number of species that would be sampled at the corresponding level of 
effort. Vertical bars represent 1 SD. 

wide variety of taxa also succeeded in capturing 
relatively more individuals from rare taxa. 

Species composition 

An examination of the 10 taxa most frequent- 
ly captured by each sampler shows that each 
sampler yielded an unique taxonomic list (Table 
3). For several comparisons, pairs of samplers 
shared none of the most frequently encountered 
species (e.g., funnel trap versus throw trap; Hes- 
ter-Dendy versus throw trap), and the other 
sampler comparisons showed that at most only 
5 of the 10 most frequently captured species 
were shared by a pair of samplers (stovepipe 
and sweep net). Because each method was em- 
ployed at the same locations, and in the same 
season, differences in invertebrate species com- 
position among samplers suggests a pattern of 
consistent bias. While it is hardly surprising that 
a particular sampler selects for some taxa and 
against others, it is necessary to characterize the 

nature of this bias in order to allow sound in- 
terpretations of the data. 

The taxonomic composition of the inverte- 
brates captured by each sampler, as summa- 
rized by PCA, depended on both the sampler 
employed (MANOVA: Wilks' Lambda = 0.0009; 
p < 0.0001), and on the vegetation plot from 
which samples were gathered (MANOVA: 
Wilks' Lambda = 0.314; p < 0.0001). Most im- 
portantly, post-hoc comparisons (Tukey's HSD) 
show that each of the 5 samplers differed sig- 
nificantly (p < 0.0001) from the other samplers 
along at least 1 axis of variation, demonstrating 
that no 2 samplers gathered the same assem- 
blage of invertebrates. 

We illustrate the taxonomic array of inverte- 
brates that is characteristic of each sampler by 
plotting principal components 1 through 4 in bi- 
variate space and identifying the taxa most 
strongly associated with each principal compo- 
nent. PC 1 discriminated most strongly between 
the funnel trap and all other samplers (Fig. 4, 
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FIG. 3. Relative abundance of invertebrate taxa relative to their rank abundance for 5 samplers. Data are 
pooled across the 3 vegetation plots; n = 30 samples for each method. The 25 most abundant taxa are shown 
for each sampler except for the throw trap, which sampled 19 taxa. 

funnel trap different from all other samplers at 
p < 0.0001, Tukey's test). Seven speces of Cla- 
docera, Copepoda, and Ostracoda were strongly 
associated with PC 1 (strong association defined 
as correlation coefficient r > ?0.45). Thus, small 
crustaceans accounted for a much larger portion 
of the funnel trap samples than of the other 4 
sample types (the 7 taxa associated with PC 1 
have mean body lengths < 0.5 mm). The 2nd 
axis of variation is almost as strong: PC 2 dis- 
criminated strongly between the throw trap and 
the other 4 samplers (the throw trap was differ- 
ent from all other samplers at p < 0.0001, Tu- 
key's test). Four taxa showed a strong positive 
association with PC 2: the grass shrimp Palae- 
monetes paludosus, the dragonfly Pachydiplax lon- 
gipennis, the pulmonate snail Pseudosuccinea col- 
umella, and the damselfly Ischnura ramburii. 
These species are among the largest inverte- 
brates of the Everglades, and may prove to be 
important grazers (shrimp and snails) and key 
predators (dragonflies and damselflies). 

Principal components 3 and 4 also strongly 
discriminated among samplers (Fig. 5). On PC 
3, the stovepipe and sweep net are indistin- 

guishable (Tukey's test, p > 0.25) but differ from 
the funnel trap, the Hester-Dendy artificial sub- 
strate, and the throw trap (Tukey's test, p < 
0.0001). PC 3 is strongly and positively associ- 
ated with 4 medium size invertebrates: the 

aquatic mite Limnesia sp., the larval dipteran 
Chironomus sp., the beetle Celina sp., and another 
mite, Oxus sp. These and other similar taxa com- 

posed most of the catch by the sweep net and 

stovepipe samplers (Table 3). Finally, PC 4 dis- 
criminated the Hester-Dendy artificial substrate 
from the other 4 samplers (Tukey's, p < 0.0001). 
PC 4 showed a very strong positive association 
with 2 groups, nematodes (r = 0.76) and oli- 
gochaetes (r = 0.77), and a strong negative as- 
sociation with amphipods (r = -0.61). Thus, 
nematodes and oligochaetes composed a larger 
portion, and amphipods a smaller portion, of 
the invertebrates sampled by this artificial sub- 
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TABLE 3. Taxa most frequently collected by each of the 5 samplers. Numbers in parentheses indicate the 
frequency with which the associated taxon was sampled (30 occurrences possible). 

Funnel trap Sweep net 

Copepoda Cyclopoidaa (30) Amphipoda Hyalella azteca (28) 
Ostracoda Cypridae (30) Hydracarina Limnesia sp. (23) 
Oligochaeta Naididae (28) Diptera Chironomus sp. (21) 
Diptera Chironomus sp. (27) Ostracoda Cypridae (21) 
Diptera Tanytarsus sp. (27) Ephemeroptera Caenis diminuta (19) 
Copepoda Osphranticum labronectum (26) Odonata Coenagrionidaeb (19) 
Cladocera Chydorus sp. (26) Gastropoda Physella hendersoni (18) 
Diptera Larsia decolorata (26) Hydracarina Oxus sp. (14) 
Copepoda nauplii (23) Hemiptera Pelecoris femoratus (14) 
Ephemeroptera Caenis diminuta (22) Odonata Pachydiplax longipennis (13) 

Stovepipe Hester-Dendy 

Amphipoda Hyalella azteca (27) Oligochaeta Naididae (21) 
Coleoptera Celina imitatrix (20) Ostracoda Cypridae (18) 
Hydracarina Limnesia sp. (19) Nematoda (16) 
Diptera Chironomus sp. (14) Copepoda Cyclopoidaa (15) 
Coleoptera Celina sp. larvae (12) Amphipoda Hyalella azteca (13) 
Coleoptera Hydrovatus pustulatus (10) Diptera Chironomus sp. (13) 
Decapoda Palaemonetes paludosus (9) Cladocera Grimaldina brazzai (13) 
Gastropoda Physella hendersoni (9) Cladocera Camptocercus rectirostris (11) 
Odonata Pachydiplax longipennis (8) Cladocera Macrothrix rosea (11) 
Diptera Larsia decolorata (8) Cladocera Chydorus sp. (7) 

Throw trap 

Decapoda Palaemonetes paludosus (28) 
Odonata Pachydiplax longipennis (20) 
Hemiptera Pelecoris femoratus (19) 
Odonata Coenagrionidaeb (14) 
Gastropoda Pseudosuccinea columella (11) 
Diptera Odontomyia sp. (7) 
Hemiptera Belostoma sp. (5) 
Gastropoda Physella hendersoni (4) 
Hemiptera Palmacorixa gillettei (3) 
Odonata Erythemis simplicicollis (3) 

a The predominant cyclopoid species were Macrocyclops albidus, Microcyclops rubellus, and Microcyclops varicans 
(Reid 1992) 
b The coenagrionids were approximately evenly split between Ischnura ramburii and Enallagma pollutum (A. M. 
Turner, personal observation), but these 2 taxa were not distinguished during sample processing 

strate relative to the catch yielded by the other (Table 4). Included in the estimate of labor in- 

samplers. volved with throw trap sampling is time devot- 

Labor requirements 

Samplers varied greatly in their labor require- 
ments (Table 4), reaffirming the importance of 

considering these costs. The throw trap required 
more field time per sample gathered than the 
other methods, but because animals were sep- 
arated from associated plant material in the 
field, we spent no laboratory time on sorting 

ed to gathering data on plant abundance and 

composition within the enclosure. The stovepipe 
sampler and sweep net, in contrast, both re- 

quired a considerable investment of laboratory 
time to sort small invertebrates from periphy- 
ton, plant material, and peat sediments (Table 
4). Hester-Dendy samplers required a moderate 
amount of time for deployment, retrieval, and 

scraping material from the substrates. The fun- 
nel traps were the most cost-effective because 
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Cladocera, Copepoda, Ostracoda 
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FIG. 4. Principal component 1 (x-axis) plotted against principal component 2 (y-axis) for each sampler (n = 
30 scores). Error bars represent 1 SD and include variation among vegetation plots as well as variation among 
replicate samples within a plot. Taxa shown are those most strongly associated with the corresponding principal 
component (r > ?0.45), and the arrows show whether the taxon is positively or negatively correlated with the 
principal component. 

they required little field time for deployment 
and retrieval and did not require any further 

sorting, but collected large numbers of inverte- 
brates (Table 4). 

Discussion 

We found that the methods we employed for 

sampling invertebrates from the Everglades var- 
ied greatly in numbers of individuals collected, 
precision of the abundance estimates, number of 

species collected, equitability of species abun- 
dances, and species composition of the catch. 
Methods also varied with respect to the labor 
costs. If four performance criteria are: maximum 
number of individuals per sample, maximum 
number of taxa sampled, and highly precise 
abundance estimates, then the samplers consid- 
ered here fall into 3 distinct classes. The funnel 

trap, sweep net, and stovepipe sampler per- 
formed best; the throw trap and the Hester-Den- 

dy artificial substrate were intermediate; and 
the minnow trap, benthic corer, and plankton 
net performed worst. 

A fundamental distinction among samplers is 
that of passive techniques (e.g., artificial sub- 
strates and funnel traps) versus active tech- 

niques (e.g., nets and enclosures). Artificial sub- 
strates and funnel traps are a popular means of 

sampling aquatic invertebrates, but data collect- 
ed with these samplers are difficult to interpret 
for several reasons. First, because the capture 
rate of any passive sampler is a product of the 
abundance of animals in the environment and 
their movement rates into/onto a sampler 
(which are rarely known), it is usually impos- 
sible to convert the capture rates of passive sam- 

plers into abundances of animals in the envi- 
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- Funnel trap 

V Sweep net 

* Stovepipe 
It A A Hester-Dendy 

* Throw trap 

I,I 
, 

I 0 

Limnesia, Chironomus, Celina, Oxus - 

PC 3 

FIG. 5. Principal component 3 (x-axis) plotted against principal component 4 (y-axis) for each sampler (n = 30 

scores). Error bars represent 1 SD and include variation among vegetation plots as well as variation among replicate 
samples within a plot. Taxa shown are those most strongly associated with the corresponding principal component (r 
> ?0.45), and arrows indicate whether the taxon is positively or negatively correlated with the principal component. 

ronment. In addition, environmental differences 

may confound comparisons of invertebrate 
abundance among habitats (Whiteside and Lin- 

degaard 1980, Murkin et al. 1983), because the 
movement rates of aquatic invertebrates depend 

TABLE 4. Mean time (h) required to collect each sam- 
ple from the field and to sort invertebrates from associated 
plants, periphyton, and sediments. Values are averaged 
across vegetation types. Times < 1 h are rounded to the 
nearest 0.1 h, times > 1 h are rounded to the nearest h. 

Sample Collecting Sorting 
Funnel trap 0.2a b 

Sweep net 0.1 4 
Stovepipe 0.2 6 
Hester-Dendy 0.4a b 

Throw trap 0.5 Oc 

aIncludes both deployment and recovery time 
b Because animals were sorted under the dissecting 

scope as they were identified and enumerated no sep- 
arate estimate of sorting time is available 

c Samples are sorted during collection 

on environmental characteristics that can vary 
from place to place (e.g., predator abundance 
and food availability: Peckarsky 1980, McPeek 
1990, Turner 1996). Because active samplers en- 
close, or filter, an estimable area or volume of 
water, their capture rates can be converted into 
estimates of abundance in the environment. Ac- 
tive samplers are also less prone to biases as- 
sociated with reduced movement rates. They are 
often destructive to the environment, however, 
and may not be appropriate for use in long term 

experiments. Passive samplers minimize distur- 
bance to the substrate and are useful in situa- 
tions in which nondestructive sampling is nec- 

essary (Macan and Kitching 1972, Mason 1976, 
Macan 1977), allowing collection of data from 
locations that cannot be sampled effectively by 
other means (Rosenberg and Resh 1982). 

Of the passive samplers evaluated, the funnel 

trap captured the most individuals, as well as 
the most diverse array of species, including 
many small crustaceans (cladocerans, copepods, 
and ostracods) that were not captured by other 
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methods. Because the labor requirements for 
funnel traps are relatively low, they yield a large 
amount of data for a given level of labor invest- 
ment. The performance of the Hester-Dendy ar- 
tificial substrate contrasted sharply with the 
funnel trap. Although the Hester-Dendy yield- 
ed, on average, large numbers of invertebrates, 
these numbers varied a great deal among sam- 
ples. The overall CV associated with the mean 
number of invertebrates on each substrate was 
108%, the highest value of the 5 samplers con- 
sidered here (Table 2). Our data also show that 
the substrate attracted a very restricted array of 
species (70% of the catch consisted of oligo- 
chaetes and nematodes), but these taxa were not 
captured in large numbers by any other sam- 
pler. Artificial substrates should ideally mimic a 
feature of the environment into which it is 
placed (e.g., Peterson and Cummins 1974, Sedell 
et al. 1975, Rosenberg and Resh 1982, Reeder 
and Davis 1983), but the Hester-Dendy mimics 
the wooden crevices of tree snags, which are not 
found in the Everglades. This alien substrate 
may be colonized by taxa that are rare in the 
environment, and responses of these taxa to en- 
vironmental change may be different from those 
of more abundant taxa. Thus, Hester-Dendy 
substrates could potentially provide misleading 
results. 

Of the active samplers, we found that the 
sweep net and stovepipe collected the most di- 
verse array of invertebrates, and they showed 
relatively little variability among samples. Their 
favorable sampling characteristics argue for 
their inclusion in a sampling program, but they 
collected similar assemblages of invertebrates, 
making the use of both samplers redundant and 
raising the question of which one to use. One 
might think that the stovepipe sampler, being a 
walled enclosure, would yield less variable 
abundance estimates than the unenclosed 
sweep net, but we found no support for this 
idea (Table 2). To evaluate more carefully the 
sampling variability of the stovepipe and sweep 
net, we divided the invertebrates most common- 
ly captured into 20 taxonomic groups and cal- 
culated the CV for each taxon in each set of rep- 
licate samples (20 taxa x 3 vegetation plots = 
60 comparisons). The CV for the stovepipe sam- 
pler was higher than for the sweep net in 39 of 
48 comparisons (12 of the 60 comparisons in- 
volved taxa with an abundance of zero). Clearly, 
the often cited concern that the sweep net is less 

"quantitative" than the stove pipe (e.g., Merritt 
et al. 1984) is not borne out by these data (given 
that "quantitative" can be equated with sampler 
precision). Our stovepipe sampler was inopera- 
ble in deep water (though a larger version could 
have been used) and required more time for 
sorting (Table 4). In sum, the sweep net cap- 
tured comparable numbers of invertebrates, 
yielded less variable estimates of invertebrate 
abundances, and was more cost effective than 
the stovepipe sampler. Other studies have also 
validated the utility of the sweep net for quan- 
titative sampling. Kaminski and Murkin (1981) 
found that the sweep net and an enclosure sam- 
pler captured comparable numbers of inverte- 
brates, and Cheal et al. (1993) concluded that the 
sweep net was the most suitable sampler for 
classifying wetland invertebrate communities. 

Compared to the sweep net and stovepipe 
sampler, the throw trap sampled a more restrict- 
ed array of invertebrate species. Because the in- 
vertebrates were sorted from the detritus in the 
field, only the larger or more conspicuous taxa 
were effectively sampled by this method. How- 
ever, a number of studies suggest that the large 
invertebrates sampled by the throw trap are 
likely to be ecologically important players in 
marsh ecosystems. Dragonflies are often key- 
stone predators in aquatic communities (e.g., 
Van Buskirk 1988, McPeek 1990, Werner and 
McPeek 1994), and grass shrimp and pulmonate 
snails are important grazers of periphyton (Beck 
and Cowell 1976, Doremus and Harman 1977, 
Lowe and Hunter 1988). Therefore, any study 
purporting to assay invertebrate community 
structure must do an adequate job of sampling 
large, but relatively rare, invertebrate taxa. Be- 
cause these macroinvertebrate taxa are relatively 
uncommon, precise estimates of their abun- 
dance requires sampling a relatively large area. 
Using large samplers, with large mesh sizes, is 
a cost effective means of achieving this goal. 

A general result of our study is the observa- 
tion that each method consistently collected dif- 
ferent invertebrate taxa. The funnel trap tended 
to capture a wide array of small crustaceans, the 
stovepipe sampler and sweep net tended to cap- 
ture an equally wide array of medium sized in- 
vertebrates, the throw trap catch consisted of a 
few taxa of large invertebrates, and the Hester- 
Dendy artificial substrate collected oligochaetes 
and nematodes. These differences reflect differ- 
ences in sampler sizes, mesh sizes, sorting pro- 
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cedures, sub-habitats sampled, and modes of 

operation. Sampling studies in other systems 
have shown that multiple sampling methods 

may be required to obtain representative sam- 

ples of the fauna (Whiteside and Lindegaard 
1980); our data reaffirm the need to use several 

complementary procedures when conducting a 

survey of invertebrate communities, or to 
choose a sampler effective at capturing the tar- 

get taxon if the goal is to conduct a population- 
level survey. For example, 2 previous studies of 

Everglades invertebrates were based largely on 
data gathered with a single type of sampler 
(Loftus et al. 1990: funnel traps; Rader and Rich- 
ardson 1992, 1994: sweep nets). Our results con- 
firm that funnel traps and D-frame sweep nets 

gather more individuals and a wider array of 
taxa than do other methods, but we have also 
shown that any one method will only capture a 
subset of the overall invertebrate assemblage. 

Finally, we note that although our study was 

unreplicated with respect to vegetation effects 
on invertebrate assemblages, the results show 
that invertebrate abundances and species com- 

position can differ among vegetation associa- 
tions. It is possible that restricting sampling to 
a single habitat type (e.g., Kushlan 1981, Loftus 
et al. 1990, Rader and Richardson 1992, Loftus 
and Eklund 1994, Rader and Richardson 1994) 
may result in an incomplete description of a 
marsh's aquatic communities. For example, Rad- 
er and Richardson (1994) sampled invertebrates 
from slough habitats along a nutrient gradient 
in the northern Everglades because these habi- 
tats "are the centers of biological diversity in the 

Everglades". The data presented here, however, 
show that emergent vegetation (cattails and 

sawgrass) can contain higher densities of fish 
and invertebrates than spikerush sloughs. In a 
more extensive study, Jordan (1996) compared 
invertebrate abundances in the sloughs and 

sawgrass stands of the northern Everglades and 
found that macroinvertebrates (individuals of 
all taxa summed) were more abundant in saw- 

grass stands than in sloughs. Clearly, a compre- 
hensive strategy of sampling each major vege- 
tation association will yield the most reliable 
conclusions about the overall composition and 
abundance of a marsh's aquatic fauna. 
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