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Research Article

Differences between kick sampling techniques and
short-term Hester-Dendy sampling for stream

macroinvertebrates

Erin Letovsky1, Ian E. Myers2, Alexandra Canepa3, Declan J. McCabe

Department of Biology, Saint Michael’s College, Colchester, Vermont 05439 USA

Abstract. Differences among sampling techniques are of crucial importance when interpreting the

results of aquatic biomonitoring studies. We compared two commonly used variations of the kick

sampling technique with the Hester-Dendy (multi-plate substrate) technique in an urban impacted

stream. The effect of sample pooling on data interpretation was also examined. Hand scrubbing and

disrupting substrates yielded more hydropsychid caddisflies than either kick sampling or Hester-

Dendy samples. Total macroinvertebrate abundance, species richness, and Shannon’s diversity (H’)

were all lower in Hester-Dendy samples than in samples taken by kick sample or by hand

scrubbing substrates. Species richness pooled within sampling technique was highest in kick

samples and lowest in Hester-Dendy samples. Richness of Ephemeroptera, Plecoptera, and

Trichoptera (EPT) pooled among sampling techniques was higher in Hester-Dendy samples than in

either kick samples or substrate-scrubbed samples. Relatively subtle differences among sampling

technique and data processing have the potential to influence interpretation of biomonitoring

studies. In particular, differential success in sampling hydropsychid caddisflies and other EPT taxa

can influence a large number of benthic indices. Finally, samples pooled and rarified can illuminate

differences detectable only at higher abundance levels.

Introduction

A
quatic macroinvertebrate sampling is a

common component of water quality

assessment and monitoring programs.

Policy-driven guidelines for macroinvertebrate

sampling, however, range from vague (Davies,

2001) to highly specific (Barbour et al., 1999).

For instance, the common kick sampling

methodology is widely employed by those

following policy-driven guidelines (Carter and

Resh, 2001), and often includes 1) simply

kicking submerged substrates, or 2) hand-

scrubbing and removal of larger substrates

followed by substrate kicking. In either scenar-

io, dislodged macroinvertebrates are collected in

a downstream net. Although exact techniques

are often prescribed in monitoring programs,

lack of technique specificity under vaguer

sampling guidelines for water quality monitor-

ing (Davies, 2001) might falsely lead one to

assume all kicking techniques equivalent and to
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be used interchangeably in biomonitoring

studies (Sacco et al., 1993).

Although results of kick sampling and

Surber sampling have been compared in the

context of biomonitoring (e.g. Hornig and

Pollard, 1978; Storey et al., 1991) community

data from the kick-only and the hand-scrubbing

and kicking variations of kick sampling have

not to our knowledge been systematically

compared. Use of sampling techniques assumed

to be equivalent may significantly increase

variance within studies, and reduce temporal

and spatial consistency and comparability

across biomonitoring studies. Technique-driven

differences among studies have the potential to

artificially influence management decisions.

Artificial substrate samplers have been used

as alternative or supplementary sampling tech-

niques, particularly in habitats not easily kick

sampled, such as deep or fast-moving water

(e.g. Carter and Resh, 2001; Davies, 2001). The

selectivity of artificial samplers has received

considerable attention in the literature (Rosen-

berg and Resh, 1982, and references therein).

Artificial substrates have been shown to be

comparable (De Pauw et al., 1986) or comple-

mentary additions (Battegazzore et al., 1994) to

other sampling techniques for biomonitoring

purposes. However, more comparative studies

are needed to evaluate the selectivity and to

determine the appropriateness of this potential

substitute sampling method in monitoring

studies. Understanding key differences between

sampling techniques is crucial for data interpre-

tation and formulation of agency guidelines for

methodological standardization.

One widely recognized problem with artifi-

cial substrate use is lengthy incubation periods

(Rosenberg and Resh, 1982). We evaluated the

sampling potential of artificial substrates using

short (10-day) incubation periods.

We compared macroinvertebrate community

data collected with kick samples, hand-scrubbed

and kicked samples, and Hester-Dendy sam-

plers from the same sampling points in Munroe

Brook in South Burlington Vermont (USA) to

determine the selectivity of each method and to

examine potential differences between three

sampling methods commonly used in biomon-

itoring programs.

Materials and Methods

Study area and field sampling

This study was conducted in Munroe Brook

(Vermont, USA; 44.418 N, 73.228 W) in July

2008. Munroe Brook is a tributary to Shelburne

Bay in Lake Champlain, where the surrounding

watershed has been subject to increasing

development and urbanization. Water quality

of Munroe Brook is listed as ‘‘impaired’’ due to

contamination from stormwater runoff (VT

DEC, 2006). The study was conducted in a

third-order stream reach with a bank-full

width of approximately 1.8 m.

Hester-Dendy samples and two types of kick

samples were collected from each of seven

riffles. Sampling locations were laid out using a

randomized-block design. There was one block

per riffle and sample location within block was

randomly assigned. To avoid displacing macro-

invertebrates to future sampling locations,

sampling began at the downstream end of the

study site and progressed upstream. Seven

Hester-Dendy multiplate samplers (Hester and

Dendy, 1962) had been tied to steel anchors

driven into the stream bed at randomly-assigned

positions across the width of each riffle ten days

in advance of macroinvertebrate sampling. The

samplers were tied on short ropes (approxi-

mately 10 cm of free rope between anchor and

sampler) and laid length-ways on the benthos

parallel to the direction of stream flow. The

samplers consisted of 14, 75 mm-diameter

masonite plates alternating with 25 mm nylon

discs (Wildco, Buffalo, New York). Spacing

between plates ranged from 3 mm to 12 mm.

All samples were taken on July 30, 2008

using a rectangular (500 lm mesh, 457 mm x

305 mm frame) pond net held immediately

downstream of the sample location. Samples

were transferred from the net to a plastic tray

(280 mm x 375 mm). Large rocks and debris in

the tray were rinsed of remaining organisms and

discarded. Samples were then drained on a 600

lm sieve, placed in labeled plastic bags, and
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preserved in 99% ethanol with 1% glycerin for

laboratory analysis.

After ten days of incubation, the Hester-

Dendy samplers were lifted from the benthos

into a down-stream net and then disassembled

in the previously-described plastic tray. Separate

sampler components were scraped to recover

attached macroinvertebrates. The samples were

otherwise processed as described above. One of

the seven samplers was not recovered.

Two types of kick samples were taken with

equal sampling effort for each. Both of the

sampling protocols involved agitating the sub-

stratum in a 457 mm x 457 mm area

immediately upstream of the sampling net.

We took hand-scrubbing ‘kick’ samples by

first moving larger cobbles and boulders from

the sampling area to the net mouth and

scrubbing to dislodge attached invertebrates.

After discarding larger substrates, smaller

substrates in the sample area were agitated by

hand to a 5 – 10 cm depth; invertebrates and

sediment were swept into the collecting net and

the net contents were processed as described

above. This procedure emulates that used by the

Vermont Department of Environmental Conser-

vation (VT DEC, 2006) with one important

exception: VT DEC generates a single compos-

ite sample from four representative areas of a

sampled riffle (VT DEC, 2006). The sum of

four of our samples would thus be comparable

to one VT DEC sample. Standard kick samples

were taken by vigorously kicking and disrupting

the substrate in the 457 mm x 457 mm sampling

area to an approximate depth of 5 – 10 cm

without prior handling of larger substrates.

Laboratory procedures

In the laboratory, all samples were poured

into a 600 lm sieve and rinsed of preservative.

Samples were washed from the sieve and spread

evenly onto a plastic tray (30 · 40 x 1.5 cm)

that had been evenly divided into 12 numbered

squares. Beginning with a square selected using

12-sided dice, each sample was counted under

2X magnification until a minimum of 80

macroinvertebrates and 4 complete randomly-

selected squares had been picked. Additional

squares needed to reach the 80-macroinverte-

brate target were completely picked resulting in

samples that frequently exceeded 80 individu-

als, and other samples that were picked entirely

and yet fell short of 80 individuals. Macroin-

vertebrates were counted and identified to the

lowest practical taxonomic level, typically

genus, using keys in Merritt et al., (2008).

Data analysis

To correct for subsampling, all abundance

measures (total macroinvertebrate abundance,

Ephemeroptera, Plecoptera, and Trichoptera

(EPT) abundance, and abundance of hydro-

psychid caddisflies) for each sample were

corrected by dividing the actual number of

invertebrates picked and identified in a sample

by the proportion of the sample picked.

Rarefaction was used to estimate the expect-

ed number of species present for a given

number of macroinvertebrates in each sample.

Ecosim software (Gotelli and Entsminger, 2012)

was used to randomly sample 79 individuals

from each sample, which represented the lowest

number of individuals observed in one sample.

The mean species richness of 5,000 such

simulated subsamples was used as rarefied

species richness for each sample.

Rarefaction was also used to estimate the

expected number of EPT species present for a

given number of EPT individuals in each

sample. Because the lowest EPT abundance in

any sample was fifteen individuals, we random-

ly sampled fifteen individuals from the EPT

assemblage observed in each sample and

replicated this subsampling 5,000 times. The

average number of EPT species in the 5000

subsamples was recorded as rarified EPT

richness for each sample.

Rarefaction curves for each sampling method

(kick, hand-scrubbed, and Hester-Dendy) were

created by first pooling the replicate samples

within each sampling method and then random-

ly sampling a given number of individuals from

each pooled sample. This was replicated 5,000

times for a sampling group at a series of

abundance levels to obtain a mean expected

species richness in samples of a given abun-
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dance level. Rarefaction curves were also

created for EPT species following a similar

procedure, using the pooled EPT assemblages

from each sampling method.

As a measure of evenness we calculated

Hurlbert’s (1971) PIE (probability of interspe-

cific encounter) from each sample. Shannon

Diversity Index (H0; Shannon and Weaver,

1949) was also calculated for each sample.

Both PIE and H0 were calculated using Ecosim

software (Gotelli and Entsminger, 2005).

Normality of all parameters was confirmed

using the Kolmogorov-Smirnov test. One-way

ANOVAs followed by Tukey’s tests were

performed to evaluate the effect of sampling

methods on abundance, species richness, PIE,

number of hydropsychids, EPT species richness,

and Shannon Diversity index of samples.

Results

Abundance

There was a significant effect of sampling

technique on the total abundance of macroinver-

tebrates collected (one-way ANOVA; p < 0.001;

Table 1). Each of the kick sampling techniques

collected significantly more individual macroin-

vertebrates than did the Hester-Dendy samplers

(Table 2; Figure 1), however, there was no

difference between abundance in kick and hand-

scrubbed samples (Table 2). Of the techniques

used, hand scrubbing yielded the highest macro-

invertebrate abundance (Figure 1).

Species richness

Sampling technique significantly impacted

the number of species per sample (Table 1) with

almost double the number of species collected

by the kick sampling techniques relative to the

Table 1. ANOVA of effect of sampling method on abundance, species richness, evenness (PIE; arcsine-transformed), number
of Hydropsychidae (log10-transformed), EPT species richness (log10-transformed), and Shannon’s diversity index. *P < 0.05,
**P < 0.01, *** P < 0.005

Source d.f. SS MS F ratio

(a) Abundance

Sampling method 2 36331 181665 12.23***

Error 16 237575 14848

Total 18 600907

(b) Species richness

Sampling method 2 91.02 45.5 19.6***

Error 16 37.09 2.32

Total 18 128.10

(c) Evenness (PIE)

Sampling method 2 0.050 0.025 3.56 NSD

Error 16 0.112 0.007

Total 18 0.162

(d) No. Hydropsychidae

Sampling method 2 189764 94882 10.22***

Error 16 148533 9283

Total 18 338298

(e) Percentage of Hydropsychidae

Sampling method 2 3604 1802 12.3***

Error 16 2343 146

Total 18 5947

(f) EPT species richness

Sampling method 2 1.79 0.896 1.35 NSD

Error 16 10.63 0.664

Total 18 12.42

(g) Shannon’s diversity index

Sampling method 2 0.974 0.487 10.26***

Error 16 0.759 0.047

Total 18 1.732
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Hester-Dendy samplers. Scrubbing substrates in

addition to kicking did not significantly change

the number of species collected when compared

to simply kick sampling (Table 2) and kick

sampling without hand scrubbing yielded the

richest samples (Figure 2). Because rarefaction

of samples to the abundance level of the

smallest sample did not particularly alter the

species richness results, we have not presented

rarefied data from individual samples. However,

rarefaction of samples pooled within treatment

revealed that at higher abundance levels, simple

kick samples would be significantly richer than

samples taken by kicking and scrubbing (Figure

3).

Evenness (PIE)

Hurlbert’s (1971) PIE was highest in kick

samples and lowest in Hester-Dendy samples

(Figure 4) but these differences were not

statistically significant (Table 1). The relatively

high variance in the Hester-Dendy treatment

may in large part explain this result.

Table 2. Sample metrics differing significantly between
sampling methods determined by Tukey’s test; significance
levels determined by subsequent t-test. *P < 0.05, **P <
0.01, *** P < 0.005

Hester-Dendy Kick

Kick Abundance*

Species richness***

PIE*

Shannon Diversity***

Hand Abundance***

Species Richness*** No. Hydropsychidae*

No. Hydropsychidae*** % Hydropsychidae**

% Hydropsychidae***

Shannon Diversity*

Figure 1. Average (– SE) total abundance of benthic
macroinvertebrates in Hester-Dendy, kick, and hand-
scrubbed samples. Abundance has been adjusted for
proportion of the sample picked for kicked and scrubbed
samples. Hester-Dendy multiplate samples were picked and
identified in their entirety. ‘Kick’ refers to 30-second kick
samples; ‘scrub’ refers to samples taken by hand scrubbing
larger substrates and then agitating underlying sediments
using the hand – total sampling effort was 30 seconds. All
sample types were each taken in single locations in riffles.

Figure 2. Average (– SE) species richness of benthic
macroinvertebrates samples taken using by three different
sampling techniques. Terms are as defined in Figure 1.

Figure 3. Rarefaction curves for whole-community sam-
ples collected using three macroinvertebrate sampling
techniques. The solid line represents the pooled hand-
scrubbed samples with the light dashed lines representing
95% confidence limits. The upper, thicker dashed line
represents kick samples and the lower, dotted line represents
Hester-Dendy samples.
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Hydropsychidae (Trichoptera)

Hand-scrubbed samples contained by far the

highest number of hydropsychids (Table 1;

Figure 5); significantly higher than either

Hester-Dendy or kick samples (p = 0.001 and

0.013, respectively; Table 2). The result was

similar when the data were expressed as a

percentage of Hydropsychidae in samples.

EPT species richness

Total EPT richness was similar in samples

from all sampling methods (Table 1) with about

three species per sample regardless of technique

used. As was the case with species richness of

the total community, differences became appar-

ent with pooled samples. In contrast with whole

community richness, EPT richness was highest

in Hester-Dendy samples and fell outside of the

95% confidence limit of the scrubbed samples

over most of the abundance range (Figure 6).

EPT richness of kick samples fell inside the

95% range of the scrubbed samples over most

of the abundance range.

Shannon’s diversity

Sampling method significantly affected

Shannon’s diversity index of samples (Table

1). Hester-Dendy samples had significantly

lower values of H0 than samples taken using

either of the kick sample techniques. Although

kick samples had the highest average diversity

(Figure 7), H 0 did not differ significantly

between of kick and hand-scrubbed samples

(Table 1).

Discussion

The largest differences among the sampling

techniques tested were between Hester-Dendy

multi-plate samplers and either of the two forms

of kick samples taken. Abundance, species

richness, Hurlbert’s PIE, and Shannon’s diver-

Figure 4. Average (– SE) probability of interspecific
encounter (PIE; Hurlbert 1971) in Hester-Dendy, kick, and
hand-scrubbed samples. Terms are as defined in Figure 1.

Figure 5. Average (– SE) number of Hydropsychidae
identified in Hester-Dendy, kick, and hand-scrubbed sam-
ples. Terms are as defined in Figure 1.

Figure 6. Rarefaction curves for the combined Ephemer-
optera, Plecoptera, and Trichoptera assemblages collected
using three macroinvertebrate sampling techniques. The
solid line represents the pooled hand-scrubbed samples with
the light dashed lines representing 95% confidence limits.
The thicker dashed line represents kick samples and the
higher, dotted line represents Hester-Dendy samples.
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sity index were higher for both kick and

scrubbed samples than multiplate samplers

incubated for just ten days (Figures 1, 2, 4,

and 5). This is not surprising and can likely be

explained in part because of the small size of the

samplers relative to the large area of substrate

disturbed by kick sampling and in part because

of the short incubation time. Longer incubation

is problematic in studies of this nature and

increases risk of sampler loss to high-water

events. In contrast to other indices, EPT

richness pooled across samplers was signifi-

cantly higher than pooled EPT richness mea-

sured from Kick samples or scrubbed samples

(Figure 6).

In addition artificial substrates placed direct-

ly in water current may have greater exposure to

shear stresses during high-water events than

would naturally imbedded substrates. Macroin-

vertebrates seeking refugia may migrate from

more current-exposed substrates to benthic

interstices (Dole-Olivier et al., 1997) thus

further reducing abundance in Hester-Dendy

samplers.

Low total abundance in the Hester-Dendy

samples does not explain why fewer species

were sampled by the Hester-Dendy multiplate

substrates. When data from several Hester-

Dendy samplers were pooled to achieve an

abundance levels comparable to those in kick or

hand-scrubbed samples, the number of species

was still substantially lower in the pooled

Hester-Dendy samples than even in any single

kick sample or in typical hand-scrubbed sam-

ples. This could be because the Hester-Dendy

samplers were selective and fully two thirds of

the taxa collected by the kick and hand scrubbed

samples were missed by the Hester-Dendy

Samplers. Artificial substrates are selective

(Rosenberg and Resh, 1982) and Hester-Dendy

samplers can select for stoneflies and mayflies

(Canton and Chadwick, 1983). Of the eight taxa

accumulated by our Hester-Dendy samplers,

five were either ephemeropterans or trichopter-

nas. Selectivity for Ephemeroptera and Trichop-

tera is of significance because of their

importance as components of benthic metrics

for bioassessment (Barbour et al., 1999). Total

abundance of EPT individuals accumulated on

Hester-Dendy substrates was less than half of

that sampled using either of the kick-net

techniques (Figure 1). Importantly, the EPT

portion of the community was quite even in the

Hester-Dendy samples explaining the steep rise

in the rarefaction curve relative to the curves

representing the other techniques.

Differences between hand-scrubbed samples

and kick samples were more subtle but

potentially important because these very similar

techniques are more likely to be used inter-

changeably or compared among studies. Aver-

age total abundance and species richness did not

differ between the two techniques when com-

paring raw sample data using ANOVA. How-

ever, when samples were pooled and then

rarified, the number of taxa sampled by the

two techniques diverged significantly at abun-

dance levels exceeding 350 individuals. Vinson

and Hawkins (1996) recommended using sam-

ples with greater than 300 individuals for

drawing inferences regarding benthic commu-

nities in rivers. It is clear from our data that kick

and hand-scrubbed samples yield significantly

different numbers of species at abundance levels

in the 300-500 individual range.

It is worth noting that four of our separate

samples would be, in combination, equivalent to

a single sample taken using the Vermont

Department of Environmental Conservation

procedures designed to better represent the riffle

habitat in a single stream reach (VT DEC,

Figure 7. Average (– SE) Shannon’s diversity index in
Hester-Dendy, kick, and hand-scrubbed samples. Terms are
as defined in Figure 1.
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2006). In Carter and Resh’s (2001) survey of

macroinvertebrate monitoring approaches used

by US state agencies, 74.4% of respondents

reported using composite samples from between

two and twenty locations. We sub-sampled with

an 80-invertebrate or quarter sample minimum

from each of four samples so that our combined

samples could be compared to a single VT DEC

sample picked with a 300 individual or quarter

sample target. With our sample pooling ap-

proach, or by combining samples in the field,

sample sizes would typically fall into a range

where kick samples are likely to yield more

species than hand-scrubbed samples (Figure 3).

Higher richness in kick samples cannot be

explained by differences in abundance between

techniques because hand-scrubbed samples

collected more individuals. If richness differ-

ences were strictly a mathematical consequence

sampling more individuals, then the more

abundant hand-scrubbed samples should have

higher richness whereas the opposite is true.

Rarefaction confirmed that richness differences

were independent of abundance (Figure 3) and

are consistent with kick samples having higher

evenness than hand-swept samples (Figure 4).

Hand-scrubbed samples were less even

(Figure 4) because of increased numerical

dominance of hydropsychid caddisflies in

samples taken with this technique (Figure 5).

Higher evenness together with higher species

richness explains the higher Shannon’s Diver-

sity values in kick samples (Figure 7). Hydro-

psychid caddisflies represented 35% of the

macroinvertebrates sampled by kick samples

but this percentage increased to 60% in hand-

scrubbed samples taken side by side with the

kick samples in the same riffle. We attribute the

larger numbers of hydropsychids in hand-

scrubbed samples to tactile detection of the

caddisfly nets attached to the substrates lifted by

hand from the stream bed. Caddisfly nets on

boulders, cobbles, and large gravel were quite

obvious to our trained field technicians (IM and

AC) and were reliably included in the samples.

Hydropsychid caddisflies are globally dis-

tributed and typically important components of

benthic communities (Hynes, 1970). We have

sampled hydropsychid caddisflies in 68 of the

70 Vermont stream sites we have monitored

during the 2008 through 2010 field seasons

(McCabe, unpublished). Hydropsychids are

easily distinguished from other taxa and are

predicted to increase as a percentage of

Trichoptera in response to perturbation (Barbour

et al., 1999). Natural factors or artifactual

consequences of sampling techniques that alter

the perceived density, percent composition, or

diversity of samples represented by Hydro-

psychidae, have the potential to influence most

of the best candidate benthic metrics listed by

Barbour et al (1999) for use in rabid bioassess-

ment. Differential success in collecting the

Hydropsychidae is thus of critical importance

in stream assessment.

Pooling of field samples, while useful at the

stream scale to better represent the sum of

diverse microhabitats, sacrifices patch-scale in-

formation. Keeping microhabitat samples sepa-

rate as we did is more labor intensive, but it

preserves patch-scale information without sacri-

ficing the ability to later pool the data. Variance

at the patch scale was sufficiently high in our

data set to render differences among techniques

statistically undetectable for most metrics exam-

ined. However, when samples were pooled and

rarefied, differences became apparent.

Macroinvertebrate sampling techniques used

in flowing waters vary widely depending upon

the objectives of the sampling program, and the

availability of resources including time, fund-

ing, and expertise (e.g. Lenat, 1988). While

EPA’s rapid bioassessment protocols (Barbour

et al., 1999) provided guidance on standardiza-

tion of techniques, a wide range of sampling

techniques remain in common use with rela-

tively few studies comparing these techniques

(Herbst and Silldorff, 2006). Our results suggest

that fairly minor differences between techniques

can significantly alter the nature of community

samples.

Acknowledgements: This research was funded

by the Vermont Experimental Program to

Stimulate Competitive Research grant from the

National Science Foundation (EPS #0701410).
We also acknowledge funding provided to

Alexandra Canepa by the Hartnett Endowment

54 BIOS

Volume 83, Number 2, 2012

Downloaded From: https://bioone.org/journals/BIOS on 28 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



of Saint Michael’s College. Facilities, equip-

ment, vehicles, and logistical support were

provided by Saint Michael’s College. Addition-

al support for writing, presentation, and publi-

cation of this research was provided through

student travel grants from the Lake Champlain

Research Consortium and Karen Talentino, the

Vice President for Academic Affairs at Saint

Michael’s College. We wish to recognize the

ongoing support of the Saint Michael’s College

Biology faculty in facilitating student-faculty

research. This paper was greatly improved by

the comments from two anonymous reviewers.

Literature Cited

Barbour, M. T., J. Gerritsen, B. D. Snyder, and J. B.
Stribling. 1999. Rapid bioassessment protocols for use
in streams and wadeable rivers periphyton, benthic
macroinvertebrates, and fish. U.S. Environmental Pro-
tection Agency, Office of Water, Washington, DC.

Battegazzore, M., A. Guzzini, and R. Pagnotta. 1994.
Compared use of macroinvertebrate samplers for the
evaluation of water quality in rivers of different sizes.
Limnologica. Jena 24:43–49.

Canton, S. P., and J. W. Chadwick. 1983. Aquatic insects of
natural and artificial substrates in a montane stream.
Journal of Freshwater Ecology 2:153–158.

Carter, J. L., and V. H. Resh. 2001. After site selection and
before data analysis: Sampling, sorting, and laboratory
procedures used in stream benthic macroinvertebrate
monitoring programs by USA state agencies. Journal of
the North American Benthological Society 20:658–682.

Davies, A. 2001. The use and limits of various methods of
sampling and interpretation of benthic macro-inverte-
brates. Journal of Limnology 60:1–6.

De Pauw, N., D. Roels, and A. P. Fontoura. 1986. Use of
artificial substrates for standardized sampling of macro-
invertebrates in the assessment of water quality by the
belgian biotic index. Hydrobiologia 133:237–258.

Dole-Olivier, M. J., P. Marmonier, and J. L. Beffy. 1997.
Response of invertebrates to lotic disturbance: Is the
hyporheic zone a patchy refugium? Freshwater Biology
37:257–276.

Gotelli, N. J., and G. L. Entsminger. 2012. Ecosim: Null
models software for ecology. Version 7.0. Acquired
Intelligence Inc., Kesey-Bear, and Pinyon Publishing.
http://garyentsminger.com/ecosim.htm, Montrose, CO.

Herbst, D. B., and E. L. Silldorff. 2006. Comparison of the
performance of different bioassessment methods: Similar
evaluations of biotic integrity from separate programs

and procedures. Journal of the North American

Benthological Society 25:513–530.

Hester, F. E., and J. S. Dendy. 1962. A multiple-plate
sampler for aquatic macroinvertebrates. Transactions of

the American Fisheries Society 91:420–421.

Hornig, C. E., and J. E. Pollard. 1978. Macroinvertebrate

sampling techniques for streams in semi-arid regions:
Comparison of the surber method and a unit-effort
traveling kick method. Environmental Protection Agen-

cy, Office of Research and Development, Environmental
Monitoring and Support Laboratory, Las Vegas, Nevada.

Hurlbert, S. H. 1971. The nonconcept of species diversity: A
critique and alternative parameters. Ecology 52:577–

585.

Hynes, H. B. N. 1970. The ecology of running waters.

University of Toronto Press, Toronto.

Lenat, D. R. 1988. Water quality assessment of streams

using a qualitative collection method for benthic
macroinvertebrates. Journal of the North American

Benthological Society 7:222–233.

Merritt, R. W., K. W. Cummins, and M. B. Berg. 2008. An

introduction to the aquatic insects of north America.
Kendall/Hunt Publishing Company., Dubuque, Iowa.

Rosenberg, D. M., and V. H. Resh. 1982. The use of
artificial substrates in the study of freshwater benthic
macroinvertebrates. Pages 175–235 in J. J. Cairns,

editor. Artificial substrates. Ann Arbor Science Publish-
ers, Ann Arbor.

Sacco, P., T. Simpson, and B. Kreutzberger. 1993. Adapting
the E.P.A. rapid bioassessment protocol for use attain-

ability study in the cape fear river. Pages 306–312 in

Proceedings of the 1993 Georgia Water Resources

Conference. Institute of Natural Resources, The Univer-

sity of Georgia, Athens, Georgia.

Shannon, C. E., and W. Weaver. 1949. The mathematical

theory of information. University of Illinois Press,
Urbana:.

Storey, A. W., D. H. D. Edward, and P. Gazey. 1991. Surber
and kick sampling: A comparison for the assessment of

macroinvertebrate community structure in streams of
south-western Australia. Hydrobiologia 211:111–121.

Vermont Department of Environmental Conservation. 2006.
Water quality division field methods manual. Vermont

Agency of Natural Resources, Waterbury Vermont.

Vinson, M. R., and C. P. Hawkins. 1996. Effects of sampling

area and subsampling procedure on comparisons of taxa
richness among streams. Journal of the North American

Benthological Society 15:392–399.

Received 3 March 2011; accepted 20 May 2011.

Macroinvertebrate sampling technique impacts results 55

Volume 83, Number 2, 2012

Downloaded From: https://bioone.org/journals/BIOS on 28 Mar 2024
Terms of Use: https://bioone.org/terms-of-use



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


