\AN EVALUATION OF THE
REMOVAL METHOD FOR ESTIMATING
BENTHIC POPULATIONS AND DIVERSITY,
by

Frank LouisCarle;

Thesls submitted to the Graduate Faéulty of the
Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE
‘in
Fisheries and Wildlife Sciences

(Fisheries Option)

Approved:

B T scapmr 91

0. E. _Ma@lan, Chairman C

P B g bt K.C M

E. F. BenfieXd R. C. Hoehn

May, 1976
Blacksburg, Virginia 24061

Copyright, 1976






COLLEGE OF AGRICULTURE AND LIFE SCIENCLS
VIRGINIA POLYTECHNIC INSTITUTLE AND STATE UNIVIERSITY

Blackshury, irginia 24061

DivisioN oF FORESTRY AND WILDLIFE RESOURCES (703) 951-5481

DEPARTMENT OF Fistrerits anp WILDLIFE SCIENCES  (703)  951-5573

PERMISSION TO COPY

In presenting this thesis in partial fulfillment of the
requirements for a M.S. degree at Virginia Polytechnic Institute
and State University, I agree that my major professor may copy
and use this thesis for inclusion with the final report of
the project to the Fish and Wildlife Service entitled ''The
Biological_and Economic Impact of Stream Alteration Work along
Tributaries of the Roanoke River, Charlotte County, Virginia"
on which I have been supported. I further agree that my major
professor may copy this thesis for use in other ways that he
deems necessary and desirable. I furthér agree that permission
to copy this thesis for scholarly purposes may be granted by
my major professor or myself. It is understood that any copying
or publication of this thesis or any part thereof, other than as
authorized above, shall not be allowed without my written

permission.

e , Ve ” . -
_ % / 4
(Signature) g b Aree (A2

Frank L. Carle
= (Date7) o’,%? Lj/ 76
(Nctary) hV/f}{z;a<,u"<l7,/¥£z<’4uczaz (Date)I>)1J51 e, /9K

7}( Z. e MU s sei dedee s SIS el v %3/77




11

To the memory of

Eugene W. Surber



ACKNOWLEDGEMENTS

I would like to acknowledge Walter Ingolf Knausenberger for the
verification of my chironomid identifications. I would also like to
thank Dr. Eugene Maughan for his support throughout the study. The
author is grateful to the Fish and Wildlife Service (USDI) for Research
Assistantships during the study, and the Department of Fisheries and
Wildlife Sciences at Virginia Polytechnic Institute and State University
fo; computer funds. The Carle Tool and Die Company, Ltd., is acknow-
ledged for the materials and construction of the Circular Depletion
Sampler. Dr. E. F. Benfield and Dr. R. C. Hoehn are acknowledged for

critically reviewing this thesis.

iii



TABLE OF CONTENTS

DEDICATION. ¢ v ovseeossssasssasasssansecssssasnnssansanssonssasoonsssssssld
ACKNOWLEDGEMENT S . ¢« et e vvevosssenssesossssosansnssasssnssssssnossasennassadiil
TABLE OF CONTENT S . . cvesvesesosssosscaesossosanasssosssscnasasssnsscsssseslV
LIST OF TABLES .. vt ceosocssesssossscossasonssensscssasassssnsscsscsssssnsscsV
LIST OF FIGURES .t veecansonsasosnsscasasasossanssanscsnsassssosassnsassessVi
INTRODUCTION. c oo eeessoosaossoossssssassassscscsassansasnscsssasnssassesl
REVIEW OF BENTHIC SAMPLING METHODS. e cveetveesosacoasoesssassossansanssd
OBJECTIVES..... Cteccesesscersnanananan O I |
METHODOLOGY ¢ e vt e vevenssatoenssnssescsssssassasssanesnessscsssssasansasl?
The Removal Method of Population Estimation..........c.ocveveeee..12
Design of the Circular Depletion Sampler.....eeveessesccssscassssld
The Depletion Sampling Technique.....eoeeeeecersesecncancsseasaaal?
Evaluation of Sampling MethodS.....ceceeesseveesnsosvenssosneeeesl8
The Measurement of Diversity...cieeetrescecaossesccsnsssssnassensseld
RESULTS AND DISCUSSION. . teveoeenossossnacsssosscasssasssssssassasnassssl8
The Probability of CaptUre...cieccrsceeroessooscscscsessosssnsseassl8
Validity of ASSumptionS...cieieeecesssveescssoscsceosasarsosnseseal9
Comparison of Population Estimation MethodS....eeeeeeseesscesssasdd
Species Diversity Determination....ecseececcacsncssssscsosscsnasscdbd
Dominance Diversity Determination....ceccececcecsscoscssscssesssadl
Applications of the Removal Method in Aquatic Ecology.eeeeeeee...59
DPLETE, A Computer Program for Calculating Population Estimates
and Diversity from Removal Dat@....eeeseseeoacssscsccsseesesbl
SUMMARY AND CONCLUSIONS. .2t euescsasosossossesssssesscassssssasnassssssbD
LITERATURE CITED: . ecveosscncoasoasoesansassasssnsassasssssanssnnsseasnssebDl
APPENDIX A, Benthic Data@..cceeaeessoccescsssesssssoscssccssssscsassasssebd
APPENDIX B, DiversSity Data@...cceeceeeeenccnsccscesvseasosnasccsssssssssassd3
APPENDIX C, Estimated Catchabilities for Selected TaxX@.::eessoeeeesss96
APPENDIX D, Main Calling Program and Subroutines of DPLETE...........106

BIOGRAPHICAL SKETCH. ..eeevocteerocsossccsossssascsosascsscssescsssossllO

iv



Table

LIST OF TABLES

Page

Probabilities of emigration for open sampling methods for
selected taxa collected from the Jackson River, Virginia.....37

Probability of capture from CDS samples and average
probability of emigration from open sampling methods for
selected taxa collected from the Jackson River, Virginia.....38

Means, standard errors of the means, and coefficients of
variation for the total number of organisms estimated from

20 Depletion, Modified Hess, Surber, Substrate Removal Kicknet,
and Kicknet samples from the Jackson River, Virginia....... Y

Proportions of Hess, Surber, Substrate Removal Kicknet, and
Kicknet estimates relative to Depletion estimates............44

Increase in the probability of representation with successive
catch periods for species represented by one individual and
various probabilities of capture@......eeeeeeeeevocenessnoess 8

Means, standard errors of the means, and coefficients of
varlation for the number of species and l-r evenness diversity
from 4 diverse and 16 nondiverse collections taken with
Depletion, Modified Hess, Surber, Substrate Removal Kicknet,
and Kicknet sampling methods....... Y |

Evenness diversity (l-r), for a pool sample taken above, and
for a pool sample taken below the Gathright Dam construction
site, Jackson River, Virginia......ccieeeeererieacenccneseessdb



Figure

LIST OF FIGURES

Page

Expansion view showing the parts of the Circular Depletion
SAMPLler.ccsteeeeeteoneenonnseassasossassossssasssssassoasssssslhd

The Circular Depletion Sampler properly placed im a stream
before the initiation of the depletion procedure.............20

Location of sampling stations, Upper James River Basin,
Virginia........ Y

Average catchability and current velocity for samples
collected above and below Covington, Virginia..........c.....32

Average catchability for Microtendipes sp. A and current
velocities for samples collected in the Roanoke Creek

drainage, Virginia, for an experienced and a novice

COLleCtOr e ieeeronresssssnoscsssncssasnssocssssosasssasanssosselb

Species area curves for the cumulative average number of
species captured for Depletion, Modified Hess, Surber,
Substrate Removal Kicknet, and Kicknet sampleS.........uv....52

Average l-r evenness for cumulative samples for pollution
stressed and nonstressed communities for various sampling
techniques from the Jackson River, Virginia.....ceceeeesses..57

Arrangement of program deck and data cards for DPLETE........63

vi



INTRODUCTION

Public concern over increasing amounts and types of agricultural,
industrial, and domestic wastes entering aquatic eéosystems has resulted
in the enactment of the Water Pollution Control Act (PL84-660) in 1966.
This act required each state to establish and enforce water quality cri-
teria. Standards based on these criteria were to enhance the quality of

"...use and value for public water sup-

our aquatic resources for their
plies, propagation of fish and wildlife, recreational purposes, agricul-
tural, industrial, and other legitimate uses. Numerical values should

be stated for quality characteristics where available and applicable.
Biological or bioassay parameters may be used where appropriate." (Fed-
eral Water Pollution Control Administration 1966).

Pollution assessment in the past has been accomplished primarily by
chemical methods rather than biological methods related to community
structure. Chemical methods are easily defined and implemented, while
considerable variation exists among biological methods (Wilhm 1972).
However, chemical methods of pollution evaluation are limited. Disad-
vantages inherent in the chemical assessment of pollution are: (1) chem-
ical data indicate only conditions at the time and place of sampling,

(2) chemical substances which affect water quality are numerous and act
in a range of concentrations which vary continuously and erratically
(Wilhm and Dorris 1968), and (3) chemical substances often act syner-
glstically causing discrepancies between predicted and actual pollution
effects. The further development of biological methods is a logical step

in the improvement of pollution assessment procedures.



Benthic populations are especially suitable for evaluating pollu-
tion and other stress conditions in aquatic ecosystems. The assessment
of pollution stress using benthic populations is justified by their:

(1) trophic position as food organisms for fish, (2) sensitivity to
stress which results in altered community structure allowing evaluation
of past stress conditions, and (3) relatively sedentary way of life.
Benthic diversity expresses the result of environmental stresses on an
aquatic ecosystem, and therefore, shows promise as a measure of pollu-
tion stress or other disturbance in aquatic communities.

Aquatic ecologists encounter many problems when sampling biological
communities. Inconsistencies in the use and efficiency of sampling de-
vices increase the variability of biological evaluations. A survey of
water pollution specialists conducted by Bartsch and Ingram (1966) indi-
cated that many biologists prefer their own assessment procedures. No
single procedure 1s accepted by all biologists, and little agreement ex-
ists as to the logical course to pursue in further development of bio~
logical assessment procedures. Improvement and standardization in the
biological assessment of pollution are necessary if the value of biolog-
ical information is to be fully realized.

Inefficiency of benthic sampling devices has been demonstrated by
Elliott (1971b), Flannagan (1970), Frost et al. (1970), Hughes (1974),
and Kroger (1972). Benthic sampling problems which result in biased es-
timates include emigration, inconsistent sample delineation, differen-
tial catchability, and separation and identification errors.

Some attempts to improve the efficlency of sieving devices have em—

ployed an 1ncrease in sampling time. Although increasing the sample



time for Surber and Kicknet sampling techniques increases the capture of
slow-moving organisms, emigration would also increase for organisms
which can drift, crawl, or swim from the sample area. Therefore, simply
increasing sampling time will not necessarily improve efficiency.

Emigration, immigration, and sample delineation are sampling pro-
blems of sieving devices which can be eliminated in a similar fashion.
Emigration can be reduced by decreasing mesh size on sample netting,
completely enclosing the sample area, and increasing the sample area to
sample edge ratio. Emigration as defined here includes all movement of
organisms from the sample area or collecting net, whether passive or
active. Area-to-edge ratio and sample delineation can be most efficient-
ly improved by designing sampling devices with large circular sample
areas. The Hess sampler (Hess 1941) is circular and can be turned into
most medium-sized substrates to delineate a definite sample area.
Circular samplers with a larger sample area than the Hess sampler
further increase the area-to-edge ratio and can be easily turned into a
wider range of substrate types. Larger samples also reduce the percent
effect of separation errors, and facilitate the correct determination of
taxa by increasing the probability of capturing undamaged mature larvae.
The variability in actual sample size is least with Hess-type samplers,
greater with the various grabs and Surber sampler, and maximized in the
subjective sample delineation of the Kicknet method.

Differential catchability or the selective capture of one type of
organism over another is responsible for considerable sampling bias.
Catchability (the probability of capture per unit effort) can be expect-

ed to vary with species or life form, sampling device, collector, and



environmental conditions. The diversity of stream environments alone
require that a sampling device perform equally well under a wide range
of current and substrate conditions. The corfection of blased popula-
tion estimates resulting from catchability differences necessitates the
estimation of catchability for speciles or life forms in each sample.

The removal sampling method described by Moran (1951) and Zippin (1956,
1958) yields data for the calculation of catchability coefficients and
the estimation of populations. The depletion procedure involves taking
multiple subsamples from the sample area with constant sampling effort.
Catchabilities are then estimated from the successive decline in catch-
per-unit effort for each species or life stage. The catchability is
then used to estimate the proportion of the population captured. The
estimated proportion captured is then divided into the total catch to
obtain a maximum likelihood estimate for the sample. Improved methods
for the estimation of populations from removal data have been presented
by Carle and Strub (1976). To prevent biased depletion estimates the
assumptions of the removal method must be met. These assumptions can
best be met by a benthic sampling device which ensures: (1) that popula-
tion fluctuations during sampling are caused only by the successive cap-
ture of benthic organisms from the sample area, (2) the probability of
capture is the same for each member of a population, and (3) the proba-
bility of capture for each specles or life stage remains constant during
the sampling period. With reference to assumption (2), Seber and Whale
(1970) have shown that removal estimates and the variances of these
estimates are fairly insensitive to variations in the probability of

capture among individuals of the sample population.



REVIEW OF BENTHIC SAMPLING METHODS

Most benthic investigations are either extensive faunal surveys or
intensive quantitative studies (Elliott 197la). Therefore, benthic
sampling methods for collecting qualitative and quantitative data have
been developed. Qualitative methods are used to obtain information in-
dicating the wealth of species and also to collect species for which the
degree of pollution tolerance is known. Samples are collected with a
wide variety of methods and devices that include the hands, scoops,
rakes, posthole diggers, screemns, kicknets, dipnets, and quantitative
devices. The advantage of qualitative methods is that several devices
may be used in a study, each suited for sampling a particular habitat.
The most important objections to qualitative methods are: (1) subjective
collecting techniques, (2) emigration and immigration of benthic inver-
tebrates, and (3) the inability to estimate benthic populations, produc-
tion, or diversity. Efficiency of a qualitative technique has been
shown by Frost et al. (1970) who found that in kicknet samples about 60%
of the fauna captured in ten l-minute kicks were captured in the first
kick. The escape of organisms around the net was acknowledged, but not
quantified.

Quantitative sampling methods are used to obtain population and
biomass estimates per unit area. Species composition, species diversity,
dominance diversity, and production may alsb be determined from quanti-
tative samples. Other advantages of quantitative methods are increased
precision and an increased validity of comparisons between the results

of different investigators. However, quantitative devices are limited



as to the kind of habitat a given device can sample. The types of
quantitative sampling devices fall into the categories of artificial
substrates, grabs, corers, and sieving devices.

Artificial substrates are probably the most versatile sampling
devices used, and include plate, webbing, and basket samplers. Arti-
ficial substrates may be used in many environments where it is impossible
to collect with other methods. Higher precision is often obtained with
artificial substrates when estimating the number of individuals and taxa
because replicate substrates are essentially identical. An added advan-
tage of artificial substrates is that less extraneous material is col-
lected which reduces processing time in the lab. Hughes (1974) used
trays filled with colonized substrate removed from the sample sites as
"artificial" substrates and reported that this method collected more
organisms and species and gave more consistent results than other meth-
ods tested. A further standardization of natural substrates for tray
samplers would, of course, result in even more precise estimates.
However, caution should be exercised when evaluating results from natur-
al substrates used artificially in foreign environments. Unfortunately
artificial substrates have limited utility since they do not yield data
representative of the actual biological communities of lakes and streams.
Hilsenhoff (1969), Fullner (1971). and Dickson et al. (1971) have recom-
mended artificial substrates as good samplers for collecting most of the
species at a given site, demonstrating their value as qualitative sampling
devices. Dickson et al. (1972) reported species selectivity and high

variability between replicate samples taken with 3M's #200 conservation



webbing. Although the biological communities of artificial substrates
can be considered artificial they may be useful in pinpointing pollution
sources. Objections to artificlal substrates include: (1) the long
exposure time necessitates sturdy anchorage and protection from vandalism,
(2) conditions cannot be monitored prior to the placing of substrates,
(3) organisms are lost during retrieval, and (4) problems related to
successional rates, species selectivity, season of placement, and in
general, the failure to estimate actual stream community parameters.
Grabs are generally used to sample lakes, and also rivers where the
depth exceeds 1 meter. The basic principle ié for the grab to penetrate
the substrate, either by virtue of its weight or by being pushed with a
pole, and then for the jaws to close. The jaws are closed either by
spring or gravity activated mechanisms. The grab 1s then retrieved and
its contents preserved for later analysis. The more common devices in-
clude the Ekman, Shipek, Smith-McIntyre, Peterson, Orange peel, Ponar,
Franklin-Anderson, and Dietz-Lafond grabs. In a study conducted by
Beeton et al. (1965), the Smith-McIntyre grab was found to be more
efficient than either the Peterson or Orange peel devices. Flannagan
(1970) found the Dietz-Lafond, Franklin-Anderson, and Shipek grabs to be
inferior to the Ponar grab, which Powers and Robertson (1967) found was
as efficient as the Smith-McIntyre grab. Flannagan reported that the
Ponar and Shipek grabs could sample mud, sand, or gravel substrates,
although mud substrates were most efficiently sampled with the Ekman
grab and sand substrates were most efficiently sampled with the Franklin-

Anderson grab. Standardization of the depth of penetration is a problem



when sampling variable substrates. Light welght devices such as the
Ekman grab cannot penetrate sand or gravel substrates, and heavy devices
such as the Franklin-Anderson grab penetrate too deeply in soft muds.
Over~penetration may increase escapement during retrieval; and netting
used to control escapement during retrieval captures organisms during
descent, and also increases blowout. The blowout of surface materials
and organisms 1is caused by the shock wave created from the impact of the
falling device. 1In coarse substrates the failure of the jaws to close
will also lead to the loss of organisms during retrieval. A built-in
objection to many grabs is the bite or angle of closure. In the Orange
peel grab this problem leads to considerable underestimation of organisms
living within the substrate. In summary, sampling problems include:

(1) wash out of organisms before impact, (2) depth of penetration, (3)
angle and completeness of jaw closure, and (4) capture of organisms
during descent and the loss of organisms during retrieval.

Corers and the more elaborate multiple coring devices are used
primarily for sampling the soft muds of deep lakes. The corer is dropped
into the substrate and then retrieved; the sample 1s retained by the
combined effects of suction and compaction. Standard devices include
the Benthos and Alpine corers, and the Kajak and FRB multiple corers.
Shallow lentic habitats from 1 to 3 meters in depth are usually sampled
with inverting devices such as the Dendy inverting sampler. Depths of
less than 1 meter are generally sampled with stovepipe samplers such as
the Wilding sampler. The small size of core samples results in high

intersample variability. Intersample variability is often compensated



for by using a multiple coring device. The depth of penetration in

hard substrates 1s also a problem, and Flannagan (1970) reported the
failure of a modified Kajak sampler to function properly. Flannagan
found underestimation of benthic populations with the Alpine and Benthos
corers, and found that the FRB multiple corer gave comparable results

to diver's cores for all taxa except the chironomidae. In summary,
limitations of coring devices include: (1) the inability to sample a
wide range of substrates, (2) the lack of penetration in hard substrates,
(3) the loss of material during retrieval, (4) the blowout of organisms,
and (5) small sample sizes resulting in reduced precision.

Sieving devices are used extensively in stream environments when
the water is less than a meter deep. The substrate in a standard sample
area is disturbed with the hands or feet for a specified interval of
time. Agitating techniques have included the use of compressed air and
electroshocking. Substrate material and organisms dislodged through
agitation then drift downstream into a collecting net. The organisms
are later removed and stored for analysis. Standard sieving devices
include the Hess, Surber, and Kicknet samplers. Kroger (1972) has re-
ported underestimation of benthic populations with the Surber sampler,
and Frost et al. (1970) have shown the inefficiency of Kicknet methods.
However, Hughes (1974) reported similar results for Surber and "artific-
ial" substrates and suggested that emigration was probably not significant
for Surber samples. Electroshocking techniques have been found to be
highly selective (Elliott 1971b), especially in the capture of Ephemer-

optera, and Hughes (1974) has demonstrated considerable underestimation
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of benthic populations by electroshocking methods. Problems with
sieving devices include: (1) the failure to define a definate sample
area, (2) variation as to the depth of substrate disturbance, (3) the
back wash of organisms around and out of the sieving net, (4) the drift
of organisms into and out of the sample area, and (5) the failure of

organisms to drift from the sample area into the collecting net.



OBJECTIVES

The objectives of this study were as follows:

(1)

(2)

(3)

(4)

(5

Determine differences in the probability of capture among benthic

invertebrates.

(a) Investigate the effect of collector experience and current
velocity on the probability of capture of benthic invertebrates.

(b) Test the hypothesis that the probability of capture is not
constant between removal periods.

Compare the efficiency of depletion sampling to that of Hess type,

Surber, and Kicknet samplers.

Investigate the effect of sampler efficiency on the estimation of

species and dominance diversity.

Develop a measure of evenness diversity for biological collections

based on information theory.

Develop a computer program to facilitate the rapld calculation of

population and diversity estimates from removal data.

11



METHODOLOGY

The Removal Method of Population Estimation

The removal method of population estimation involves a depletion
procedure in which multiple catches are taken from the sample area with
constant effort. Under the assumptions of the removal method, the catch
data contain information that can be used to estimate the probability of
capture, and more importantly, to estimate the segment of the population
remaining to be captured. The assumptions of the removal method are
that: (1) population fluctuations during sampling are caused only by the
successive capture of organisms from the sample area, (2) the probability
of capture is the same for each member of a population, and (3) the prob-
ability of capture for each population is constant for all removal peri-
ods.

To ald in the understanding of the removal method, a brief deriva-
tion of its mathematical model will be given to help illustrate how
probabilities of capture and populations are estimated. From the assump-
tions of the removal method, it can be seen that the probability of a
particular catch for a given probability of capture (p) and population

size (N) follows a binomial distribution and may be expressed as
N! C N-C
P(C;|N,p) = W prl-p~ L,

Where Cl is the catch in the first removal period. Since the population
remaining after the first catch period is N-C;, and the population re-
maining after the second catch period is N-C;-Cp, the probability of any

three catches for a given p and N is

12



13

N! (N-C1)! (N-C1-C2)! cee

p(c|N,p) = C11(N-C1)! C2!(N-C1-C2)! C3!(N-C1-C2-C3)!

LAY

pclpCzpC3(l_p)N-C1(1_p)N—C1-C2(l_p)N—Cl-Cz—Cg .
Taking the general case of k removal periods and simplifying, the model

becomes

) N! T_KN-X-T (1)
PEIN.P) = T g (DT P O ’

where,
C = vector of individuals in successive catches,
P(C) = probability of occurrence of the vector C,
N = population size,
P = probability of capture,
q = 1l-p; probability of escape,
C; = number of individuals in the ith removal period,

k = total number of removal periods,

k
T = £ C;; total number of individuals captured, and
i=1
k
i=1

Moran (1951) maximized P(C) with respect to p and obtained a maximum
likelihood estimator for the probability of capture when N is known,
which is

5 = T . (2)
P KN-X

After maximizing P(C) with respect to N and substituting in the maximum
likelihood estimate of p, Moran obtained an asymptotic maximum likelihood
estimator for N. Moran obtained estimates iteratively utilizing an ex-

pression equivalent to

N = E:EE
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Zippin (1956, 1958) presented a graphical method for the rapid determin-
ation of maximum likelihood estimates from removal data. Carle and Strub
(1976) presented improved methods of estimation and recommended the fol-
lowing inequality for the determination of population size from removal
data

N+l KN-X-T+1 ... KN-X-THK  _ ; _

<0. (3)
N-T+1 KN-X+2 KN-X+(K+1)

The estimated population size is the smallest integer equal to or greater
than the total catch which satisfies inequality (3). Estimates may be
determined easily with a desk calculator or more rapidly utilizing a
computer. Equation (2) and inequality (3) were used to obtain estimates
of the probability of capture and population estimates in this study,

respectively.

Design of the Circular Depletion Sampler

The design of a particular depletion sampler is not important as
long as the device ensures that: (1) population fluctuations during
sampling are negligible within the sampling area, (2) the probability of
capture is the same for each member of a population, and (3) the proba-
bility of capture remains constant throughout all removal periods.
Additionally, the sampling device should be durable, lightweight, stable
in fast currents, easily set into a wide range of substrates, and large
in sample area.

The Circular Depletion Sampler (CDS), a sampler designed to meet
the assumptions of the removal method, is shown in Fig. 1. The backing
plate, penetration ring, and screening retainers of the sampler were made

of 0.08 cm galvanized sheet metal. Side supports were 3.18 cm by 1.27



Fig. 1. Expansion view showing the parts of the Circular Depletion
Sampler, collecting jar not shown; a) threaded flange, b)
collecting net, c) net retainer, d and f) upper and lower
circular .supports, e) backing plate, g) penetration ring,

h) side supports, i) screen retainers, j) support screening,
and k) fine front netting.
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cm by 29 cm, and circular supports were 1.27 cm square and approximately
205 cm in length. The overall height of the sampler was 38.10 cm. The
inside circumference and diameter were 204.64 and 65.14 cm, respectively.
Total sample area was one-~third square meter. The total weight of the
sampler was approximately 15 kg. The coarse support screening was gal-
vanized wire with 1.6 meshes per cm. The fine front screening was
stainless steel wire with 7 meshes per cm. The small screening extended
over the entire front opening of the sampler. The collecting net was
made of 17 mesh per cm nylon netting with a bottom of cloth. The forward
opening of the collecting net was approximately 19 by 40 cm and the length
of the net was approximately 35 cm. The collecting net tapered toward
the rear to a round opening 10 cm in diameter. The forward opening of
the net was fitted with a 19.05 by 40.64 cm wire frame which held the
collection net to the body of the sampler. A 0.5 by 1.3 cm band of foam
rubber sealed the interface between the collecting net and the backing
plate. The back of the collecting net was fitted with a flange 10 cm in
diameter that allowed a collecting jar to be attached to the collecting
net. A 3.79 liter plastic collecting jar was modified by replacing one
side with 17 mesh per cm nylon netting. A funnel which could be attached
to the collecting jar was used to allow the rapid removal of benthos and

other collected material from the collecting jar.

The Depletion Sampling Technique

The placement procedure for the CDS during sampling involved two
steps. The collector selected the exact sample location by projecting

the sample area onto the stream bottom to ensure that large rocks did
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not intersect the sample edge. The sampler was then rapidly thrust down
and turned into the substrate. If the sample area was not delineated
within 3 seconds or if the sampler was not stable the site was abandoned.
After firmly imbedding the sampler 5 to 10 cm into the substrate, the
collecting net and jar were lowered into the water. Fig. 2 shows the
CDS properly placed before initiation of the depletion procedure. The
substrate within the sample area then was continuously agitated with the
hands to a depth of from 10 to 20 cm for 1 minute. In samples taken
from the Roanoke Creek drainage a modification of the agitation procedure
involved the use of the feet and hands. The procedure described allows
the collector to meet the assumption of equal sampling effort only if
the substrate is disturbed to the same depth during each removal period.
Difficulties related to depth of agitation may be overcome by increasing
the time per removal period to allow complete agitation in each sample
period. Where current velocity was low the hands were also used to pro-
mote the flow of water through the sampler. After 1 minute of sampling
effort the collecting net was cleaned by rubbing the net between the
hands while directing all netted material into the collecting jar. The
mouth of the collecting jar was then lifted from the water and the’jar
unfastened from the sampler. A second collection jar was attached to the
sampler and the procedure repeated until three or more subsamples were
taken. The subsamples were labeled in the sequence taken and stored

separately in 957 ethanol.

Evaluation of Sampling Methods

Two ecologically similar sampling stations were selected on the

Jackson River, Virginia. The upstream sampling station (Station 3), was



Fig. 2. The Circular Depletion Sampler properly placed in a stream
before the initiation of the depletion procedure.
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