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AN EVALUATION OF SOME OF THE FACTORS AFFECTING
THE VALIDITY OF ROTENONE SAMPLING DATA
By VICTOR W. LAMBOD and HERBERT STERN, JR.
Louisiana Wild Life and Fisheries Commission
Baton Rouge, Louisiana
The rotenone method of sampling fish populations is widely used throughout
the southeast, and is generally a_ccepted as the best available method for obtaining complete information about fish populations in most natural lakes and man
made impoundments. Ho\yever, as Swingle (1950) has pointed out, the information obtained often contains certain inaccuracies. Nevertheless, many workers
accept the data without considering these inaccuracies. Because of this we
would like to critically evaluate some of the factors which affect the validity
of rotenone sampling data.
Tarzwell (1942) compared the results of fish population studies obtained from
rotenone poisoning, gill nets, set lines, seining, hoop nets, and sport fishing
records and concluded that the rotenone poisoning yielded the most complete
information about the fish population-the other methods were considered to be
selective for certain species and size groups of fish.
Swingle (1950) g.iscussed how incomplete recovery of fish following rotenone
poisoning can affect the accuracy of the data obtained. Several workers (Krumholz, 1944; Ball, 1948, and others) have reported varying percentages of previously marked fish recovered from rotenone samples. According to Swingle (1950)
many workers make little attempt to include complete records of small fish
with their sampling data. Serious bias can result from the failure to adequately
account for small fish and the variation in the amounts of fish recovered from
differ:.ent samples due to incomplete kill and/or pick up of fish.
There seems to be little standardization of the methods used to take rotenone
samples. Some workers surround the area to be sampled with nets; other
workers mark the area to be sampled with floats; while still others simply
apply a curtain of poison around the sample area. A standardization in methods
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Figure 1.

Block-off net used in taking rotenone samples of fish populations.

is necessary if samples, not only from the same body of water but from
different water bodies, are to be compared. If this is not done, it is doubtful
that any comparisons made will be valid because of differences in the completeness of recovery of fish from the sample areas.
In order to obtain samples w1}ich are comparable, we feel it is necessary to
surround the sample area with some type of block-off net. Consequently, most
of the samples we have taken from Louisiana waters were surrounded by a
Qne-inch square !!1esh block-off net with the corks spaced close together on th<~
float line and the netting hung over the corks (Figure 1). This arrangemen t
of the float line prevents waves from washing floating fish out of or into the
sample area and according to our observations, it is rather successful in accomplishing this except when the water is extremely rough.
The us~ of a block-off net has many advantages. It accurately delimits th,~
sample area. It prevents fish, except very small individuals, from leaving or
entering the treated. area. It prevents fish which are selectively killed on the
outside of the sample area, suSh as shad, from being included in the sampk.
From our observations, we have learned that the inclusion of shad which are
selectiv_ely killed on the periphery of the sample area can seriously bias the
data. The block-off net prevents the inclusion in the sample of predaceous fish
(such as gar fish and bass) which are attracted by the dying forage fish.
We feel that considerable att~ntion should be given to the standardization of
the methods of taking rotenone samples. The advantages are obvious. Samples
taken from different bodies of water and by different workers could be more
readily compared.
Any method of sampling will be more or less selective. However, rotenone
sampling has the advantage, if sufficient attention is given to how the samples
are taken, of not being extremely selective for any particular kind or size group
<;>f fish. It appears that the main inaccuracy associated with this method is that
varying percentages of fish occurring in the sa!l!ple areas are recovered. Additional investigations relating to the various conditions which affect the completeness of recovery of fish would be invaluable. If sufficient attention is given
to the problem of obtaining samples in which the ratio of non-recovered fis']
to recovered fish is of approximately the same magnitude, then rotenone samplir,g
should furnish a fairly accurate index by' which the species composition and
standing crop of fish in different bodies of water can be compared.
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In rotenone sampling, very little attention is giyen to the number of samples
needed to make an estimate of the fish population within certain confidence
limits. Many- investigators seem content to take three or four samples, average
the data obtained, and accept it as an accurate estimate of the fish population.
But, how accurate are data obtained from three or four samples?
In order to get some insight as to the sample size (i. e., number of samples)
needed, the variability of the total pounds of fish per acre occurring in rotenone
samples taken from Lake Bistineau(Figure 2) and Caddo Lake were measured.

o
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Both lakes are large impoundments, 17,200 and 10,100 acres respectively,
located in northwest Louisiana. Even though the lakes are large, they are
rather shallow and it is possible to take samples from almost all areas of
e~ther lake.
The data obtained from eighteen one-acre rotenone samples taken from Lake
Bistineau during the late summer and early fall of 1955 were analyzed. The
samples were grouped for summary purposes as follows:
Sample Group No.1-includes all sal1!p1es taken from upper third of the lake.
Sample Group No.2-includes all samples taken from middle portion of the
lake.
Sample Group No.3-includes all samples taken from lower third of the lake.
Sample Group No.4-includes all samples taken from the old drowned Bayou
Dorcheat Channel-this includes samples taken from
the areas where, generally, the greatest depths of water
occur.
Sample Group No.5-includes all samples not taken from along the shoreline or. from the ,old drowned Bayou Dorcheat Channel-this includes samples taken from the areas where,
generally, medium depths of water occur.
Sample Group No.6-includes all samples taken from along the shoreline of
the lake-this includes samples taken from the areas
where, generally the shallowest depths of water occur.
Sample Group No.7-includes all eighteen samples.
The data obtained from ten one-acre rotenone samples taken from Caddo Lake
during the summer of 1954 were also analyzed.
The means, standard deviations and coefficients of variation were comput(,d
and are given in Table I. All the coefficients of variation in Table I are large,
indicating that the pounds of fish per acre occurring in the rotenone samples
were quite variable.
TABI,J> I
VARIABILITY OF' TOTAL POUNDS OF' FISH PER ACRJ> OCCURRING IN ROTJ>NON}:
SAMPI,J>S TAKEN F'ROM LAKE BISTINEAU AND CADDO LAKE

Lake Bistineau:
Sample Group
Sample Group
Sample Group
Sample Group
Sample Group
Sample Group
Sample Group
Caddo Lake

No.1.
No. Z....
No. 3
No.4.
No.5.
No. 6
No.7.

.

Sample
Size
4
8
6
5
8
5
18
10

Mean
223.7
78.6
112.0
88.3
130.0
142.7
122.0
31.5

Standard
Deviation
175.09
41.69
95.33
52.11
153.18
76.10
110.24
18.95

Coefficient
of Variation
78.27
53.04
85.12
59.01
117.83
53.33
. 90.36
60.16

Sampling data are often stratified in order to reduce the experimental error.
Sample groups 1, 2 and 3; <l,nd sample groups 4.. 5 and 6 can be considered
as two different stratifications of the samples taken from Lake Bistineau. These
stratifications- are by location on the lake. Some of the strata had smaller
coefficients of variation than the unstratified sample (sample group 7). Haw
ever, some of the strata had coefficients of variation almost as large and in
one instance larger than the unstratified sample. Therefore, it is probable that
there would be very little or no advantage in stratifying the samples taken from
Lake Bistineau. Stratifying rotenone saml)les of fish populations taken from
large bodies of water by type of habitat or' in some similar manner is rather
difficult because it is necessary to have an exact knowledge of the strata; that
is, it is necessary to know exactly what constitutes the strata and the exact
boundaries of the strata. Small errors in the weighing of strata may introduce
enough bias to nullify any' gain from stratification.
Another type of stratification should be considered; that is, stratification of
the samples by species of fish. Each species of fish constitutes a separate population and therefore it seems reasonable to assume that the pounds of fish per
• 10,100 acres includes only that portion of the lake located in Louisiana-an additional
32,000 acres are located in Texas.
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acre for an individual species might be less variable than the total pounds of
fish. Ho\yever, the exact opposite might be the case, as the pounds per acre
of a species of fish occurring in a sample probably !tas some relationship to the
pounds of fish per acre of other species occurring in the sample. We have not
analyzed the data to dc::termine if stratificatio_n by species will reduce the experimental error; however, it is intended that this will be inv<;stigated in the future.
According to Senedecot:.(1946) the sample size needed f01: the sample mean
to be within a given percent of the true mean for a given probability can be
estimated according to the following formula:
t 2 c2
N=-p2

Where N = sample size
t = t value for a given probability
c = coefficient of variation
p = percent that sample mean is within true mean
Estimates were made of the sample size needed for the means of the samples
taken from Lake Bistineau and Caddo Lake to be within a given percent of
the true mean for a given probability. These estimates are present in Table II
and are shown graphically in Figures 3 and 4. It is reildily seen that a large
number of samples must be taken in order to estimate the total pounds of fish
per acre to any degree of accuracy.
In instances where the sample comprises over five percent or more of the
population, a correction factor is usua:Ily used in computing the standard error.
This is done because the possibilities of variation becQmes less as the sample
size approaches that of the population. This was not taken into consideration
in estimating the sample sizes in this report and therefore in some instances a
larger sample size is indicated than the area of the lake. However, it is extremely
improbable that any investigator will be taking a sample of five percent or
larger from a large lake. Five percent of the area of Lake Bistineau and
Caddo Lake is 860 and 505 .!tcres respectively.
The pounds of fish per acre occurIing in rotenone samples taken from different
bodies of water should have different coefficients of variation. This should be
especially true for samples taken from different types of lakes. However, it
is reasonable to assume that the am01!!!t of variation occurring in samples taken
from lakes similar to Lake Bistineau and Caddo Lake will be in the same
general range. Therefore", the data pr-esented here should give some indication
as to the sa.!!1ple size required in sampling such lakes.
TABLE II

Percent
of Mean

.01

. 55,195

1
2
3
4

. 13,799
6,133

5
7

2,208
1,126

10

15

3,450
552
245

20
25
.30

138

40
50

34
22

88
61
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Additional ,"-ritical studies are obviously needed to dl~termine the sample size
required. This is especially true for different types of lakes and for lakes
located in different sections of the country.
Most of the advantages of rotenone sampling over other methods are obvious;
however, there is one disadvantage in this method whi<;h is usually not COIlsidered. In sampling, one of the most efficient methods of reducing the experimental error is to increase the sample size. Obviously, it is impractical to
increase the sample size greatly in rotenone sampling.
The problem of how the sample sites should be selected in rotenone poisoning
is rather perplexing and is worthy of considerable attention. In sampling large
bodies of water containing diverse habjtats, it is desirable to sample each of
the environments present. This is seldom possible because the investigator is
often limited by factor.s beyond his control. Usually the investigator can take
only a limited number of samples and certain physical characteristics such as
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extreme d~th and close proximity to human habitation can eliminate portions
of a lake as potential sampling sites.
Any arbitrary selection of sample sites introduces bias to the data obtained
from such samples, as sampling theory is based on randomization. It was
quickly evident to us in a review of the literature that some workers have
arbitrarily selected sample sites-on the basis of sampling ease and accessability.
This surely cannot be considered as random or stratified random sampling, and
data obtained from such sampling can contain serious bias. The importance of
how the sample sites are selected cannot l>e over-emphasized because the validity
of the data is directly dependent on it.
In conclusion, the factors ~ffecting the validity of rotenone sampling data
can be grouped into four general types: ( 1) the selectivity of the method,
(2) variation in the amounts of fish recovered from different samples due to
incompleteness of kill and/or pick-up of fish, (3) the sample size and (4) the
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method used in selecting the sample sites. All four factors are important and
need to be considered in the planning of rotenone sampling studies.
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A BRIEF APPRAISAL OF DATA ANALYSIS METHODS

EMPLOYED IN DETERMINING STANDING
CROPS OF FISH
By

ROBERT

M.

JENKINS

Oklahoma Fishery Research Laboratory
Norman, Oklahoma
The need for the extension and refinement of our ability to estimate the size
and composition of fish populations is widely recognized as paramount. Optimum
yield prediction-the essential ingredient of management policy-cannot be attempted unless the fishery worker has concrete evidence of the total standing
crop involved. The increasing number of detailed standing crop studies now
being undertaken must, therefore, be accompanied by the development of better
methods of field estimation, statistical treatment, and presentation.
LARGE LAKE ANALYSIS
In conducting detailed population analyses of large lakes, pilot mathematical
models should be constructed if possible and referred to during the course of
the study. Without a carefully conceived plan, time, energy and funds can be
lost by collecting insufficient or superfluous data. The advisability of advance
planning in mark-and-recapture standing crop studies is underlined by the work
of Cooper and Lagler (1956) in laboratory experiments with colored beans.
Using a two-gallon minnow pail with internal rotating baffles as a "lake", and
beans as "fish", they observed the mech.anics of indirect sampling methods under
controlled conditions in order to gain an understanding of estimation methodology
and to test assumptions appearing in field applications. The bean experiments
afford clues to the number of days required to obtain a "good" estimate with
sample size and total population size previously established.
An exa~ple of the applicability of their laboratory models to field studies is
afforded by the conduct of estimations Qf crappie populations in 184-acre Ard-
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