South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange

Theses and Dissertations

1963

Growth Rates of Yellow Perch, Perca Flavescens
(Mitchell), in two North Dakota Lakes After
Population Reduction with Toxaphene

Donald C. Warnick

Follow this and additional works at: http://openprairie.sdstate.edu/etd

b Part of the Natural Resources and Conservation Commons

Recommended Citation

Warnick, Donald C., "Growth Rates of Yellow Perch, Perca Flavescens (Mitchell), in two North Dakota Lakes After Population
Reduction with Toxaphene" (1963). Theses and Dissertations. 110.
http://openprairie.sdstate.edu/etd /110

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research Access Institutional Repository and
Information Exchange. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of Open PRAIRIE: Open Public

Research Access Institutional Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.


http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fetd%2F110&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fetd%2F110&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F110&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F110&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/168?utm_source=openprairie.sdstate.edu%2Fetd%2F110&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/etd/110?utm_source=openprairie.sdstate.edu%2Fetd%2F110&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu

[AS &’/

GROWTH RATES OF YSLLOW PEACH, PERCA FLAVESCENS

(MITCHILL), IN TWO NURTH DAKOTA LAKES
AFTER POPULATION REDUCTION

WITH TOXAPHENE

BY
DONALYD C. wARKICK

A thesis submitted
in partial fulfillment of the requirements for the
degree Master of Science, Department of
Fntomology-ZooloZy, South Dakota
State College of Agriculture
an¢ Mechanic Arta

June, 1963



GROWTH RATES OF YELLOW PERCH, PERCA FLAVESCENS
QOTCHILL), IN TWO NORTH DAROTA LAZES
AFTER POPULATION REDUCTION

WITH TQRAPYENE

This thesis 1s approved as a creditable, independent investigation
by a candidate for the degree, Mastar of Scicnce, and 13 acceptable as
meeting the thesis requirements for this degree, but without {mplying
that the conclusions reached by the candidate are necessarily the con-

clusions of the major department.



ACKNQWL EDQEMENTS

The author gratefully acknowledges the help received through
the North Dakota Game and Fish Department during the course of the
study., Special thanks are extended to Dale L. Henegar, Chief of
Fisheries, who brought the opportunity for the investigation to the
attention of the author, and to the fisheries personnel who assisted
with the field work.

The counsel of ¥r. Marvin O, Allum, Assocliate Professor of
Zoology, was sincerely appreciated during the study and in prepara-
tion of the manusoript, as was the interest and assistance of other
faculty members and fellow graduate students of South Dakota State
College.

DCW



INTROUUCTION + + &
THE STUDY LAKES .,
AGE AND GROWTH ,
DISbUSSION e o s o

SUMMARY AND CORCLUSIONS
LITERATURE CITED o o o o

TABLE

OF CONTENTS

Page

15
19



LIST OF PABLES

Table Page

l. Some Physical and Chemical Characteristics of the

LakeB o o ¢ s ¢ ¢ 6 ¢ ¢ 0 06 06 060606060 0606000 5

2, The Calculated Growth Increments of Yellow Perch
from long Lake for the 1961 Growing Seagson , o » 10

3. The Calculated Growth Increments of Yellow Perch
from Brush Lake for the 1960 and 19€1 Growing
S6880N8 « ¢ ¢ ¢ 6 6 ¢ ¢ ¢ 5 ¢ 6 0606 6 0606 0 0 9 o 11

L. The 3elationship of Fish Lengths to Subsequent
Growth lacrements (Both Calculated) for Yellow
Perch from Long Lak@ « ¢« ¢ ¢ ¢ o ¢ ¢ 0 ¢ 0o ¢ o o 12

5. The Toxaphene-effected Change in the Yellow Perch
Population of long Lake Based on the Heasured
Total Lengths of Fish Taken During the Study . . 13



INTRODUCTIONR

Fighery waters overpopulated with desirable species generally
produce few harvestable fish because of slow growth rates. In 1962,
Bennett stated that no fish of harvestable size were found in some
waters time affected. Eschmeyer (1936) made a similar observation

concerning cvercrowded populations of yellow perch (Perca flavescens).

For lack of more efficient remedial measures the use of pisciocides
has bsen recommended to reduce the numbers of the problem species.

lelatively low toxaphene concentrations in two Korth Dakota
lakes gubstantially reduced the density of the yellow perch populae-
tions; the effect on other fish species was less obvious. The results
reported (Henegar, 1961) were incidental to the determination of the
minimum toxaphene concentration necessary for fish eradication in
that state. The present study was initiated in 1960 to determine the
growth rates of the yellow perch surviving in Brush and Long lakes,
and thus gain information concerning the suitability of toxaphene for
reducing the numbers of fish in overpopulated waters. The scale
method was employed to calculate the growth rates of Brush Lake fish
for the 1960 and 1961 growing seasons. Post-treatment growth rates
of Long Lake fish were determined for part of the 1960 growing season
and for all of the 1961 season.

Several authors reporting the use of rotenone to thin over-
crowded populations or to restore balance between fish species

considered the results to be favorable. Baeclman (1941) noted that



the grovth rates of fish surviving the treatment of one-half of Booth
Lake, Michigan, were too great to be accounted for by normal varia-
tion, Substantially increased harvaests, apparently the results of
accelerated growth rates of remaining fishes, were reported by Swingle,
Prather, and Lawrence (1953) subsequent to the poisoning of some Alae
bama ponds. Hooper and Crance (1960) stated that the use of rotenone
vas an effective and economical method to restore balance to certain
£ish populations. Reports of unfavorable results with rotenone, or of
aimilar use of other piscicides, were not found., However, the use of
toxaphene vag recommended by several authors including Hemwphill (195u)
vho first ugsed the chemical for fish eradication.

The cost of fish eradication with toxaphene is approximately
15 per cent of the cost with rotenone. On the basis of reccmmended
ooncentrations and methods for thinning overcrowded fish populations
vith these chemicals, the use of toxaphsne would be even more economi-
cal, Uefinite information relevant to this use of the poison and the
subsequent results is conspicuously absent,

Unfavorable regults from the early use of toxaphene for fish
eradication were not uncommon and tended to delay t:e acceptarsce of
the piscicide for use in fisheries management (Prevost, 1960)., Con-
sequences of a serious nature were: the fallure of the poison to
kill all fish; the extended toxicity of some treated waters; and the

peduction or elimination of many aguatic organismas. looper and
Orgsenda (1955) first suggested that such results were due to confu-

sion concerning lethal corcentrations and the belief was substantiated



by the accumulation of additional evidence (Stringer and McMymo,
1960, Increased proficiency in using the chemical for fish eradi-
cation has led to its general acceptance for that purpose as was
indicated by Qebhards' 1960 review of past and proposed use in
nuwmerous western states.

Toxaphene concentrations used for f£ish eradication reportedly
reduce or eliminate many fish-food and food-chain species, some of
which do not reappear quantitatively for extended periods of time
(stringer and McHynn, 1958). In a similar respect, relatively lit-
tle is known conceraing the effects of the lesser toxaphene applica-
tion rates recommended for reducing the density of overcrowded fish
porulations. A paucity of fish-food organisms in the :orth Uakota
lakes—~oven for a comparatively short period after toxaphene applica-
tion--would affect tne growth rates of the surviving fish and thus

be indicated during scale analysis.



THZ STUDY LAKES

The minimum concentration of toxaphene required for fish eradi-
cation 18 determined on the basis of the physical and chemical
characteristics of the water for which treatment is proposed in
addition to certain biological conditions, and this 1s assumed to be
true with regarc to application rates for reducing the density of
fish in overpopulated waters, Some physical an: cherdcal charac-
teristics of Brush Lake an: Long Lake ars presented in Table 1. The
following history is pertinent to the study of the post-treatment -

. growth rates and is based on material presented by Henegar in 1961.

doth lakes were treated with toxaphens to attain concentra-
tions of approximately 0.010 parts per milliion using an emmlsifiable
corcentrate containing six pounds of the active ingrecient per gallon,
. Brush Lake was treated on Uctober 5, 1959, and Loog Lake on July 17,
1900, The method of application was that commonly used by the North
Dakota Game and Fish ilepartment, ans similar to one described by
Stringer anv MeMyunn (1958).

idlution of the waters by rainfall or by runoff from melting
snow was inconsequential after toxaphene treatment due to unusual
drought conditions., water levels receced somewhat during the course
of the stuiy, Rootec aquatic vegetation was present along portions
of the shoreline and in several small shallow areas of Long lLake at

the tine of tresatment, but was nearly absent from Brush Lake because
of the late-season treatment date.



Table 1. Some Physioal and Chemical Characteristics of the lakes

Item Brush Lake Long Lake
Location (¥orth lakota)  McLean County Bottineau County
General area of state central north central
Crigin of Lakes glacial glacial
Bottom type silt-loam gilt-loam
Surface acres 160 291
aore feet 1,527 2,391
Maximum depth (feat) 23-2) 232l
average depth (feet) 9.5 8.2
pH#» 8.5 8.3
Fhenolphthalein
"~ alkalinitys Lo Lo
Methyl orange

alkalini tys L60 220
Hardness+ L6 308

Total dissolved
solidsw 290 307

sIndicated condition on dute of application in parts per mil-
lion if applicable,



All young~of-the-year yellow perch apparently were eliminated
from both lakes. Observations established the mortality of some

young-of-the-year northern pike (Zsox lucius) in Long Lake, but post=

treatment netting disclosed tirat they were not eliminated., The effect
of the poison on acult fish of several species in both lakes was less
evident than the effect on yellow perch, the dominant species.

Exclucing the young-of-the-year, yellow perch density was re-
duced approximately 91 per oent in Brush Lake anc 79 per cent in Long
Lake, The figures are cderived from the results of qualitative test-
netting jJust before and several months after poisoming. ietting
results also indicated that a greater percentage of the emaller yellow
perch (less than 10 millimoters) was eliminated than of the larger
figh, Observation for several days after taxaphene aprlication to
Long Lake tended to substantiate the latter retting results.

Populations of fathead minnows (timephales promelas, were

estahlished in tie lakes after treatment. Brush Lake was stocked on
May 27, 1960, and Long Lake on August 18, 1960, The establishment
of minrow populations after toxaphene treatment is a general practice

of the Korth .'akota Game and Fish Department,



AGE AN GROWTH

Varied evicence has been presented in support of the validity
of the scale method for the cetermination of the age and growth of
fishes (Lee, 1920; Van Oosten, 1929). Similar evidence indicates
that the method is valid for determining the age and growth rates of
yellow perch, Joeris (1957) indicated that additional evidence on
the validity of the snnulus would accumulate from the further stucdy
of Green Bay (lLske Michigan) perch. Jobes, as early as 1932, assumed
the validity of the method for yellow perch. The North lakota study
was based on the assumption that the method is valid.

Scale samples of yellow porch from the atudy lakes were ob-
tained from spscimens nettec before and after the poisoning, from
' poisoned fish, and from winterkilled specimens. The scales were
removed from the left side of the body below the lateral line apd
directly under the middle of the spiny dorsal fin. The samples were
individually sealed in scale envelopes on whioh the date of collec-
tioa, the lake, and other relevant information was recorded.

In the laboratory, several scales from each sample were pre-
pare¢ for microprojeotion on a device of the type described by Lagler
(1950). After soaking an¢ cleaning the scales, wet mounts were made
by placing them between two commonr microscope slides ab: adding seve
~eral drops of water. All scale measurements from which lengths and
growth increments were calculated were made from the projected images

of these wet mounts. Init markings were made on the glass screen of



the projestor of the scale focus, the an:uli, and the anterior margin
to facilitate measuring with a millimeter rule. Measurements taken

along a median ghterior lobe were recorded on a form cesigned for the
- purpose. A diracteproportion relationship of scale radius to total
fish leagth was the basis for all calculations.

It was apparent during the analysis of the scale samples ob-
tained from Long lLake July 12-17, 1960, that the distinction of the
age classes would be difficult, The determination of the age compo-
sition for this group was dependent on the identification of all
anoulil for each individual scale sample. For many of them it could
not be established whether the 1960 amnnulus had been formed. The
gamples from smaller fish (80-120 millimeters) generally evidenced
anmilus formation and some subsequent growth. However, the 1960 an-
milus was apparantly unformed on some of the scales of larger fish,
Because of relatively little scale growth the previous season, it
could not be determined whether the annulus was recently formed and
the later scale growth was of the 1960 growing season, or if the an-
nulus was unformed and the scale growth of the previous year was
represented. An error of one year would be introsuced by the wrong
choice.

A similar difficulty was noted by Joeris (1957; curing
analysis of yellow perch scales. Beckman (19)43) reported that the
time of anoulus formation may vary notably among species and within
age groups of the same species. Anmulus formatior probably would have

occurred before the July collection date with more favorable growth

conditions.



Even without the previously cescribed difficulty, the deter-
mination of age clagses would have been gsamevhat subjactive. Anmuld
were not distinet and markic;s assumed to be false an-uli were com-
mon, lemporary dry mounts were made by blotting the scales before
placing them between the microscope slices a:ud permanent mounts of
cellulose acetate were made with a roller press similar to oce de-
scribed by Smith (1954, ‘Thess two mounts were projected on a light
background by means of a microprojaction attachment on a 35 milli-
meter slide projector. A larger image was produced tha:: with the
other projector and the permanent mounts allowe: the distinction of
more detail e ar the center of the scala, but the effort was not
particularly fruitful, analyses o: the éroup of scales were macde on
separate occasions. A cﬁmparison of results disclosed some error
with resgect to the assigmment of age and notable error in the lo-
cating of annuli., Thus tiic age olasses ancd specific growth rates
of fish before treatment are not i:cluded.

Post=treatment scale samples from both lakes were obtained
after ﬁhe interruption of growth for the 1961 season anc before 1962
growth was begun., An aaunlus was assumed at the scale margin although
none was evident. All discernable increase in scale growth of the
Long Lake fish was included between the margin and the anrulus of
the previous year. The scale growth of lo:.g Lake fish dﬁring the
remainder of the 1960 season after poisoning uwas co% distinguishable
from provious scale growth. OCrowth i:cremeats for the 1961 growing

season are presented in Table 2, Errors other than mechanical are
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Table 2, The Caloulated Growth Inarements of Yellow Perch from Long
Llake for the 1961 Growing Season (in millimeters).

ihmber of - Potal length at capture Calculated growth increment

fish range average range average
#1717 103-132 115
1 178 82
5 201-210 - 205 56-101 [
1 219 59
a 221-230 227 59=120 T
32 231-2i0 : 235 45=116 5
28 21250 L7 56-106 9
12 251-260 253 15-116 83
T 261-270 265 54-99 ‘ 8

—e
————

aYoung-of-the-year in 1961.



unlikely because of the distinctive scale grovth and the absence of
false anruld during that period.

No scale samples were obtained from Brush Lake fish until two
years after treatment, Accelerated scale growth was obvious between
the scale margin and annuli of the two previous years. The calcue
lated growvth rates for the co&espondng periods are contained in
Table 3. Similar to the scales of Long Lake fish, growth previous
to poisoning was obscured by the presence of oumerous false aamli,

Table 3, The Calculated Growth Increments of Yellow Perch

from Brush Lake for the 1960 and 1961
Growing Seasons (in millimeters),

thmber of Total length Average 1960 Average 1961
fish at capture increment increament
%6  175--200 9% 98
o 201--225
7 226--250 89 LS
15 M--2175 95 51
8 276-=300 100 -1

sYoung-of-the-year in 1960.

When an anoulus of the year previous to those located for the
preparation of Tables 2 and 3 was obvious, as it was on some scales,
a direct camparison of scale grouwth before ant after poisoning was

made, On this basis the posttreatment growth during the first year



vas approximately six times greater than was evident for the previous
year,

- Table 4 demonstrates the relationship of fish length to sub-
sequant grovth—both caloulated, The faoct that greater length incre-
ments were redorded for smaller fish lends validity to the scale

Table 4. The Relationship of ¥ish Lengths to Subsequent Growth

Ioarementa (Both Calculated) for Yellow Perch
from Loog Lake (in millimeters).

sumber of Calculated lengths Orovth increment 1961
fish May 1961 range average
#17 103--132 103—132 ns

2 91-<100 82--121 101
2 101~-110 101--119 119
1l 1M).-120 9
0 12.-130
8 13--140 6L==116 92
15 1U2==150 61-=10) 85
27 151160 58--96 76
29 260170 59--101 7
12 171.-180 67--89 75
8 161--1%90 L5==82 617
b 191--200 66
1 201--210 54

#Young-of-the-yoar in 1961, The lengths are measured total
lengths,
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method as applied to the present study.

An obvious ch.nge in the sige composition of Loog Lake f£ish 1s
evident in Table 5., The mumbers of fish in the last column represent
a sub-gample of winterkilled specimens in addition to several obtained
by qualitative test-netting. The numbers of fish in the other columns
represent the results of qualitative test-netting at the time indi-
cated, Excluding the 17 young-:f-the-year of 1961, the lengths of
£1sh in the last column are approximately 75 to 100 millimeters

Table 5. The Toxaphene-affected Change in the Yellow Perch Popu-

lation of Long Lake Based on the Measured Total
lengths of Fish Taken uring the Study

o —— — P
n— —— e

Samsepatsut
———

Length range lTotal fish loial fish lotal fish
in duly 1960 Gotober 1960 May 1962
millimeters Dbefore treatmenmt after treatment after treatment
LS=--65 1010 0 0
66-<100 527 0 0
101 =-=125 2 3] 17+
126--150 198 152 0
151--175 196 2u3 Y]
176--200 { 0 1l
20 --225 0 e 12
226--250 0 0 15
251--275 0 0 19
2,250 395 T2

e e et e et et it s

#Young-of-the-year in 1961,




1

greater than the lengths of fish in the previous column. Despite the
time interval, only one growing season--196l--is represented. r[ha
calculated average growth increment was 82 millimeters for the period
on the bagis of scale analysis. The validity of the scale method as
applied in the present study 1s thus supported by the data presented
in Table S.
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DISCUSSIOH

‘fhe yellow perch is a popular species in recreational fish-
eries, especially for winter fishing, but fish shorter thanm a total
length of seven inches or approximately 175 millimeters are not
readily sought and removed by fishermen. Consiiering this length as
the minimum harvestable sizae, the growth rates recorded for the
yellow perch from the North iakota lakes are gignificant with respect
to the relatively short time required for the apparent improvement of
recreationai figheries. All yellow perch surviving similar treatment
rates could be expected to exceed the minimum harvestable size during
the subsequent growing season, and young-cf-the-year after only two
growing scasons, as was the evident situatiou &n the study lakes.

Young-of-the-year yellow perch cc;monly attain a harvestable
size in three or more growing scasons except in overpopulated waters
where growth i1s further restricted., The growth rates of surviving
fish were exceptionally rapid during the growing season subgequent to
the poisoning-«1960 for Brush Lake and 1961 for Long Lake--when com-
pared with growth rates of yellov perch 1o other areas, and similar
growth increments were not often recorded even for southern latitudes
having longer growing seasons (Carlarder, 1953). For these periods,
the combined average increment determirned by scale analysis was 83
millimeters. Extremes were few, and shorter fish exhibited the most
rapid growth iz length.



On the bagis of this study, better recreational fishing could
‘be provided at low cost in some lakes acd emall impoundments wnich
are overpopulated with yellow perch, Improved recreational fishing
was agssumed in the XNorth Dakota lakes siance more fiszh of harvestable
8ize were proiuced, tut the determination of increasec harvests would
be conclusive, Comparable results might also be expected following
the thinning of other commonly overpopulated species inasmuch as the
present study was primarily a matter of chance and not selectioo of
species.

Low toxaphene connenfrations in North liakota lakes have been
obgserved to eliminate small fish of many species including the bull-
head (Ictalurus melas) which has been reported by Kaliman, Cope, and

‘Mavarre (1962) to be somewhat resistant to the poison. The policy in
North ID:kota of introducing minnows in waters after treatment with
taxaphsne 18 based on this observation,

An asgumed quantitative abgence of prey fish is believed to
explain the cortinued slow growth of the yellow perch in Long Lake
during the 1960 growin: season, after the mid-July application of
toxaphene, The May 27, 1560, irtrocuction of 180,000 fathead minnows
in Brush Lake evidently assure« the presence of significant numbers
for tne same groving seasoz ard no umusual period of slow growth was
apparent during scale analysis. T[he reduction or elimiration of prey
fish by the mid-July poisoonirg, and the August 18, 1960, stocking of
200,000 fathead minnows, leaves doubt t:at significant numbers were

present in Long Lake until the 1961 growing season when the growth
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rates of yellow perch were greatly acceleratedu. A nee« for more
conclusive information concerning the relationship of prey specias to
growth rates is indicated,

Assuming need for the introduction of prey species, a definite
'advantage is apparent for the fall treatment of waters since stocking
could be accemplished early in the subsequent growing season., Treat-
ment in April or May woulc probably be more advantageous than during
the growing season, but con:itions are not favorable for rapid detaxi-
fication at that time and stocking of prey species might be celayed.

The toxaphene treatment rate which allowed the survival of
yellow perch in the North Dakota lakes was approximately one-third of
‘the determined rate for fish eradication in most waters of that state.
A belief that the recuctions were excessive can be temporized since
the possibility that an optimum number of fish survived in either
lake is unlikely, anc greater growth rates could hardly be expected.
Unqualified test-netting of both lakes ani observation after a partial
winterkill of Long Lake in 1962 substantiates the belief. Concentra-
tions approximating 0.008 parts per million (one-fourth of te mizi-
mua lethal rate) probably would have allowed the survival of greater
mmbers of fish without significantly reducing their rate of growth.

Cn the basis of a recent report by Kallman, Cope, an¢ Navarre
(1962), the presence of relatively large quantities of vegetation at
the time of treatme:t could affect the outcome, especially in consid-
eration of the low toxaphene conceuntrations required for the thinning

of fish populations. It was indicated that high coancentrations of
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toxaphene are acoummlated by certain vegetative species in a relatively
short time, thus easentially removing the chemical from the water--at
lcast temporarily--and the further disposition of the chemical was
unknown, Therefore, more consigtent results m:ight be obtained, with
regarc to the degree of recuction, by treatment during the absence of
most aquatic vegetation.'

The appropriate re-uction for any population necessarily de-
pends on a variety of conditions, some unktown. The difficulty of
determining the magnitude of fish populations, particularly after
treatment, seriously affects an @valuation of the results., Additional
information concerning the use of toxaphene for reducing the density

of fish populations is needed for its proficient use.
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SUMKARY AND CUWCLUSIONS

Oreatly acceleratei growth rates and increased harvests have been
the reported results of the use of rotenone for thinming over-
ocrovded fish populations.

For greater economy a aimilar use of toxaphene hus been recom-
@ended, but its use--other than for fish eradication--h.s appar-
ently not been reported.

On tne basis of previous reports, increased growth rates of fishes
surviving tte thinring of overcrowded populations with toxzaphene
might be precluded, at least temporarily, by the adverse effect
of the chemical on fish-food or food-chain organisms.

Yallow perch populations in two :orth iakota lakes were substan.
tially reduced by low toxaphene coacentrations. The growth rates
of surviving fish were determined by the scale mathod for twe
yoears after treatment.

Greatly increased growth rates were evident for both growing
seasons following the fall treatment of Brugh Lake.

Increaged growth rates were not evident for Lorng Lake fish after
the July 17, 1960, treatment until the 1961 growing season,

All yellow perch surviving the poisonirg exceede: what may be
considerec to be the minimum harvestabls sise during the first
full growing seaso: after treatmert. Comparable results can be
expectac froa similar a:d perhaps lesser recuctions with taxae
pheae.
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Aurvher uge of toxaphene i: recommencded for recucing the density
of yellow perch populations ant thus improve certain recreational
fisheriea, Uther aspscies might be aimilarly macaged.

The reduction or elimination of prey species was believed to ex-
plain the continued slow growth of Long Lake fish for approxi-
mately two months immediately after tozaphene aprlication,

Fall treatment is apparently tha most timsly, especially with
regard to assuring the presence of sigrificant numbers of prey
species during the growing season.

Numerous corditioas affect the concentration of toxaphene needed
for fish eradication and the aprroximate goncentratior. for re-
ducing the density of fish populations 1s believed to be 25

per ceat of that rate.
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