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INTROOUCTION

Toxaphane as a piaciolide for localized field appli-
cation has not beon widely used because minimum lethal
concentrations have not been determined in the field.
There 1s, however, considerable information gained from
laboratory bio-assay studies (Surber, 1948; DBuodoroff, et
al., 1953; flooper and Grzenda, 19553 Henderson, ot al.
1959), Concentrations indicated by such studies are not
necessarily correct for field use. Prevost (1960) pointed
out that results from controlled laboratory experimonts do
not always ylold dosages oxhibitingzg similar results in the
field where a number of variables, both known and unknown,
exist over which the field worker has 1little or no control.,

Gebhards (1960) in e review of toxaphene as a fish
toxicant 1istas 1k western states and 6 Canadian provinces
that have used toxaphene in fish control programs,
Toxaphene was used in various formulations at conecentra-
tions ranging from a 1low of 0.093 parts per million
{(pepem.) to a high of 0,51 p.p.me Complete killas were
variable in their ococurrence within this range, Incone
sistencles were emphasized in the review by the wide varia=
tions in results, An averaze concentration of 0,135
pepems from 135 reports failed to kill all fishes 4in

troated areas but an avoragze concentration of 0.135 pepeate



from 23 reports induced complote mertalitioes, 3Stringer
and MeMynn (19353), however, reportod complote kills at
from 0,010 p«peme to 0,036 pepem,

In Rorth Dakota complete fish population mortality
occurred vhen toxapheno was applied at a asoncentration of
0,070 pepem. (Henozar, 1953) which was not considered as
the minimum lethal levoel, 1t was to detormine the
desirable minimum cencentration for manazement use in
Sorth Dakota that this study was initieted,

Sixteoen lakes were ohosen for treatment duxing
1959 and 1960, All lakos were test netted to determine
existing populations of fishes both before and after
treoatment, Physical and chemical characteristics wore
studied to establish criteria, Application of the
toxaphene followed proscedures commonly used by the North
Dakote Came and Figh Department,

In lakes displaying similar physieal and chemieal
oharactaristics to thoso in the Great Plains area,
recocomaonded concentrations range from 0,025 to 0,030
Pepem. 83 indlicated in Table 1. Concantrations used on

the projoct arcas ranged from 2,005 to 0,035 p.p.m.



TABLB I, RECOMMRENDED CONCENTRATION OF TOXAPHENE FOR
VARIOUS TYP85 OF LAKES

(villiam Cooper & Nephews, Chicago, Illinois)

1953
Conoontration
(Parts per billion Toxaphene) lake Type

23=30% Unstratified, shallow hard
water lakes of lov trans-
parency and high productive
ity.

15-20 Unstratifiod soft-watoer
lakoes of moderate or higch
transparency.

10=-20 Stratified lakes of moder-
ate depth (mean depth less
than 20 feet) and moderate
to lov transparoney.

7.5=10 Stratified lakos of great

depth (mean depth greater

than 20 feot), high transe
parency and lowv productive
ity.

a—

-

*One roport indicates that a concentration of 50=190
P.pe.bs should be used in highly turbid waters econtaining
susponded clay (secchi disoc reading loss than one foot).



MATBRIALS AN) METHODS
Charaotoristios of Toxaphene

Toxaphene 1s a member of the group of toxicants
known as ayolodiesne insecticides whioh also inoludes
aldrin, dioldrin, ochlordane, heptachlor, endrin and
isodrin, Toxapheno 15 not well charaoteriszed chemically
as are the other cyclodione insectioides and the procise
nature of the compounds presont in the miiture of 1isomers
is not known (Negherbon, 1959).

Toxaphone 13 a yellow to amber, waxy solid
smitting an aromatiec, pine-1like odor, While virtually
insoluble in water 1t is readily soluble in a wide range
of organic solvents and oils., Most frequently encountered
formulations are in tho form of 10%-20% dusts, Wo%
woettable powders, and emulsifiable concentrates of four,
six and elzht pounds per gallon,

The commercial product uscd during the study was
Cooper-Tox KXo, 6 manufactured by William Cooper and
Nephews, Chicago, Illinois. The formulation containoad

slx pounds of techndcal texaphene per gallon,
Duration of Toxicity

Toxapheno 1= kXnown to ramain toxic for axtended

periods of time following appliocation as a piscicide,



Ten Michigan lakes treatod with Fish-Tox* in 1949 and 1950
detoxified in from § to 3) months, Other Michigan lakes
detoxified 4n from 2 to 10 montha after being treated at

a oconcentration ef 0.010 p.p.m. (Hoopor and Grzenda,
1955). Stringer and Moiynn (1958} after treating several
British Columbla lakes with Fishe.Tox reported them remain-
ing in a texio state for ovor two yearis, [Fish«Tox applied
at the recommended dosages of 1,00 p.pems (2.7 1bs./acre
foot) gave concentrations of from 0.%0 to 0.50 p.p.m.
tozaphene.

Application rates do not appear to be important to
the duration of toxiecity when applied within the median
toleranco 1limits of fishes, Mayhew (1959) stated that the
period of toxiclity is more related to chemical and
physical characteristics of treated lakes thanm to the
concentration of toxaphens.

Factors influencing detoxification are: dilutioen,
vater temperature, water ciroculation, oxyzon levels,
turbldity, alkalinity, types of substrate, microe
organisms, and ratio of water to bottom intorface
(Hemphill, 1954; flooper and Grzenda, 15553 Rose, 1957;
iionegar, 1958 and Prevost, 1960),

Datoxification takes place very slowly when ice

*A commerclal fish toxicant containing toxaphene.
distributed by Standard 3Supnly, ¥Yematchee, Washington,.



cover 1s present and most rapidly when water temperatures
are high and econditions are favorable for the growth of
plankton and other microe-organisms, "Unstratified lakes
should detoxify in one month or less when water tompera-
tures are above 70° F. Deep, cold, trout lakes may
require four or more months to detoxify. Circulation of
vater through tho lake basin enhances detoxification"

(Anonymous, 1953, p. 5).



RETAROD OF APPLICATION

Depending on the formulation, toxaphene has becn
applied in various ways., The wettable powder has been
applied by aircraft and by placing in burlap begs and thon
towing in the wake of an outboard motor (Henegar, 1953).
The emulsifiable 1iquid has been applied by aireraft
{MeCarraher and Dean, 19359), but mest commonly Oy dise
tridbuting premizod solutions with power aprayers meunted in
boats, Ono currontly accepted mothed is the metering of
desired amounts into the wake of a moving outbeard powvered
boat (Stringer and XeMymn, 1969) but unloss this is
carefully controlled the toxaphene solution might settle to
tho bhottom in & comparatively undiluted state.

During this study a pumping system used by the
Korth Dakota Game and Fish Department was employed
(Figure 1). It oonsists of a 35 gallon drum gonnected to
a setor drivon centrifugzal pump with Swe outlet pipes
terminating in common zardenetype noszles extending behind
the boat transom on each side, DBuring use the noszles are
in contact with the surfaco of the lake to minimize mire
berne spray from coming in eontact with the boat gperator,

The tozxaphone wis premixed in the barrel at a
maximus ratio of one zallen to five zallons of water so

that a minimum of 35 gallons of liquid was available for

spraying on each lake, Uuring: application the spray baat
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powered by an 18 h,p, outboard motor, was operated at full
throttle, This allowed for a maximum coveraze of 200 aasres
per hour, On smaller lakaes adjuatment of the mnozzles
reduced application timo to as 1ittle as 30 minutes.

The spray unit was left intact in the boat after
each projeact and then loaded onto a boat trailer, This
reduced the timo necessary to ready cquipment for each
troatment,

Areas for treatment were determined from prepared
hydrographic maps of each lake (Figure 2), Lakes over 100
acres 1n size ware subsectioned and each subsection was
treated as a separate unit, GBLvon though Cooper-Tox
maintains toxieity for a long period of time and
elaborate application methods are not requiroed, overs
simplification of application is to be avoided., It is
possible that reported cases of toxaphene failing to
cozipletely eradicate populations of fishes may be due to

inadequate mixing of the toxicant in the treated area.

Physical and Chemical Charaoteristics of Lakes

Sixteen lakes varying in size fromw 6.3 to 913
aores wore chosen for study from widely scattered arsas of
North Dakota. Soven wero impoundments and nine were of
natural origin. Maximum depths ranged from 3 to 26 feot

and volume from 73.9 to 9254 acre feet (Table II). At
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TABLE II.

11

PHYSICAL CHARAGTBRISTICS OF PROJECT LAKES

Maximum
Nk:ﬁgr (aii::) ?;z::) (aZ:1:?:et)
1. 103,.3 19 712,.9
2., 160.2 23 1526,7
3e 290,8 23 2390.6
L, 173.6 8 853,7
5. 670.8 22 7588,5
6. 915.0 22 825k ,4
7. 129.9 26 1272.8
3. 95.2 22 511.7
9. 50.3 14 k72.3
10, 6.3 21 73.9
11. 12,3 13 1Lk
12, bo.1 10 236.9
13, 30.8 23 651.2
b, 3,0 17 7.0
15. 17.3 b 137.5
16. 18.5 1k 162.,9

et

—
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the time of treatment none of the lakaes were chemically
or thermally stratified,

¥ater samples vere takon from all lakes and field
analyses were made to determine chamical characteristics
of tho water., GConocurrently one-gallon samples of water
wore forwarded to the Rorth Daketa liesalth Dgpartment
l1aboratory to ascoertain the acouracy of the field
analyses, Tho variation in roesults bhetween the fiold and
laboratory analysos was not significant,

Alkalinity (phenolphthalein) ranged from 0.0 to 120
Pepeme, pil from 7,9 to 9.9, alkalinity (methyl erange)
from 30 to 500 p.peme., hardness as caleium carbonate 51 to
23835 p.peme and total dissolved solids from 231 to 4100
pPebems (Table I1I),

¥ith one exception, all lakes had extensive
grovths of aquatic vegetation oextending from shore oute

ward to eigsht feet in depth. gotamogeton spp. and

Myriophyllum spp. were partioularly abundant with

Polyzonum spp. and Sagittaria spp. provalling less fre=-

quently,.

in all lakes of thse study primsary bottom composie
tion was silt, mud, elay and orgenic material. Arsas of
‘sand, graval and rubble wero of minor importance and

rostricted ts the natural lakaes,
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TABLE III, CHEMICAL CIARACTBRISTICS OF PROJBCT LAKES
Total
Pheth §:::§t Hlardness Dig::i;:d

Xumber pH (p.p.m.) (p.pem.) (pep.m.) (pepem.)
1. 8.2 120 180 171 b1k

2, ” 8.5 Lo 460 476 290

3. ° 8,3 Lo 220 308 307

k. 9.0 8L L2 821 816

S 8.8 20 210 205 317

6. 8.7 30 2%0 238 326

7e 8.0 24 178 239 364

8, 8.3 5L 496 LLk 281

9. 8.6 Ly 282 359 779
10, 9.9 0 800 2385 koo
11, 8.0 60 b20 136 418
12, Be.5 106 u60 547 1452
13. 7.9 0 1ko 136 us
1k, 8.8 30 130 170 328
15. 9. L 100 260 114 9o
16, 8,0 20 80 51 306




b

Test Tetting

Qualitative sampling of fish populations in all
lakes wvas carried out before and after treatmont. Proe
codures were those normally used by the Rorth Dakota Game
and Fish Department, Three types of gear wero utilized:

gill nets, small mesh seines and small mesh frame nets,

G111l Netting

The gill nets wvere 250 feet X 6 feet standardized
experimental nylon nets compesed of 50 foot sections of
increasing mesh sizo. Mesh sizos were 3/i=, 1=, 1 1/%a,
1 1/2-, and 2 inch. Total netting offort for each lake
varied according to the size: in larger lakes a greater
number of sets were made. The nets were fished both
during diurnal and nocturnal periods to lend validity to
the rosults, Although this type of gear is subject to
considerable error, fish population estimates may be made
from the data., Juring the project period all lakes were
gill netted a total of 2394 hours represonting 96
individual gill net sets,

Shoreline Seining

Shoreline seining mvith a 100 foot X 6 foot, one
qQuarter inch mesh nylon bag seine was carried out where
vozetation was not too dense, Data 3o gathered was of

l1imited value due to inconsistent results. A total of 71
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drags was made in project lakes representing a coverage

of 35,500 square feet.

Small Mesh PFrame Netes

Small mesh frame nots produced valid data on popu-
lations of fishes inhabiting the 1ittoral zone. These
nets were originally designed to sample younge-of-year
northern pike*® in heavily vegetated areas, The front
frames of the nots were three feot high and four feet wide
(Fizgure 3)e The not was 15 feet long and had round
woodon hoops behind the front reotangular frames., The
vebbing was 1/% inch nylon dyed a dark brown in color,

The single tunnel used the string type construction rather
than open orifice and the net retained the trapped fishes
very satisfactorily. The single 50 foot lead from the
front frame was of the same material as the body of the
net, In use the frame nets wero placed at right angles

to the shoreline,

A not of this type can be placed in position by one
man and sots are made without using a boat., Representa-
tive catochos wero made in all types of habdtat. The
frame nets were fished a total of 3704 hours during the

preject period,

*50e Appendix A for soientific names of fishes
encountered in study.






NRSULTS
Lake 0dland

lLake Cdland (Table 1V) was treated at a concentra=-
tion of 0,905 pe.pem. of toxapheno on August 12, 1965, No
effects of tha toxaphene wero observed for 10 hours
folloving application. After this peried, however,
distressed young-of-year yellowv perch and black bullheads
wore noted in the shallow bays and backwaters, Within
36 hours many of these small fishes were either 1lying
dead en the bottom or wrshad ashore., fvident mortality
ceasad 43 hours after appllication, In the observation
periad only seven larzer fish wero noticoadbly effected,
The small fish docozposed rapidly and after seven days
evidenoe of their mortality disappeared,

The lake was toat netted 43 days after treatment,
Ret troqugnciea (Table V) were not sigznificantly changed
from thoso arrived at beforas tho tozaphene was used.
In this lake tho net frequencies did not repressnt the
true population structure, VYoung«ofeyear fishes taken
during pretroatment test natting (Table VI) were absent
from tha data., Average sizes of larser flshes remalned

rolatively stable roflocting insi:cnificant mortality.

1?7



TABLR 1IV.

LAKBES TRBATED; CONCENTRATIONS OF TOXAPHINB
APPLIED AND EXTENT OF7 FISH MORTALITY

13

Concentration
Lake Kame (pepem.) Mortality
1, Lake Odland 0.005 Incomplete
2, EBrush Lake 0.010 Incomplete
3. Long Lako 0,010 Incomplete
4, Gumms Lake 0.030 Inocomplate
S. North lLake Metigoshe 0,015 Incouplete
6., South Lake Moetigoshe 0,013 Incomplote
7. Rod Willow Lake 0,015 Incompleate
8, Frettum lLake 0.020 Incomplete
9, North Tobiason Lake 0,020 Incomplete
10, Bowhells ¥Mino Lake 0,025 Complete
11, Glen Ullin Lake 0.025 Complete
12. South Tobiason Lake 0,023 Complete
13. Hieuwsma Lake 0.923 Complete
14, Cat Coulee Lake 0.030 Complete
15, VWolf Butto Lake 0.030 Completo
16. Jund Dam 0.035 Complete




TABLB V,

19

CHARGBS IK TEST RETTING FRIEQUENCIES FOLLOWING
APPLICATION OF TOXAPHENE®*

Lake Concentration Frequeno Reduction
Numbor  (pepom.)  FFetTeRtment Fostotreatment (1)
1. 0,005 6.9 6,94 None
2. 0,010 6.33 1.34 80.5
3. 0,010 10.38 1.39 B4.6
b, 0.010 34,46 7.96 7649
Se 0.015 8.46 1,07 8743
6. 0,015 6.46 1.11 83.2
7e 0,015 10.20 2.50 75.%
8, 0,020 6.36 32 94,9
9, 0.020 12,91 «33 97.k
10, 0.025 095 0,00 100.0
11, 0.025 6.91 0.00 100.0
12, 0.025 7.29 0.00 100.0
13. 0.025 5.89 0.00 100.0
14, 0.030 4,00 0.00 100,0
15. 0.030 15.98 0.00 100.0
16 0.033 3.62 0.09 190.0

et
SR ——

A —

*Prequencies are computed as fish per hour per net both

for frame and gill nots.

Seining data not used,



TADLE VI, LAKT ODLAXD TES

XETTING DATA BEFORE AXZ ATTER
TRERATMENT WITH 0,935 P.P.M. TOXAPHENR

b —

-

Length
ﬁange Avorage

Total Fishes* Speoies (Inches) (Inches)
Protreatment (134 hours)
h18 Black bullheads o0 = 11,6 5.8
hos Black bullheads Young=of=-ysar
Lk Yellow perch Jbt = 6.5 545
27 Golden sghiners 5.1 « 6,5 6.1
17 Korthern pike 16,0 = 28,3 21.7
9 Black suckers 9.0 « 18,5 13.6
3 White crappiles 7.5 = 8.5 3.0
2 O=Spotted sunfish 5.5 = 5.6 5.5
Post-treatment (152 hours)
90k Black bullheads 5¢0 « 10.5 5.7
0 Black bullheads Young-ofeyear
59 Northern pike 15.0 = 29,0 21,8
L8 Yellow parch 3¢5 = 12,3 5.8
19 k¥hite orappieas 5.5 « 9,0 7.3
1? Goldon shiners 6.0 = 7.1 6.5
11 QeSpotted sunfish 5,5 =« 6.0 5.6
1 Black sucker 16.7 17.7

*Combined data from all types of notting gear,



21

Brush Lake

Brush Lake (Tabla IV) was treated on October 5,
1959 at a concentration of 0,010 p.peme. of toxaphene,
Application prsceded lake froeze-up by only two days.
During the two days that obsorvations could be made no
affectod fish were found. The following spring (157 days
after troatment) thousands of partially decomposed yellow
perch (2.1 to 6.1 inches) were washed onto shore. Sevene
teen walleyes (9.8 to 12,3 inches) and five norfhern piko
(10,1 to 13.1 inches) were recorded, Further observations
for five days after brealcup did not rcveal additicnal
ocurrent mortality,

Ninety=-s8ix hours of post=treatment test netting
starting on April 22, 1960 disclosed only a partial
mortality among the fishes, It was evident from tho
results (Table VII) that while heavy mortality had taken
plabe among the younge-of-year and older yellow perch
(2.1 to 5.9 inches) 1ittlo difference in the abundance of
the larzer fishes could be found. Total test netting
frequency was reduoed by 80.3 per cent (Table V).

On May 27, 1960 Brush Lake was stoocked with 29,000
northern pike fingerlings (2,000/1b.). ©On June 26, 1960
1t was stocked with 43,000 walleye fingerlings (1690/1b,)
and on Auzust 1, 1960 with 200,000 blunte-nose minnows

(1,009/1b.).



TABLE VIX. BRUSH LAKE TBST NBTTING DATA BRFORE AND AFTER
TREATMENT ¥ITH 0,010 P,P.¥. TOXAPHENR

Length
Total Fishes?® Species (In:g:s) ?;::;%:)
Protreatment (13% hours)
903 Yellow perch 2,6 = 13.7 he1
894 Yollow perch Youngeof=yoar
kg Yalleyo 9.7 = 37,7 15.6
32 Northern pike 10.3 = 27.2 20.3
% Dlack aucker 10.1 « 10.5 10.3
Postetreatmont (36 hours)
57 Yoellow perch 6.0 =« 12,8 7.2
0 Yellow perch Young=of=-year
55 Northern pike 17.6 « 30,2 22,4
39 Walleye 15.8 = 18,1 16,1
7 Black sucker 10.8 « 11,1 10.9

*Combined data from all types of netting zeer,
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Additional test netting of the lake in September
provod good survival and growth of all stocked fishes,
This test nettinz also substantiatoed results from the

post=trcatment survey.
Long Lake

Long Lake (Table IV) was treated on July 17, 1960
at a concontration of 0,010 p.p.me of toxaphene. MNortale
1ty during ths first three hours after application was
1ight and was restrioted to younge-of=year yellow perch,

At the end of five hours, yearling and twee-year old yellow
perch were in distress. Twventy hours later yellow perch
up to S.1 inches were either moribund or dead in all
sections of the lake. At this time distressed and dying
young-of-yoar northoern pike were found, Death continued
for 72 hours after treatment when tho last affected fish
woro observed., During the apparent period of toxicity
only two dead walleyes (10,1 to 10.2 inches) and no
northern pike larger than young-of-year were observed., Xo
dead black suckers could be located,

On Augzust 18, approximately one month after treat-
ment, Long Lake was stocked with 160,000 (360/1b.) blunt-
nose minnows, Periodic observations for 10 days after
stockins indicated no mortality of these fishes,

During postetreatment tost notting begun on



TABLR VIII. LONG LAKB TBST NSTTING BBFORE AND AFTBR
TREATMENT WITH 0.010 P.P.X. TOXAPHSEE

Total Fishes* Species

Length

“Range vVerage
(Inches) (Inches)

Pretreatmont (250 hours)

1240 Yollow perch

1017 Yollow perch

6 Northorn pike

327 Northern pike
3 Walleye

Post=treatment (250 hours)

263 Yollow perch
1) Yollow perch
5 Northern pike
11k Northern pike
3 Valleye
3 Black sucker

2.6 = 6.8 3.8
Youngeof-year
26,0 =« 31,3 28,2
Young-=of=year

10,0 « 10,3 10.1

5.6 = 6.3 6.5
Youngwofeyoar

25.1 =« 32,1 23.6
Youngeof-yoar
10.3 = 10,6 10,k
17.3 = 17.6 17.3

*Combined data from all types of

noetting gear.
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Ootobor 25 the stocked minnows were frequently takon in
the small mesh frame nets. Yields of these small mosh
frame nets (Table VIII) denoted that the toxaphene had
either severely roduoed or eliminatod yellow paerch less
than 3.5 inches in length, Partial reduction of younge
of«year northern pike was evident, Total net frequency on
all fishes was reduced by 84,6 per cent (Table V). No
measurable changas were found in the populations of adult

northern pike, walleyes or black suckers (Table VIII).
Gumms Lake

Gumms Lake (Table IV) was treated at a concentra-
tion of 0,013 p.p.m. of toxaphene on August 3, 1939, At
time of treatmont the lake contained the largest yellow
perch population of all project lakes (Table IX). One
hour following application small affected yellow perch
wore seen over most of the surface of the lake. After
threo hours many yellow perch (2.4 to 6.6 inches) were
oelther distressed or dead, This condition was maintained
for 26 hours after which the incidence started a rapid
decline. The last moribund fish was 1located 71 hours
after treatment and by this time thousands of yellow
perch 1lined the shore and were floating on the lake.
Buring the period of mortality no yellow perch larger

than 7.9 inches were soen,
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TABLE IX. GUMNNS LAKE TEST NRITING BEFORE AND AFTBR
TRBATMENT WITH 0,010 P.P.M., TOXAPHENR

e ettt p—— — e ot ——— RERA—
anmy M — —— A _— ——

Length
RKange Average
Total Fishes* Species (Inches) (Inches)
Pretreatment (28 hours)
964 Yellow perch 3.1 = 10,2 5.3
Postetrcatment (23 hours)
223 Yollow peroh 7.0 « 10,3 7.8

¢Combined data from all types of netting gear.
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Test netting on September 1%, 1959 revealad an
incomplete kill. No yallow porch smaller than 5.5 inches
were taken but the abundance of larger yellow perch ree
mained unchanged (Table IX). Average size of fishes
taken during this post=treatment notting increesed from
5.3 to 7.8 inches (Table IX). Total net frequenoy indi-
cated a gross roduction of 87.3 per cent (Table V),

Plans for additional tost notting of this lake in
1960 were abandoned after it ezperienoed winter kill

condi tions during the winter of 1939-1960.
North Lake Motigosho

North Lake Metigoshe (Table IV) was treated at a
concentration of 0.015 p.peme of toxaphene on September
13, 1960, It was the second largest lake in the project
and contained the most desirable fish population (Figure
L), DBecause of its size, it wvas treated in segments and
each was sprayed as a separate unit, Six hours after
starting the application it was completed.

Reaction of the fishes to the toxaphene was slow
due to low water temperature of 43° F. but by the end of
14 hours following completion of treatment surfacing of
small fishes was noted., Younge-of-ysar yellow perch and
black bullheads wore affected first succeeded by larger

perch (2.0 to 3.2 inches) and bullheads (2.2 to 5.8



TABLE X.

NORTH LAKE MBTIGOSHE TEBST NBETTING DATA BEFORE

AND AFTTER TREATMBNT WITH 0,015 P.P.M. TOXAPHRNE

Total Fishes*

Spocies

L th
(Inches) (Inches)

Pretreatment (322 hours)

1305
626
k16

1433

hé
27
1?7

9

Yellow perch
Yellow perch
Black bullheads
Black bullhoads
Waileyo

Northorn pike
Bluntnose minnows

Black suckers

Postetroatment (322 hours)

k9
0
2u6

39
15

Yellow peroh
Yellow perch
Black bullheads
Black bullheads
Walloeye
Northern pike

Blaek suckers

2.4 = 10.1 b1

Young-of=yoar

2.1 « 11.1 bh.8

Youngeof=-year
13.0 =« 25,3 17.6
12,0 = 24,8 16,1

17.7 = 23,0 19,9

be3 = 9,6 6,8
Young-ofeyoar
6.1 « 10,2 7.6
Young-of=-year
19,1 « 26,2 22,8
13¢3 = 24,7 19.3

1706 - 2!‘00 19.8

*Combined data from all types of netting gear,
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inches) after 20 hours, Thirty six hours lator numbers of
dead and affoocted perch and bullheads were blown te the
north shore by a strong southerly wind that prevailed for
10 hours, Frequency of distressed fishes was highest
after 72 hours after which a rapid deoline osocurred, Aall
activity had ceased at the end of 12 days.

Obaervations of gross mortality after 96 hours
disclosed countless yellow perch ranging from young=of=
year to 5.1 inches in length, 181 northern pike
11,9 to 18,% 4inches), 17 walloyes (14,2 to 15.2 inches)
but no black suckers were killed. Observers checking the
bays and shallow water falled to find any living schools
of small bullheads or yellow perch,

Poste«treatment netting was delayed to three days
prior to freezo-up (October 24). Observations made on
the lake during the poriod of toxicity were confirmed by
the results of the test netting (Table X), The toxaphene
bad failed to kill all fishas in the lake (Figure 3),
Yellow perch from young=of-year to 4.0 inches and black
bullheads from younge-ofe-year to 5.3 inches wero absent
from the nets. The average sizes of yellow perch and
black bullheads increased from 4,1 inches to 6.8 inches
and 4,8 inches to 7.6 inches respectively (Table X).
Avorago sizes of northern plke, walleyes and black

sucksrs stayed approximatsly the same., Raduction in
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total test net frequency was 87,3 percent (Table V).
South Lake Motigoshe

South Lake detigoshe (Table IV) was treated on
July 7, 1960 at a concentration of 0.015 p.pe.m. toxaphena,
It was the largest lake in the project and for conven-
ience was divided into segments for treatment. Applicae
tion of the toxaphene was completed in seven hours,

High water temperature (75° 7.) at time of treat-
ment caused the toxaphene to act rapidly on the fisghes,
One hour after starting application small yellow perch
and black bullheads were surfacing, Frequency of distress
increased rapidly and at the end of two hours moribund and
dead fishes were soon in treated areas (Figure ), Rate
of death increased in all parts of the lake for another
48 hours and then began a rapld deorease. Ninety-six
hiours later major activity had stopped. Ton days later
a discontinuation of activity was obvious.

Five to seven days after treatment "floateup"
took place as thousands of decomposing, and consequently
repugnant fishes floated into shore, This caused a
public rolations problem of soms magnitude with the 491
cabin owners on the lake and emphasized one value of fall
treatment. Mortality estimates made at the time were of

questionable valus due to the fishes beinz picked up and
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TASLE XI. SOUTH LAKE XSTIGOSH3 TEST NETTING DATA BETORE
AND ATTRR TREATMENT WITH 0.015 P.P.N. TOXAPHENR

Lonﬁth
Rango verage
Total Fishes*® Species (Inches) (Inches)

Pretreatment (333 hours)

2934 Yellow perch 2.4 « 9,5 )
2024 Yellow perch Youngeof=year
737 Black bullheads 2,1 = 9,7 6.7
814 Black bullheads Young-of=year
18 Northern pike 10,7 = 21,7 13.1
142 ¥orthern pike Young=-of-year 6,1
19 Walleye 7¢5 = 25,5 18,3
2 Bluntnose minnow

Post=treatment (290 hours)

10% Yellow perch bl « 9,4 9.3
17 Yollov¥ perch Young=of-year

520 Black bullhoads be2 - 9,6 7.9
26 Black bullhoads Youngeof=-yser

19 Rorthern pike 1%.1 = 22,3 20.1
28 Korthern pike Young=ofe-year 9.1

22 Walleye 12,1 = 24,2 18.6

*Combined data from all types of netting gear.
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disposed of as soon as they came to shore, It seemed,
however, that while many smaller fishes had succumbed,
the larger fishos were unaffocted.

Post-treatment test netting (Table XI) from
September 17 to 20 proved the kill was incomplete., Younge
of eyear yellow perch, black bullheads and northern pike
were severely reduced. Thoe only area containing any of
these fishes was in close proximity to tho entrance from
North Lako Metizoshe. It is probable that they migrated
into the area from this entranoce following detoxification.

Yellow perch (2.4 to 4.0 inches) and black bull.
hoads (2.1 to 4.2 inches) wore absent from the population
samplos taken after treatment., Frequencies and average
sizes of the northern pike, walleyes and black suckers
in the post-treatment population were relatively the same
as before treatment., Total test netting frequancy was
roduced by 83,2 per cent (Table V),

After the presence of walleyes and northern pike
was established by the postetreatment netting some sport
fishin;; took place, A small number of both fishes were

takon until fishing was halted by froeze-up.

Red ¥illow Lake

ted Willow Lake (Table IV) was treated on July 17,

1939 at a concentration of 0.020 p.pems toxaphene,
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TABLE XIX., RE) WILLOW LAKE TB3T NBETTING OATA BEFORE AND
AFTBER TRBATMENT WITHE 0,015 P.P.Me TOXAPHENR

-
Lenzth
“Tange ﬁvorago
Total Fishes* Spaoles (Inches) (Inches)

Pretreatment (%3 hours)

351 Yoellow perch 3.7 = 701 3.3
120 Black bullhead 3¢5 = 9,0 6.8
12 Rorthern pike 13,0 « 27,5 18,9
7 Black sucker 14,0 « 18,5 17.%

Postetreatment (43 hours)

3 Yellow perch GeG « Ta2 6.2
103 3lack bullheads 3.9 - 3,2 6.9
13 X&rthern pike 9,0 « 16,7 1%,7
2 Rlack sucker 1%.9 = 15.0 14,9

*Combined data from all types of nettlng gear.



Turing application the water temparature was 72% F. and
action of the tozicant was rapid, S5mall yellow perch amdl
black bullheads surfaced otnie hour after initiation of
spraying. Surfacing movements becamo more rapid and then
waned at the end of 72 hours. Many yellow perch (3.1 to
6.5 inches) and black bullheads (3.2 to 5.6 inches) were
discovered in the vegetation and along the shore. Obsor-
vations also disclosed 73 doad northern pike (12.4k to
17.6 inches) and only two dead black suckers (17,2 inohes).

Test netting of the lake on October 13, 1959
(Table X1I) divulged the ocourenoe of an inocomplete kill
of the fish population. The reduction of yellow perch
was of consaquence dbut the black bullheads retained their
orizinal abundance. Average length of the yellow porch
incrensed from 5.3 to 6,9 inches while the avorage
longth of the black bullheads increased only from 6.3 to
6.9 inches. PFroquencies of larger fishes failed to
display a positive reduction. Total net frequancy was
lowered by 75.% per cent (Table V),

Frottum Lake

Frettum Lake (Table IV) was treated on July 19,
19359 at a concentration of 0,020 p.pem. of toxaphene.
Pretreatmont test netting of this lake revealed a dense

population of yesllow parch except for young-ofeyear. In
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TABLE XIIY, FRETTUM LAKE TBST NBETTING DATA BEFORR AND
AFTER TRIEATMANT WITH 0,020 P.P.M. TOXAPHENE

Length
Range verage

Total Fishes* Speciecs (Inches) (Inches)

Pretreatment (120 hours)
429 Yellow perch 441 « 14,0 3.3
335 Yellow poerch Young=-of-year
Post-treatment (116 hours)

32 Yellow peroh 6e5 » 14,1 7.3

0 Yellow perch Young-0f «year

e
-

tCombined data from all types of netting gear,
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only three hours after application numerous fishes ware
either dead or distressed. After 96 heurs further move=
ment could not de found, This initial high rate of
mortality of the pereh sugseated tho possibility of a
complete kill, Post-treatmont test netting on Getober 21,
1959 proved this assumption to be incorrect. Although
smaller yellow perch (4.0 to 6.4 inches) were abhsent from
the test nets, larger yellow perch were taken (Table XYII).
The average length of the yellow perch increased from 5.3
to 7.3 inches and parccntile reduction of total netting

frequency was 94,9 (Table V),
North Tohiason Lake

North Tobiason Lake (Table IV) was treated on
August 6, 1959 at a concentration of 0.020 p.p.m. tox2=
phene, Reaction of fishes to the toxapheno began one
hour after spraying was started and af ter four hours
yellow perch and brown bullhgacdis waere surfacing over the
entire lake., This activity gained in intensity for
another 63 hours and then dwvindled to nothing after 72
hours. When apparent toxicity ceased examination of the
dead fish revealed many dead yellow perch and brown bulle
heads but only five dead northern pike (19.2 to 20.5
inches).

This lake was not tast netted until ten months
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TABLE XIV, NORTH TOBIASON LAKB TEST NBTTING DATA BEFORE
AND AFTER TREATMBNT WITH 0,020 P.P.M. TOXAPHENE

Lenzth
Range Average

Total Fishes® Species (Inches) (Inches)
Pretreatment (43 hours)
L6 Yellow perch Jl = 7,2 5¢J
160 Brown bullhcads k.2 = 10.2 7.3

5 Northern pike 19.1 = 26,2 23,7

6 flack sucker 16.4 « 19,0 17.2

4 White crappie be3 « 4,5 L,L
Post=treatment (48 hours)

0 Yellow parch

8 Black sucker 16,5 = 19,0 17.3

7 Northern pike 21.0 = 26,1 24,2

¢Combincd data from all types of netting gear,
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after treatmont (June 7, 1960) and results ascertained
that only a partial kill had taken place. 4An observation
was that tho brown bullheads were absent from the test
nots. This was the only brown bullhead population
encountered in any of tho project lakes. Yo yollow porch
were taken in tho samples and the only fishes surviving
were larger northern pike and black suckers (Table XIV).
The percentage reduction in total net frequency was

97.k (Table V).

Bowbells Mine Lake

Bowbolls Mine Lake (Table IV) was troated with
toxaphene on August 23, 1959 at & concentration of
0.023 p.petne The lake, which was the smallest of tho
series involved, manifested extremes in water chemistry
{Tablo III). The orizin of the 1ake 1s seepage of
ground water into an abandoned lignite coal strip mino.
The toxicant acted more slowly on the fishes than in any
othor project lake and six hours elapsaed before the first
distressed yellow perch were visible. The frequency of
kill increased gradually for 96 hours after which it
dropped off rapidly and at the end of 10 days a ces=-
sation of activity was experienced.

Post=treatmont test netting (Table XV) was not

carried out until May 9, 1960 at which time no fish were
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TABLR XV, DBOWDELLS MINE LAKE TRST NETTIXKG DATA BEFORE AND
ATTBER TREATMBNT WITH 0.025 PePoeMe TOWAPHEBRER

Lenrth
Range ﬁverage
Total Fishes® Species (Inches) (Inches)
Pretroatment (2% hours)
17 Yellow pereh 5.1 - 8,3 7.2
6 flack suckers 12,2 « 17.1 14,2

Postetreatment (%8 hours)

Ne fish taken

*Combined data from all types of netting gear,
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taken, The lake was then restocked an September 21, 1960
with 2200 rainbow trout (2.8/1h.). Tost netting in

Xovember, 1960 disclosed good survival and additional

growth of the trout,
Glen Ullin Reserveir

Clen Ullin Reservoir (Table 1V) waas treatad on
July 23, 1959 with toxaphene at a concentration of 0.025
PePems Fishes reacted rapidly to the toxicant and within
four hours after spraying was bezun they were in evidence
in all aroas of the laka. After 17 hours mortality eof
white crappio and yellow perch appeared oompletoe. No carp
or blaeck suckers were observed until 14 hours after treat=
ment but all had apparently died after 35 hours., Cone
tinuad observations for soven days disclosed no further
mortality., Two days of postetreatment test netting on
September 26, 1959 and May 17, 1960 did not yleld any live
fish (Table XVI). The lake was then restocked with
5,000 fingerling largeemouth blaek bass, 572 adult wvhite
crappies, 90,000 bluntnose minnows and 7,500 fingerling
bluezills, Subsequent tost netting in November 1960

indicated good survival and growth of theso fishes.
South Lake Tobiason

South Lake Tobiason (Table IV) was tresated on
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TABLR XVI. GLSR ULLIN LARB TBST NSTTING DATA BEFORE AND
A?7TRR TREATMENT ¥WITH 0,025 P.P.)M, TOXAPHERE

Length
—ﬁange Average

Total Fishes*® Specios (Inches) (Inches)
Proetreatment (2% hours)
160 Yhite orappie 3.1 =« 5,0 k.3

3 Yollow perch o7 « 5,2 5.0

2 Carp 13.1 = 13,4 13.25

1 Black sucker 13.0 13.0

Post-treatment (48 hours)

Mo fish taken

—
NI

*Combined data from all typos of netting gear.



Auzust 7, 1939 at a concentration of 0,925 p.pemes of
toxaphene, Six hours after treatment large numbers of
black bullheads woere found either distressed or dead
around the shore and floating on the surface. TForty eight
hours lator no further mortality was apparent,

Postetreatmont test netting on October 9, 1959 and
April 12, 1960 falled to take any 1ive fishes (Table
XViI).

Niouwsma Lake

Niouwsma Lake {(Table IV) had been treated in 1957
with emulsifiable rotenone at a concentration of 1,00
Pepems The treatmont was unsuccessful in killing all eof
the black bullheads, Plantings of northern pike and bluce
£111s 1 n 1953 were of 1limitod value, Retreatmont of tho
1ake with a concentration of 0.023 p.pem. of toxaphene
was carried out on June 7, 1960, Five hours after bee
ginning tho application, large numbers of black bullheads
could be seen at the surface, MNortality continued for 120
hours and then dwindled until aftor 145 hours no further
movoment was obsorved,

On October 2, 1960 postetreatment test netting
falled to produce any 1live fish from the lake,

(Table XVIII),
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TABLE XVII. SOUTH TOBIASOR LAKE TBST NBETTING BEFORE AXD
AFTER TRBATMENT WITH 0.025 P,P.M. TOXAPHENE

Length
Range verage

Total Fishes*® Spocias (Inches) (Xnches)

Protreatmnont (2% hours)

172 Black bullheads 5.5 - 6.9 6.2
2 Northern pike 12,0 12,0
1 Yollow perch 6.2 6.2

Post=treatment (96 hours)

No fish taken

$Combined data from all types of netting gear,
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TABLE XVIII., NIEUWSNA LAKEB TBIST NETTIKG DBLYORE ARD AFTRER
TREATHRNT WITH 0,025 P.P.M., TOXAPABXE

e —— .~ _ ]

Length
Range  Average
Total Fishesa? Specol es (Inches) (Inches)
Pretreatment (&S hours)
271 Elack bullheads 2,3 « 7.1 5.5
12 Korthorn pike 11.1 =« 16,3 14.8

Postetroatment (72 hours)
Xo fish taken

— -
N -

*Combinod data from all types of netting gear.
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Cat GCouleo Lakeo

Cat Coulee Lake had been previously treated twilco
(1.00 pepems and 2,00 p.p.me emulsifiable rotenone) to
eradicate a population of black bullheads, Both applicae
tions vere unsuccessful, On July 15, 1959 tho 1lake
(Table IV) was retreated with toxaphene at a conoentration
of 0,030 pepeme Within five hours of starting application
distressed black bullheads were to bo found in all areas
of the lake. The fow rainbow trout in the lake suce
cunbed quickly and the last moribund bullhead was
observed 96 hours later,

No fish were caught in tast netting (Table XIX) on
May 4, 1960. The lake was then restocked on Soptember 23,
1969 with %,600 rainbow trout (600/1b,) and will open to
fishing 4n 1961,

Wwolf Butte Lake

In 1957 9Yolf Dutto Lake was treated with 1,00
pPe.Pe.ms emulsifiable rotenone to remove a population of
bullheads and green sunfish, The application was unsuce
cessful. Rainbow trout that had been stockod into the
aroa after troatment furnished aniling for ons season and
the grocon sunfish and bﬁllheads quickly regained thair
orizinal abundance. Aftor this the trout filshing bezan

a rapid declines,
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TABLS XIX. CAT COULBE LAXR TBST NBTTING DATA BEFORE AND
AFTER TREATHBNT WITH 0,030 P.P,M. TOXAPHAKE

Longth
Range Average
Total Fishes® Species (Incheos) (Inches)
Pretreatment (48 hours)
194 Blaok bullheads Jel = 6,2 h.1
5 Rainbow trout 9.0 = 12,3 9.7

Post=treatment (438 hours)

No fish taken

*Combined data from all types of netting gear.
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TABLE XX. WOLF BUTTE LAKR TZ5T NETTING DATA BEFORE AXD
AFTER TRBATNENT WITH 0.030 P.P.Me TOXAPIIERE

Range Ul?g%%m
Total Fishes* Speocies (Inches) (Inches)
Pretreatment (72 hours)
1003 Green sunfish 1.8 =« 5.3 k.o
63 Black bullheads 4,2 « 8,1 7.1
18 Rainbow trout 10,2 « 15,2 13.1

Post-treatment (72 hours)

No fish taken

e ——— e

*Combined data from all types of netting gear,
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The lake was retreated on July 9, 1960 with
toxaphene at a concentration of 0.030 p.p.mes (Table 1V).
The fish reacted slowly to the toxaphene and it was not
until 21 hours after treatmont that any activity was
noted. 5Surfacing of distressed and dying fishes
continued for seven days and then no further activity was
observed,

Post-treatmont test nottinz carried out on
September 3, 1960 indicated all fish had succumbed
(Tablo XX).

Jund Lake

Jund Lake (Table IV) was treatod on June 9, 1960
at a concentration of 0.035 pepems of toxaphene, Action
of the toxicant was rapid and within two hours many dead
ssall bullheads were in ovidencoe, Activity incroased for
24k hours and then declined at a rapid rate. After 72
hours no additional mortality was found.

On October 5, 1960 tho lake was tost netted and
noerative results indicated complete mortality had
ensuad (Table X\I).
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TABLE XXX. JURKD LAKE TEB3T NBTTIKG DATA BEFORE AND AFTER
TREATHMENT WITH 0.033 P.P.M. TOXAPHENS

Lon;th
Range verage

Total Fishes* Speci es (Inches) (Inches)

Pretreatment (43 hours)

163 Black bullheads 3.1 = 5.9 4.3
p Rainbow trout 15.7 15.7

Post-treatment (43 hours)

No fish taken

—

*Comhined data from all types of netting gear,
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DISCUSSION AND CONCLUSIONS

The mortality pattern following application of
various concentrations of toxaphene was consistent and a
marked size solectivity was exhibited. As concentration
ratos wore increased the extent of mortality of larger
fishes increased until the minimum lethal level {(when all
fishes succumbed) was reached. From results on the 16
project lakes it appears that the minimum lethal concene
tration for treatment of most North Dakota lakes is
0.025 pepems 0f toxaphone. Concentrations progressively
less than this inducs mortality on progressively smaller
fishes,

The use of subslethal dosazes of toxaphene for
partial population removal is indicated., In all lakes
treated below lethal concentrations smaller fishes were
removed loaving the larger fishes relatively unharmed.. In
lakes without rough fish populations this removal of
small, undesirable fishes could have beneficial effects
on the resulting fishery. The need for further research
along this 1line 1s poeinted out,

Presont methods of applying toxaphene are satise
factory for durinz the project period no difficulty was
expoerisnced., Observad mortality patterns indicate

advantages to spending more than the minimum time necw

essary for application, This would be of greater
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importanoe if toxaphene were being used for partial popu=
lation removal, More thorouzh distribution of the
toxapheno would give moro homogenous immediats conoene
trations negating the problem of mortality among the
desirable larger fishos from high initial unmixod concane
trations. It 15 also conceivablo that in largor lakes
(300 acres or more) under conditions ol rapid detoxifica-
tion that the concentration of toxaphene ocould be lowered
to loss than tho minimum loethal level prior to complete
mixing.

No marked correlation between water chemistry and
rate of reaction of fishes to toxaphene was noted, It
did appear that in highly alkaline waters the toxtcant
acted somewhat slower but inasmuch as all lakes were
alkaline in nature this was not definite., Temperature
was the factor determining the rate of reaction: the
lowver the temperature of the water the slowor the
reaction of the fishos to the toxaphone. Results from
Brush Lake provo that toxaphene will detoxify even while
the 1ake is under ice cover,

Actual dotoxification rates were not studied
during the project period. In lakes where incomplete
kills ooccurred it must be assumed that either the initial
concentration was below minimum lethal level or that

detoxification at these low dosages is more rapid than
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previously believed,

Five of the soeven lakes sustaining complete
mortalities were restocked within seoven months of treate
ment and good survival and growth has been neoted among
the stocked fishes.

In all lakes, increase in transparency was evident
following application of the toxaphense., This could have
been related to thoe removal of fishes that kept materials
in suspension. In some casos, howvevor, it was more
probable that the inorease in transparency was due to
1imited flocculation caused by the toxaphene or its
solvents,

No 111 effects were felt by personnel working with
the toxaphong. It appears that if toxaphene is judioci=~
ously handled, 1ittle danger is present in its use, 1t
was found advantageous, however, to direct the spray dovn-

ward to reduce airborne spray which is irritating to the

eyes,



SUMNARY

During the summers of 1959 and 1960, 16 Korth Da-
kota lakes ranging from 6.3 to 915 acres were treated with
toxapheno to romove populations of fishes, Objective of
the study was to dotermine tho minimum lethal conocentra-
tion of toxaphene necossary for lake eradication projects.

Concentrations of toxaphene usod on the lakes
varied from 0.005 p.pemes to 0,035 PePelle Incomplete
mortalities of fishes resulted in lakes at concentrations
less than 0,025 p.p.mie At concentrations of 0.025 p.p.m.
to 0.035 p.pems complete mortalities wore indicated sub-
Joct to the validity of test netting results,

Duration of toxiocity of the tozxaphene was not
axcossivo, Five of thoe soven lakes exhibiting complete
kills warse successfully restocked within seven months
af ter treatment,

Results indicate that the Rorth Dakota Game and
Fish UDepartmont cam use toxaphene at concentrations of
0.025 pepems to 0.035 pepems with reasonable assurance
of killing all fishes in the troated lakes.

All lakoes displayed a dofinite mortality pattern:
the small fishes were the first to die and the larzest
fishos were last, At the lowost projoect dosage\of 0,003

PePeme ON1ly younge-of-yoear were offecteds, The use of toxa-

phene as a siza selective plsolcide 1s strongly suzgested.
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COMMON AND SCIENTIFIC XAMES OF FISHISG FOUXD
IN PROJECT LAKBES

—

Common name

Scientific name

Northern pike
Walleye

Yellow perch
Black bullhead
Brown bullhead
Black sucker
Orangespot sunfish
Bluegill

WVhite crappile
Black crapple
Rainbow trout
Bluntnose minnow
Carp

Golden shiner

Esex lucius Linnaeus

Stizostedion vitreum (Mitchell)

Perca flavescens (Nitchell)

Ictalurus mslas (Kafinesqus)

Ictalurus nebulosus (LeSueur)

Catostomus commersonii (Lacepede)

Lepomis humilis (Girard)

Lopomis macrochirus [afinesquse

Pomoxis annularis (Rafinesque)

Pomoxis nigromaculatus (LeSuaur)

Salmo gairdneri Gibbons

Hyborhynchus notatus (Rafinesque)

Cyprinus carpio lLinnaeus

Notemironus crysoleucas (Rafinesque)

—

——————— e
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