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Abstract:

The effects of low toxaphene concentrations on plankton and larger invertebrates were studied in five
North Dakota lakes. Brachionus. Keratella, Trichocerca, Asplandhna, Polvarthra, Conochiloides,
Daphnia, Ceriodaphnia, Bosmina, and Cyclops, were the dominant zooplankters. None of these
exhibited marked reductions after treatment at 5 to 35 ppb.

Most phytoplankter populations showed no obvious changes after treatment, except Aphanizomenon
which increased in all lakes. The post-treatment increase in South Lake Metigoshe was especially
noticeable, since it did not increase in North Lake Metigoshe, which was untreated. Several of the plant
inhabiting and bottom fauna decreased slightly post-treatment, but this did not appear to be the result of
toxaphene treatment. Tolerance levels for several zooplankters and other aquatic invertebrates were
observed in controlled experiments. Rotifera was the most tolerant group, followed in order by
Cladocera and Copepoda. Among the larger invertebrates tested, Hirudinea, Hydracarina, and
Gastropoda, were the most tolerant, followed in decreasing order by Trichoptera, Odonata, Hemiptera,
Ephemeroptera, Amphipoda, and Coleoptera.
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ABSTRACT

The effects of low toxaphene concentratiens on plankton and larger
invertebrates were studied in five North DBakota lakes. Brachionus,
Keratella, Irichocerca; Asplandhna, Polyarthra, Conochiloides, Daphnia,
Ceriodaphnia, Bosmina, and Cyclops, were the dominant zooplankters. None
of these exhibited marked reductions after treatment at 5 to 35 ppb.

Most phytoplankter poepulatiens showed no obvious changes after treatment,
except Aphanizomenon which increased in all lakes. The post=treatment
increase in South Lake Metigoshe was especially neticeable, since it did
not increase in North Lake Metigeshe, which was untreated. Several of the
plant inhabiting and bottom fauna decreased slightly post-treatment, but
this did not appear to be the result of toxaphene treatment. Tolerance
levels for several zooplankters and other aquatic invertebrates were ob-
served in controlled experiments. Rotifera was the most tolerant group,
follewed in order by Cladecera and Copepoda. - Ameng the larger inverte-
brates tested, Hirudinea, Hydracarina, and Gastropeda, were the most
tolerant, followed in decreasing order by Tricheptera, Odenata, Hemiptera,
Ephemeroptera, Amphipoda, and Coleoptera.
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INTROBUCTION

The use of toxicants in fisheries managememt has provided considerable
infermation concerning the effects of various peisens on fish. Much less
is knewn of the'effeéts on the fish-foeod organisms. Several woerkers have
reported the effects of toxaphene en fish~-feoed erganismss included are
Hooper and Grzenda, 1955, in Michigan; Hoeffman énd Olive, 19613 and
Cushing and O;ive, 1957, in Colerados Stringer and McMynn, 1958, in
British Celumbia. »

The’ objective of the present study was to determine the effects of
low toxaphene- concentratiens on the plankton and certain other aquatic
organisms under natural and centrelled coenditions. This was made possible
by the rough-fish removal pregram in Nerth Dakota, during which various
concentrations of toxaphene were used.

The investigation included five lakes. Twe were natural lakes lo-
cated in the noerth central part of the state and three were impoundments
lecated in the soeuthwest. The period ef study extended frem June through

September of both 1960-61.
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directing the study and fer help in preparing the manuscript. DPale L.
Henegar, Chief of Fisheries, North Dakota State Game and Fish Department
suggested the proeblem and dave helpful advice. Thanks are alsoe dues Dr.
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aquatic insects; Ponald C. Warnick for help with field work; my wife Avis,
for aid in the analysis of samples. Chemical analyses were made by the
State Laborateries. The fish studies were by Nerth DPakota Fish and Game
Department who al;o previded financial aid under Dingell-Johnson Projects
F-2-R-7,9. The National Wildlife Federation granted a fellewship fer the

last year of the study.

METHODS
Surface water temberatures were obtained with a pocket thermometer
and depth temperatures with a reversing thermoemeter. Secchi disk réadings
were taken at all stati&ns in conjunction with each coellection series.
The toxaphene used was an emulsified concentrate mérketedlunder the

trade name Cooeper-Tox. It contained six peunds of technical texaphene

per gallon. Prior to applicatien the toxaphene was diluted 10-15 times

with water to facilitate uniform distribution. It was applied to the
water surface by spraying from a boeat.

Water samples were collected before and after toxaphene treatment in
1960; and ence in 1961. A summary of the physical and chemical data is
presented in Table 1. |

Plankten samples were secured with a'pump at 1.5 and 7.5 feet re-
spectively at all stations. All samples were taken while the beat was
moving in erder te aveid resampling the same water. Each sample contained
46 gallens of water and two samples constituted a cellectien. Each
sample was concentrated te 200 cc with a Ne. 20 silk plankton net.

Plankton counts consisted of total enumeratien of all erganisms in ene cc,




Table 1. A summary ef physical and chemical data before and.after toxaphene treatment for two

lakes and three reservoirs in North Dakota. {All chemical data except pH are expressed
as parts per millien; bottem temperatures were taken at depths of 9-12 feet).

_ Lake and o ~ Secchi Total Total .
date Sampling Temperature {OF) disk Total hard- pH alka- Chle- Sul- Iren
treated dates = Surface Bottem (feet) 'solids ness linity rides fates
Wolf 8/5/60 71.4 68.2 4.9 904 114 9.4 408  nene 280 1.5
Butte 8/16/60  68.6 68.2 4,2 1,025 114 9.1 .463  nene 348 1.1
Reservoir  9/7/60 64.0 63.7 7.9 :
8/8/60 8/9/61L . 71.0 70..0 4.3 678 84 9.2 336 trace 164 1.0
"~ 8/4/60 72.1 70.5 3.2 266 184 8.4 153  none 86 1.0
Raleigh 8/15/60  71.7 68.8 4,7 336 196 8.7 143  none 9% 0.5
' Reservoir  9/6/60 68.0 67.6 8.7
8/4/60 8/10/61 71.0 682 11.0 380 180 9.8 260 28 143 0.5
' 7/14/60 71.8 68.5 7.9 270 228 8.8 224 nene 27 0.2
South 7/21/60 72,0 - 68.4 8.4 279 222 8.5 214  nene 53 0.3
Metigeshe 8/26/60  64.6 62.3 8.3 )
7/17/60  9/15/60  60.2 59.1 6.4
7/19/61 68,5 66.8 10.0 299 208 9.4 216 28 44 ___ 0.8
. 7/14/60  71.8 66.8 8.5 281 232 8.6 224  nene 33 0.9
North 7/21/60 72,3 68.0 . 8.8 282 226 8.2 214  ‘nene 53 0.2
. Metigoshe  8/26/60  64.9 61.9 6.4
8/10/66  69.1 = 66.1 2.2 414 184 .8.2 187  none 165 042
Gdland 8/13/60 68.0 65.8 1.8 510 202 8.2 195  none 186 0.8
Reserveir  9/8/60 65,0 64.1 3.1 '
8/11/60  8/8/61 712 68.8 2.1 574 208 -8.5 196  trace 259 0.5
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with the exception ef a few abundant phytoeplankters, which were counted
by, the differential method, empleoying 20-80 fields within a oene cc sample.

Plant inhabiting organisms were coellected with a metal device de-
signed by the writer. This had an epening ef ene square foot and a
height of 30 inches. Openings (4 x 6 inches) were cut on two sides to
allow for drainage. These were covered by screen having 30 meshes per
inch. A sliding plate was installed at the bottem te sever the plants
near their roeets. Samples were limited to water depths of twoe feet or
less, since this device had to be operated manually. Appreximately 4.5
poun@s (dfained weight, 2-3 minutes) of plants were taken per sample in
1960. In 1961 this was reduced te approximately 12 ounces, since
analyses showed this to be.adequafeo 'The number of square feet of bottem
covered in each sample varied from eight te 16 in 1960, and three te five
in 1961.

Bottoﬁ oerganisms were taken with an Ekman dredge at depths ranging
from 4-10 feet. ~Either three or four square feet were sampled at each
e;,tation° Organisms from both plant énd bottem samples wére concentrated
with a screen having 30 meshes per inch.

Plant inhabiting organisms and beottem fauna were sampled at the same
statiens, which were approximately 50 feet in diameter. These stations

had beth abundant vegetatioen and epen water.
WOLF BUTTE RESERVOIR
Description

Wolf Butte Réservoir, located in seuthwestern Nerth Daketa, has a
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surface area of 24 acres and a maximum depth of 9 feet. No permanent
inlets or outlets are present and water is supplied maiply by runeff.
The bottem is muck., No marked thermal stratificatien was present. The

area surreunding the reserveir is primarily rangeland. Aquatic vegetation

was' very abundant at all depths less than 4 feet. Potamogeten pectinatus, .

P. richardseni, and Myriophyllum exalbescens, were the dominant plants.

A heavy mat of filamentous algae (Rhizoclenium) accompanied these plants

at the water surface,

Treatment

" Fish: Toxaphene was applied at 35 ppb eon August 8, 1960, in an

attempt to eradicate the entire fish poepulatien. This impeundment was

heavily poepulated with green sunfish (Lepomis cvanellus), black bullheads

(Ictalurus melas), and a few large rainbow treut (Salme gairdneri). A

large number of green sunfish and black bullheads was found dead and dying
after treatment. The reservoir was test-netted one week after eradicatien
and again the follewing spring. Twoe 125-foet experimental gill nets were
set for 24 hours and ne fish of any species were taken. The reserveir was
test-netted again in August of 1961, when ene 125-feet gill net and ene
frame net were set for 24 hours. The nets centained approximately 475
black bullheads and 83 troeut. Many yeung-of-the-year green sunfish were
also observed. A trapping program later in the fall revealed several
adult green sunfish.

Planktons Four collectioens of plankten were made at ene statien

located near the center of the reserveir. Collections were made three
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days prier te treatment, and after treatment at eight days,; 30 days, and
366 days. The kinds and ﬁumbers of plankfon are given for each collection
in Table 2. These are arranged in a phylegenetic erder with the zoo-
plankters listed first.

A comparison in numbers per liter was made between pre- and post-
treatment collections. Rotifers were represented by nine genera, Kera-
tella and Asplanchna being the mest numereus. ﬁgggﬁgilg changed from 91
before treatment to 15 at one week, two at one menth, and énly one at one

year post-treatment. Asplanchna increased frem 73 prior to treatment to

106 one week after treatment, but nene were present in collections at one
month or éne year after treatment. Other rotifers were too scarce for
comparisons.

Cladocerans were the moest abundant zooplankters with Daphnia and
Bosmina appearing in large numbers. Daphnia decreased from 244 before
treafment to 18 at one week, then increased teo 129 one month after treat-
ment. Besmina exhibited the reverse effect and both were less abundant
at one year post—treatment. Copepoda was represented by Piaptomus, Cy-
clops, and undetermined nauplii. Six Diaptomus were taken prier te treat-
ment, but noene were found at one week or one menth pest-treatment and only
two at one year. QCyclops decreased frem 46 in the pre-treatment col-
lection to three one week post-treatment, but increased to 11 by one
. month. Nauplii decreased from 106 bre-treatment to 26 and ten at ene
week and one menth respectively post—treétment° Cyclops and nauplii were

relatively abundant the following year.
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Table 2, Number of plankters per liter in Welf Butte Reservoir before
and after toxaphene treatment at 35 ppb. (Treated Aug. 8, 1960).

Before After After After
Organism 8/5/60 8/16/60 9/7/60 8/9/61
Brachionus 1 4 —_— 3
Keratella 91 15 2 1
Lecane - - —_ 1
Trichocerca 1 — - —_
Chremogaster 1 2 1 -
Asplanchna 73 106° —_ —_
Polyarthra 7 13 1 2
- Eilinia 1 1 - 1
Hexarthra 3 21 -3 -
Daphnia 244 18 129 28
Simocephalus —_ o 1 —
Ceriodaphnia 4 9 18 —
Bosmina 98 130 18 25
Chydorus 1 - - -
Diaptomus 6 - - 2
Cyclops 46 3 11 13
*Nauplii 106 26 10 73
Pandorina 3 15 - —
QOedogonium 3 4 - -
Cladophora - - - tr
Rhizeclenium 4 1 8 1
Pediastrum 12 5 3 61
Ceelastrum - - - 3
Qocystis 1 3 T -
Closteriepsis 1 4 —_ tr
Tetraeden — 1 — —
Scenedesmus 7 14 7 —_
Mougeotia — _ 1 -
Spirogyra 1. 1 52 .-
Closterium 1 4 1 tr
Cosmarium 4 1 2 -
Staurastrum 3 3 - -
Desmidium : 65 84 -7 tr
Botrvococcus - 3 2 7
Diatoma 2 1 1 2
Navicula 5 6 - —_
Pinnularia 1 — - -
Pleuresigma - - 1 —
Cymbella : 1 tr — -
Nitzschia 11 9 4 tr -
Camplyoediscus 1 Co—— —_ -
Ceratium 5 2 - 11

Synechocystis 90,067 589,405 149,306 82,563
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Table 2, continued.

Before After After After
Organism 8/5/60 8/16/60 9/7/60- 8/9/61
Polycystis 242 131 2 110
Merismoepedia C - —_ 1 -
Coelospharium 50 28 1 -
Lyngbya 8 2 9 -
Anabaena 61 58 1 -
Aphanizomenon 74377 33,157 54,716 138
Nodularia _-— 12 1 —_

* Includes nauplii of beth Biaptemus and Cyclops.
Tr Represents less than one per liter.

There were 16 genera of Chlorophyta, eight of Chrysophyta, and ene
of Pyrrophyta, represented in the cellectiens. Nene exhibited numerical
changes which could be attributed to toxaphene treatment. Eight genera

of Cyanophyta were present and these were the mest numerous algae.

Synechocystis and Aphanizemenen were the mest abundant genera. Synecho-

cystis increased from 90,067 before treatment to 589,405 one week after

treatment, then decreased te 149,306 at one month. Aphanizomenen in-

creased frem 7,377 pre-treatment to 54,716 at ene month after treatment.

Polycystis, Coelospharium, and Anabaena, decreased after treatment. Poly-

cystis was abundant at one year, but Ceelespharium and Anabaena did not

reappear one year pest-treatment.

Most of the changes befere and after treatment were small and ceuld
well be the result of nermal fluctuatiens in the population or the result
of éampling techniques. A few of these changes may have resulted frem the
texaphene, but nene were cebvidus.

Plant Inhabiting Organisms: Aquatic plant inhabiting erganisms were
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‘collected at tWo stations on the same aatgs plankton was sampled, The
numbers of orgahisms per pound‘of’veéetationufor thélfourﬂcolleétions is
presented in Table 3. Nineteen genera were represen%ed, but enly seven
were numerous. QGammarus Qaried througheut the study, but remained

abundant. (Callibaetis, Caenis, and Ischnura decreased at one week and

one month post~treatment, but were more abundant’at‘one year post-
treatment. Tendipes decreased frem 44 pre-treatment te nine at one week
while 48 and 25 were taken at one menth and one‘year, respectively, post-
treatment. Gastropoda (Physa and Gyraulus) increased from 77llbefore'
treatment to 1107 at one week, 1366 at one month,Aand 1558 at‘oﬁe year
post-treatment. | |

Numerical comparisens of the seven dominant genera revealed no marked
changes before ahd after'treatmeht. Reductions of Ephemereptera and
Odonata in the_first two post-treatment cellections may be ;ignificant;
however,-this could also have resulted from an emergence.

Bottom Faunas: These organisms were collected at the same stations

as those used for plant inhabiting organisms. Each collectioh consisted
of 3 square feet of bottem. The number of organisms per square foot of .

bottem is given for each collection (Table 3). Thi:teen\genera were

taken, but enly Gammarus and Tendipes weré abundant,- Gammarus fluc-
tuated from six befo¥e tfeatment-to less than one at one week, 44 at

one month, and less than one at one year after treatment. The large
number at one menth post-treatment resulted froem a cellectien which con-

tained censiderable vegetation. Tendipes decreased from 28 before treat-
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Table 3. Numbers of plant inhabiting organisms and bettom fauna in
Wolf Butte-Reservoir before and after toxaphene treatment-at
35 ppb. (Plant inhabiting erganisms are expressed as the number
per pound of plants and bottem fauna as the number per square
foot of bot‘tom° Treated Aug. 8, 1960).

Before After After : After
Organism 8/5/60 8/16/60 9/7/60 8/9/61
Plant Bottom Plant Bottom Plant Bottom Plant Bottom

Oligochaeta - tr —_ tr -  tr - ~.3
Hirudinea == —_ tr - - - — —
Amphipoda

Gammarus 63 6 172 tr 73 44 265 tr
Hydracarina

Hydachnidae 5 —_ o tr - 2 - 23 —
Ephemeroptera _

Callibaetis 5 1 tr - _— - 124 tr

Caenis 6 3 1 tr -~ tr 16 tr
Odonata

Sympetrum tr - tr tr _— - -3 —_

Aeschna - - tr —_ -— - — -

Ischnura 40 5 + 10 1 -— 4 56 tr
Hemiptera '

Plea - - tr - -_— - - -

Notonecta 1 —— —— - 3 - 10 -

Sigara 3 - - - tr - 2 —
Coleoptera '

Haliplus 2 - tr - —_— = 1 -

Copelatus tr - - - tr - 2 -

Hydroporus - - - - 1 - tr -
Trichoptera

Hydroptila - 1 e tr _— - — -
Diptera

Tendipes 44 28 9 12 48 9 25 25

Probezzia tr 3 — 2 —_— e —_ -

Chrysops - L —_ 1 -_— - —_ —_
Gastropeda .

Physa 123 2 325 1 156 3 886 6

Gyraulus 648 tr 782 1 1,210 9 672 1
Pelecypoda

Pisidium - 3 - 1 - 8 — 4

Tr Represents less than one per pound or square foot.
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- ment te 12 and nine at one week and oene menth, respectively, after treat-
ments but increased te 25 at one year. A comparisen of the number of

bettom erganisms before and after treatment revealed ne marked changes..

RALEIGH RESERVOIR
Descriptioen

‘Raleigh Reserveir is located in seuthwestern Nerth Paketa. It has a
surface area of 15 acresy, and a maximum depth of 18 feet. There are ne
permanent inlets or oeutlets and the water is supplied mainly‘by runeff,
The bottom is muck, covered by silt in seme areas. No marked thermal
stratification was present. The surreunding area is almest entirely
rangeland. Aquatic vegetation was very abundant at all depths less than

three feet. Potamogeton pectinatus, P. richardseni, Myriephyllum ex-

,-albescens, and Ceratpphvllum demersum were the doeminant plants. Large

amounts of filamentous algae (Rhizeclenium) accempanied these plants in

most areas..

Treatment
Toxaphene was applied at 25 ppb on August 4, 1960, in an attempt to
remove the entire fish pepulatien. A cemplete kill was not-achieved and
a second treatment was made at 90 ppb on September 26, 1960.
Fish: Prior to treatment, two 125-foot experimental gill nets and
. four frame nets were sef'for 24 hours. The frame ﬁefs contained several

thousand golden shiners (Netemigenus cryseleucas), approximately 5,000
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green sunfish, 1,200 white crappies (Pomexis annularis) and black crappies

(Pomoxis nigremaculatus). The two experimental gill nets captured 13

white suckers (Catoestomus commerseni), 11 black bullheads, and a few

golden shiners, green sunfishy and crappies. Large numbers of the_four
mest numerous species were found dead and dying after treatment. The
reserveir was again netted ene week after the first ‘creatmen‘c9 but with
enly two experimental gill nets set for 24 hours. These contained fen ‘
white suckers and five black bullheads. No further test-netting was dene,
since drought had leowered water levels severely restocking was no lenger
cénsidered°

Plankten: Four collectiens were made at one statlen loecated near
the center of the reservoir. A coellection was made one day prier te the
first treatment and those after the first treatment were at 11 days, 33
dayss and 371 days._ However a second treatment was made 53 days after the
first, and ene collectien was made at 318 days follewing this treatment.
The number of plankters was compared for pre- and post-treatment col-
lections- (Table 4). ﬁotifers were represented by 15 genera,\but only
Brachionus and Asplanchna were abundant. .Brachioenus decreased from 114
pre-treatment te 108 at 11 days and 15 at 33 days post—treétment. As—
planchna varied from 24 pre-treatment te 194 at 1l days and 16 at 33 days
post-treatment. Only three Erachionus and ene Asplanchna were taken 371
days after treatment. All rotifers were very scarce at this time and six
of the original genera were net found.

Cladocera was the most abundant zeeplankter. Daphnia, Ceriedaphnia,
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Table 4. Number of plankten per liter in Raleigh Reservoir befere and
after treatment at 25 ppb. (Treated Aug. 4, and Sept. 26, 1960).

Before After After ** pAfter
Organism 8/3/60 8/15/60 9/6/60 '8/10/61
Brachioenus 114 108 15 3
Keratella 13 T 11 o 9 7
Platyias ' tr 17 1 -
Lecane tr 2 - -
Monostyla 1 1 —— 5
Trichocerca 5 — - tr
Chromogaster 1 . 3 —_ 1
Asplanchna 24 194 16 1
Polyarthra 3 15 7 1
Synchaeta 1 11 13 —_—
Filinia tr 1 —_— tr
Testudinella 1 —_ tr -
Trochosphaera tr —_ 1 -
Hexarthra 2 - —_ —_
Conochiloides 3 11 - —
* Daphnia 65 173 57 9
Ceriodaphnia 44 156 100 1
Bosmina 314 283 50 . —
Chydorus 4 17 1 —
. Diaptomus : 10 1 1 -
Cyclops 120 9 41 8
*Nauplii 190 85 19 7
Elakothrix - — 1 —em
Microspora - 1 3 —_
Dedogonium . 9 3 1 -
Rhizoclonium 7 5 3 1
Golenkinia- — 3 - —_
Pediastrum 151 462 3 3
Coelastrum 7 ' 594 - -
Qocystis 69 75 2 -
Chodatella 4 15 - -
Closteriopsis 18 462 1 —_
Tetraedon . 11 89 - -
Scenedesmus 727 3,038 133 1
Crucigenia 17 264 4 —_
Tetrastrum —_ 3 —_ -
Mougeotia ' —_ 1 1 -
Zygnema 1 - ' - " -
Spiregyra 2 4 19 107
Closterium ' — — 2 tr
Cosmarium 20 .4 5 1
Staurastrum 4 9 - -

Desmidium 925 1,189 4 —_

—— e
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Table 4, continued.

Before "After After *¥ After
Organism 8/3/60 8/15/60 9/6/60 8/10/61
" Botrvococcus 5 8 7 -
Melosira 4 "9 - 2
Diatoma 8 - 3 1
Synedra 4 '3 _— 3
Navicula 6 1 1 -—
Pinnularia 1 —_ 1 -
Frustulia —— tr 1 -
Gyrosigma - - ftr -~ -
Pleurosigma tr - - -
Gemphenema tr 1 - —
Cymbella 4 4 1 -
- Nitzschia 8 14 7 8
' Cymatepleura 2 : 1 . —_ -
Camplvyediscus 2 —— —_ -
Ceratium 24 7 4 5
Synechocystis 54,161 6,275 2,312 601,057
Polycystis - 2,906 859 38 99
Merismopedia 9 7 1 —_
Coelospharium 2 25 94 4
Lyngbya 10 -1 8 1
Anabaena 5 4 16 - 2
Aphanizomenon 6 190 81,902 tr
Nodularia 77 3,633 21 ) 3

Tr Represents less than one per liter.
* TIncludes nauplii of both Diaptomus and Cycleps.
*%¥ After the secend treatment at 90 ppb.

and Bosmina were present in large numbers. DPaphnia varied froem 65 pre-

treatment to 173 at 1l days, 57 at 33 days, and only nine at 371 days

post-treatment. Ceriedaphnia increased froem 44 pre-treatment to 156:at
11 days, then decreased te 100 at 33 days, and only oene was taken at 371
days posf—treatment. Besmina decreased from 314.before treatment to 283
at 11 days, 50 at 33 days, and disappeared by 371 days post-treatment. A
few Chydorus weré found in the pre- and early post-treatment collectiens,

but did net eccur in the collection 371 days post-treatment. Copepoda was
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represented by the young and adults of Riaptomus and Cyclops. Dia@tomus
changed from ten before treatment to ene at 11 days and one at 33 days, °
but none at 371 days post-treatment. There were 120 Cycleps before
treatment while collections after treatment showed nine at 11 days, 41
at 33 days, and eight at 371 days. Nauplii decreased from 190 pre-
treatment to 85 at 11 days, 19 at 33 days, and seven at 371 days post-
treatment.

Chlerophyta was represented by 21 genera. Pediastrum, Coelastrum,

. e e e

Closteriopsis, Tetraedon, Scenedesmus, Crucigenia, and Desmidium were the

most abundant. All of these increased in the cellectien 11 days after
treatment, but were greatly reduced at 33 days and 371 days post-treatment.
Spiregyra was the mest abundant Chlerephyta in the cellection 371 days
after treatment, but was scarce in the pre- and early post-treatment
collections. Chrysephyta centained nine genera and Pyrrephyta ene. These

were infrequently encountered and ne comparisons were made. Cyanephyta

was repreéented by eight genera. Synechecystis, Polycystis, Coelo-

spharium, Aphanizomenen, and Nodularia were the dominant erganisms.

Svnechocystis and Pelycystis decreased in the first twe post-treatment
collections, but were abundant at 371 days post-treatment. Coelo-

—

spharium and Aphanizemenon increased after treatment, but were scarce at

371 days post~treatment. Nodularia varied from 77 pre~treatment to 3,663
at 11l dayss 21 at 33 days, and three at 371 days pest-treatment.
Changes after the first treatment (25 ppb) are probably the result

of normal population fluctuatiens. At 371 days post—treatment water
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levels had declined approximately 6 feet, the water was clear,.and aquatic
vegetation had increased. The severe reduction in neaily all plankters at
this time may have been due te the drep in water levels and/or the
possible censequent increased to;aphene concentration.

Plant Inhabiting Organisms: Coellections were made at two statiens

on the same dates plankten was cellected. The number of organisms per
pound of vegetation is presented for each collection (Table 5). Nineteen
genera were taken; but enly eight were abundant. .Gammarus increased from
31 pre~treatment te 313 at 11 days, 569 at 33 days, and 334 at 371 days
post-treatment. Hydrachnidae decreased frem 45 pre-treatment te 27 at 1l
days, 22 at 33 days, and 14 at 371 days pest~treatment., Callibaetis,

- Caenis, Ischnura, and Iendipes were markedly reduced in the first two

post-treatment coellectiens, but all except Caenis were abundant at 371
days post-~treatment. Sigara decreased froem 39“before treatmeht to less
than one at 1l days after treatment, and none were taken after this time.
There were 1163 Gyraulus pre-treatment, 1695 at 11 daysy 398 at 33 days
and 38 at 371 ddys post-treatment,

Several changes were noted following treatment; seme of which may be

the result of the'toxabhene. Reductions of Callibaetis, Caenis, Ischnura,

and Iendiges may be sighificant, however all but Caenis were abundant 371
days pest-treatment. Stringer and McMynn (1958) reported that Ephemer-
optera were killed at 30 ppb toxaphene. The disappearance of Sigara after
treatment appears te be the result of the toxaphene since they exhibited

low tolerance levels in the controelled experiments (Table’ll)° The re~
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duction of Gyraulus at 371 days post-treatment may be related to lowered
water levels, since other workers (Hooper and Grzenda, 19555 and ‘Stringer
and McMynn, 1958) founleaStropoda to be unaffected by toxaphene at lOO-.

ppb.

Bottom Fauna: Four collections were made at two stations on the

same 'dates plant inhabiting organisms were coellected. The number per
square foot of boettom is given fer each cellectioen (Table 5). 'Eleven
genera were taken, but most of these were too scarce for comparisens.,
Oligochaeta increased throughout the s£udy from four pre—treétment to 28
at 371 days post~treatmeﬁt. Cushing and Olive (1957) found an increase
in Oligochaeta after treatment with 100 ppb texaphene. Ephemeroptera de-

creased from seven before treatment to less than ene at 11 days, and none

were taken in succeeding collections. TIendipes decreased from 27 pre-

treatment to 2 at 11 dayss 6 at 33 days, then increased to 71 at 371 days
post-treatment.

The reductions of Ephemeroptera and -Tendipes may be significant,.
Stringer and McMynn (1958) reperted that Ephemereptera were killed at 30
ppb toxaphene, and Cushing and Olive found that a concentratien of 100 ppb

eliminated Tendipedidae..

SOUTH LAKE METIGOSHE
Descriptioen
South Lake Metigoshe is a glacial lake located in the Turtle
- Mountains in north central North Daketa. It has an area of 915 surface

acres and an average depth of 9 feet, Water is supplied mainly by runoff,
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Table 5. Numbers of plant inhabiting organisms and bottom fauna in
Raleigh Reservoir before and after toxaphene treatment at 25
ppb- (Plant inhabiting organisms are expressed as the number
per pound of plants and bottom fauna as the number per square
foot of bottom. Treated Aug. 4, and Sept. 26y 1960).

Before After After © % After

Organism " 8/3/60 . 8/15/60 . 9/6/60 ;- .8/10/61

Plant Bottom Plant Bottom Plant Bottom Plant Bottom

Oligochaeta —_ 4 — 8 _ 11 - 28

Hirudinea tr - tr - - - 5 -

Amphipoda )

Gammarus 31 4 313  tr 569 3 334 1

Hydracarina )

Hydrachnidae 45 — 27 - 22 —_ 14 -

Ephemeroptera

Callibaetis 66 1 9 tr tr - 60 -

Caenis 185 6 10 tr 6 — 3 -
Odonata

Sympetrum _— - 1 - tr — 17 -

Anax - = -_— - - — 1 -

Aeschna tr - tr - - —— 1 -

Ischnura 109 2 21 1 8 —_ 134 -
Hemiptera

Notonecta 2 - tr - tr —_ 5 —_

Sigara 39 2 tr - - —_ - —_
Coleoptera

Copelatus . _— - tr - - - - -

Hydroporus 2 - 7T - 6 - 8 -

Diptera :

Chaoborus —_ 1 —_— = - —_ —_ -
Tendipes 12 27 tr 2 1 6 52 71
Probezzia- tr - tr - —_ —_ —— —_
Chrysops —_— - tr — —_ tr —— -

Gasttropoda - ' :

Physa 5 - 13— 6 - 22 _
Gyraulus 1,163 +tr 1,695 4 398 2 38 -

Pelecypoeda '

Pisidium -— tr - 4 - 7 - -

Tr Represents less than one per pound or square foot.

* After the second treatment at 90 ppb.
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Water levels fluctuate slightly due‘ko releases from an upstream reservoir.
The major bottom materials are péat and muck. No marked thermal stratifi-
cation was present. Trees border most of the shoreline. Aquatic vege-
tation was common and was exceptionally abundant in the bays. Scirpus sp.
occupied several large-areas near shore. Myriophyllum exalbescens and
Ceratophyllum demersum were present at most depths less than 15 feet.

Other dominant plants were Potamogeton natans, P. pectinatus, P. richard-

soni, P. zosteriformis, Najas flexilis, Sagittaria latifolia, Eleocharis

palustris, and Polygenum amphibium.

Treatment
Toxaphene was applied at 10 ppb on July 17, 1960 in an attempt to

reduce the number of yellow perch (Perca flavescens) and black bullheads.

This was supplemented by 5 ppb on July 19.

Fish: Several 250-foot experimental gill nets and frame nets (0.5

inch and 0.25 inch mesh) were set at selected stations one week before,
one week after, and again 11 months after treatment. The netting effort
at each time was 333, 290, and 120 hours respectively. The fish taken are
expressed as the number per 100-net-hours. Adult yellew perch were re-
duced frem 900 pre-treatment to 36 at one week and nene at 1l months post-
treatment. Young—of—the—yéar were reduced from 610 pre-treatment to six
(

at one week and none at one year pest-treatment. Young-of-the-year black
bullheads decreased from 240 pre-treatment to nine at one week and noene

at 11 months poest—-treatment. Young—of—the—year nerthern pike (Esox lucius)

decreased from 40 pre-treatment to ten at one week and none at 11 months
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post—-treatment. Netting at one week poest-treatment did net show a re-

duction in adult black bullhead, northern pike, and walleye (Stizostedien

vitreum), but several were found dead aleng shore at this time. No wall-
eye were taken at 11 months pest-treatment and bullheads and northern pike

"were greatly reduced. The low number of all species taken at 11 monthé

' -post-treatment may have been due to the residual effects of the toxaphene.

Plankton: Five collections were made at fqur statiens on South Lake
Metigeshe. These were made 4wo days:prior to treafment and after treat-
-ment at 4, 40, 60, and 367 days. The pre- and first two post-treatment
collections at South Lake Metigeshe are compared with thoese made at four
stations on North Lake Metigeshe, which was sampled on the same dates.
Nerth Lake Metigeshe lies adjacent to.Sodth Lake Metigoshe and is
connected by a channel approximately 30 feet wide, but it was net treated
until later in the fall and could therefore be used as a control. The
number of plankton per liter for all cellectiens in beth lakes is given
in Table 6,

Rotifers were represented by 15 genera. Trichocerca and Cenechiloides

were the most abundant; Trichocerca decreased frem 234 pre-treatment te
31 at 40 days, three at 60 days, and three at 367 days post-treatment.
Conechiloeides decreased from 182 pre-treatment to 16Q at four days, one
at 40 dayss none at 60 days, and less than ene at 367 days pest-treatment.
~ Asplanchna decreased from 28 before treatment to one at 40 days, noene at
60 days, ahd 20 at 367 days post-treatment. Hexarthra decreased frem 11

pre-treatment to none at 40 days, none at 60 days, and less than one at
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Table 6. Number of plankton per liter in South and North Lake Metigeshe

before and after toxaphene treatment at 15 ppb.

Metigoshe treated July 17, 1960).

(Seuth Lake

Before After After After After
7/15/60 7/21/60 8/26/60 9/15/60 7/19/61

Organism S.L. N.L. . S.L. N.L. S.L. N.L. S.L, S.L.
Brachionus - 2 1 1 tr — 1 -
Keratella 35 28 48 22 1 25 11 12
Lecane tr —_ —— — 1 tr - tr
Monostyla 3 —_ 2 — 9 2 1 2
Trichocerca 234 111 83 86 31 5 3 . 3
Ascomorpha 1 3 5 4 4 tr tr 1
Chromogaster tr 2 tr 2 3 - tr 1
Asplanchna 28 3 24 6 1 12 _ 20
Polvarthra 4 27 35 34 42 32 28 16
Synchaeta 17 1 19 3 10 2 1 tr
Filinia 3 3 25 2 7 2 2 3
Testudinella — —_ —_ tr - —_ - tr
Hexarthra 11 1 15 2 - 1 —_ tr
Conechiloides 182 . 14 160 34 1 10 —_ tr
Stephanoceros - —_ —_ - - tr —_ —_
Daphnia 1 9 1 2 9 5 16 41
Simocephalus 1 - D2 —_ 1 1 tr tr
Ceriodaphnia 37 99 67 37 40 18 7 : 1
Bosmina 110 67 119 35 8 -18 -8 1
Graptolebris —_— - _— e 4 - — —_—
Chyderus 10 1 2 tr 20 3 19 5
Diaptomus 1 12 tr 13 tr 5 —_ 2
Cyclops 17 17 4 17 13 9 22 44
*Nauplii 29 83 | 17 76 28 37 11 67
Pandorina 1 tr 1 1 5 5 5 5
Volvox | tr tr 1 1 15 1 1 -
Apiocystis - —_ - —_ —_ - —_ tr
Oedogonium — 1 tr tr 3 - tr —
Rhizoclonium tr tr tr tr - — - —_
Pediastrum 4 17 2 7 7 38 6 6
Coelastrum tr tr tr tr —_ - 1 -
Qocystis 1 1 1 1 1 tr —_ 2
Chedatella - tr tr - - - - tr
Closteriopsis 1 2 1 2 2 tr 1 5
Kirchneriella —_ tr —_ —_ - —_ — —_
Tetraedon - - tr —_— - —_ —_ —_
Scenedesmus tr 1 1 1 - 2 tr 1
Crucigenia tr tr 8 - 1 - 1 1
Mougeotia - - —_ - - — tr tr
Spirogyra tr 1 tr —_ 1 - tr tr

Closterium tr —_ tr ——
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Table 6, continued.

Before After After After After
7/15/60 7/21/60 .8/26/60 9/15/60  7/19/61

Organism " S.L. N.L. S;L., N.L. SsL. N.L. S.L. S.L.
Cosmarium 1 tr 1 tr - 3 1 tr
Staurastrum 15 16 17 8 60 23 106 67
Desmidium 3 4 4 1 2 3 1 1
Botryococcus - 1 — 2 2 tr 2 2
Dinobryon 7 98 1 11 — tr - -
Melosira 11 73 5 40 568 1,040 462 3
Diatoma 1 i - 1 - - 1 1
Fragilaria 144 235 71 45 871 50 71 3,078
Synedra 42 51 60 13 304 62 581 6,803
Asterienella 1 1 1 tr tr 1 1 tr
Navicula 13 1 22 1 25 29 3 6
Pinnularia 4 1 16 1 5 8 1 A
Frustulia 1 - 1 - 1 1 - -
Gyroesigma tr —_ tr —_ - 1 tr tr
Pleurosigma tr tr —_ - 1 tr tr tr
Gomphoenema 2 9 9 6 -39 9 61 61
Cymbella o4 1 18 1 10 2 1 1
Nitzschia 2 2 19 4 7 3 3 12
Cymatopleura — — S - - tr 1 —_
Camplyodiscus 2 tr 1 tr 3 1 1 tr
Glenodinium tr 1 1 2 - 1 - -
Ceratium 52 42 71 6l 190 300 260 948
Polycystis 87 396 73 330 155 1,057 218 462
Meri smopedia — - —— tr —— - - 1
Coelogpharium 7 132 9 238 150 2,510 470 207
Phormidium 3 —_ 4 - 1 — tr -
Lyngbya 13 24 21 127 2,312 2,932 81 39
Anabaena 7,794 3,540 1,982 1,915 130,515 4,716 127,470 1,222
Aphanizomenon 2,642 5,773 1,096 1,836 69,617 4,742 98,018 53
Nodularia - 3 2 14 4 6,869 4 5,019 39
Gleeotrichia 3 1 3 1 2 — 1 1

Tr Represents less than ene per liter.

¥ Includes nauplii of Diaptemus and Cycloeps.

367 days pest-treatment. Keratella, Polvérthra9 and Filinia-.remained al-

most constant. There were six genera of Cladocera with Daphnia, Cerio-

daphnia, and Bosmina, being the most abundant.

Daphnia increased frem one

pre-treatment to 41 at 367 days post-treatment, and Ceriodaphnia remained
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nearly constant, but was less abundant at 367 days pest-treatment.
Besmina decreased froem 110 pre-treatment to eight at 40 days, and one at

367 days pest-treatment. Copepeda was an abundant group, represented by

Diaptemus, Cycleps, and their nauplii, which remained nearly censtant
during the study.
There were 20 genera of Chlorophyta, twe of Pyrrephyta, and 17 of

Chrysophyta. Staurastrum, Ceratium, Melesira, Fragilaria, and Synedra

were the deminant organisms in these groups. After treatment these in-
creased at 40 days post-treatment and with the exception of Melosira,
were more abundant at 367 days post-treatment. Cyanophyta was the most

abundant phytoplankter. Polycystis, Ceelospharium, Lyngbya, Anabaena,

Aphanizomenon, and Nedularia were abundant. Polycystis and Coelospharium

increased slightly after treatment, whereas Anabaena, Lyngbva, Aphani-

zomenon, and Nodularia exhibited large pest-treatment increases (Table 6)..

Comparisens of zooplankters before and after treatment revealed no
marked changes. Post-treatment decreases in South Lake Metigoshe were
not significant, because cemparisons with untreated North Lake Metigoshe
revealed similar decreases in mest instances during the same period. Mest
of the doeminant phyteplankters remained almest coenstant or increased

following treatment. The large post-treatment increase exhibited by

Andbaena, Aphanizomenon, and Nedularia may be the result of treatment,
since they did not increase significantly in Nerth Lake Metigeshe.

Plant Inhabiting Organisms: Four stations were established on South

Lake Metigeshe and five cellections were made at each of these. Col-
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lections were made one day before treatment.and after treatment at 5, 45,
59, and 367 days. The pre~ and first two post-treatment collections at
Seuth Lake Metigoshe‘are compared with three collections made at four
statiens on Nerth Lake Metigoshe; whiéh were not treated until later in
the fall. The number of organisms per pouhd of plants is given foer both
South and North Lake Metigoshe (Table 7). There were 28 genera of organ-

isms taken. Gammarus, Tendipes, Physa, and Gyraulus were the most

abundant. A comparison ef pre- and pest-treatment collections revealed
ne marked changes in the number of any oexrganism.

Bottom Fauna:s No pre—~treatment samples were obtained, but twe pest-

treatment samples were taken, which consisted of three square feet each.

Tendipes was the deminant erganismg but a few Gammarus, Chaeborus, and

Oligechaeta were also present., Nine Tendipes per square foot were taken

at 60 days and 31 at 367 days pest—treatment,

ODLAND RESERVOIR
Descriptioen
Odland Reservoir is located in southwesterp North Bakota and has a
surface area of 100 acres and a maximum depth of 16 feet. There are ne
permangnt inlets or outlets and the water is supplied mainly by runeff.
The majoer boettem material is muck. No marked thermal stratification was
present. Aquatic vegetatien was abundant in all shallow areas. Pota-

mogeton pectinatus, P. richardsoni, Scirpus sp., Myriophyllum exalbescens,

and Chara sp. were the dominant plants.
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Table 7. Numbers of plant inhabiting organisms and bottom fauna in
South Lake Metigoshe before and ‘after toxaphene treatment
at 15 ppb. (Plant inhabiting organisms are expressed as the
numper per pound of plants and bottom fauna as the number -
per square foot of bottom. {Treated July 17,71960).

Pre-treatment . Post-treatment
7/16/60 7/22/60  8/31/60  9/16/60 7/18/61

Organism S.L. N.L, S.L. N.L. S.L. N.L. S:L. NsL. S.L. N.L.
Hirudinea 1 tr tr tr 1 tr 1 2
Amphipoda '

Gammarus 639 198 406 186 177 130 295 424
Hydracarina

Hydrachnidae 11 4 5 4 1 1 1 1
Ephemeroptera ’

.Callibaetis 2  tr -—  tr | - 1 tr 6

Caenis 1 3 2 2 —— 2 - -
Odonata

Sympetrum tr —_ —_ — — —— - —

Anax tr tr . —_ tr - —_ - 1

Aeschna _— - - - —_ tr - 1

Ischnura tr tr tr 1 tr 7 tr 2
Hemiptera

Plea tr 1 tr tr tr 2 tr 7

Notonecta - tr —_ - — —_ — 3

Buenoa tr - - - _— == tr . -

Sigara tr tr tr tr tr - tr 6
Trichoptera

Psychomyia 1 1 — 1 —_ tr —_ tr

Qecetis 1 1 tr 1 o tr - —

Triaenodes 3 1 tr  tr _— = — o tr

Phryganea tr tr tr tr —_ tr —_ —_
Coleoptera :

Copelatus 2 2 1 3 tr 3 . 1 11

Haliplus 1 .2 tr 2  tr 2 tr 2

Hydrocanthus — tr _— =ty - tr 2

Gyrinus - —_ tr - —_ tr —_ —_
Diptera

Chaoborus . tr - 1 — —_ — — —_

Tendipes 9 5 3 6 11 3 -2 1

Probezzia tr 1 tr tr tr - —_ -
Gastropoda :

Physa 24 28 21 27 3l 19 29 66

Lymnaea —— tr —_ tr — - tr —

Gyraulus 47 56 . 24 44 51 105 86 10

Valvata —— tr tr —— tr —— tr ——

Tr Repreéents less than one per pound.
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Treatment

Fish: Toxaphene was applied at 5 ppb on August 11, 1960, to reduce

young-of-the-year black bullheads and yellow perch. Large numbers of
‘these fish and several young of the year northern pike, white crappie,
and orangespotted sunfish (Lepomis humilis) were found dead along shoreJ
the day after treatment. Adults of ‘these species were noet significantly
reduced by treatment, since only a small number was found dead, and large
numpers were taken in poest-treatment test—netting'é°

Planktons Four collections were made at each of two stations.
These were made one day prior to treatment and after treatment at 7, 28,
and 362 days. The kinds and number of plankters per liter are given fér
each collection (Table 8). There were ten genera of Retifera taken.

Brachionus, Keratella, Polyarthra, and Ceonochileides were the most

abundant and remained nearly constant before and after treatment.

Cladocera was the most abundant zooplankter with Daphnia, Ceriodaphnia,

and Bosmina being most commen. There were 22 Daphnia pre-treatment, 68

at seven days, 40 at 28 days and three at 362 days pest-treatment. Cerio-
daphnia varied from 31 pre—treatment to 66 at seven days, 37 at 28 days,
and only one at 362 days post—treatment; Bosmina decreased from 459 ° .
before treatment to 24 at 28 days, and 66 at 362 days post-treatment.

Copepoda was represented by adults and nauplii of DPiaptomus and Cyclops.

Cyclops decreased from 71 pre-treatment to 16 at 28 days post-treatment
and nauplii decreased from 129 pre-treatment te 36 at 28 days post-

treatment, but both were again abundant at 362 days pest-treatment.
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Table 8. Number of plankton per liter in Odland -Reserveir before and
after toxaphene treatment at 5 ppb. (Treated Aug. 11, 1960).

Before “Aftex- After After

Organism 8/10/60 ©8/18/60-  9/8/60  8/8/61.
Brachioenus - 10 26 12
Keratella 3 7 71 33
Trichocerca —_ 1 1 -
Asplanchna 5 3 6 - 4

Polyarthra 7 61 55 229
Synchaeta 1 2 . 17 4

Filinia : - 1 11 I
Trochosphaera 1 1 . 7 4
Hexarthra tr tr —— tr
Conechiloides —_ tr 63 tr
Daphnia 22 68 40 3
Simocephalus —_ —_— tr —_
Ceriodaphnia 31 66 37 1
Bosmina 459 333 24 66
Chydorus —_ —_ 2 —_
Digptemus 1 1 1 . -
Cyclops 71 26 16 34
*Nauplii 129 61 36 115
Oedogonium —_ 1 ‘ —_— -
Rhizoeclonium —_ —_ 3 —_
Microactinium —_ 1 ! - tr
Pediastrum 4 3 10 12
Hydredicten - . tr — —_
Oocystis tr 1 2 —_
Closteriopsis 10 5 1 2
Tetraedon tr 1 1 —_—
Scenedesmus 5 3 7 1
Meougeotia —_ —_ 1 —_
Spiregyra : — tr 1 —_
Clesterium tr - o1 1
Cosmarium 1 2 tr —_
Staurastrum 3 2 6 1
Desmidium 3 8 16 2
Botryoceccus - - 1 -
Dinobryon - —_ 11 -
Melosira 6 55 33 131
Diatema 2 2 ‘ 1 16
Synedra tr 1 : 1 4
Asterionella 1 1 6 tr
Navicula tr 1 1 -
Pleuresigma - tr —— —_
Cymbella 1 tr — —_

Nitzschia 6 15 3 1
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Table 8, continued.

Before After After After
@rganism 8/10/60 8/18/60 9/8/60 8/8/61
Cymatoepleura tr tr - tr
Ceratium : 391 542 3,302 1,123
Polycystis 6 9 130 3
Lyngbya 1 1 3 -
Anabaena 1 5 3 e
Aphanizomenon 14 287 5,812 4
Nodularia tr 1 8 -

Tr Represents less than one per liter.
¥ Includes nauplil of boeth Diaptomus and Cyclops.

Fourteen genera of Chloroephyta, 12 of Chrysophyta, one of Pyrroephyta, and

five of Cyanephyta were found. Melesira, Ceratium, Polvcystis, and

Aphanizomenen.were the dominant organisms of these groups. After treat-

ment these increased at seven days and 28 days post-treatment. Approxi-
mately the same numbers were found in pest-treatment coellections at 362
days as were found pre—tfeatment. Numerical cemparisoens of pre~ and pest-

treatment collections showed no marked changes.

Plant Inhabiting Organismss Foeur collections were made at two
stations on the same dates plankten were cellected. The number of organ-
isms per pound of plants is given for each cellection (Table 9). Nineteen

genera were taken with Gammarus, Hydrachnidae, Caenis, Ischnura, Tendipes,

Physa, Gyraulus, and Valvata being the most abundant. Caenis and Tendipes

decreased slightly after treatment, probablya normal pepulatien fluct-
vation rather than a result of the toxaphene treatment. All other organ-

isms remained nearly constant.

Bettom Fauna: Four cellections were made at the same stations on the
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Table 9. Numbers of plant inhabiting organisms and bottom fauna in
Odland Reservoir before and after toxaphene treatment at 5 ppb.
(Plant inhabiting organisms are expressed as theé number per
pound of plants and bottem fauna as the number per square foot
of bottom. Treated August 11, 1960).

Before After After After
8/10/60 8/18/60 9/8/60 8/8/61

Organism Plant Bottom Plant Bottem Plant Bottom Plant Boettem
Oligochaeta - 2 . _— 1 — tr - 2
Hirudinea tr - tr — - 1 2 -
Amphipoda

Gammarus 195 1 294 2 303 6 76 tr
Hydracarina

Hydrachnidae 53 - 34 | - 4 —_— 17 —
Ephemeroptera
. Caenis 21 2 11 tr 5 — 11 tr
Odonata

Sympetrum I - tr - - == - -

Aeschna tr  tr tr — —_ —_ 2 —

Ischnura 5 1 4 tr 13 1 11 —_
Hemiptera )

Notonecta tr — 1 —_ 2 —_ — -

Sigara tr - tr — 1 - —— e
Trichoptera

Hydroptila - 1 - — - - - ——

Psychemyia tr - - - - == - -

Phryganea tr - —— — - —_ — —
Celeoptera

Haliplus 6 - 1 - 1 - tr -

Hydroeporus tr —— tr’ —_ 2 —_ —_ ——
‘Diptera . :

Tendipes 37 18 6 8 4 2 14 8

Probezzia —_— == tr - - tr — tr

Chryseps T——  tr —— 1 — tr _ —
Gastropeda : :

Physa 32 3 52 9 23 ‘1 89 2

Gyraulus 1,301 7 964 11 721 17 320 2

Valvata 48 11 52 17 149 78 7 23
Pelecypoda

Pisidium - 9 —_ 11 —— 15 — 32

Tr Represents less than one per pound or square foot.

same dates plant inhabiting organisms were collected. Each sample centain-

ed 4 square feet of bottem. The number of organisms per square foot of
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bottom is given fer each collection (Table 9); Fourteen genera were

takeny but enly-Tendipes, Physa, Gyraulus, Valvata, and Plsidium were

abundant. None of these exhibited marked numerical changes which could

be attributed to texaphene treatment.

EXPERIMENTS

Six Rotifera, twe Cladoecera, and two Copeﬁoda were tested at six
texaphene concentratiens ranging from 50 te 1000 ppb, te determine their
tolerance levels. All tests were conducted in battery jars containing
eight liters of filtered lake water, taken at the site where the organisms
were collected. The water had an average temperature of 68° F, a dis-
solved oxygen content of 9°8prm9 total alkalinity of 341 ppm, and pH of
8.4, Prior to each experiment the jars were washed with steel wool soap
pads and rinsed. All organisms were collected by pumping lake water
through a No. 20 plankton net and placed in the jars. The toxaphene was
diluted with water and applied to the water surface with-mederate mixing,
and after 24 hours the plankters were removed by siphoning inte a No. 20
planktbn net and coencentrated to 25 cc. All erganisms in 2 cc of this
sample were counted. In order te aveid cellecting the dead and affected
plankters the jars were tilted and 200 cc was left remaining in the
bottom after drainage. Three trials were cenducted at each concentration
and the number of organisms counted was cempared with untreated coentrels,
which were maintained for all expériments (Table 10).

.Expefiments with larger invertebrates were conducted in an attempt

to deteimine the cencentration at which 100 percent survived for 24 hours
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_98_

750 ppb 1000 ppb
Trial 50 ppg 100 ppb C25?: p?gx ngggpgko)xo Co-ntopg‘mc, Cont. Tox.
.Organism. . No. . -Cont. Tox. Cont.,.Tole. . on5°. K 6 : c 5 T 5 > 1
_ I :+ 6 o 1 o 2 e 2 14 1 o o
Polyartiwa . 11 TR A N S T I T S N T
. . : 0 0
T Z 5 5 5 5 2 0 0 4 é . !
Hexarthra CII 111 132 lg S 12 l? g ? ll% 0 20 1
— TS v - ¥ 14 22 11 19 1 3 o0
Eilini 1T 6 5 4 3 22 8 17 9 - 6 1 4 0
ilinia L 10 12 3 12 1 2 0
11T 7 6 7 2 3
- S A N A A S
. 1 1 .3 11 "2 1 23 14

fetatella 1%% 105 51 105 4] 1 112 3 12 1 18 2
T 8 10 18 14 18 22 8 3 8 0 7 0
12 7 14 13 8 9 98 48 12 0 1 0
&solanchna I%% 11 .9 .10 12 13 9] 1 0 1 2 7 2
I 122186 296 252 296 278 144 102 1ao 10 80 6
Brachienus  IT °8 68 72 85 144 148 351 191 58 11 79 24
‘ IT1 2724 27 18 281 363 94 88  as 23 84 11
I 24 21 10 8 10 3 11 7 24 1 6 0
Baphnia II 11 16 1 2 11 10 8 1 11 0 7 0
_AIT 5 5 5 736 8 7 0 7 028 0
I 34 .43 75 79 79 137 29 4 34 0 37 8
Besmina iI 76 93 6 7 29 5 68 2 76 4 16 4
4 117 19 27 19 17 69 33 88 4__ 88 4__.202 8
I 140 116 25 16 15 3 183 8 140 1 166 0
Diaptemus 11 2327 23 9 183 5 21 0 33 0 23 1
. 111 .52 36 52 35 "2 199 0 122 032 0
I 200 12 14 6 5 2. 12 0 20 I 28 0
Cyclops SIT - 4 6 5 6 12 1 58 3 14 0 14 0
111 10 14 .10 8 10 0__27 1 27 0 85 0
I 93 49 63 40 63 15 4% 11 53 2 48 0
*Nauplii 11 80 7Ll 48 31 46 26 g9 12 80 2 80 1
111 S0 58 50 46 59 og 73 19 73 7 152 9

* Represents beth Diaptemus and Cyclops.
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and 100 percent were killed (Table 11). These were carried out in gal-
vanized tanks centaining 20 gallens of lake water at 71® F. The water
used, toexaphene application, and cleaning methed Were the same as for
zooplankters. In moét cases 10~20 organisms were used to calculate per-
cent survival and moertality. Contrels were maintained for twe weeks, then
discontinued and survival was assumed te be 100 percent, with the ex-
ception of Gammarus which showed 91 percent sx.Jrvivala

Fathead minnews (Pimephales promelas) appreximately ene inch in

length were placed in all centainers after washing, fer 48 heurs at 10-
day intervals. This was done te determine whether lagge ameunts of toexa-
phene were accumulating due to inadequate washing, since these minnews
were found te have lew telerance levels (Hooper and Grzenda, 1955). The
lowest coencentration used in the experiments was 10 ppb, which preduced
100 percent mortality ameng the test fish while all experimental organisms
survived. No fathead minnews died in the washed tanks and it was assumed

that the procedure was adequate.

Results
Marked reductiens of rotifers were first observed at 500 ppb,

cladocerans (Daphnia pulex and Besmina) at 250 ppb, and cepepods at 100

ppb (Table 10). All genera in each group exhibited similar telerance
levels. Four trials empleying ten erganisms each, were cenducted with

Daphnia magna at six concentratiens. No effects were obvious at 50 to

- 400 ppb, however retarded mevements were observed at 1000 ppb, and moeve-

ments ‘had nearly ceased at 1500 ppb. Prevest (1960) reported a median




Table 11. Tolerance levels and percent survival for several aquatic invertebrates at varieus

toxaphéne coencentratiens.

No. Percent Tox. No. Percent Tox.
Organism trials alive conc. Organism trials alive ‘conc.
, (ppb) i _ {ppb)
Hirudinea 2 100 1000 Hemiptera 100 50
R (contt®d.) 60 75
Amphipoeda -100 100 Sigara 19 25 100
Gammarus 14 39 200 .0 150
) 21 300 )

o) 500 Tricheptera 100 500
Limnephilus 12 49 550
Hydracarina 4 100 1000 20 600
0 650

Ephemeroptera -100 150
Callibaetis 14 71 “ 300 Coleoptera 100 10
13 400 Haliplus o) - 45 40
9] 500 11 50
. 0 75

Odonata 100 200
Aeschna 17 84 275 Hydreperus- 18 100 60
40 350 63 100
0 450 35 300
’ 0] 450

Lestes 21 100 450
81 500 Dytiscus 9 100 15
33 600 (Larvae) 76 50
0 850 58 60
0 75

Hemiptera 100 275 -
Notonecta 18 71 300 _Gyrinus 16 100 65
39 400 78 100
0 600 60 150
0 185
Gastropeda )

Lymnaea 4 100 700

—.Lg.—.
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tolerance limit (T.L.M.) of 0,037 ppm for cladecerans and Hoeeper and

Grzenda (1955) found Daphnia magna te have a T.L.M. of 1.5 ppm at 55° F,

Tolerance levels (100 percent survival) for the larger invertebrates
are listed in decreasing o¥der as follows: Hirudinea, Hydracarina,
Gastroepoda, Trichoptera, Odenata, Hemiptera, Ephemeroptera, Amphipeda,
Coleoptera (Table 11). Survival at concentrations between 100 percent
survival and 100 percent mortality showed an approximate straight line
relationship (Table 11). Genera within each group did not exhibit similar
tolerance levels. This was evidenced ameng members of Odenata, Hemiptera,
and Coleoptera. quered temperatures produced marked increases in teler-
ance levels. In Lestes telerance increased approximately 35 percent by
lowering the temperature ten degrees. Hooper and Grzenda (1955) feund
mortality in fathead minnows increased approximately three-feld by raising
the temperature from 50° F to 75° F. Many of the findings are similar to
those.of Prevost (1960), however cemparisons are difficult since he pro-

vided no temperature data.

DISCUSSION
Populatiens of plankton shew many large variations thfoﬁghout the
year (Pennak, 19493 and Rawson, 1956). In the present study, the popu-
latiens of organisms which could best illustrate poest-treatment changes
were not severely reduced, therefore ne obvious effects could definitely
be attributed to texaphene treatment. Extensive fish remoeval can oebvious-
ly be accomplished witheut seriously affecting the plankton; but large

reductions in these organisms occur at 100 ppb (Wollitz, 1958; and Hoffman
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and @live, 1961). However, they reappear while the water is still toexic
te fish (Tanner and Hayes, 1955), and begin repopulating before detoxi-
fication will permit fish survival.

No marked reductions were observed ameng mest of the larger inverte—‘
brate§. Hooper and Fukano (1960) reported bottom fauna to be nearly as
abundant in two Michigan lakes after treatment (10 ppb) as befo£e, however
Stringer and McMynn (1958) found that Amphipeda was eliminated at 10 ppb
and Ephemeroeptera at 30 ppb. Severe reductiens in many of these organisms
may be expected at higher concentrations. Odongta, Ephemeroptera, Tendi-
pedidae, and Chaoborus, were eliminated with 100 ppb toxaphene (Hooper and
Grzenda, 19553 and Cushing and Olive, 1957). Unionidae, éphaeridae,
Gastropoda, Oligoqhaeta; and Hirudinea appear to be more resistant (Hooper
and Grzenda, 19553 and Stringer and McMynn, 1958).

Field observations were supplemented by contrelled experiments, since
most organisms tested were not reduced at concentratiens used for fish -
removal. However, it should be recognized that loewer tolerance levels
probably exist under field conqitions which invelve lenger expesure

periods,

SUMMARY
1. The effects of different toxaphene concentrations on‘thé‘plankﬁqn‘
and ether aquatic invertebrates was studied under natural and controllgd}'
conditions. Five North Dakoeta lakes were included in‘the study, which ex-
tended from June through September of both 1960-61. |

2. A summary of physical and chemical data is presented for each lake.

154706
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3. DPolyarthra, Keratella, Asplanchna, Cenoechiloides, Brachionus,

Trichocerca, Daphnia, Bosmina, Ceriedaphnia, and Cyclops were the deminant

zooplankters. No marked reductions were observed after treatment with 5
to 35 ppb, however a marked reduction of many plankters followed the
second treatment (90-ppb) in Raleigh Reservoir.

4. Cyanephyta was the most abundant phytoplanktér in all lakes.

Aphanizomenon increased in all lakes post—treatment, but ether phyte-

plankters exhibited no coensistent changes. Chloroephvta, Chryspphyta, and
Pyrrophyta contributed little to phytoplankton abundance.
5. The most abundant plant inhabiting organisms and bottom fauna ex-

hibited ne marked changes post-treatment. Gammarus, Physa, Gyraulus re-

mained almoest constant while Callibaetis, Caenis, Ischnura, and Tendipes

decreased slightly after treatment, but were again numereus one year after
treatment.

6. Controelled experiments conducted en several species of zooplankters
showed Rotifera to be the most tolerant, followed in order by Cladoecera
and Copepoda. Noticeable reductions occurred in Rotifera at 500 ppb,
Cladecera at 250 ppb, and Copepoda at 100 ppb.

7. Experiments with.thé larger invertebrates shewed Hirudinea, Hydra-
carina, and Gastropeda to be the most resistant to toxaphene, follewed in
order by Tricheptera, Odoenata, Hemipfera, Ephemerbptera, Amphipoaa, and
Coleoptera.

8. Survival among the larger invertebrates at intermediate concentra-

tions between 100 percent survival and 100 percent mortality revealed an
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approximate straight line relationship. Genera within each group exhibited

dissimilar telerance levels,
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