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Abstract:

The effects of certain commercial toxicants on the physical, chemical and biological properties of three
cold water ponds were studied. The East Pond was treated with toxaphene, the Middle Pond with
Chem-Fish Special, Pro-Noxfish and toxaphene and the West Pond with Pro-Noxfish.

Time of death of test fish varied with the different toxicants. The numerical ratio of fish recovered was
determined. Following treatment in the East and Middle Ponds,light penetration increased markedly.
Dinobryon and Ceratium were the only phytoplankters which showed a reduction following the
treatments. Treatment with the toxicants had varied effects on zooplankton. Bottom organisms were
effected as follows: Tendipedidae exhibited little effect following treatment in the East Pond, decreased
in the Middle Pond and increased in the West Pond; Tubificidae increased in all ponds. All plant
inhabiting organisms except the Gastropoda, dis-' appeared following treatment in the East and Middle
Ponds. In the West Pond, Hyallela and Tendipedidae were reduced after treatment while other
organisms appeared uneffected.
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ABSTRACT

The effects of certain commercial toxicants on the physical, chemical
and biological properties of three cold water ponds were studied. The . !
East Pond was treated with toxaphene, the Middle Pond with Chem-Fish -
Special, Pro-Noxfish and toxaphene and the West Pond with Pro-Noxfish.
Time of death of test fish varied with the different toxicants. The nu~
merical ratio of fish recovered was determined. Following treatment in
‘the Tast and Middle Fonds,light penetration increased markedly. Dlnobryon
and Ceratium were the- only phytoplankters which showed a reduction follow-
ing the treatments. Treatment with the toxicants had varied effects on
.zooplankton. Bottom organisms were effected as follows: Tendipedidae
exhibited little effect following treatment in the East Pond, decreased in
 the Middle Pond and increased in the West Pond; Tubificidae 1ncreased in
all ponds, All plant 1nhab1t1ng organisms except the Gastropoda, dis-"
appeared following treatment in the East and Middle Ponds. In the West
Pond, Hzell ela and Tendipedidae were reduced after treatment while other
organisms appeared uneffected.
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INTRODUC TTON

During recent years, fish toxicants have become increasingly important
in fisheriés management. While some information is available concerning
their effects on different species of fish, little has been reported re-
vgarding their effecté on fish food organisms. A stqdy was undertakén to
determine important changeé in the physical, chemical and biological
characteristics resulting from commercialitoxicants.

Thig investigation was conducted from April, 1956 to April 11, 1958
on three adjacent gravel-pit ponds, which are located 1.5 miles east of
Three Forks, Montana. The project consisted of three phases: first, the
determination of physical, chemical and biological characteristics of the
ponds prior to the application of toxicants; second, the application of
the toxicants and observations on their immediate effects on fish and fish-
?ood.prganisms; third, the determination of chénges in the physical, chemi-
cal and biological characteristics of the ponds following treatment.

The writer wishes to extend sincere appreciation to Dr. C. J. -D.
Broﬁn and to Mr. Richard J. Graham for technical supervisiéﬁ on the project
and for assistance in the preparation of the manuscript. Thanks are also
due to: Dr. John C. Wright for assistancé in identification of plankbon;
Dr. Richard C. Froeschner for aid in identification of aquatic insects;
_persoﬁnellbf the Montana Fish and Game Department for hglp in the appli-
cation of the toxicants; Messrs. Bud Allen and Chester Schendel of Three
Férks for providing a boabt and storage space during the summer‘of 1957.
The Montana Fish aﬁd Game Departmenﬂ financed the project through its

Dingell-Johnson program, F-9-R. Eduipment was providgd jointly by the
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Montana State College Agricultural Experiment Station and the Montana Fish

and Game Department.

METHQDS
Physical and Chemical
_ Maximum-minimm air témperatures and surface water bemperatures in
each pond were secured daily, except Sundays. Surface temperatures were
taken with a pocket thermometer and depth temperatures with a reversing
thermometer. Tarbidities were determined with a Hellige turbidimeter.
Visibility (Secchi disc) and water fluctuations were determined at regular
intervals.

The followiﬁg chemical analyses were made at the time plankbon
samples were takent ai3501Ved oxygen, pH, phenolphthalein alkalinity and
m@ﬁhyl orange alkalinity. Oxygzen saturation was determined from a nomo-
gram for giving values at different ﬁemperatures and altitudes (Rawson,

1941}, Phosphate and inorganic nitrogen analyses were made by the Chemis-

try Department, Montana State College.

Plankton.

Plankton samples were obtained with a .12 liter Kemmerer water
gamplér. Each sample was coﬁcentrated to 20 ml by means of a No., 25 silk
bolting cloth plankton net and then preserved with Lugol'é solubtion. Nine
sampling areas were established (Fig. 1)3‘oné'was'located near each end
(Stas. B, C) and the other (Sta. A} in the middle of each pond. A sample

of 19,2 liters of water was taken from each station B and G Sémplés from
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~r Figure 1. From top to bottom. East, Middle and Ifest Three Forks Ponds with depth contours
and plankton, temperature and chemical stations shown.
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station A combined plankbton from equal volumes of water (tofal 76.8
liters) obtained from the surface, 5-, 10-, and‘lS-fgot depths in the
Middle Pond and West Pond from April-September,.1956° During the same
?efiéd a combined sample (total 38.); liters) was taken at the surface and
five feet f?om the East Pond. After September, samples were secured from
the surface and the bottom (7-9 ft.) in the East Pond and the total sample
was reduced to 19.2 liters at station 4 in all ponds. Samples were baken
apprpximaﬁely every two Weéks at all stations during periods of open water.
During the wiﬁter, monthly samples were secured immediateiy under the ice
and ¢onfined to station A. The ovgrall sémpling period extended from
Bpril 17,'1956 to April 11, 1958 with the following exceptions: no samples
were obtained May l-June 2, 1956 in any of the ponds: no station A samples‘
were taken in the East Pond on June 2 and 29, 1956 and no samples were
taken in the East Pond October 9, 1956—December 13, 1957 or in any of the
ponds November I, 1957 ~January 10, 1958,

.Numerlcal plankton counts were made on one milliliter of concentrate
Q}gcgd in a Sédgwick—Rafter cell. Plankton organisms were identified to
geﬁgs, with thé exception of diatoms which were identified to family only:
‘Zooplankton counts were made by the survey method and phytoplankton by the
differential method. For phytoplankton, 10-LO fields were counted, the
number depending on the density of plankters as determined by inspection.
Tdentification of phytoplankton followed Smith (1950) and zooplankton

followed Pennak (1953).
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Bottom Samples- _

Bottom samples (1.5 sq. £b.) were taken with an Eckman dredge.

Bottom materials were Wasﬂed through a sieve with openings approximaterﬁ
005 X 0.5 mm and the organisms sorted from tﬁe remaining material. Organ-
isms were identified to family'and their volumes determined by water dis-
placement. A1l samples were taken at depths of 10-15 feet?

During the summer of 1956, four samples were secured from the East |
'Pond,:four from the Middle Pond and three from the West Pond. Five samples
were obtained from each pond in 1957 and one from each in March, .1958.

Two bf the 1957 éamples were taken prior to the application of toxicants

and the remaining samples were taken after.

Samples of Plant-Inhabiting Organisms

) A metal'cylinder (21, inches long and 6 inches in diameter) was used
to obtain samples of plant inhabiting‘orgahisms at depths of 12-2l inches:
ihe sampler was first’ﬁlaced over the vegetation which was then loosened
from the bottom. A small piecekof screen (18 mesh per inch)fplaced over
the bobttom of the‘cylinder prevented organisms from éscaping. The whole
. upit'wés lifted from the waber and its contents placed in a large paﬁ°
Appraximately,oneuhalf pound of vegetation (damp weight after 15-20
minutes of draining) was taken for each sample. Organisms were removed
from the vegetation and identified to family or genus and their volumes
determined by water displacement.

Vegetation samples were taken as follows: 1956, four in the West

Pond, four in the Middle Pond and three in the East Ponds 1957, two prior
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to the application of toxicants and three following. One sample was also

taken in each pond March, 1958,

Application of Toxicants-

A1 toxicants were applied from a boat by means of a portable, gaso-
line-powered pump. The‘effectiVe penetration of ‘toxicants and period of
toxicity were determined by the death of héélthy fish placed in wire cages
at various depths. Extensive gill-netting was carried oub to determine

the completeness of kill.

RESULTS
_ The three study ponds, which are all dredged pitsllying'adjacent o
each othef, receive their water supply mainiy from seepagé and springs.
They have no inlets or.outlets. Frequent winds and the shallowness .of the
pqnds does not permit marked thermal stratification during the summer.
Average weekly surface water temperatures of all ponds were similar and
closely approximated air temperatures during the summer of 1956 (Fig. 2)..
Yce cover formed -on all ponds between November 3-10, 1956 and betwsen Now
vember 15-18, 1957. The ice aisappeared between March 22-April 3, 1956,
between March 2}=30, 1957 and on March 2h,'1958. Snoﬁfall was light

during the winter and no prolonged snow cover on pond ice was observed.

East Pond
Description
The East Pond has not been dredged since 1940 but the exact time is

not known. It has a surféce area of 12.9 acres and a volume of abprdxi—
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Figure 2. Average monthly air temperatures and surface water temperatures for the East,
Middle and West Three Forks Ponds, for the period June to October, 1956.
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mately 100 acre feet, a maximum depth of 12 feet and a meaﬁ depth of 7.9
feet. The shofe is generally less than two feet above the surface of the
water but rises to a maximum of 10 feet in a few places. The pond bobttom
;§_extrémely.irregular due to dredging and'is.covered‘with about equal
areas of coarse gravel and muck. The surface water flucfuafed 1l inches.
in 1956 and 19 inches in 1957.
ihe important shore vegetation included willow (Salix sps), and

K§ptucky bluegrass (Poa pratensis). Emergent aquatic vegetation occupied

approximately LO per cent of the shoreline and consisted of great bullrush

(Scirpus validus} and cattail (Typha latifolia). Submerged vegetation

included dense growths of stonewort (Chara sp.), water milfoil (Myro-

phyllum exalbescens) and lesser amounts of widgeon grass (Ruppis maritima)

and sago pondweed (Potamogeton pectinatus).

The earliest known fish introduction consisted of 8,000 four-inch

1afgemouth black bass (Micropterus salmoides} which were planted in No-
vémﬁer, 1938, Another.1,000 largemouth black bass were stocked in No-

vember, 19Lli. Black crappies (Pomoxis nigro-maculatus), bluegills (Le~

" pomis machrochirus), yellow perch (Perca flavescens); carp (Cyprinus

carpio}, longnose sucker (Catostomus catostorms), white sucker (Catostomus

commersoni) and golden shiner (Notemigonus crysoleucas) were also present

but no records of introductions were found. It is surmised that the black
crappies and bluegills were introduced with the largemouth black bass as
forage fish and that the others were iﬁtroduced by private individuals or .

bait fishermen.
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Fish Eradication
Og July 16, 1957, an emulsifiable solution containing 60 per cent
toxaphene was appliéd to the East Pond. The concentration used was

approximately 0.13 ppm. Application began at 6:15 a.m. and was completed

at 9:Oo_afm.

The first signs of distress in fish were observed 15 minutes after
the start of applicaﬁion when small fish were observed jumping. At the
end of one and one-half hours, fish were observed swimming erratically

near the surface of the water and appeared unable to go below. A few

minutes later some fish were lying at the surface, near death. Small

© fingerling largemouth black bass and bluegills were the first to die.

Fish over five inches in total length (all lengths are from the tip of

t@e snout.to the distal end of the caudal fin) were first oEserved dying

“two hours and L0 minutes after the start of applications

One sucker and two bluegills were placed in each of two wire mesh
:% in.7 cages. Ohe cage was suspended at the five foot depth and the

-other at 10 feet, to determine the effective rate of toxicant penetration.

A sucker in the cage at 10 feet died five hours after the start of appli-
cation and a bluegill 5.5 hours. One of the blueéills in the cage at fivé
feet died seven hours following the start of application and the other at
8.5 hours. The remaining bluegill in the cage at 10 feet and the suéker
in the cage at five feet were still alive 1l hours (8:00 p.m.) after the
first poison was applied. No observations were made between 8:00 psme

and 6:00 a.m. the following morning, at which time the rémaining fish were

dead.
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N Observations and fishing effort (six L8-hour gill net sets) revealed
no living fish present one month following poisoning and it was assumed

that a complete kill had been obtained. Immediately following the chemi-

cal treatment snails were the only aquatic invertebrates observed. After

 Mugust 1, 1957, a considerable number of living Notonectidae and frogs

were observed in the pond. .
Toxicity of water to fish was tested by suspending cages conbaining

brpwn.trbut (Salmo trutta)} and rainbow trout (Salmo gairdneri) ab various

places in the pond. The toxicity of the water declined gradually as
demonstrated by the length of time it took to kill trouwt. The length of

?ime.that test fish lived was as follows: August, two days; September,

'§§Veﬁ days; October, 1l dajs. By November,.1957, the water was considered

non-toxic, since test fish introduced at that'time'lived for over two
months .
- Three days (68 men-hours) were spent in recovering dead fish. An
aﬁfempt was made to recover all fish which came to the surface during this
time. Those which remained bn the bottom and those which surfaced later
were notlrecovered. A1l fish of each species were counted énd'bulkf
weighed. Individual total lengths were recorded for a sample of each
species (Table I).

Food fish, consisting of bluegills,. yellow perch, largemouth black
bass and black crappies, made up 9l per cent of the total ﬁumber recovered
énd 33 per cent of the total weight while carp, longnose suckers and white

suckers made up about six per cent of the total nmumber and 66 per cent of

the total weighbe ,No'carp less than seven inches in length were recoversd




Tsble I, MNumbers, lengths (inches) and weights (pounds) of fish recovered from ponds.

. Fish "

“Toal

Sucker

' Total Per cent Per cent’ No. Per cent Tength | Av.”

Species " "Pond No. - W Total No. Total Wi. Measured Measured Range Length

T East ~ 1,667 138 38 1l 170 10,0 1.2-6.8 li.0
Bluegill Middle ©20,7h5 558 59 51 32 0ol  1e3=7.3 .1
West 636 2L, 11 Iy 27 1.0 1.7-6.7 3.6
East 195 2L .5 2 2l - 12.0 2.2-8.2 6.0
BIack Middle 810 50 2 5 29 3.0 3e1-7.8 545
Crappie Test % .

T st o o7 6 6 97 10,0  1.0-16.2 5.0
Largemouth Middle = 391 117 1 11 78 200  1.0-16.1 7.9
Black Bass TWest 363 1h2 67 26 62 17.0 069-16.2 602

East =~ 1,889 110 L5 11 25 1.0 3.0-6.8 5.0
Yellow Middle 12,69 361 37 33 22 062  1.9-7.3 .2
Perch West 1,931 5ho 83 69 L5 0.9  1.9-11.2 7.7
T East = 188 612 Lk 63 L5 23,0  7.2-26.0 - 18.0
Carp - Middle

. . West R .

East 6 9 1 1
TWhite Middle
Sucker West +* '

_ East B 20 T 2
Longnose Middle _

West 3*

# Not present in pond.

_WI_
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(Tablé I), indicating that this species was not reproducing successfully.
The average length of largemouth black bass was five inches, however, 32
per cent were over six inches and 20 per cent were over 10 inches. The
approximate numerical.ratio of yellow perch, bluegill, black crappie,
carp, suckers was 135:119:17:1L:13:1 and the approximate weight ratio was

Lhs5e32122121,

Fhysical, Chemical Characteristics

Before Treatment. Timit of visibility was usualiy‘less than five

feet and turbidities averaged 8f2 ppm 51095

No chemical stratification occurred in this pond. Oxygeh saturation
was usually less than 100 per cent and was 16west in Wipter (Table II).
Fhenolpthalein alkalinity ranged from 0.0 to 18.0 ppm, being absent during
the spring of 1956 and the wiﬁter of 1956~7. Methyl orange alkalinity .

ranged from 163 %o 215 ppm being highest in winter. The pH ranged from

8.2 to 8.6 in the spring and summer, 1956, 7.l to 8,0 in the winter and

To5 to 8,6 in the spring and summer, 1957.
Witrates ranged from 0.07 ppm to 0.13 ppm and phosphates from 0.0 to
0.U5 ppm, being absent in the fall, 1956.

After Treatment. A marked change occurred in most physical and

chemical properties following treatment. Visibility extended to the

bottom. Turbidities decreased to less than 3.0 ppm 8102 immediately

" following treatment and by the winter of 1957-8 had decreased to less

than 1.0 ppm. This decrease in turbidiby probably resulted from the re-

moval of rough fish, which have a tendency to stir up the bottom. Similar
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Table IT. Ranges of physical and chemical properties of the

East Pond before and after tregtment.

Before

After

Spring Sumer Fall Winbter Spring

Summer |Summer — Fall .Winter

' ﬁissolvéd”bxygen

per cent saturation 16-118 61-105 92-108 13-87  78-126

Phenolpthalein
alkalinity (ppm) 0 5-18 7=15 0 0=5

79-11h |105-163 101-16h4 120-1h1

0-8 17-40  Li-5h  10-48

Methyl orange ™

alkalinity (ppm)  190-212 163-181 167-195 205-2L5 192-215

192-217 |126-151 121-130 110-132

pH - 8,2-8.3 8.3-8.5 862=8s6 Tolt=8.0 705=863 To5=Beb |802=9e3 8:9-9.5 9,2-9,6

Turbidity - S ' - T

(ppm Si0,) 1e9=1ho0 2,6=15,0{1e3=2:6 102=2.6 066-1.7 &

oM. D1V - ~

Secchi disc (ft.} “:°° - 35 3 %* 3-h 3=k Bx® - B B :
. g - B S < N f
6/20/56 11/8/56 3/2L/56 8/19/57

NO3 (ppm) . 0sI3 0,15  0.07 0,03

PO), (ppm} . 0.5 6.0  0.03 0,09

s Tce cover, no readings taken.

x% Bottom of pond, 12 feet.
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decreases following removal of rough fish were reported by Ricker and
Gottschalk (1940); Weier and Starr (1950} Tenner and Hayes (1955).

There was a decided change in most chemical properties assoulated
with the increase in v151b111ty and decrease in burbidity. Dissolved
oxygen was greaber than 100 per cent saturation at all timess phepol—
pthalein alkalinity and pH increased; methyl orange alkalinity decréeased.
No change was observed Iin nitrates or phosphates.

On January 10 and February 12, 1958, oxygen saturation values of 121
and 145 per cent, respectively, were found beéneath the ice cox'rero On
these dates the ice was very transparent making the bottom visible over
most of the pond. Submerged vegetation remained green during the period

of ice cover.

Phytoplankton

Before Treatment. Semi-monthly plankton counts from all stations

were combined and averaged. In counting phytoplankton, individual c¢olo-
nies, filaments and cells were considered as one‘unith

Chrysophyta was the most dominant group of algae.encountered (Table
;;I); Diatoms were present in nearly eil sap.pleso Peaks of abundance
were encountered in April, July and Oetober, 1956 and in May and September,
1957. Dinobryon wae present from late spriné to late fall and was tﬁe
most gbundant alga found prior to treatments Pyrrophyta was the next most
abundant group with Ceratium being the most numerous representative. The
groups Chlorophyta and Cyanophyta were represented by several geqere_put_

contributed little to the overall abundance of phytoplankton. Siatipn c,




Table ITT. Average number of phytoplankbers per liter of water combined from stations 4,
B and C in the East Pond. -

. Before o
T 1956 ' - - N 1957 .
“Qrganism April WMay June July Bug. Sept. 0ct. Dec. Jan. Feb, March April
Chlorophyta ~ ) '
Closterium 13
Cosmarium 1 13 9
Gloeocystis _ 52
Padigstrum L 9
Scenedesmus 26 L 65
Staurastrum - 1 9
Mougeotia - 9 .
- Oedogonium L
Zygnems, : oL 1 13 9
Unidentified 25 199 6 L 35 121 69
Chrysoph‘y‘ba ’
Chrysophyceae : -
Dinobryon 17 3,102 - Lhe 16 5,222 260
Bacillariophyceae :
Coscinodiscaceae 87 _ . 39 : 52 113
Cyrbellaceae 19 13 19 Lok 100 208 269 208 - 10y 78
Fragilariacese 7oL 299 61 2k 9 195 269 10 10 . 0 624 L33
Gomphonenataceae - 35 9 17 9
Naviculaceae 27T 139 136 559 161 347 1,031 156 208 0 36L 67
Surirellaceae 17 52, 52 L
Unidentified _ ' )
Pyrrophyﬁa '
Ceratiiim L 100 181 2,369 2,747 1,010
Peridinium 87 13 10l
Cyanophyta
Oscillatoria - L 13 22 -
Cylindrospermum T 919 69 L
Nodularia 10k

Calothrix : - : 87




Table IIT (Continued).

After

Organisii

1957

T osg

May  June

Mg, Sepb. Oct. Nov. Jan. Fob. Warch April

Chlorophyta
Cosmarium
Gloeocystis
Pediastrum
Scenedesmus
Staurastium
Mougeotia
Oedogonium
Spirogyra

~Zygnema
Unidentified

Chrysophyta’

Chrysophyceae
Binobryon -

Bacillariophyceae
Coscinodiscaceae
Cymbellaceae
Fragilariceae -
Gomphonemataceae
Naviculaceae
Strirellacese
Unidentified

Pyrrophyta
Cerabium
Peridinium

Cyanophyta

"~ Cylindrospermum

Oscillatoria
Spiruling -

295

65 35

39

13 35

L,758 108 22,282
17
130 9 I3
1,365 13

1189 L 29
1717 39

30 26 563
9 182 65

9

22

39

17

17

56

2360

78
L
9

9
7

26
167
17
13
919
121

36L

30

13
17

13
Lo3
17
13

21

295 10k
26

78 35
26

26

26 26
130 138
10k
: 130

17

52

52

39
78

-6'[—
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at the more protected end of the pond, had the greatest number of indi-
viduals of all grecups except Dinoﬁrzon which was most abundant at Station
A.

Phytoplankton blooms were encountered in the spring, summer and fall
of each year but varied in seasonal magnitude. In 1956, maximum abundance
occurred in September ahd the minimum in April. In 1957, the maximum was
in July and the minimm in Septémber.

After Treatment. Treatment with toxaphene (July 16, 1957) appeared

to have little effect on most phytoplankbers although Dinobryon waswré—
duced and €eratium was entirely absent after treatment. Ceratium re-

appeared in the collection on March 2, 1958.

Zooplankton

Before Treatment. Zooplankton was present on all sampling dates

prior to treatment (Table IV). Rotatoria and €opepods were the most

frequently encountered groups with the genera Keratella, Polyarthra and

Cyclops present in all -samples. A few éenera of Rotatoria and Copepods

. appeared seasonally. Brachionus was present during the entire period of
open Watér. Tepadella and Notholca appeared dnring'the spring and Lecane
and Diapbtomus were present in the summer and fall. While cladocerans
were present on most occasions, they did not occur as frequently as roti-
fers and copepods. Chydorus was present in samples prior to treatment
except duriﬁg February, April, May and June; 1957. Bosmina occurred in-

frequently from April, 1956 through January, 1957 and was found in all




Table IV.. Average number of zqoplankﬁers per .liter combined from stations A,"B and C in
_the East Pond.

- Before
1956 o T N . 1957 - ] Sl

Organism April May June July Aug. Sept. Oct., Dec. dJdan., Feb., March April
Cladocera’
Bosmina fic
Ceriodaphnia
Chydorus 19 78
Tiaphanosoma T
Copepoda : .
Cyclops 12 L6
Digptomus :
: naupliiset 12 91
Rotatoria

,Asglanchna

Brachionus
Reratella
Eecane .
Tepadella
Notholea -

~ Polyarthra
Protogzog

Ostracods .

i

: L 2 1- 2
26 I3 20 : :

3 113 wW. 6 1 2 .3

2 2 T:

2

Hwo HkH EFHAE ORlr o Havig

15 L L 1 5 5 358 35 23
L 16 15
136 138 3. 30 2L 19 182 55 152

“I7 L3 50 23 T Ly
18 6l; L : |
191 36 79 21 68 16 9 9 1
T L T T :

W

1 2 1 1

38 131 18 17 6 112 36 31

T T3 7 6 T
11 22 7

N N Okl E‘"“\ooo
n
W

MRV 50D

Lo
8
L

¥ T indicates organisms that were present in mumbers less than one per liter.

s#nauplii includes larval forms of both Cyclops and Diaptomus.




Table IV (Continued)

Before | After

Organism. ' ____VMay June July_“ lug. Sepb. Oct. Nov. Jan. Feb. March April

Cladocera’ ‘
Bosmina T ol
Ceriodaphnia : 26
Chydorus

_ " Diaphanosoma

Copepoda )

~ Cyclobs 52 113 62 5 5 X 2
‘Diaptomus : T - .
nauplii#e o3 39 69 2 2 3 5

Rotatoria . ) :
Jlsplanchna . 1 T T
Brachionus 1 1 35 16
Keratella 35 38 66 - T
Tecane L
Lepadella ) . 2
Nothulca

. Polysrthra’ 20 50 85 2 2. - 10 93 5 11

Protozoa 539 53 130 6 :

Ostracoda L

Ts 2 T 3

38
60
5
5

O
N
e
N
-
N
ErS o o B .\u

. —33_

f T indicates organisms that were present in numbers less than one per liter.
nauplii includes larval forms of both Gyclops and Diaptomus.
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samples from February‘ﬁntil the treatment date. Ceriodaphnia and Dia-

phanosoma were found only from June to October, 1956 and in June and July,
1957. Protozoa was scarce during 1956 but very abundant from May through

July 1bs, 1957. Ostracoda was scarce in all samples. Other organisms

rﬁrely1encountéred were: Cladocera - Alona,'Daphnia, Burycercus, Scapho-

lebris; Rotatoria - Euchlanis, Platyias, Pilinia, Trichoeercai Protozos. -

Centropyxis.

Considerable variation occurred in the number of organisms taken at
??e three sampling stations. Station €, located at the more protected end
“pf ﬁhe pond genérally yielded a greater number than eifhér stations A or B
which were more affected by wave action. The largest variations occurred
during pulses. On May 6, 1?56, numbers of'Ghydorus varied from two organ-
isms per liter at station 4 to 222 at station € and én August 25, from
seven per liter at station B to 23l at station C. The number of nauplii
rgngéd from 140 per liter af station A to 1968 at station C on August 10
and Keratella ranged from 10 per liter at station C to 867 at station B on
July 1h. On May 1, 1957, nauplii numbers ranged from L3 per liter at
station B to 1L0O at station C.

'Zooplankton abundance in this pond did not follow anyr;egular pattern
during the period April 17, 1956 to July 16, 1957. In 1956:n£he only pro-
gounced zooplankton pulse appeared in August and resulted from an increase
in the common genera. In 1957, prior to tréatmént, only one pulse was ob-
served. This occurred in May and resulted from eruptions of nauplii gnd

Diffulgia.

After Treabment. ALl Cladocera and Copepoda disappeared after treat-
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ment (July 16, 1957) and did not reappear in collections until Sepbember

ZQilwhen Bosmina and Cyclops were found. At this time the water was still

toxic to trout. Tanner and Hayes (1955) reported that zooplankton re-
appeared while the water was still toxic to fish. Hooper andﬁGrzenda
(1955) found that the 2l-hour TEm of Daphnia was 75 times greater than

that of the bluntnose minnow (Pimephales promelas).

On September 20, 195?, advanced stages of'CycloBs reappeared but
naublii did not reappea? in cbllections until November L. Pennak (1953)
reported that Cyclops ﬁay form "cysts" or "ecocoons" under adverge environ-
mental conditlons wheniin the éopépodid stage and cites as an example an

abundance of cysts onfgake bottoms in midsummer possibly in response to
anaerobic conditions. - Presence of advanced stages of Cyclops prior to the
)

appearance of nauplii méy.be snother indication of the formation of such

i

" cysts. ;e

Ostracoda disappéﬁréd after treatment aﬁd did not reappear before
termination of this'stpfyo' Protozoé were greatl& reduced following treat-
ment but did not complétely disappear until August 15. They were not
found following this date. Rotifers were greatly reduced but not completely
eliminated. Brachionus was found immediately after treatment and through
September 7, 1957.when it disagppeared and was nob encounteréa'afterwards.

Polyarthra and Keratella disappeared after treatment, but reappeared in

the collection on August 15, 1957.

Botbom Organisms

Before Trezstment. Tbndipedidae and Tubificidae were bthe most abund=-
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aqt orgaﬁisms prior to treatment. They were present in approximately
equal numbers but Tendipedidae ‘constituted ; larger volume (Table V).
During the period June 25 to September 19, 1956, the nﬁmbers of individuals
in both femiliee remained nearly constant but were noticeably reduced in
the May and July collections of 1957? Other organisms occasionally en-

countered were: Hemiptera - Notonectas Gastropoda - Gyraulusﬁaﬂd"?hysa;

Coleeptera - Haliplus; Ephemeroptera - Tricorythodes; Trichoptera -

Phryganea.

After Treatment. Neither Tendipedidae nor Tﬁbifioidae exhibited any

rioticeable reduction following treatment. Tendipedidae increased slightly
and remained nearly constant in humber throughout the remainder of the
study. This is not in accord with the findlngs of other investigators.
ﬂHeoper and Grzenda (19557 reported that a large portion of the benthos was
.kllled within one month following treatment in two Mlchlgan lakes. Cﬁshw
h'lna and Qlive (1956) reported that -no living Tendlpedldae larvae were
._present in collections three days following treatment. 'Failure of Tendi-
.pedldae Yo die in our]ponds may have resulted from 1nflow1ng sprlngs in
. the bottoms. Tublflcldae were taken in approximately the same humber
seven days after treatment as three days prior to'treatmenﬁ. They in-
cleased greatly in abundance.3li days (August 19, 1957) afte;nireaﬁmenﬁa
An increase in abundance of Tubificidae after treatment with toxapheﬁe Wwas

“peported by Cushing and Olive (1956).

Plant lnhabiting Organisms'

Eefore Treatment. Gastropoda was the most numerous group of organ-
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Teble V. Nifbe? and volume  (cc) of bottom organisms per square foot in the East, Middle
and West Ponds before and after treatment.

. — A Before RS — -
" East Pond” - N Middle Pond B " West Pond
Tendiredidae = Tubificidae Tendipedidae Tobificidae Tehdipédldae ~ Tubificidae
--Date: No., Vol. No. Vol. Date - No., Vol. ~-No.- Vol. Date " No., Vol. No. Vol.

. 6/25/56 50 TF 6L 0.07 6/21/56 5L 0.33 206 0,16 | 6/20/56 60 0.09 20 T
7/23/56 82 0.2 17 T 7/19/56 143 0.99 145 0.1k

8/17/56 80 0,3 66  0.07 | 8/15/56 103 0.53 26l 0.26 | 8/13/56 102 1.25 2Ll = 0.2}
9/19/56 8L 0.7 132 0.07 9/9/56 79 0499 330 0033 | 9/1L/56 77 0,59 O 0.0
5/10/57 12 "= 0 0.0 5/18/57 55 2l W% | 5/20/57 62 ww 0 0.0
7/13/57 1h 0:1 10 7/12/57 82 .ué 132 0.13 | 7/12/57 91 0.26 1037  1.L5 -
7/16/57 “toxaphene : 7/17/57 i%%m-Flsh Spec:l.al 7/18/57 - Pro-Noxfish

. er :
7/23/57 7 0.2 1L T 7/23/57 70 0.33 53 0.06 | 7/23/57 28 0.19 297  0.30

8/19/57 39 0.7 132  0.80 | _8/19/57 206 1.20 - 59L 0,59 | 8/19/57 193 1.58 858  0.86
9/17/57 Pro=Noxfish o n
10/17/57 toxaphene R
: * After . ) _

12/19/57 23 0.2 396  2.40 | TI/15/57 26 0.20 201  1.20 |11/15/57 175 1.09 858 0,86
3/28/58 31 0.3 330 2.80 3/28/58 5 0,07 1089 2,18 | 3/28/58 238 1.12 0 0.0

"Fess than 0.05 cec.
s Organisms partially decomposed, volumes not determined.
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isms encountered, while Gyraulus and ILymnaea were the most abundant genera

(Table VI). Gyravlus reached maximm abundance in August, 1956 and inini-
mm in July, 1957. Lymasa was most abundant in October, 1955 and least
abundant in May, 1957, EEZE& was most numerous in August but reachedliﬁs
greatest volume in October, 1956. It was absent from collections in May
but reappeared in July, 1957, just prior to treatment. )

fschnura(odonata)-was mds% numerous but of minimum volume “in August
and September, 1956, when large numbers of young individuals were presert.
Its maximum volume was encountered in July, 1957, when a relatively small
number of sub-imagos was present. | ‘

Naididae (Oligochaeta) was present only in August and September, 1956
with maximum numbers occurring in the latter month. Tendipedidae (Dipters)
was very abundant in 1956 but was not found fn 1957 samples. Odonata and
Gastropoda were the only groups of organisms present on Jﬁly 13, 1957,
three days prior to treatment.

. After Treatment. A reduced number of gastrdpods was found in samples

. eight days following treatment. After July 2L, 411 genera of this group
iﬁcreased and on March 2L, 1958; their combined total volume exceeded that
for any time prior to treatment. Odonata did not appear iﬁkgpy‘samples
.taken following treatment. Thé absence of Oligodhaéta,‘Amphipoda, Diptera,-
Coleoptera, Ephemeroptera and Trichoptefa in collections takén after treat-
ment is not significant since they were not present in the sample taken

iﬁmediétely‘prior'to-treatment.,




Table VI. MNumber and volume (cc) of plant inhabiting organisms per kilogram of submerged
aquatic vegetation in the East Fond before and after treatment with toxaphene.

__Before -

After

Organism

’ ’813/3

5/3/56 _10/21/56 5/20/51_1/13/51

1.7/2L/57 8/23/57 12/9/57 3/28/57

No. Vol. No. Vol. No. Vol. No. Vol. No. Vol.

No. Vol. No. Vol, No. Vol. No. Vol:

Amphipods
Hyallela

Coleoptera”
Stenelmis

Diptera

9 T 68 T

5 T 5 T2 T 239 %%

Ephemerop@era

Baetis’

T

Téndipedidae 515 0,3 309 T
T

T

, 5
Tricorythodes L2 T h2

Gastropods
Gyraulus
Lymnaea
Physa

Odonata

Tschnurag
01igochaeta
Naididae

Trichoptera
Qecetis
Phrygsnea

5L3 0.9 L50 0.5 256 0.3 I23 %
56 T 10 T 232 0.9 65 =

6 T 37 T L2 0.3 0 0.0

285 0,7 283 0.5 125 0.l 136 ¢
L7 T 3143 0.5

5 T -

- % T

33 0.2
83 T
25 T

58 1.L

17 T : 6h ' T 60 005
21 T 61 0.8 15l 0.3
8 T1107 1.1 97 3.9

3¢
ek

T indicates trace. - T
Organisms starting to decompose and volumes not determined.

_93_
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Middle Pond
Description |

The Middle'Pond is 23 yearé old, dredging having been completed in
1935. It has a surface area of 20,3 acres, a volume of approximately 183
acre feet, a maximum depth of 18 feet and mean depth of nine feet. The
bé%ghﬁ of the shore varies from one to about 15 feet above the surface of.
the water and is generally over six feet in height. The bottom is qﬁite
regular in spite of dredging and is composed of a largé amount of muck
gpq smgller amounﬁs.of sand and coarse gravel. Thg surface waber fluctu-
ated 13 inches in 1956 and 23 inches in 1957.

The predominant shore vegetation is Kgntuckybluegrass° Eﬁergent
aquatic vegetation included great bullrush and. cabtail which ocour along
about 90 per cent of the shoreline. Submerged vegetation is found ovér
most of the bottom and consists largely of stonewﬁrt, sago pondweed, wabter

milfoil and small amounts of white-water crowfoot (Ranunculis cifcinatus),

The only known fish introduction (2,440 five-inch rainbow troub)
occuryed in May, 19L41. o trout of any species was found during this
study. The fish found included largemouth black bass, black crappie,
yellow perch, white sucker, carp and northern brown bullhesad (Ameiurus
EEEEEE§E§)°, Centrarchids and yellow perch were presumed to have been
introduced as unrecorded state plants or as unofficial transplants from
the East Pond. Carp,_white sucker and northern brown bullhead may have

been introduced by bait fishermen. .
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Fish Eradication
' This pond was treated with three different pommercial'to#iqants, al-
#hough plans called for the use of Chem~Fish Special only. Live fish were
found after treatment with Chem~Fish Special and Pro—Noxfish thus re-~
quiring a third treatment (toxaphene) for a complete klll.

First Treatment. On July 17,1957, Chem-Fish Special was used at a

gqnqentratipn of approiiﬁately 0.7 ppm. This toxicant contained 5.5 per
cent rotenone, 11 per cent other cube extractives and 83.5 per cent inert
ingredients. Appiication began at 7:30 a.m. and was completed at 10:00
aol.

Distress résulting from rotenone, i.e. increaséd movement of fish
including 1uhges from the water in an apparent effort to gﬁlﬁ air, were.
observed within 15 minutes after the start of applicaiibn, Fifteen
minutes later, a large number of bluegills were observed lying on their
sides near death, at the surface of the water.

In.order to determine effective pehetration, fish were suspénded”in.
Wire.cages at depths as follows: five feet ~ two bluegills, one largemouth
black bass, one white sucker; ten feet - five bluegills, one largemouth
black bass, one white sucker; 19 feet - two bluegills, one white sucker.
Ope of ‘the bluegills in the cage at five feet waé found dead one hour
after the start of application and 15 mimutes later the other had died.
Two hours after the start of application, all fish in the cage at ten feet
and one bluegill and one white sucker in the cage at 19 feet wefe found
dead. These were the last fish to die in any of the cages. The sucker in

the cage at five feet was lying on its back four hours after the start of
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application but appeared normal 20 hours later. This fish remained alive
for 20 days after treatment (time of the last observation).

Six hours after the sﬁart of apblication and_on Bther occasions. prior
po»the second treatment, small numbers.of centrarchids:were observed
' swimming among the vegetétion. It appeared that the toxicant did neb
penetvrate vegebative areas in sufficient concentrations to kill all fish.
~ One and one-half days (60 man-hours) were spent in recovering dead
figh.AHOnly those fiéh which came to the surface during that time apd'
those in shéllpw water (less than three feet in depth) were recovered.
Bluegills wefe-the most abundant species found followed in order by
yellow perch, black crappie and largemouth black bass (Table I}. The
" numerical relationship of these fish in the above'order was 53:32:2:1 and
their weight relationship was 1137:1:2. Numbers of carp, white suckers
and northern brown builhéads‘are not included in the table since only g

few individuals of these species were killed and conséqueﬁtly recovered.

Second Treatment. On September 17, 1957, this pond was treated with

P?ofNaxfish at a concentration of approximately 0.95 ppm. This toxicant
is known to contain 2.5 per cent rotenone, 2.5 per cent sulfoxide and
pﬁper cube extractives. Bluegills; blacklcfappies, largemouth black
bass, white suckers and northern brown bullheads were killed by this
,breatment. No centrarchids were observed dying affer the day-of appli-
cation and nd suckers were observed to die~aft¢r the second daj but
northern brown bullheads continued to die for three days following
treatment, .

Six days after treatment (September 23}, five brown trout were




-32~

placed in cages ana susﬁended in the pond. Five days 1ater, these fish
had died and ‘the pond was considered still toxic to trout. On October 11,
trout were again suspended in the pond. These were. still living six days
later and the pond was considered honmtoxic to troubt.

Observations and fishing effort, i.e. three l;8-hour gill net sebs, .
showed no living centrarchids but numerous live white suckers and northern
brown bullheads were fouﬁd,

Third Treatment. - Since northern brown bullheads and white suckers

‘survi&ed the two breyidus ﬁreatmenﬁs, the pond was treéted with toxaphene.
" The concentration used was approximately 0.1l7 ppm. Three weeks following
treatment, four Li8-hour and two 72-hour gill net sets-revealed no living
fish. This pond was last tested on May 31, 1958 and found to be still
toxic to trout (7.5 months). Hemphill (1953) reported that alkaline
Watefs treated with toxaphene in Arizona were safely restocked with rain-
bow trout four weeks following treatment,l Tanner and Hayes (1955) on the
other hand reported that an alkaline lake treated with this chemical in

Colorado remained toxic for at least seven months.

Physical and Chemical Characteristics

Before Treatment. During the summer and fall of 1956, the limit of
visibility (secchi discj averaged 6.2 feet and was lowest in the fall.
During the spring and summer of 1957 it averaged 8.8 feet. TUrbidity was -
. not determined during. 1956 but was generally less than 7.0 ppm 510y in
1957. The turbidity immediately prior to treatment was 3.8 ppm.

‘During the summer of.l956, oxygen concentrations and phenolpthalein
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alkalinity were higher and ﬁethyl orange alkalinity lower in surface water
than aﬁ the lS-foé% depth (Table VII). Stratification also occurred to a
lesser extent during the winter. Oxygén saturation values during 1956
were ﬁsually less than 100 per cenb. Methyl prahge'alkalinity averaged
neér 200 ppﬁ.and the pH range was 8.2-8+8. No pﬁenolpthaleiﬁ alkalinity
was found during the spring of 1956 and the winter of 1956-7.

InOrganic nitrogen and phosphates were present in the folloﬁing
amounts: June 20;-1956 - nitrogen, 0.07 ppm énd pPhosphate 0,20 ppm; No--
verber 7, 1956 - nitrogen, 0.21 and phosphate, 0s00 Marcﬁ 2ly, 1957 -

nitrogen; 0.10 and phosphate, 0.06.

_Af%ér Treatient . Following treatment with Chem-Fish Speciél, tﬁe
4t of visibility increased markedly. The average after treatment ﬁas
1.3 feet as compared with 8.8 feet befOréw Nb'chaﬁgg was observed
followiﬁg treatment with Pro-Noxfish. HOWGVér, after treatment with toxa- |
pgéne a secchi diéc~Was.§isib1e at the bottom, The average turbidiﬁiesj
ppm Si0p, were as follows: Chem-Fish Special - 1.75; Pro-Noxfiéh»ﬁ 2.353
%OXaphéne - 0:85. No important change was observed in iﬁorgénic nitrogeﬁ
‘or phOsphates following treatiment ﬁitﬁ Chem-Fish Special. Détéfminations

on August 19; 1957 showed nitrates to be 0.08 ppm and phosphate 0,06 ppms

Phytoplankton

Before Treatment. Chrysophyta Was~tﬁe.predominant group of algas

(Teble VIII). Dinobryon was the most numerous representative being found
during most of the open water period. It peaked in hugust and again in

October, 1956. Diatoms were also present during most of the open water:




Table VII.

Range of physical and chemical propertiés

after treatment.

of the Middle Fond before and

b

'Déptﬁ_ - - ‘Before - After
- (feet} Spring Summer Fall TWinter Spring Summer| Summer Fall  TWinter
Oxygen pér cent 0 58-131 62-97 86-107 L7-78 8L-127 99-125{103-112 89-126 100-105
saturation 15 - 12-75 76-88 36-6L; 83-128 66-96 | 6L,-99 89-115 79107
Phénolpthalein 0-6 7-15  0-16 0 8-12 . 162l | 0-23 25-30 2139
alkalinity (ppm)! 15 0 0=l 0-20 0 1-15 5-10 | 18-20 22=30  10=32
Methyl Orange ~ 0 | 207-226 191-217 180-202 205-24i1 195-210 186-188]151-185 182-190 185-200
alkalinity (ppm)| I5 - 160-235 192-200 205-2L5 195-215 196-200{176-193 182-195 185-205
pH 0 | 8 2-8 8 8:5-868 840-807 ToB-8e5 842-900 7o0=8,7{8s2-8,8 8,2-8,8 8,2-8,8
i i 15 | - - 703=8.0 7.2=8 6 861=86]862-8.7 862=8,8 8,3-8,9
) Turb'idi‘bjr - O = = - - 1@9“1260 lo9"2ov5 103"'202 10&"’2:6 005""190 ]
(ppm 810p) 15 - 266660 2:5-le3[1e5-202 1e6~3.9 Oo7=1a2 %;
Secchi disc
~ (feet] 59 b6 . = 5-10 . 8-11 | 10-I18 10-16 18
6720756 1L/7/56 3/28/57 - 8/19/57
Ne3 0.07 0021 010 0.08
POj, 0,20 0,0 0,06 0,06




Table VITE. Number of phytoplankters per liter of wabter in the Middle. Pond before and

after treatment..

1956

Before

A%y -

April May -

June dJuly Aug.

“Sept. Oct. Nov. Déc, Jan, reb. March Apr.

Chlorophyta
Closterium
Closteriopsis
Cosmarium
Gloeocystis
Pediastrum
Scenedesmus

Stanrastrum -

Mougeotia . 8l 26
Oedogonium
Spirogyra 3
Zygnema ’ 97 1,94k
Unidentified 171 50
Chrysophyta
Chrysophyceae
Dinobryon L5 L7
Bacillariophyceae
Cos¢inodiscaceae 52
Cymbellaceae 230 35
Fragilariaceae L,521 'Shz
Gomphonematacese 33
Naviculaceae 2,073 318
Svurirellaceae
Pyrrophyta _
Ceratiim 5 38
Peridinium
Cyanophyta
Cylindrospermmumn
Nodularia : 33
Oscillatoria 5 32

78
10

151

28
58
132

391

2,691 3,119 353'

13
8

8 sl

T 36

8 35
h .

2

8

123

16

69  390.

Sk

419 3,494

138 182
56 - 26}
10k

3 156

8
52 L3
3% 35

8 o8 8
8
8

8 : - I2
104
8

329 39

216 33,425 1,618 8

208 L2 8 3h3

292 121 52 5,083 87

1 117 1,729 8
11 26 *

36L . 33
8 26

26

~se-




Table VIIT (Continued).

Béfore

After .

1957

1958

May June .

meyr

Aug,

Sept.

Oct.

Nov,

Jan.

Feb, March April

Chlorophyta

- Closterium’
Gloeocystis
Staurastrum
Mougeotia
Oedogonium
Spirogyra
Zygnema =
Unidentified

Chrysophyta

" Chrysophyceae

"~ Dinobryon

Bacillariophyceae
Coscinodiscacese
Cymbellaceae
Fragilariaceae
Naviculaceae

. Surirellaceae

Pyrrophyta
Ceratium
Peridinium

Cyanophyta
Nodularia
Oscillatoria

100 L

26 78
82 152

22 L3

35 L5t
i3 30

W76

130
199

25739
35

16

8

17

251
199
152

555

L3
3L

17
10L

17

52l

L5
200

33k

31

962
h

L8

69

98

26

16

L3

156
52

52
3L

16
52

I6

...9 €=.
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period and reached their greatest abundance in April, 1956 and March, .1957..

~ The next most abundant group was Pyrrophyta with Ceratium being pre-
dominant. Tt was present from April through November, 1956 and May
ﬁhrough October, 1957. Chiorophyﬁa, represented largely by filamentous
algae, was most abundant in May, 1956. Cyanoph&ta was rarely encountered.

The abundance of phytoplankton variéd7éonsiderably between the three

sampling stations. Tndividuals were most abundant in the more protectéd
area (Sta. C). Peaks of abundance occurred iﬁ*%hézspring, surmer and fall,
Those occurring in the spring resulted from increased numbers of
Fragilar_iaceae: and Naviculaceaeig in the summer from Dinobryon and
Ceratiums in the fall from Cefatium. Phytoplankton was not encountered

in samples taken during February, 1957.

i After Treatment. Little quélitative change occurred in most phyto-
Plapkton following treatment with Chem-~Fish Special. Ceratium was absent
from the sample taken 1l days following tregtment but was present in the‘
sample obtained 29 days after treatment. Brown and Ball (19h3), Smith .
(;939-&0) and Hooper (1948) reported little effect on most groups of
phytoplankton from the use éf derris. Ih this study most groﬁps exhibitéd
reductions following treatment with Pro~Noxfish and toxaphene but these
are not significant since similar reductions occurred during the same

period of 1956,

Zooplankton

Before Treatment. Robifers were predominant with Keratella the most

abundant representative (Table IX). . The latter was present in all




Table IX. ﬁhmber of gooplankters per liter of water in the Middle Pond before and after -
treatment.

Before

L 957

April May June July Aug. Sept. COct. Nov. Dec. Jan., Feb. March April

Cladocers
Bosmina’ 13 2t 1k L 16 2 7 7T 17 12 L 6 32
Ceriodaphnia T T 12 13 T T -

Chydorus 6 3 T 3 8 10
Daphnia _ 2 3 T T T
"Diaphanosoma . T 8 15 T

Copepoda - ‘

Cyclops 32 3 16 Lo 62 37 8 7 37 Ly 18 17 7
Diaptomus T :
Nauplis 37 50 72 98 38 o 7 k1 16 3. 3 7k

Rotatoria™ -~

" Asplanchna 159 22
Tilinia 18 10
Keratella 583 788
Tecane 6 -1
Tepadella ,
Notholca 5
Pedalia
Pompholyx ? )
Polyarthrs - 31 2
Trichocerca
Testudinella ?

Protoros .

Diffulgia 2

Ostracoda T

Ul
Ul

63 12 1 1
15 194 65 80 73 29 5h

9 12

o

10 16
T T

HND RN
Ll—.:;

11
57
13

_PDw
HE MHENVOWRS
on

- I g i
S g Hww
o)
o oG =3 =3
]

3

8 236 75 1 7 T

=3
Ul

"'QE-

# Less than one per liter.




Table IX (Continued).

~Before ‘ " Ifter

1957 T - ] ” o 1950 °

: Mgy June July | Aug. Sepb. 0Oct. Nove dJan. Feb. March April

Cladocera : : : :
Bosmina L7 63 1T 1 16
Ceriodaphnisg T L - 19 3
Chydorus - 1 5 T T

" "Dgphnia 1 T "

Copepoda ' ‘ .
‘Cyclops 18 22 33 12 il -2 T

~ nauplii 39 L6 96 53 66 L

Rotatoria _ ' _
Asplanchna ' T T 1 2 I h
Keratella 58 8 107 13 12 : , T T
Lecane l T T :
Lepadella T T - .
Notholca . : : , T -8 1
Folyarthra s 8y 114 58 . 98 1 2 29 3L
Testudinella ? T i 70

Protozoa : o
‘Diffulgia T 1 2 3 10 T T

Qstracoda - 3 T T

* Less than one per Titer.
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samples but was most numerous in April, May and November, 1956 and No~
vember, 1957. Asplanchna and Polyarthra were presént in most samples.
The former reached peak abundance in April, 1956 and the latter in October,

1956 and July, 1957. Notholea and Filinia were most abundant in the

spring while Testudinella, Trichocerqa and Pompholyx were most numerous in
the summer. The latter two were presént only in 1956.

Cyclops was the predominant copepod, béing present in all samples.
Largest numbers occurred in August, 1956 and January and July; 1957. Bos-
mina was the only cladoceran preéent in all samples and was most numerous

in June, 1957. Ceriodaphnia and Chydorus were present in the spring and

summer while Daphnia and Diaphanosoma were pfesent only in the summer. In

1957, Diaphanosoma was absent and Daphnia was scarce.

Noticeable variations in abundance of zooplankton occurred between
the'three sampling stations. Cladocera and Rotatoria were most abundant
at station A, while the number of Copepoda was about the same at all
stations. '

; _Two zooplankton pulses.were observed in 1956. The larger occurred
during the period April 1l to May 1 and resulted from increased numbers of

Keratella and Asplanchna. The smaller occurred in November and resulted

from large numbers of Keratella and Diffulgia. A pulse was also observed

in July, 1957 which resulted from eruptions of Keratella and Polyarthra.

Other organisms rarvely encountered were: Rotatoria - Brachionus,

Eﬁchlanis, Lecane, Lepadella and Synchaeta; Copepoda ~ DiaEtomus; Proto-
zoa - Centropyxis.

After Treatment. Fourteen days following treatment with Chem-Fish
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Special, Bosmina, Cyclops, Keratella and Polyarthra were much reduced.

Twenty-nine dayé after treatment, Bosmina had returned to its former
abundance and the other organisms showed an increase. Brown and Ball
(1943}, Smith (1939-40) and Hooper (1948) reported sharp reductions in
Cladocera and Copepoda and with variable results in the Rotatoria follow=
ing treatment with derris.

After treatment with Pro-Noxfish, Cladocera disappeared and. was ab-

sent from all later collections. Copepoda, Protozoa and Rotaboria were

greatly reduced. Of the latter group, Asplanchna, Keratella, Polyarthfa

and Testudinella were absent in samples prior to'treatment with toxaphene.

'Eighteen days after treatment with toxaphene no zooplankbton was found in
samples. The first sign of recovery by organisms was observed 85 days
(January 10, 1958) following treatment when a single individual of Poly-

arthra was found. Keratella and Cyclops first reappeared in collections

158 days (March 2l) following treatment and Diffulgia, 175 days (April 11).

Bottom Organisms

_ ‘Before'Treatﬁent. Tendipedidae and Tubificidae were the most abund-
ant organisms (Table V),Q Tendipedidae fluctuated slightly prior to
. treatment with Chem-Fish Special but was most numerous in July, 1956 and
.ieast numerous in May, 1957. Tubificidae increased slightly from June 21
jfo:September 9, 1956. It was moét abundant in September, 1956 and least
" abundant in May, 1957. Cpaéborus was rarely found in collections.

After Treatment. The number of Tendipedidae and Tubificidae showed a

decrease six days after treatment with Chem~Fish Special. About twice as
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many individuals pf these families were present 37 days after treatment as -
immediately prior to it.

.No information on the effects of Pro-Néxfish on bottom organisms was

§chyed since no collections were taken féllowing treatment. Gollections

'takenk29 days ‘following treatment with ﬁoxaphene‘show an 80 per cent re-

duction in Tendipedidae and after 162 days (March 28, 1958), there was an

additional 15 per cent reduction. Although Tendipedidae suffered large

reductions after treatment with toxaphene, Tubificidae were approximately

v

twice as abundant.

Plant Inhabiting Organisms

Before Treatment. Gastropoda was the predominant group of organisms
I .
with Physa as its most abundant representatiﬁe followed by Gyraulus and

* Lymnaea (Table X).. Abundance of all three organisms was greatest in

August, 1956.l Physa and Lymnaea were least abundant in May-and_Gzzaplus

in July, 1957. Ischnura (Odonata) was most numerous in August, 1956 and

least numerous in July, 1957. Tricorythodes (Ephemeroptera) was usually

scarce, except during May, 1957. Other organisﬁs rareiy encountered in-

' glpded$ Oligochaeta - Naididae; Diptera - Tendipedidae; Odonata -. Erythe-

gié and Gomphidaes Trichoptera - Agraylea and Phryganea.

. After Treatment. The abundance of plant inhabiting organisms ob-

: ser%ed after treatment as compared to before treatment was as follows:

Tricorythodes was less numerous; Ischnura showed }ittle change in abund-

ance; Gyraulus and Lymnaea were approximately 10 times more NUMErous §

::Physa was about twlce as abundant. . While Hyallela and Tendipedidae were




Table X. Numbér and volume (cc) of plant inhabiting orgsnisms ﬁer kilogram of submerged
' vegetation in the Middle Pond before and after treatment.

- - Before- ) ; S ' S
1/1/56 8/1/56 8/30/56 9/26/56 10/27/56 | 5/20/57
- No. Vol. | Noo. Vol. | No. Vol. | No. Vol. | No. Vol. | No. Vol.
Amphipods ~ : :
: Hyallela 12l T 10 T | 105 T | 13 T 9 =
Coleoptera
Haliplus : 10 T 5 T|{ 5 T
Diptera - -
" "Tendipedidae 426 T | 136 T | 130 T 1 T
Ephemeroptera - : '
Tricorythodes 71 0.2h4 21 T L5 T ] 38 T L3l xx
Gastropoda ~ T )
Gyraulus L3 T | 215 0,52 | 600 0.50 | 488 0,33 21 T 78w
Lymnaea 613 1.83 | 165 T}119 T ol T 27 ¢
“Physa 143 0,48 | 120 L.19 | 365 3.00 | 349 143 | 37 T L1 e
Odonata ‘ _
Erythemis 5 T
Gomphidae , 5 T . ‘
Ischnura L3 0,71 | 89 T | 650 0.50 | 315 0.48 73 T | 165 %
Trichoptera
Agraylea : 15 T .
" Phryganea 16 T | 10 T | L3 o0.L3
Qligochaetes
Naididae 71 T 930 T

—ene

#% Organisms partially decomposed, volumes not determined.




Table X {Continued).

’

" Before ) B B After i '
_7/13/57 _ 7/2L/57 8/23/57 12/9/57 3/28/57
- No, - Vol. Noe . Vol No. Vol No .o Vol, No. Vol.
2Amphipoda -
Hyallela 26 T
Diptera -
Tendipedidae 65 T
Ephemeroptera -
Tricorythodes 53 T 7 T
Gastropoda . - :
@yraulus 53 T 543 T 11 O.h1 127 T 118 0.51
Lymnaea 95 T 925 0665 62 Ooll-o 196 T . i
"Physa 37h T | 628 1,29 | 9h6 2,49 | 127 2.3 | 133  L.6O
Qdonata =~ - :
Erythemis : N T
Ischnura 30 T 32 T L6 T

-1
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not present in collections obtained four days prior to treatment, they
were present in those taken seven days after. Gomphidae; A raylea;
Phryganea and Naididae were absent seven days after treatment but this is
pgt significant since they were not present in collections immediately
prior to t:eatment.

No collections were taken following treatment with Pro-Noxfish and
Eefore treatment with toxaphene.
) After treatment with toxaphene, the Gastropoda was the only group

pygsent_in collections. Fifty-three days following treatment, Gyraulus

was reduced about 75 per cent and Physa about 90 per cent but Lymnaea

;hg;e§sed approximately 30 per cent. Numbers of Gyraulus and Physa re-

mained a@out equal and Lymnaea was absent in collections taken'162 days

following treatment. Ischnura and.Brythemis, while present before treat-

ment with Pro-Noxfish, were absent following treatment with toxaphene.

Test Pond
Description.
The West Pond has been periodically dredged for gravel since 1936,
The last substantial dredging was in 1955. The pond now has a surface

area of 12,8 acres, a volume of approximately 132 acre-feet, a maximum

depth of 19 feet and mean depth of ten feet. The shore level is generally

less than one foot above the water surface but rises to a maximum height
of ten feet on the south end. The pond bottom is quite regular in spite
of dredging operations and is covered almost entirely with fibrous peatb.

The surface water fluctuated 13.6 inches in 1956 and 18 inches in 1957.




Fish Eradication
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The predominant shore vegetation on the east side is cottonwood and

Kentucky bluegrass and on the west side sweet clover (Melilotus alba) and

_ Rpssian'thiétle (Salsola kali). Emergent aquatic vegetation is found only

around the.east shore and consists of great bullrush and cattail. Sub-
merged aquatic vegetation consists largely of stonewort with small amounts
of sago pondweed.
No records of fish introductions are available and it is presumed
: - Y
that the existing fish population resulted from unofficial transplants ’

frgm_the Middle and East Ponds. -The species of fish present were bluegill,

largemouth black bass and yellow perch.

]

On July 18, 1§57, the West Pond was treated with a commercial toxi~
caht (PrOeNoﬁfish},_ The concentration used was approximately 0.7 ppm.
Application began at 7215 a.m. and terminated at 9:h5 a.m.

Distress fésuitiﬁg from rotenone was first observed ten minutes after

the start of application. Ten minutes later fish were found near death

'1ying on their sides at the surface.

Effective depth penetration of the toxicant was determined by sus-
pending wire cages containing healthy fish at various depths in the pond.
Fish were suspended as follows:vfive~foot depth, two bluegills and one
white sucker; 10-foot depth, one bluegill, one largemouth black bass, one
white suckers; 19-foot dépth, one white sucker. lTwo,bluegills in the cage
ab the Five-foob depth were dead 13 hours (8:00 p.m.) afber the start of

application. All fish in cages at greater depths appeared healthy at that
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time. No.more observations were made until 23 houfs after treatment began
(6:15 a.m. the following morning), at which time, all fish, except the |
guék?r at the 10-foot depth, were déado This sucker was near death but
did not die until 1:00 p.m. the same date.

The length of time the water remained toxic to trout was determined
in_the same manner ‘as for the East Pond. Tests made 17 days following
ﬁreatment showed the water to be non-toxic. At that time, observations
gnd fishing effort, i.e. six 2h-hour and three L8-hour gill net sets,
failed to show any live fish.u

~ One and one-half days (23 man-hours) were spent in recovering dead
fish. An attempt was made to recover all fish which came'to the‘surface
gpd_those lying on the bottom of the pond in shallow water (deﬁth less
@h@@zthree feet). -Those which remained én the bottom in deép water and
ﬁhqse whiph.surfaced later were not recovered. Wéigﬁts and iength
measurements were made. a

- Yellow perch was the most abundant species present (Table I). Large-
mouth black bass was seéond in total weight but least numerous while blue-
gill weighed the least but was second most numerous. The ratio of yellow
perch to biuegillé to largemouth black bass was approximately 8:2:1 and
the weiéht relationship was L:1:6. The average total length éf yellow’
perch was greater than the same species from either of the other bonds.

This probably resulted from the smaller population in the West Pond.

Physical and Chemical Characteristiés

During the entire study period, a secchi disc was visible on the
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bottom apdlturbidities were generally less than five ppm SiOp (Table XI).

Only slight chemical variations occurred between sﬁrface water and
that af the 15~-foot depth during periods of open{wa‘bero Oxygen satur-
ation usually‘9Xceéded 100 per éent’during the spring and early summer
byt was lower in late summer and fall. Methyl orange alkalinity was
usually above 200 ppm, except'during the summer, and the pH ranged from
7.5 to 8,5. |

During the winter of 1956 some chemical stratification occurréd in
the West Pond. Water at a depth of 15 feet contained a lower concentra~-
tion of oxygen, lower pH and higher methyl orange alkalinity than water
immediately below the ice. During the winter of 1957, stratification was
less pronounced with slightly lower pH and higher methyl orange alkalinity
at the 15-foot depth., .The less pronounced stratification in 1957 may have
been due to greéter transparency of the ice which permitted more primary
production.

Folloﬁing treatmeﬁt, no change in physical or chamical properties

was observed.

Phytoplankton

Before Treatment. Chrysophyta was the most dominant group of algae

followed in order by Pyrrophybta, Chlorophyta and Cyanophyta (Table XIT).
Of the first named group, Dinobryon was most numerous. It peéked during'
August, 1956 and again in October, 1957. Diatoms were scarce during most
of the period but were numerous from April through June, 1956 and in March,

1957. Of the Pyrrophybta, Peridinum was present in the majority of samples.




Table XI.

Ranges of physical and chemical properties of the West Pond before and after treatment.

- Before After
Depth ) o o ’

T T (feet) Spring Sumer Fall Winter Spring Summer| Summer TWinter Spring
Oxygen per cent 0 66-160 62-89 60-101 63=83 95-150 117-132| 90-112  B87-118 100=121
saturation 15 - 55-82  Lh-101 12-6L, 95-139 98-130| 80-95  87-117 89-130
Phénolpthélein -0 0 Q-S 0 » 0 0-10 0 0 0 0
alkalinity (ppm) 15 0 0-6 0 0 0-12 0 0 0 0
Methyl Orange 0. 172=220 1h7;205 2i2=232 235-282 182-205 107-160}161~191 19L4-215 160-2147
alkalinity (ppm) 15  180-220 142-205 202-21,0 250-330 182-2};2 125-172 165-181 19L-220 230-280
pH O - 8 0_805 7 5"’8 5 7 6=803 860“8e2 7@8"—‘ 03 95"70'9 705?‘801 703“8.5‘ .

15 = - 7@O=7QL[. 800“892 706"891 705:'890 708“891 7@2"’8@2 -é_
O
Turbidity 0 - - - = 2.4=5.0. 11-2.5) 13 1.0-103 0e5=1.0 '

(ppm Si02) 15 - - - = 1e2=12.0160-1.3 0e9=1oli 1oI-loli 0.5-1.0
Secchi disc ' ’ . '

. (feet) 9 .19 . 1 - 19 19 19 19 19

’ - 6/20/56 11/7/56 3/2L/57 8/19/57
NO3 0,20 0,17 0.07 0,02
POy, 1.00 0,03 0.02

0.05




Table XII. DNumber of phytoplankbters per liter of water in the West Pond before and after

treatment.
- Before - )
1956 ‘ ’ 1957
April June July Aug. Sept. Oct. Nov. Dec, dJan. Feb., March April
Chlorophyta =~ C : '
Closteriopsis 3 9 11
Closterium 10
Cosmarium 2
Gloeocystis 2 L 78
Pleurotaenium 2
Scenedesmus - -2
VMougeotia 794 316 6T - 251 8
Qedogonium 2
Spirogyra 1,129 598 L16 50 L5 ' 17
Zygnema, 1,389 26 : 9 9 26 17
Unidentified 6
Chiysophyta ]
Chrysophyceae : '
Dinobryon 10 2,365 61k 7,568 126  h7h  L59 710 69
Bacillariophyceae
Coscinodiscaceae 17 52
Cymbéllaceae 53 32 L8 2 . 95 8 L 12
Fragilariaceae 3,176 786 6 10 8 W 9 252 52
Gomphonemataceae , 8
Naviculaceae 211 86 106 87 87 26 217 104
Pyrrophyta : A
Ceratitm 31 396 277 37 .
Peridinium L L7 6r 13 22 26 182 156 @ 26 6 26
Cyanophyta
" Cylindrospermumn 2 8
Nodularia - 2
Oscillatoria 6

_05_




Table XIT (Continued).

Oscillatoria

Before’ After -
1957 ' 1958 - '
May  June July | Aug. Sepb. "Oct. Nov. Jan. Feb, March -April
Chlorophyta
Clogteriopsis s 8 - .
Gloeocystis 69 8 56 °h3 147 -
Mougeotia L3 il 199 22 _ 367
Oedogonium : 8 3l 8
Spirosyra 35 _ 17 8 568 N 52 126
Zygnema Iy _
" Tnidentified 8 17
Chrysophyta
Chrysophyceae T - |
Dinobryon 867 1,053 2,669 282 2,920 6,305 52 8
Bacillarieophyceae : :
Cymbellaceae 17 7 13 82 8
Fragilariaceae l 8 8 8l 156 9h .
.Gomphonemataceae 8 17
~ Naviculaceae 139 13 104 13 13 52 30 17
Pyrrophyta )
. Ceratiim 8 - 61 65 17 L
Peridinium 23hL 156 52 82 52
Cyanophyta :
8 26

-.'[5:-
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. It was most numerous in December, 1956 and January, May and June, 1957.
 Ceratium was present from June through September, 1956, with peaks in

June, July and August. It was also present from May through October, 1957.

Chlorophyta was usually scarce, except from April through July, 1956, when
large amounts of filamentous algée were present. Representatives of the
Cyeanophyta were rare.

There was considerable variation in sbundance of phytoplankton be-
twgen the three sampling stations. Stabtion €, located in the most pro-.
tected area (also known to contain springs) had the greatest mumber of
individuals. Phyboplankton blooms; resulting primarily from Dinobryon,
occurred in August, 1956 and in October, 1957, |

After Treatment. Treatment with Pro-Noxfish appeared to have little

gffgét on most groups of phytoplankton. Dinobrzph decreased following
treatment (August 1, 1957) and was absent from samples taken August 15.
By September 7, it had reached its former abundanceo‘ Brown gnd Bali

(19h3) report that Dinobryon increased following rotenone treatment in

Third Sister Liake, Michigan.,

Zooplankton.,

Before:Treatment. The predominant group of zooplankton present was

Rotatoria (Table ¥T¥II). Keratella was the predominant genus in/most
samples and became abundanf in Noyember,.l956 and June, 1957. Polyarthra
was present in nearly all samples but was never abundant. Asplanchna and
Pedalia were most numerous in summer.

Copepoda and Cladocera were aboubt equally abundant and were repre-




- Table XIIT. Number of zooplankbers per liter of water in the West Pond before and after

treatment.
- Before T
1956 ] _ , , 1957 -
April June July Aug. Sept. Oct.  Nove Dec. dJan. Feb., March BApril
€ladocera’
Bosmina 3 27 3 8 T 9 2 11 Ih 19
Ceriodaphnia - Tae 7 15 21 5 . ‘
Chydorus 26 6 6 T 32 3 1 1 1 T T
Daphnia 1 3 T -
“Scapholebris 20 L 3
Gopepoda - o C
Cyclops ly 5 18 h 17 19 7 26 57 26 13 33
Diaptomus T 1 5 L l 2 T 3 ‘
hapliT . 0 19 W8 70 57 3 25 1 18 6 k2 58
Rotatoria . : _
Asplanchiia - 2 3 23 3 2 ‘ I
Keratella 6 96 25 2. 3 2h 332 122 112" L9 18 26
Lecane 1 ' T T
Tepadella _ T ,
Notholca T T ' . T T T
Pedalig T 20 6 T :
Platyias T T T - T
. Polyarthra T 6 19 6 11 9 1
Protozos . S
Diffulgia h 1 T T 1 1
T 2 T 2 T

Ostracoda I

# Tess than one organism per Iiter.

_55_'




Table XITT (Continued).

Before ~ After
. 1957 . ) "' - ] 1950 } T
) Mgy June July fug. Sept. Oct. Nove.e dJan. Feb., March April
Cladoecera ‘ ’
" Bosmina 15 12 21
Ceriodaphnia T 2 I 1T T
Chydorus 2 2 2 6 7 T 1 2
Dapbnia =~ .~ 2 2 1 2 T T
Scapholebris ' 2 T 3
Copepoda ’
Cyclops 35 19 1k 3 5 L I 32 17 T T
nauplii “Th 37 21 15 22 15 6 6 26 1 T
Rotatoria -~ .
Asplanchna T - 3 8 T T T T
Brachionus T T
Keratella 125 13k L1 32 Lk 2 10
Lecane -T T
NothoTca T T ‘ T T
Polyarthra 2 3. 26 72 15 2 16 2
Protozoa”
Diffulgia T 2 T 3 T T
Ostracoda I T T
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sented in 2ll samples. Cyclops"ﬁas the predominanf cépépod and reached
its peak in Jahuary7and May, 1957. ‘A small number of Diaptomus was pre-
sent from April through Decembér, 1956, |
Bosmina, Wéégthe most abundant cladoceran being present in all samples

prior to treatment while Chydorus was slightly less abundan%. Cerio-

dgphnia and Scapholébris appeared in summer and early falln\ The former
was most numerous inISeptembér and the latter in June, 1956,
Protozoa and Ostracoda were present from April through October, 1956

but were never sgbundant. Other organisms occasionally encountered were:

‘Rotatoria - Brachionus, Monostyla, Notholca, Pompholyx, Platyias; and
Eepadella; Protozoa - Centropyxis.

A noticeable difference in abundance occurred at the three stations

during the study. Station A; located in a deep water area, had the great- .

est number of individuals except in November, 1956, when station C had a

gpeater number of Keratella. Scapholebris.was found only at stations B
and C. Daphnia was most abundant at station A and was rarely found at

stations B and C and Chydorus, while present at all éﬁations, was most

numerous at station C. .

\

Zooplankton in this pond exhibited less variation in abundance than
. ’ . . /
in the other ponds. The only pulses observed occurred in November, 1956
and June, 1957 resulting from increased numbers of Keratella.

After Treatment. Treatment with Pro-Noxfish had 1little apparent

effect on most groups of zooplankton., Bosmina was the only organism which
exhibited adverse effects. It was present in collections taken on July 13

(fivé days prior to treatment) but was absent .from all later samples. The
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absence of Diaptomus, Brachionus, Monostyla, Notholca, Pompholyx, Plabyias,

Lepgdella and Centropyxis after treatment is not considered significant

s@gge they were not present imﬁediately prior to treatment. Brown and
Ball (1943), Smith (1939, 19L0), and Hooper (1948) reported sharp re-
ductions in €ladocera and Copepoda. The five per cent concentration of
roténone in derris used in the above studies wés twice that found in Pro-

Noxfish and this may account for the higher mortality of microcrustaceans.

Bottom Organisms

Before Treatment. Tendipedidae and Tubificidag were the predominant

, érganisms. The numbef‘of"Tendipedidae fluctuated 1little but theif volume
was greatest in August, 1956 (Table.V). Tubificidae increased over the
period June to September, 1956, In 1957, they were absent in May but
yggched_maximum abundance in the July collection. Procambarus (Dgcapoda)
and Agrazlea (Irichqptera) were encountered rarely.

After Treatment. Seven days following treatment (July 23, 1957), a

large reduetion in Tendipedidae and Tubificidae was observed. Thirty-two
days following treabtment (August’l9), and in mogt later coilechiqns,
Tendipedidae were approximately twice as abundént as in previous colf
Tections and Tubificidae were more mumerous than in previous collections,
except for Julj 12, 1957. Tubificidae were absent from the May, 1957 and
March, 1958 collections. Brown and Ball (19h3), Smith (1939 and 1940) and
Hooper (1948) report little effect on most bobbom organisms by rotenone.

Hespercorixa (Hemiptera) was found in collections taken August 19, 1957

and Chaoborus, Baetis, Ephemera, Tricorythodes and Ishnura in collections
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taken March 28, 1958. These were not found prior to.treatment,

Plant Tnhabiting Organisms

Before Treatment. Hyallela was the predominant organism followed in

order by Tricorythodes, Tendipedidae, Ischnura, Hydroporus and Procambarus
g?aple.XIV). These organisms were present in nearly all samples and ex-

hibiﬁed peaks of abundance as followss Hyallela and Tricorythodes in

hugust and September, 19563 Ischnurain September, 19563 Tendipedidae in

1

May, 1957. Hydroporus and Procambarus were numerous in all months. Pro=~

cambarus was the least numerous, but its volume usually exceeded the

othérs° Lymnaea, Physa, Agraylea, Polycentropis and Haliplus were scarce.

 After Treatment.  The different kinds of organisms exhibited varied

effects from the treatment with Pro-Noxfish. Procambarus, Tricorythodes
mmiISchnuﬁa.appeared to be uneffected, being approximately as abundant
after treabment as before. Igchnura increased after July and reached maxi-

mum abundance in Mérch, 1958, Tricorythodes was most numerous ir August,

1957 and then decreased sharply, being least numerous in December. This
decrease is not thought to have been the result of the toxicant, since
toxiciby tests revealed the water to be non-~toxic to troutfby August 5.
Physa, while scarce prior to treatment, appeared in all after treatment
gqllectionsj except on fugust 27. Teonard (1938) reported no'éigns of
distress by several kinds of insects, snails and crustaceans which were
exposed to a rotenone concentration of one ppm for 96 hours.

Hyallela and Tendipedidae wefe the only organisms that‘exhibited a

noticeable reduction. The former was much less nimerous in the collection '




Table XIV. Numbeir and volume (c&) of plant inhabiting organisms per kilogram of submerged
vegetation in the West Pond before and after treatment. :

- " - Before - j : B iR
_ 1/5/56 1/30/56 8/27/56 9/2L/56 1. 10/27/56

j ) No., Vol. No. Yol. No. Vol. No. Vol. No. Vol.
Amphipoda ' i T o ) -

Hysllela 1,182 Q.71 710 0.L7 1,332 1.69 | 1,595 1.60 220 0.16
Coleoptera

Haliplus 3 i 10 T 13 T 9 T

"Hydroporus 11 T 10 T 13 T L T 1 T
Decapoda ) - ' .

"Procambarus 53 11.35 7 1.67 L 2,11 9 T.79 il T
Diptera =~

' Tendipedidae 7h T | 223  0.33 220  0O.h2 78 T 1179 3.3

Ephemeroptera

Baetis " 3 T h T 1k T 7 T

Tricorythodes 21 T 37 T 2,166 0.2 2,012 0,92 571 T
Gastropoda

Lymnaea 3 T

“Physa 96  1.LT 3 T Iy T
QOdonata

Tschiura 21 T 27 T 220 1.26 389 0032 96 1,37
Trichoptera ‘ -

Agraylea 1T T 23 T 63 T 110 T

Polycentropis 7 T 76 T 119  1.38 37 T

# Less than 0.05 cc.

mggm




Table XIV (Continued).

Before

" After

5/20/57.

1/13/57

7/2L/57

8/27/57

12/9/57

3/28/57

Vol.

No.

Vol.

L Noo

Vol. Noe

Vol.

No.

Vol.

Amphipoda -

Hyallela
Coleoptera .
"Hydroporus
Decapoda
" Procambarus
Diptera
Tendipedidae
Ephemeroptera
Baetis
Tricorythodes

Gastropods
Gyraulus
Iymnaea
Physa

Hemiptera
Notonecta®
Vermicorixs,

Odonata
Ischnura

Trichoptera
Agraylea

No. Vol.| No.
281 e | 185
13

571wk | 118

7 3%

- 632 &% 39

96 % 39

'y,

0.30
T
0.43

0022

17

31

10

25

0013

0051

188
18

9

229

169

0.92 | 376

T | 13
9916 10
.30

1h2
T 29

W N

0.3 |25h

0585

T

0068 )

1.01

137
66
22

302

Lo
55

g

16

5

h12

1.65

0655

20,62

0.55

0.55
T

1,01

9.90
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obtained six days after treabtment than before. TForty days after, it had
recovered to its former abundance and in March, 1958 reached maximum
abundance, While Tendipedidae ﬁas present in samples immediately prior
to treatment it was not found following treatment until December, 1957
Hydrogo was absent from the sample taken immediately after treatment
but appeared in its former abundance after LO days. It occurred in such
small numbers prior to treatment that its absence may have been the result

of sampling error. Absence of Agraylea, Polycentropis, Helipius and

Baetis is insignificant since these organisms were not present immediately

prior to treatment, With the exception of Polycentropis, all were present

in collections taken in December, 1957. Notonecta and Hesperocorixa were

not found prior to treatment and were in only one collection following

(December 9, 1957).

SUMMARY

1. The effects of the commercial toxicants, Pro-Noxfish, Chem-Fish
Special and toxaphene on the physical, chemiéal and biological properties
of three cold water ponds were studied during the period April 1L, 1956
to April 11, 1958.

2. The East Pond Wes treated with texaphene at a concentration.of
0.13 ppm. The Middle Pond was treated with the folloﬁing toxicants and
concentrations: Chem-Fish Special = 0.7 ppm; Pro-Noxfish = 0.95 ppms toxa-
phene - 0.15 ppm. The West Pond was treated with Pro-Noxfish at a concen-
tration of 0.7 ppm.

3. Live fish were suspended at various depths in the ponds bto test
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the toxicity of the watera' The first fish died in the East Pond five

hours after the start of application of toxaphene and -the last fish died

" 14=2y hours after. After application of Chem~Fish Special, ﬁhe first fish

died in one hour and the last fish'to die did so within the next hour. TIn
the West Pond the first fish died 13 hours affer start of application of
Pro-Noxfish and the last 30 hours after.

Li. Duration of toxicity to fish was as follows: East Pond, less than

five months; West Pond, less than two weeks. Not all fish died in the

‘Middle Pond from treatment with Chem-Fish Specisl and Pro-Noxfish. After

application of toxaphene, the pond has remained toxic up -to .the present
time (June L, 1958}, -

5. The numegical ratio for yellow perch, bluegills, largemouth black
baés, black crappie, carp, suckers recovered from the East Pond was 135:
;;_9:17:1[;:13:1o The ratio of bluegills, yellow perch, black crappie,
%grgemouth Black bass from the Middle Pond was 53:32:2:1. The ratio of
yellow perch, blﬁegills, largemouth black bass was 13:8:1. .

6. Following treatment, a secchi disc was visible on the bottom of
each pond.

7. The predominant algae in all ponds. were ﬁinobryon and Ceratium,
each of which were reduced followingltréatment in the East Pond. Ceratium

was reduced following treatment with Chem-Fish Special in the Middle Pond

and Dinobryon in the West Pond.

8. Keratella, Polyarthra, Bosmina, Chydorus>and-Cyclops were the

dominant zooplahkters present in all ponds. All Cladocera and Copepoda

were absent following treatment in the East Pond. In the Middle Pond,
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Keratella, Polyarthra and Cyclops were greatly reduced after treatment .

with Chem-Fish Specizl. Copepdds and rotifers were reduced fdllowing
treatment with Pro-Noxfish and Cladocera disappeared. All mooplankbon
organisms disappeared after treatment with toxaphene. In the West Pond,
only Bosmina was reduced following treatment.

9. In the Bast Pond, Tendipedidae showed no effect following treat-
ment and Tubificidae increased. Tendipedidae was reduced énd Tubificidae
increased after treatment in the Middle Pond. Tubificidae and Tendi-
pedidae increased following treatment in the West Pond.

10. A1l plant inhabiting organisms, except the-Gastropoda, disap-
peared following treatment in the East Pond and Middle Pond. In the West
Pond, Hyallela and Tendipedidae were reduced after treatment while other

organisms appeared uneffected.,
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