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Abstract:

Bio-assays were conducted on six species of cold-water fish to determine mortality rates under
different concentrations of DDT and varying physical, chemical and biological conditions. A total of
6000 fish was tested. The mortality rate of rainbow trout varied little at DDT concentrations between
0.5 and 10 ppm. Mortality rates increased as the size of the fish decreased. Hatchery rainbow trout had
a higher mortality rate than wild rainbow trout. Mortality rates increased as the temperature in-creased
but decreased when turbidity and alkalinity increased. Mortality rates were increased by feeding trout
aquatic insects treated with DDT. A comparison of six species of fish tested in 1 ppm DDT showed the
longnose sucker had a mortality rate of 94 percent while the salmonids had less than 10 percent.
Delayed mortality occurred in all species of fish treated in DDT throughout a six month observation
period.

Observations were made on fish and fish-food organisms in a test stream eight months before, during
and 19 months after treatment with DDT which was applied at one point in the stream at 0.4 ppm.
Immature aquatic insect populations were reduced 99 percent following application and required 18
months to regain pre-treatment numbers. Immature aquatic insect populations below 0.75 mile
downstream from the point of application regained 15 percent of the pre-treatment numbers 11 months
after application. The diet of trout in this downstream area changed from immature aquatic insects to
adult insects and aquatic vegetation. Trout populations in the first mile of treated water showed no
significant change one year following treatment but below this point showed a 73 percent reduction.
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ABSTRACT

‘Bie=~assays were conducted on six species of cold water fish to de-
termine mortality rates under different concentrations of DDT and varying
physical, chemical and bielegical conditions. A total of 6000 fish was
tested. The mortality rate of rainbow trout varied little at BDT con-
centrations between 0.5 and 10 ppm. Mortality rates increased as the size
of the fish decreased. Hatchery rainbow treout had a higher mortality rate
than wild rainbew trout. Moertality rates increased as the temperature in-
creased but decreased when turbidity and alkalinity increased. Mortslity
rates were increased by feeding trout aquatic insects treated with DDT. A
comparison of six species of fish tested in 1 ppm DDT showed the loengnose
sucker had a mortality rate of 94 percent while the salmenids had less
than 10 percent. Delayed mortality occurred in all species of fish -treat-
ed in DDT throughout a six month ebservation period.

Observations were made on fish and fish~fooed organisms in a test
stream eight months before, during and 19 months after treatment with DBT
which was applied at one point in the stream at 0.4 ppm. Immature aguatic
insect populations were reduced 99 percent following application and re~
quired 18 menths te regain pre~treatment numbers. Immature aquatic insect
populations -below 0.75 mile downstream from the point of applicatien re-
gained 15 percent of the pre-treatment numbers 11 months after application.
The diet of trout in this downstream area changed from immature aquatic
_ insects to adult insects and aquatic vegetation. Trout populations in the
first mile of treated water showed no significant change one year follow-
ing treatment but below this point showed a 73 percent reductien.
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INTRODUCTION

DPT is a widely used insecticide for the controel of forest insects.

"ARerial application of this insecticide over millions of acres of forest

lands has caused mortalities in aquatic organisms in the waters of these
areas. Qualitative studies on the effects of DDT on aquatic organisms have
been conducted by Adams et al..(1949), Hoffman and Surber (1949), Cope and
Park (1957), and Warner and Fenderson (1962). Long range studies on the
effects of DDT were reported in Canada b& Ide (1957), Alderdice and
Worthingten (1959), Crouter and Vernon (1959), and Keenleyside (1959).
Aerial forest spraying at the rate of one pound of DDT per acre to
contrel the spruce budworm in Montana started in 1952. In 1955, large
areas of Yellowstone Park and the Gallatin Natienal Forest were sprayed.
During early winter of 1956, a heavy fish die-off was reported aleng the
upper Yellowstone River° This stimulated the initiation of a cooperative
study by the U. S. Fish and Wildlife Servicé, the U. S. Forest Service,
the Montana Fish and Game Department énd the Mentana Agriculture Experimenf
Station te determine the effects of large-scale forest spraying on aquatic
organisms (Graham and Scott, 1958). Another investigation was spensored
by the Mentana Fish and Game Department. This had a twefold purpose: (1)
to determine the effects of various concentrations of DDT under different
physical and chemical cenditions on the mortality ef celd water fishess
(2) to determine the effects of a known cencentratioen of DDT on fish and

fish-foeod organisms in a test stream.
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BIOLASéAYS
The facilities eof the State Fish Hatchery at Ovande, Mentana were
used for bio~assays which were conducted during the summers of 1957, 1958

and 1959.

Materials and Equipment

Bio~-assays were conductéd in medified hatchery troughs. Eight head
troughs were used in helding the pre- and post-test fish. The rate of
water flow to each eof these troughs was reguléted by individual faucets.
Seven other troughs were used to conduct the experiments. 1In fhe early
tests it was found that redweod troughs were unsatisfactory fer DDT bio-
aséays° Analyses conducted by the Chemistry Department at Montana State
College showed that redwood absorbed DDT from experiments using high con~--
centrations and allowed it te leach out during low concentrations. Late
in the experiments of the first year the troughs were painted with a
chemical resistant paint. This reduced the leaéhing effect but was not
entirely satisfactory due toe chipping. Du?ing the last.two seasons fiber-
glass troughs (210 liter capacity) were used. These were inserted into
. the redwood troughs with clearance at the head, sides and bottem. Over-
flow water from the head trough served as a water bath to reduce tempera-
ture fluctuatien in the fibefglass troughs (Figure 1). Hardware cloth was
used to cover the treughs and prevent fish from Jjunping out.

Centrifugal pumps rated at 17 gallons per minute were used to re-
circulate water.in the fiberglass troughs. Plastic pipe was employed for

recirculating water. The intake pipe was screened to prevent weakened




Figure 1. Unit experiment troughs and head troughs.

fish from being sucked into the pump. Test water was aerated by being
forced under pressure through small holes in the end section of the ex-
current pipe (Figure 2).

Two earthen ponds were used during the experiments. The larger had
a surface area of about 2000 square feet with an average depth of 2.5
feet and was divided into six sections (Figure 3). The smaller had a
surface area of approximately 250 square feet and was divided into three
sections. Frames covered with plastic screen were used as dividers.

The water supply for the troughs and holding ponds was obtained from
a spring. Physical and chemical water analyses showed the following
ranges: temperature, 40 — 53 F.; turbidity, O - 35 ppm; pH, 7.6 = 8.2;

methyl orange alkalinity, 180 - 280 ppm; total dissolved solids, 275 -
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Figure 2. Cooling system used in unit trough.

330 ppm.
Both wild and hatchery fish were employed in the experiments. The

wild fish included cutthroat trout (Salmo clarki), rainbow trout (Salmo

gairdneri), brown trout (Salmo trutta), brook trout (Salvelinus font-

ipalis), mountain whitefish (Prosopium williamsoni), longnose sucker

(Catostomus catostomus), and largescale sucker (C. macrocheilus). Wild

fish were collected with an electric shocker from unsprayed streams in
Western Montana and transported to Ovando in a 250 gallon hatchery plant-
ing tank. Hatchery rainbow and cutthroat trout were obtained from the
State Fish Hatcheries at Anaconda and Arlee. All wild and hatchery fish
over four inches were kept in the holding ponds. Hatchery fry and

fingerlings were held in the head troughs. Fish were held one week be-




Figure 3. Holding pond used in experiments.

fore testing to allow recovery from shocking and/or transportation. Dur-
ing holding periods the fish were fed commercial dry concentrated food.
The DDT solution used in the experiments was obtained from the U. S.
Forest Service and contained one pound of DDT dissolved in 1.25 quarts of

hydrocarbon solvent and diluted in fuel oil to make one gallon.

Methods
Bio-assay techniques were modified from Doudoroff, et al. (1951).
Larger fish were seined from the holding pond and transferred to the head
troughs for a 24-hour pre-testing hold. This allowed time for acclimation
and also permitted the detection of injured or sick fish. Seven units

(fiberglass troughs) including one control were run as a series. Several
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series constituted an experiment. Test fish were transferred frem the
head trough to the unit troughs contéining 200 liters of water. Then a
known concentration of DDT was added te the water and recirculated for a
48-hour test peried. At the start of each éeries pH and tetal alkalinity
were determined. Oxygen and ammonia analyses were conducted at thé start.
and at eight~hour intervals while temperature and the number of fish
showing signs of distress were recorded hourly for each unit. When a
mortality occurred, the weight and length of fish as well as the time of
death (30 minute range) were recorded. Dead fish were put inte labeled
plastic bags and froezen for DDT analysgs° At the conclusion of each
series surQiVing fish were transferred from the unit trough to the head
trough for a 24~hour post-test hold. After 24 hours, all surviving fish
were weighed, measured, marked with either oepercle or blastic jaw tags
and released inte a section of a hoelding pend for further observation.
All post-test mortalities were recorded. Between each series, .the con-
tgminated troughs and equipment were thoroeughly cleaned with hot soapy
water follewed by heot and celd water rinses.

Experimental Design. Many questions arese relative to the effects of

DPT on fish froem field studies  conducted in Montana and during the bio-
assay operations. Expefiments were designed to test the following: &or—'
tality of rainbew troeut at varieus cencentrations ef DDT3; relatienship
between size of test fish and mertality; wvariatien in the mortality be-
tween hatchery~rdared and wild fish of the same species; mo£tality of
rainbew trout tested in fuel oil and in the selvent used for the DDT

selutien; cemparative moertality of six species of cold water fish treated
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in DDT;4effects of various physical, chemical and biological %actors on
the'mprtality-of fish tested :in DBT. In -addition to the immediate test
mo;;ality, experiments were designed to determine post-test mortalities.
Fish (over four inches long) surviving the initial 48-hour test period
were marked for -later identification. - Any mortality after the 48-hour
test period wa;-recorded as delayed. A 30~day delayed mortality'beriod
was empleyed in the 1957 and 1958 tests, while a six-month period was

used in 1959. Fish in:the latter group were observed for an additional
5.5 months after being moved from Ovando to the Blue Water Ha£chery. Ex~
periments were designed so that results could be treated statistically.
Several statistical designs of analysis of variance were used to test the
Qull hypothesis,£hat the means of normal populations were equals using in-
dependent samples of*equal size from the populations and assuming that the
populations héd equal variances. The null hypothesis was rejected at ﬁhe
level of significance when the calculated mean square;was greater than

the tabular value obtained from the frequency (F) distributien tables for
the appropriate degrees of freedom. The designs a&d distribution tables
were taken frem Ostle (1954) and Freund et al. (1960).

Experiment Limits. The first 25 units were used to establish

standard procedures and set-limits for the unit tests. Exceptiens were
‘made when a specific physical, chemical or biological facter in relation
to the mortality was being tested. -Limits set for the physical and cﬁemi—
cal properties of the test water were as followss tempefaiure 50 - 70 F;

turbidity O ~ 15 ppms pH 7.6 - 8.2; methyl orénge'alkalinity 230 = 280
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ppms ammenia O -~ 1 ppm. If water in the test unit exceeded these limits
the results were not used in analyses.
DDT (ppm by weight) disselved in fuel oil was added to the water of
the test unit. Samples were collected from the standard test units for
DDT analyses at one hour and 48 hours, but due to cest of analyses only

10 selected samples were analyzed. Average results for the 48-heur

' samples were as followss when DDT was added at the rate of 4 ppm, tests

sho&ed 0.24 pbm in the water; at 5 ppm - 0.33 ppm; 6 ppm - 0.6 ppm.
These ana;yses consistently showed that only a small fractien of the DBT
added to the water, actually entered it. Samples taken from units with
3 ppm DDT showed 0.56 ppm at one hour and 0.2 ppm after 48 hours. This
was a 64 percent decrease. Alderdice -.and Worthington (1959) reported
that only a small amount of the DDT added te the water, appeared in
analyses. The DDT used in‘this séudy is expressed as the ppm added to
the water, although actual concentratiens in the water were known‘té be
much less. |
Effects of Various Concentrations of DBT on Mortality
of Wild and Hatchery Rainbew Trout

The fish used for experiments were divided inteo three size groups as

followss:s 1.5 - 3.0 inches; 3.1 - 5.0 inchéss 5.1 - 10 inches.

Rainbow Trout 1.5 = 3,0 inches. Four series of tests were conducted

on this size group. Three of these were hatchery trout frem Arlee and ene
was wild trout. All fish were tested within -one week from time of col-
lection or delivery from the hatchery. A total of 100 hatchery trout was

used for each unit in the first series. One unit test was made at each
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of the following concentrationss 0.05; 0.1253 0.25;5 0.55 ls 23 3 ppm.
All fish died within 24 hours. 'Only tWo fish.died in the contrels. ’In
the second series 25 hatchery trout were used per unit. One unit test

was made at each of the following DDT concentrations: 0.05; 0.125; 0.25;

0.53 1 ppm. Again ali fish died during the first 24 hours. ©Ne moertality

occurred in the contrel. In the third series, another lot of Arlee hatch-
ery rainbow treut was used. These were tested immediately upen-arrival.
Twenty~five trout were tested in each unit with five unit replica%ions
conducted at 0.125 ppm. All died within 24 hours. No mertality occurred
in the contrel. 1In the fourth series 25 wild trout were tesfed in each
unit. One at 0.5 ppm and another at 1 ppm. Mortalities were 5 and 7
trout respectiﬁely while ne mertality occurred in the controel.

Rainbow Trout 3.1 = 5.0 inches. Three series of tests were cenducted

foi this size group. Arlee hatchery fish were tested in twoe series and
wild troeut in the éther. In the first series 25 .hatchery trout frem one
lot were tested in each unit. Seven unit repiications weré conducted at
each of 0.5 and l'ppm DDT. The mean unit mortalities were 21.8 trout at
0.5 ppm and 20.7 at 1 ppm. No mortality eccurred in the control units°
In the second series 25 hatchery trout from a different lot were tested
in each unit. Seven unit replicatiens were condupted at each of 2 and 3
ppm DDT. The mean unit mertalities were 16.3 trout at 2 ppm and 14.3
trout at 3 ppm. No mertality eccurred in the control units. There was
no significant difference between the mean mortaiitiés within a series
but there was a significamt difference at sthe (F) 0.0l level between the

mean mortalities of the two series using different lots of hatchery fish.
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The. surviving fish frem each concentration.ip the second series were
placed in separate sectiens of a head trough and held for 30 days to
deterﬁine delayed mortality. Delayed mortality was 50 percent for trout -
tested at 2 ppm and 55 percent for those.tested at 3 ppm, while control
frout had a 6.0 percent mortality. In the third series 25 wild rainbow
trout were tested in each uni?. Twe unit replications were conducted at
0.25, 0.5,.19 2y, 3, 4 and 10 'ppm. The mean 'unit mortalities for the
various coencentrations were as follows: 2.5 trout at 0.125-ppm; 0.0 trout
at 0.5 ppms 3.5 trout at 1.0 ppm; 0.0 trout at 2 ppm; 3.5 trout at 3 ppms
4 trout at 5 ppms 5 trout at‘lO-ppm. No-mortaiity occurred in the con~-
trols. Neo significant difference was found between the means of the
various concentrations.

Rainbow Trout 5.1 = 10 inehes. Three series of tests were cenducted

on hatchery trout of this size .greupand ene series on wild. trout. Hatch-
ery trout from Anaconda wé?e tested in thevfirét series, Ten tréut were
tested in each unit with three unit replications at each of the fellowing
DDT concentratioens: 0.5; 13 33 53 and 6 ppm. A wide range of mortalities
(1 = 10 trout) eccurred within ‘the:.same concentratien. The mean unit
mortalities for the varlous cencentrations were 6.9 trout at 0.5 ppm, 7.5
at 1 ppm, 7.3 at 3 ppm, 7.5 at 5 ppm and 7.2 at 6 ppm. No moertalities
occurred in the controls. There was no significant difference between
the means of the various cencentrations. In ‘the:second series hatchery
trout from Arlee were tested. Ten trout were teste& in each unit with
five unit replicatioens conducted at the same concentratiens as the first

series.- The mean unit mortalities for the various concentrations were
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5.8 trout at 0.5 ppm, 6.4 at 1 ppm, 6.2 at 3 ppm, 6.0 at 5 ppm, -and 5.9
at & ppm with no mortality in the centrols. There was noe sigﬁificant
difference between the means of the various concentrations. There-wa; a
greater difference in the mean unit mertality between the Anaconda hatch-
ery trout (7.3) and Arlee hatchery trout (6.0) than befween the levels of
concentration within each series. This difference was significant at the
(F) Oab5.level, The mean 30-day delayed mertality for the Anaconda trout
was 0.8 bringing the mean total mortality to 8.1. Tﬁg mean 30-day delayed
mortality for the Arlee trout was 1.3 constituting a total mortality of
7.3. Arlee hatchery trout were tested in the third series. These were
kept in -the ponds at Ovando 45 déys before being tested. Ten trout were
tested in each unit with two unit repiications at concentrations of 0.25
and 9 ppm.’ The mean unit mortalities were seven-and eight fish respect=-
ively while no mortality occurred in the contrel. Wild rainbew trout
were tes%ed in thé.fourth-seriesm Ten trout were tested in-each unit with
six unit replications at the feollewing concentrationss 13 23 53 lO; 15.
ppm. The mean unit mortalities for the.varieus concentrations were 1.5
trout at 1 ppm, 0.5 at 2 ppm, 1.8 at 5 ppm, 1.0 at 10 ppm and 1.2 at 15
ppm. No mortality occurred in-the -contrels. No significant difference
was found between the means of the yafious concentrations. The mean 30-
day mortality was l.1 treut, bringing the mean total mortality -te 2.3.
The DDT concentration had little or ne effect on the mortality
(Table I) in the efperiments conducted. The.average mertality at all
concentrations for the three size groups of hatchery and wild rainbow

trout tested showed the mortality to be higher for hatchery trout (66 -




The percent mortality and number of unit replications (parentheses) u51ng wild and

Table I.
hatchery rainbow trout for various concentrations:.of DDT.
DDT concentrations in ppm
Size Fish tested 0.05 0,125 0,25 0.5 1 2 3 4 5 6 10 15
1.5 - 3.0 Hatchery 100 100 100 100 100 100
(7)y  (2) (2) (2) (1) (1)
Wild - 28 20
(1) (1)
3.1 - 5.0 Hatchery
" Series 1 87 83
’ (7) (7)
Series 2 65 57
: (7). (7)
Wild - 10 0 14 0 14 16 20
(2) (2) (2) (2) (2) (2) (2)
5.1 - 10 Hatchery
Anaconda 69 75 73 7 72
(3) (3) (3) (3) (3)
Arlee (series 2) 58 64 62 60 59
(5) (3) (5) (3) (5)
Arlee -(series 3) 70 80
(2) (2)
wild 15 5 18 10 12
(6) (6) (6) (6) (6)




-13=

100 percent) than for wild trout (10 - 24 percéent) (Table II). The mor-

Table TI. Percent moertality-and average time of first mortality for all
wild and hatchery rainbew trout tested in DDT.

Length of trout tested in inches
1.5 - 3.0 3.1 - 5.0 5.1 - 10

Hatchery Wild Hatchery Wild Hatchery Wild

Percent mortalities

48=hour perioed 100 24 73 10 66 12
30~day period - - 87 - 76 23
Average time (hours)

of first mortality 10 22 28 32 32 40

tality Af hatchery trout was highest for the 1.0 — 3.0-inch size groué and
decreased as the size increased. The mortality of wild troeut was also
highest'in'the-small size group (1.0 - 3.0 inches) but there was no sig-
nificant difference between the two larger size groeups.
Thefe was a direct correlation between the length of treut tested and
the average ‘time of first mortality., Trout 1.5 = 3.0 inches died 10 to 18
hours sooner than those 3.1 - 5.0 ‘inches and 18 to 22 hours befere -those
5.1 10 inches. Hatchery trout died 4 to 12 hours earlier than wild
trout of corresponding size. |
Effects of Fuel Oil and Selvent on
Moertality of Wild Rainboew Trout
An expériment was conducted to determine the mertality -of trout tested
with "number two" fuel oil used as the carrier for the DDT selutien. Three
units, each containing 10 trout (4.0 - 8.0 inches) were tested with 9.9 ml
of eil. This approximates the amount of ﬁhel oil feund in a 15 -ppm DDT

concentratien. No mertality eccurred in these units.
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Another experiment was conducted te determine the mortality of trout
treated with the DDT solvent. TWo series were conducted using 0.6 ml and
3.3 ml respectively of solvent. This was the approximate amount of sol-
vent in 1 ppm and 5 ppm-DDT concentratiens. ‘In the first series 10 trout
were_tested in -each unit with six replications using 0.6 ml of selvent.
No mortality occurred iﬁ these units. One montﬁ after testing the mean
unit mortality was 0.7 trout. In the second series 10 trout were tested
in each unit with six replicatiens using 3.3 ml of solvent. The mean unit
mortality was 0.7 trout and at 30 days it was 1.7 trout. No mortality oc-
curred in the contrel fish.

Effects of Temperature, Turbidity and Alkalinity on
Moertality of Wild Rainbow Trout Tested in DDT

Results froem the bio—assays conducted on rainbow trout showed a wide
range of mortalitieés in -each concentration tested, however the DDT con-
centration had little or no effect on varying the mortality. Field
studies also showéd a wide variatien even between sprayed streams in the
same vicinity.

An experiment was designed to determine if the physical and chemical
p;operties of the water influenced the mortality of trout expoesed to 1 ppm
DPT. A statistical 2" factoiial analysis of variance experiment was used
to determine the effects of temperature, turbidity and alkalinity on the
mortality of trout tested in 1 ppm DDT. Ten wild rainbow trout (4.0 - 9.0
inches) were tested in each unit. The two mean levels of temperature were

54.2 F (range 53 - 62 F) and 64.4 F (range 53 - 72 F). The first was
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maintained by use of a water ‘bath while the secend was allowed te fluctu-
ate without interference. Turbidities at 5.0 ppm and 80 ppm were used.
The first was untreated water while the second was produced by the constant
agitation of water éontaining 200 ml of silt obtained from a stream bed.
Alkalinities (methyl orange) of 80 ppm and 240 pﬁm were employed. Water
containing 80 ppm was transborted from a nearby stream while that with 240
ppm came frem a spring. Feur unit replications were conducted at each
level.

The main effects of temperature, turbidity and alkalinity were sig-
nificant at the (F) 0.0l level in the 48-hour test period. The inter-
action of temperature-alkalinity was significant at the (F) 0.01 level
while turbidity-alkalinity and température—turbidity—alkalinity were sig-
nificant at the (F) 0.05 level (Table FII). The interaction of tempera-
ture-turbidity was not significant. At the end of 30 days the main
effects of temperature and turbidity were significant at the (F) 0,01
while alkalinity was significant at the (F) 0.05 level. The interaction
-of temperature—alkalinit§ and temperature-turbidity were significant at
the (F)-0.05 level. Othet::interadtions were not-found to be significant.
Treatmeﬁt means for the factors tested were as follows: temperature low -
2.1, high - 4.1; turbidity low - 4.7, high - 1.5; alkalinity lew - 4.3,
high - 1.8. Results showed thatﬁincreasing the temperature increased the
mortality while increasing the alkalinity and turbidity decreased the
mortality. ﬁerck (1953) reported that a considerable amount of DDT was

adsorbed by sediment.




Table III. Analysis of variance for temperature, -turbidity and alkalinity on the mortality during
a 48-hour and a 30-day test period on wild rainbow trout tested using 1.0 ppm DDT.

" Sum of Mean _ F
Source of Degrees of squares square statistics
variation freedom 48-hour  one-menth 48-heur  one-month 48-hour  one month
Replications ) 7.1 5,35 2,73 1.78
Main effects 3 -
Temperature 1 34.03 69.03 34,03 69.03 14.99 38.14
Turbidity 1 81.28 87.78 81.28 87.78 35.80 48.49
Alkalinity 1 52.53 9.03 52.53 9.03 23.14 4,99
Two—féctor
interactions 3
Temp. and turb. 1 9.03 9.03 9.03 9.03 3.98 . 4.99
Temp. and alk. 1 30.03 13.78 30.03 13.78 13.22 7.61
- Turb. and alk. 1 13.78 3.78 13.78 3.78 6.07 2.09
Three=factor
interactions 1
Temp., ‘turb. .
and alk. 1 11.28 1.53 11.28 1.53 ‘4,97 0.85
Error 21 47.66 37.91 2.27 1.81
Total 3l 286,72  237.22
F .0l =8.02
F .05 = 4,32

91~
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Effects of Feeding Aquatic Insects Treated with
DDT on the Mortality of Hatchery Rainbow Trout

Field ebservations conducted en streams in fofest areas treated with
DDT showed that fish gorge themselves on drifting aquatic insects affected
by the poison and alse showed that aquatic insect pepulations were greatly
reduced in numbers and velume over a period of several menths. An experi-
ment was designed to determine the effects of feeding aquatic insects
treated with DDT on the mortality ef trout. Dead and/or paralyzed aquatic
insects (Ephemeroptera, Plecoptera, Coleoptera, Tricheptera and Diptera)
were collected from streams sprayed with DDT. These were kept frozen until
used. Hatchery rainbow trout (6.5 - 9.5 inches) were tested in eight
different ways (Figure 4). This design included: trout exposed to DDT in
water and fed on insects killed by DDT; those exposed to DDT in the water
but nof fed DDT treated insects; and those not exposed to DDT in the water
but fed DDT treated insecfs., The second phase of this experiment, in
which the trout were starved for 215 days, was designed to detemmine if
periods of reduced food availability would effect the mortality rate of
trout under the various treatments.

Mest of the trout fed aquatic insegts treated with DDT appeared i¢
force themselves onto the poend bank. This reaction persisted for about
three days following feeding but did net occur in treut just treated with
DDT and not fea treated insects. This behavior was also observed under
field conditions after forest spraying. p

The trout of this experiment were held at Ovando for 45 days after

the initial tests and then transferred to the Blue Water Hatchery for an
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100 trout treated in 100 trout held in unit
1 ppm DDT for 24 hours troughs without DDT for
24 hours
|| 50 treated trbut fed 5.25 | 50 untreated trout fed 5.25
pounds (wet weight) of . | pounds (wet weight) of
aquatic insects (killed in | |aquatic insects (killed in
| DDT) during a three-=day DDT) during a three-day
period , period
Group I

Trout placed on a dry commercial
fish food diet for 215 days

—— 2% treated trout 25 untreated trout ]

— 25 treated trout fed 25 untreated trout fed
aquatic insects aquatic insects
killed in DDT killed in DDT
Group II

Trout starved for 215 days

25 treated trout fed 25 untreated trout fed

| -
aquatic insects aquatic insects
killed in DDT killed in DDT

25 treated trout 25 untreated trout

Figure 4. Design of feeding experiment for rainbow trout (6.5 - 9.5
inches) using aquatic insects previously treated with DDT.
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additional 170 days. Twenty-four trout from this experiment disappeared
soon after being placed in the hoelding ponds and were presumed eaten by
mink. The mortality percentages do not include these fish.
The mortality of nen-starved trout ianged from 17.6 to 35.2 percent
for the various treatments while the starved group ranged from 39.8 to

83.6 percent (Table IV). Mortality for the controls were 4.5 percent for

Table IV. Percent mortalities of hatchery rainbow trout in feeding

experiment.
Series A Series B
Treatment Trout fed com- )
mercial food Trout starved

- No DDT in water 4.5 22.5

No DDT in water fed aquatic insects :
killed in DDT 17.6 39.8
Exposed to 1 ppm DDT for 24 hours 22.0 6l.6
Exposed to 1 ppm DDT for 24 hours :
fed aquatic insects killed in DDT 35.2 83.6

the non-~starved anq 22.5 percent for the starved. Feeding DDT=killed in-
sects increased mortalities of hatchery rainbow trout as follows:‘l3.l
percent for the noen-=starved group not exposed to DDT in the water; 13.2
percent for the non-starved group expesed to DDT; 17.3 percent for these
starved for 215 days but not exposed to DDT; 22.0 percent for those
starved and exposed to DDT. The starving of trout for 215 days increased
mortalities as followss 18.0 percent for the control; 22.2 percent for
those fed DDT-killed insects but not exposed to DDT in the water; 39.6
percent for these net fed DDT-killed insects but exposed te DDT in the
waters 48.4 percent for these fed DDT-killed insects and exposed to DDT

in the water. The mortality of hatchery rainbow trout fed on DDT-killed
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insects was significant at the (F) 0.01 level.
Effects of Algae Treated with DDT on
Mortality of Hatchery Rainbow Trout

Chemical analyses of aquatic vegetation collected in forest areas
treated with DDT showed that it contained 6.8 ppm DDT (Graham and Scott,
1959). An experiment was designed to determine the mortality of trout ex-
posed to aquatic vegetation treated with DDT. Hatchery rainbow trout
(6.5 - 9.5 inches) were divided into four lots. Two were exposed to 30
liters of filamentous algae prewviously treafed with 2 ppm DDT for 48
hours while two lots were exposed to nen-treated algae. The pattern of.
treatment is shown in Figure 5. The experiment had a duration of 200
days.

Trout mortalities for the lots exposed to DDT treated algae were as
follows: 4.0 percent for those treated in water not confaining DDT; 20.0
percent for those treated in water containing DDT. Mortalities for the
lots not exposed to DDT treated algae were as follews: 8.0 percent for
those t;eated in water net containing DDT; 24 percent for those treated in
water containing DDT. There was no significant difference between the lots
exposed to treated algae and these exposed to untreated algae.

A Comparison of Mertality for Six Species of Cold Water Fish
Exposed to 1 ppm DDT )

An experiment was designed to coempare moertality ef cutthreat trout
(6.0 = 9.0 inches), rainbow trout (6.0 - 11 inches), brown trout (7.0 -
13 inches), brook trout (7.0 - 10 inches), mountain whitefish (8.0 - 13

inches), and longnose sucker (7.0 - 10 inches). Ten fish of one species
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50 trout treated in 50 trout held in unit
1 ppm DDT for 24 hours| |[troughs without DDT inj
the water for 24 hours

Group I

Trout released into a 300 square

feet holding pond section centain-
ing 30 liters of filamentous algae,
treated in water containing 2 ppm DDT
for 48 hours, and held for 200 days

— 25 DDT treated trout 25 untreated trout}-

Group II

Trout -released inte a 300 square
feet holding pond section contain-
ing 30 liters of untreated filament-
ous algae and held for 200 days

— 25 DDT treated trout 25 untreated trouth

Figure 5. Design of algae experiment for rainbew trout (6.5 - 9.5 inches)
using filamentous algae previeusly treated with DDT.

were tested per unit at 1 ppm BDT fér 48 heurs, with five unit replica-

tions per species. Fish were held at Ovando feor 30 days post-treatment

and then transferred to the Blue Water Hatchery for an additional five

méhths.

The mean unit mortalities (Table V) during the 48-hour test period
were as follows: longnese sucker = 94 percent; rainbow trout - 8 percent;
other salmonids ranged from O - 2 percent. The mean unit mortalities 30
days following treatment were as follows: loengnose sucker - 96 percent;
all salmonids ranged from ;5 - 19 percent except brook trout which was 2
percent. The mean unit mortalities six months following treatment were as

follows: longnose sucker - 98 percent; mountain whitefish, rainbow trout,
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Table V. Percent mortalities for six species of cold wafer fish tested in
1 ppm BDT for 48 hours.

Duration
Species 48 hours 30 days Six months
Cutthreat trout 2 15 28
Rainbow trout 8 17 32
Brown trout 2 16 18 -
Brook trout 0 2 18
Mountain whitefish 2 19 38
Longnose sucker 94 96 98

cutthroat trout ranged frem 28 - 38 perﬁent; brook trout and brown treut -
18 percent. Control fish had a 4.0.percent mortality. The mean unit de-
layed mortality was highest for the mountain whitefish (36 percent)
followed in order by cutthroat trout (26 percent), rainbow trout (24 per-
cent), brook trout (18 pércent) and brown trout (16 percent).
General Observatiens on
Fish'Exposed to DDT

Fish Reaction to DDT Poisoning. Early in the experimehts it became

apparent that all fest fish showed similar behavior after exposure to DDT.
They oriented themselves te the current and remained near the bottom im-
mediately after initial exposure. Fish over 4.0 inches usually stayed
close'together at the lower end of the trough. After about two heurs they
spread out aleng the length of the troqgh but always near the bottom. The
first sign of distress to DDT was movément teward the surface follewed by
a lack of positive‘response to the current. .They then broke the water
surface with the head partially extended.and‘a few minutes later moved

slowly back and ferth throughout the trough, celliding with any objects’
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in their paths. Their movements became more rapid until vielent thrashing
and "jumping occurred. This lasted from 10 te 30 minutes usually ending in
death. Tbe few fish that survived became paralyzed except for the opercu~
lum and did not respond to a pin-prick. Paralyzed fish were transférred
out of the toxic water to head troughs for furthef observations and some
lived for 10 days. In a few instances the entire tail region completely
decomposed before movement of the operculum ceased. All fish that reached
the violent stage died, however, many fish which showed only early
symptoms of distress did recover.

Wheﬂ longnose suckers entered the violent stage a red slash appeared
along the lateral line. This was observed in all individuals. Various
color changes were noted in other species during the. vielent stage but
never se pronounced.

’

Variation Between Lets of Fish Tested. Variations were observed be-

tween leots of fish from the same -hatchery, between hatchery and wild fish
of the same species énd between wild fish of the same species collected
from different areas.

Fish exposed to unfavorable conditions before testing had a higher
mortality than those under favorable cenditiens. Wild fish held 30 days
or more before testing showed higher mortalities than those used soon after
capture. Wild rainbow trout from one field collection were divided into
two lots. One was-released into the helding pond while the second was
held in a head tréugh where the water velocity required them to swim

constantly. Three weeks later both lots were treated in 1 ppm DDT, using
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10 trout (4.0 - 8.0 inches) per unit, with'three‘repiications from each
lot. The mean mortalities were 0.7 for the helding pond lot and 5.6 for 7;~1J
the head trough lot.

Sudden Temperature Change. After treatment all fish were transferred

from the unit trough te the head treugh and if temperature decreased more
than 4 F, they thrashed about violently. This thrashing lasted about 15
minutee and approximately 50 percent.of the fish died. Control fish were
subjected to a 10 F temperatureldecrease without sustaining any loss.

Disease. Disease was much more prevalent in treated fish than in
control fish. Furunculosis and fungus diseases were the most commen. The B
greatest incidence occurred in mountain whitefish. Disease was more
common in hatchery‘trput than in wild trout.

Spawning. Field observations indicated that some brown troutzexposed ‘ie?
to DDT in June died during the spawning period (October). Experiments
designed to test this failed.

4
DDT Tissue Analyses. DDT analyses were made on dead and surviving

fish treated with DDT. Fish frem each unit were placed in separate
plastic bags and refrigerated until the end of the test series. Unit
sambles were then ground, hand blended and kept fro;en until analysed by ' L

the Chemistry Department of Montana State College.

?he amount of DDT in the tissues of trout which died during tests
ranged from 4.0 to 19 ppm while the tiesue of fish that survived ranged.
from 5.5 to 23.7 ppm (Table VI), A tissue sample taken from fish killed
in a unit with 0.5 ppm DDT had 10.3 ppm while oene taken frem a unit coen-

taining 6.0 ppm had 13.7 ppm. The variations in these observations




Table VI. .Analyses of -DDT in fish tissue collected from unit and surviving fish tested in

bio-assays.

ratien. Fish sample : ppm DDT in
gggciitaziégn~l/ Number Species Status when collected tissue
0.5 5 Rainbow trout . Dead (unit test) 10.3
0:5 1 Rainbow trout Live (cellected 63 days after test) 5.5
2.0 5 Cutthroat .trout Dead -(unit test) 8.0
2.0 1 Cutthroat trout Live (collected 66 days-after test) 5.9
4,0 4 Mt. whitefish Dead (unit test) 4.0
4,0 1 Mt. whitefish Live (collected 69 days after test) 6.2
5.0 7 Rainbow trout Dead (unit test) 19.0
5.0 3 Rainbow trout Live (collected ‘1 day after test) 23.7
6.0 4 Rainbew trout - Dead (unit test) . 13.7
6.0 2 Cutthroat trout Dead (unit test) 15.3

v

Calculated ppm .of DEDT suspended in eil added to water.

- gz—
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suggest that tests were either inadequate or wide individual tolerances

existed.

TEST STREAM STUDY
Observations were made on fish and fish-food organisms in a test
stream before, during and after treatment with DDT. The study started
November 1957 and continued until April 1960.

Description of Area. The stream chosen for tests was Trail Creek

which is a tributary to the Yellowstone River, in Park County. An 8-mile
section without tributaries was used. This had an elevation of approxi-
mately 5380 feet msl and a gradient of 35 feet per mile. The study area
was located in the transition between the upper Sonoran and Canadian life

zones (Figure 6). Winter is severe in this area with prolonged periods
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of subfreezing temperatures and the stream frequently bridged over with
ice or contained ancher ice. Melting snows caused flood coenditions during
the spring (April - June) each year oftthe study. Average stream measure-
ments in the stﬁdy section.during low water were as follows: width 15
feets depth 1.3 feets surfébe velocity 1.9 feet per seconds velume 30.1
cfs. There were numerous riffies and areas of slow shallow water but few
pools and those over 3 feét-in depth were rare. The principal bottom type
was gravel followed in‘oraer by rul;)ble.9 sand and silt, Water analyses at
the iow water period shewed the followinglrangeé: temperature‘SS - 68 Fj
turbidity 15 -~ 80 ppm; oxygen 7;91;:9°2 ppms pH 7.8 - 8.03 methyl'orange
‘aikalinity 170 - 195 ppm; total disselved solids 260 - 310 ppm. Algae was
the only impertant aquatic vegetation in the stream.

Application of 'DDT. After eight months of-pre—treatmént sampling,
the ‘Stream was treated with-DDT on -August 5, 19583 The chemical used was
from the same stock employed in the bie=assays. To insure even distribu-
tion, the BDT solution was mixed with water and applied under pressure
across a 3-foot swath at one location by use of a pump. It was applied at
the approximate rate of one pound per surface acre, the same as that uséd
in forest spraying. Based on the stream volﬁme (28 cfs), this rate gave a
concentration of 0.4 ppm DDT. It was added over'a period of 232 minutes
or the time required to treat a five-mile block flowing past the peint of
application.

Eish Population. Six 300-foet sections were sampled to determine the

fish population before and after application of DDT. One sectien was lo-

* cated :immediately above and another 600 feet above the point of appli-
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cation. Four treated stations were at 0.05, 0.5, 1, and 2 miles respect-
ively below (Figure 7). An electric shocker was used to collect fish and
their tetal lengths were recorded. One census was made at each sectioen as
follows: five days before application (July 31, 1958); oene month after
application (September 7, 1958); one year after application (September 6,
1959);

‘Cutthroat frout was the most abundant salmenid in all censuses follow-

ed by brown trout and then rainbew trout. One longnose sucker and numer-

ous lengnose dace (Rhinichthys cataractae) were also taken. There were 18
percent more trout collected at one month post~treatment than in the pre-
treatment sample.. This probably resulted from an inadequate samplé..in the
first census due te high turbidit&. Tﬁe two contrel sectioens and those
treated at 0.05 and 0.5 miles showed ne significant bhange in the fish
population between the September 1958 and September 1959 sampling periods.
However during this same peried there was a 73 percent reduction in cut-
threat trout and brown trout (Table VII) for the treated stations at 1.0
and 2.0 miles., Rainbow trout were bresent only in the 1959 sample. The
average length of trout collected at the 1.0 and 2.0 mile stations in

1958 was 5.3 inches while in 1959 it was 7.0. Thirty-six trout under four
inches were collected in 1958 compared te three in 1959.

Live Cars. Trout were placed in live cars at thé various stations to
determine the immediate effects of DDT. One control station was located
300 feet above the point of application while four treated stations were
located 0.05, 0.5, 1, and 2 miles respectively below (Figure 7). The 82

rainbow and 44 brown trout tested were collected by shecking in the
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Figure 7. Study sections of Trail Creek, showing collection stations.




Table VII. Number of fish-taken by shocking at various statiens July 31, 1958, Septenber 7,
1958 and September 6, 1959. '

~Control statiens Treated stations

Date and species O.l-mile 0.05-mile 0.05-mile " 0.5-mile 1.0-mile 2,0-mile
July 31, 1958 ) :
Cutthroat trout 14 19 11 5 15 12
Rainbow trout - -0 4 0 0 0 0
Brown -trout 1 S 4 5 10 - 8
Total : ' 15 28 15 10 25 20
September 7. 1958 : _
“Cutthroat trout - 27 25 -7 12 6 19~ 9
Rainbew trout -3 7 0 1 0 0
Brown trout ' 2 "8 6 . 8 33 13
Total : 32 40 18 15 52 22
Séptember 6, 1959 '
Cutthreat trout 23 13 7 7 3 2
Rainbew trout 19 14 10 6 1 3
Brown trout 3 4 ‘1 v -7 4
Total 45 31 18 17 11 9

-‘@8—-
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Gallatin River drainage. These were placed in live cars one day beford
application (Table VIII), The number of trout per live car varied from

Table VIII. Trout held in live cars during BDBT application .and three
days following. :

Rainbow trout _ __Brown trout Number Percent

.Station Number Size range Number Size range Live -cars mortality

Control 21 (4.3-11.5) 10 (6.2~ 8.9) .2 ' 0
Treated . '
0.05 mile 24 (4.0-10.7) 14 (4.2-12.0) 2 17
0.5 mile 9 (5.2~ 9.9) 6 (3.5-12.2) 1 0
l-mile 18 (4.0-12.5) 8 (3.2-13.6) 2 0

2-miles 10 (4.5-11.5) 6 (3.9-13.9) 1 0

13 to 19. All trout -were held in live cars during application and for
three days after and then their numbers were reduced to three rainbow
trout and twoe brown treut. The latter were held for an‘adaitional 11 days.
Surviving trout from both exposure times were measured, marked by the re-
moval of the adipose fin and released at the stream station where exposed.
No mortality -eccurred. in the control fish. The only mortality during

the 3-day exposure occurred at the 0.5 mile station Qhere two rainbow and
one brown trout died during the-third day. One rainbow trout died nine
days after treatment at the 2-mile station during the 14~-day exposure
period.

ach Analvses. Trout stomachs were examined to determine changes

in food habits following application of BDDT. Samples were taken by angling
in tﬁe control and treated sections from mid~August until November 1958
(11 collections) and again in March 1959 (3 collections). The contents

" of each stomach were identified and volume estimated to the néarest 10
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bercent. Twenty-six rainboew trout and 47'cﬁtthroat trout were collected.
Changes in stomach contenﬁs-made it desirable to treat the data under
three periods: August 19583 September-October 19583 March 1959.‘

The August 1958 sample contained 4 cutthreat and 1 rainbew stemachs
from ‘the control area and 7 cutthroat and 1 rainbow-from the treated area.
Adult insects made up 45 percent of the volume frem the control compafed
to 78.5 percent for the treated area. Both contained ants and grass-
hoppers. Immature équatic insects made up 46 percent of the contrel but
only 9.5 percent of the treated. The volume of the centrol sample was
dominated by Ephemeroptera followed‘ia order by Trichoptera and Plecoptera.
Trichoptera and Coleoptera were the'bnly groups represented in the treated
sample (Table IX).

The September-October sample included 7 cutthreat and 8 rainbow treut
stomachs from the ceontrol area and 15 cutthroat and 8 rainbow trout
stomachs from the treated area. The control stomachs contained 13.5 per-
cent (volume) adult insects as compared to 36.5 percent for the treated.
Ants and grasshoppers were common in both. The contrel contained 63 per-
cent immature aquatic insects while less than one percent was found in the
treated. Organisms in the control sample were similar to the August
sample but only Trichoptera were found in the treated sample and these
were almost wholly decomposed (probably dead before being eaten). Only
2.5 percent of the volume of control stemachs was aquatic vegetation while
this made up 49 percent of the treateé sample.

The March 1959 samples included 9 cutthroat and 4 rainboew trout from
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Tﬁble IX. Stomach contents of trout collected in control-and treated areas after application
-of DDT (August 5, 1958).

: fguqust 1958 September-October March 1959

i . Control  JIreated Control Treated Control Treated
Number of-trout in sample 5 8 15 23 13 9
. Number of empty stomachs 0 ‘ I ) 1 5 o 1 2
Food organism B 7 ‘ Average percentage of contents
Adult and/or terrestrial insects 45.0 78.5 - 135 36.5 50 19,0
- Immature aquatic insects . 46.0 9.5 . 6350 tr. Y/ 8l.0 8.5
Animal matter other than.insects 3.5 5.0 15.0 7.0 9.0 tr.
Aquatic vegetation (algae) tr: tr. 2.5 49.0 3.0 64.0
Debris 5.5 7.0 6.0 7.5 2.0 8.5

means trace

—E g




-34~

the control area and 5 cutthroat and 4 rainbow trout from the treated
area. ' The contrel stomachs contained 5.0 percent aduit insects compared
to 19.0 percent for the treated. Both groups contained adult water
beetles. Aquatic insects made up 81.0 percent of the centrol but only 8.5
pefcent of the treéted sample. Organisms in the contrel were Eimilar to
previous samples but only Diptera larvae were found in the treated lot.
Vegetafion constituted 3.0 percent efithe contrel volume and 64.0 percent
of the trea't‘ed°

Six percent of all stemachs from control fish and 20.0 percent from
those treated were empty.

Bottem Organisms. Eleven stations (50 - 100 feet in length) were

established in riffle areas to determine population changes before and
after treatment with. DDT. Two control stations.(CAl, C-2) were 0.5-mile
and 300 feet respectively abové the point of applicationu Nine treated
statioens Qere established. One was located at the point of application
(T-1). The others (Figure 7) were below as foliows (miles): T-2, 0.053
T-3, 0.25; f¢4,‘0.5; f~5, 0.75; T-6, l;'T—7,'2; T-8, 33 T-9, 6. Starting
in January 1958 and continuing until April 1960, one square-foot of bottom
was sampled bi-weekly (with a few exceptions) from the two contrel and
upper eight treated statiens. In addition, a 10 square-foot sample was
collected from each statien one day before application, six days after
and one year follewing applicatien. Numbers and volumes (wéter displace~
meﬁt) of each kind oflorganism were determined. Immature aquatic insects

made up 99.9 percent of the velume. The remaining was comprised of Tur-
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bel:laria, Nematoda, Oligechaeta, Pelecypoda, Gastropoda and Arachnoidea.

Wide variations occurred.among samples, even those taken at the same
statien .less than one.month apart. This may indicate the .inadequacy of
sampling. The January and February collections showed the'smallest var-
iation. Collections were -averaged .for each statien to compare the com-
pésition by -insect orders. Monthly collections were avefaged‘to show
seasonal changes in aqdatic insect numbers at the following stations: C-1,
C~23 T-1, T-2; T-8, T-4; T-5, T-63 T-7, T-8.

The numbers of -aquatic insects in the 1958 mid-winter samﬁles (Table
X) centained 61.4 pércent Ephemeroptera, 19:1 percent Tricheptera, 9.4
percent Plecoptera, 6.5 percent Coleopfera and 3.6 percent.Diptera. Dur~
ing late April, May and June 'samples showed a reduction of moere than 80
peicent (Eigure 8), proebably resulting frem flood conditioﬁs which lowered
sampling efficiency...The:August pre~treatment (10 square-feet) samples

varied from 347 to 1511 aquatic-insects .representing five orders. Com-

parable samples collected at the treated stations six days after treatment

ranged from O te 17 -aquatic insects (Table XI) répresenting no more than
two orders. -At this time control samples ranged from 917 to 1232 aquatic
insects representing five orders. The entire coellection (90 square feet)
in the treated area centained 19 Tricheptera, 18 Celeoptera, seven Diptera,
thrée Plecoptera and two Ephemerobtera, This was less than one-percent of
the pre-treatment aquatic insect populatioen.

During the recovery peried in the treated area .the following popula-

tion changes were observed. -Two weeks after treatment, 52 aquatic insects




Table Xs:

and February 1958,

i

Ayerage number of aquatic insects per square foot collected b1—weekly during -January
1959 and.1960.

;~Ephemeroptera

Plecoptera

Coleobtera

Tricheptera

Diptera

Total

-Station 1958 1959 1960

1958..1959 1960 1958 1959°1960 1958 1959 1960 1958 1959 1960 1958 1959 1960

CONTROL

(C-1) 181 144 163

(c-2) 68 121 99
TREATED
(T-1) 207 47 85
(T-2) 72 104 80
(T=3) 35 8 162
(T-4) 22 37 53
(T-5) 48 9 91
(T-6) 107 2 96
(T-7) 96 1 133
(T-8) 206 0 150
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Figure 8.

Average number of aquatic insects per square foot collected bi-weekly during 1958,
1959 and 1960.
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Figure 8, continued. Average number of aquatic insects per square foot collected bi-weekly
during 1958, 1959 and 1960.




Table XI. The number of insects (by order) in a 10 square-feot bettom sample collected one day

‘before, and at six days and at one year after application of DDT.

Ephemeroptera Plecoptera Tricheptera Coleoptera Diptera

— -

-— 6'8—.

Total .
.Station Pre Post Post Pre Post Post Pre Post Post Pre ‘'Post Post Pre Post Post Pre Post Post
‘ 1958 1958 1959 1958 1958 1959 1958-1958 1959 -1958 1958 1959 1958 1958 1959 1958 1958 1959
CONTROL : :
0.5 mile 458 453 508 17 25 12 367 349 123 66 59 26 188 346 322 1096 1232 995
300 feet 142 286 321 9 23 18 130 215 125 44 52 46 204 341 292 499 917 802
TREATED . :

. App-point 361 1 393 39 O 24 307 2 102 101 2 25 61 0 103 869 5 648
300 feet 247 0 258 22 0 16 39 -1 85 23 1 36 15 1 78 346 3 475
0:25 " hile 574 1 327 25 0 9 165 0 93 102 1 24 46 0 83 912 2 536
0.5 mile 323 0 274 16 0] 0 180 1 16 75 0 9 42 0 13 636 1 284
0.75 mile 491 0 369 29 1 5 145 7 35 151 9 7 47 0 56 863 17 472
1 mile 327 0 266 37 0 10 42 2 44 122 0 9 28 1 103 556 3 432
2'miles 604 0 175 54 1 5 152 = 2 23 135 0 0 202 1 150 1147 4 354
3 miles 722 0 429 28 0 7 140 2 17 293 1 0] 333 3 172 1516 6 624
6 miles -~ 76 0 148 26 1 7 113 2 22 170 4 0 455 1 30 840 8 207
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representing five orders, were collected at the T-1 station but all
stafioqs below were void of organisms. One month after treatment Ephemer-

i . A
optera were collected at statien T-23; and at three moenths at statiens T-3
~and T-4. After two months Diptera were collected at all treated stations.
Four months aftei treatment, the samples at stations T-1 and T-2 contained
162 aquatic insects, 90 percent of which were Ephemeroptera and 5.0 percent
Diptera. Collectiens 5 — 6 months after treatment (1959) contained
Ephemeroptera at all tréated statiens and this order-had returned to pre-.
treatment abundance at stations 1 - 4 but had only three percent of the
pre-treatment numbers at stations below four,A Collgctions contained 1.5
times more Diptera than the cémparable 1958 collection, Trichoeptera, Ple-
coptera and Coleopteia were absent-at all stations below T~l. Seven
months after treatment all treated stations showed a slight increase. The
T+3, T-4 sample contained 59 aquatic insects composed entirely of'
Ephemeroptera and Diptera. Fleod conditions encountered 8 - 10 moenths
after treatment again lowered the sampling efficiency. Eleven months
after treatment-small recently hatched ‘Plecoptera and Trichoptera wéie
presént at ali treated stations. Twelve montﬁs after treatment Coleoptera
were at all stations abéeve T-7. The aquatic insects in the treated area
were60 percent of the comparable pre-treatment numbers and 25‘percent‘of
the pre-treatment volume. Ephemeroptera and Diptera were still the
dominant foerms. At 14 - 15 months follewing treatment, Plecoptera and
Trichoptera_made rapid gains at allAtreated stations below T-1l. Coleop-
tera showed some increase buﬁ.were still absent at statiens T-7 and T-8.

Sixteen months after treatment Coleoptera were present at stations T-7
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and T-8. During mid-winter 1960 (17 - 18‘months after ‘treatment) the
aquatic insect numbers consisted of 61.5 percent Ephemeroptera, 17.4 per~ 
cent Trichoptera, 13.1 percent Plecoptera, 5.0 percent Diptera and 3.1 per-
cent Coleeptera. This population was comparable to the 1958 pre-~treatment
numbers, kinds and voiumes.

Repopulation. of the treated area by aquatic insects probably toeok
place in two ways. First, by éradual downstream movement where Tepresen-—
tatives of all insect orders present in tﬁe stream appgrentlyfmovéd down;
stream from the untreated area,"Station T-1 was repopulated within one
month after treatment. .“Ephemereptera appeared progressively downstream
and were present in all treated stations within six months after treatment.
Second, -by deposition of eggs into the treated area followed by a simul-
taneous appearance of recently hatched individuals at all treated stations.
Diptera appeared at-all sFations two-montﬁs after treatment and Plecoptera
and Trichoptera at 11 months.

Drift Samples. Drift samples were taken -to determine the immediate
mortality of aquatic organisms foellowing treatment. Cellecting statiens
were established 0.05, 0.5, 1, and-2 miles respectively below the point of
application (Figure 7). Each collection was made with a square-foot Surber
sampler with its top edge held three inches below the water surface for
five mi‘nutes° The number and velume of organisms were determined. One
control collection was taken at each station three hours before treatment.
The first treated collection was taken five minutes after the arrival of

DDT at each station. .The-BDT arrival was easily detected by the appear-
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ance of an oil slick, eder of the BDT carrier and hundreds of drifting
insects. Three additional cellections were taken at 30-minute intervals
fellowing this.

Each pre-treatment sample contained 0.1 ml of aquatic insects. Five
minutes following treatment volumes ranged from 14.1 te 31 ml of dead and
paralyzed insects (Table XII). The first group to be affected was
Coleoptera followed in erder by.Diptera, Ephemeroptera, Plecoptera and
Trichoptera:; Greatest!volumes of Diptera (7.9 ml) and Coleoptera (10.4 ml)
were taken in the first treated collection. The greatest velume of
Ephemeroptera was taken one hour after treatment while the greatest
volumes of Plecoptera (30 ml) and Trichoptera (35.2 ml) were collected 1.5
hours after treatment. The greatest tota; drift eccurred 1.5 hours after
treatment. One sample-at the 2.0 mile station had 125 ml of aquatic
insects.

General:Observations. The test area was patrolled during the day BDT

-was applied and daily for twoe weeks after. Bi-weekly patrols were then
made until mid-December when ice cover prevented further observations. -

0il slicks caused by the fuel oil in the BDT solution’ were observed
in the quiet waters for three &ays following application. One day after
treatment mounds of dead insects (1 to 3 inches in depth) were observed in
quiet water below riffle areas for a distance of nine miles below the
point of applicatien. No observations were made belew this peint because
the entire stream was diverted for irrigatien. The oder of these decompos-

ing insects was pronounced for several days.




Table XII.

.Volume of aquatic insects taken in five-minute drift samples at treated statiens.

-Percent (velume (ml) in parentheses)

Station Time Total

Ephemeroptera Plecoptera. Coleoptera Trichoptera Diptera

velume
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125.0
112.0

1100
1130
1200
1230
1145
1215
1245
1315
2,0 miles 1420
1450
1520
1550
3.0 miles 1700
1730
1800
1830

0.5 mile.
1.0 mile

9534854328 !
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Five dead trout were collected in the treated area during the first
two weeks. .Small fish (fry) were clesely observed but showed ne apparent
signs of 'DDT poisoning or decrease in numbers. In October, seven dead
~ brown trout (11.0 - 12.1 inches in length) were found. During this peried
brown trout were observed spawning. No dead fish were found in the coentrel
area.

Trailingralgae‘in-theAtreated area developed rapidly and reached 3 to
4-inches in length during the month following application compared to

approximately 0.5 to 1 inch in the control area.

SUMMARY

‘lo Bio—assays were conducted during the summers of 1957, 1958 and
1959 on 6000 cold water fish to determine . mortality rates under different
concentrations of .\DDT and.varying physical, chemical and bioIogical con-
ditions.

2. The mortality rate of hatchery and wild rainboew trout varied
little with DDT concentrations between 0.5 and 10 ppm.

3. Hatchery rainbow trout under 3.1 -inches in length had a moertality
raté of-100 percent at all concentrations. The mortality rate decreased
as the size increased (66 percent for' those over 5.0 inches), Wild rain-
bew trout under three inches had a mortality rate of 24 percent. Hatchery
rainbow trout showed:-a 50 - 75 percent higher mortality than wild rainbow
trout.

4. The moertality rate of wild rainbew:trout treated in 1 ppm DDT was

affected by temperature, turbidity and alkalinity and their intéractiens..
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Mortality increased with an increase in temperature and decreased with an
increase in turbidity and alkalinity.

5. The mortality rate of hatchery rainbow trouE treatedlwith 1 ppm
DDT and those not -treated in. DDT was increased 13 ~ 22 percent by feeding
aquatic insects treated with DDT,.

6. - Exposing hatchery .rainbow -trout to algae treated wifh DDT did net
increase their mortality rate.

7. A comparison of six species of cold water fish ever four inches
in length tested in 1.ppm DDT showed that the longnose sucker had a moer-
tality rate of 94 percent while rainbow trout, cutthroat trout, brewn
trout, brook trout and mountain whitefish had less than 10 percent.

8. Delayed mortality occurred in all species of fish treated in DDT
throughout a six moenth ebservation period.

9. Factors that influenced the mortality rate of fish treated in
DDT were as follows: source where collected; temperature change; diseases;
and method of handling before testing.

10. Observations were made on fish and fish-foed -organisms in a test
stream eight months before, during, and 19 months after treatment with |
DDT. ”DDT was applied-at one point in the stream at a rate of 0.4 ppm.

11. Trout populations in the first mile of treated water showed no
significant change one year following treatment but below this point
‘showed a 73 percent reduction.

12. Analyses of trout stemachs exhibited a change in diet after
treatment from immature aquatic insects te adult insects and aquatic

vegetation.
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13. The immature aquatic insect pepulation was reduced 99 percent
in the DDT treated area within 6 days following application.,

14, DDT was toxic to aquatic inéects 9.0 miles below-the point of
abplicationw

15, Immature aquatic insects regained pre-tregtment numpers, kinds
and volume 18 months -after application.

16. Diptera and Ephemeroptera were the first te repopulate the
treated area followed .in order by Trichoptera, Plecoptera and Coleoptera.

17. Immature aquatic insect populations below 0.75 mile downstream
from the point of application required 1l months te regain 15 percent of
the pre~treatment numbers. It was in this same area that the food habits

of the trout changed and a.population reduction occurred.
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