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INTRODUCTION

Dead fish were found in the Yellowstone River in the fall of 1955

in such numbers that considerable concern was felt by sportsmen, biol-
ogists, and administrators. 1In seeking an explanastion for this appar-
ently unusual mortality, some investigators related it to a July 1955
aerial application of DDT to widespread forest areas. This spray pro-
gram was carried on by the U. S. Forest Service, the U. S. Nationsl
Park Service and the Montana State Forest Department for the control
of spruce budworm in Douglas-fir.

The Montana Fish and Game Department, the U. S. Fish and Wildlife
Service, and the U. S§. Forest Service, accordingly, organized a
cooperative administrative study in 1956 to test the effects of actual
spray operations on several Montana trout streams. Fish shocking to
determine indices of fish populations and sampling of aquatic inverte-
brates to determine amount of fish food were carried on before and
after spraying on thirteen streams. These streams were located in the
Helens, Beaverhead, and Lewis & Clark National Forests in Montans..

Two streams, Canyon and Trapper Creeks on the Besverhead National
Forest, were studied more intensively than the others.
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SUMMARY AND CONCLUSIONS

This cooperative study was established to facilitate comprehensive
research needed in conjunction with the use of DDT aserial sprays in
vestern forest areas. The primary purpose of the interim administrative
study was to obtain information as gquickly as possible for immedisate

use in conjunction with the current spruce budworm control program.

The immediate objective was to determine the effect of the aerial appli-
cation of one pound of DDT per acre on the fish resources and ways of
minimizing any possible detremental effect.

Considerable data were collected in the single season, but, because of
the many variables and the difficulty of obtaining adequate samples,
more data over a longer period of time are needed. There will be many
important questlons still unanswered even after another season's work.
It will require several years of research work to gather sufficient data
to determine the general long-term effects of DDT aerial spray on fish
resources and to determine the best ways of minimizing the effect.

Fish shocking operations to determine indices of fish sbundance and
bottom sampling to determine the amounts of fish food were carried on
prior to and following spraying on 13 mountain trout streams on 3
national forests in Montane where spraying was done in 1956.

Two streams, Canyon Creek and Trapper Creek, were studied more intensively
than the others.

Summarization of the results is as follows:

1. There was no indication from the data collected during the
period from June 22 to October 11, 1956 that trout were directly affected
by the spray.

2. Aquatic bottom invertebrates and adult squatic insects (aerial)
vere materially reduced by the DDT spray.

3. Trout gorged themselves on the immature and adult insects killed
by the DDT during the 5-day period that these dead insects were being
carried downstream, but no direct mortality of fish was observed.

k. Bottom samples taken in October showed partial repopulation of
aquatlic insects in sprayed sections which had suffered a decrease
following spraying.

5. Rates of recovery of bottom fauna populations appear to be
related to the amount of the stream headwaters left unsprayed.

6. The effect of the aerial DDT spray upon stream-bottom faunsa
decreaged with the distance below the spray area. The fauna appeared to
be normal 12 mlles below the spray area on Trapper Creek.

7. Trout in sprayed sections where the bottom fauna were depleted
fed on terrestrial insects and fly larvae.
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8. Chemical analysis of a water sample taken 27 hours after spraying
showed no DDT.

9. Chemical analysis of a water sample taken after s 1.2 inches
rainfall showed no leaching of DDT intd the stream.

10. Hydrogen-ion concentrations and methyl orange alkalinity
determination were found to be within ranges considered favorable for
fish and aquatic insects.

The following suggestions are made to minimize the effect of DDT amerial
spraying on fish resources:

1. Spray spruce budworm infestations before they reach upper
drainage areas.

2. Undertake spruce budworm control programs before infestations
cover large acreages of forest land

3. Wherever practicable spray around the edge of lakes with small
planes and when wind velocity is low.

k. Spray the forest along streams in such a manner as to avoid
airplane turns over the streams.

5. Should mechanical difficulties be encountered on aircraft
necessitating discharge of the spray load, make every effort to keep the
spray away from streams or lakes.

It can be concluded that the aerial application of one pound of DDT per
acre reduced immature and adult stages of aquatic insects in Canyon and
Trapper Creeks. Trends toward insect repopulation in the streams were
shown by bottom samples taken two months after spraying.

Observations indicated no direct kill of trout or any apparent change up
to early fall. Possible delayed effects during the late fall and winter
will not be known unless further work 1s done during the 1957 season.




METHODS

The general plan of the study featured two approaches to the matter of
effects of DDT on stream animals. One part of the study, the intensive,
was conducted on two streams only, and emphasized increased frequency of
sampling, careful and precise observations, and daily measurements. The
other part of the study, the extensive, was done over a wide area, the
obJject belng to secure measurements on a great variety of stream
sltuations. This work was dorne on Prickly Pear, Trout, Beaver, Birch,
Rock, Rattlesnake, Crow, McClellan, and Sheep Creeks and the north forks
of Musselshell and Smith Rivers.

Trout Population Index and Condition

No attempt was made to determine the trout population of any streams,
but only an index of the population before and after spraying. The
electric-shock method was usesd to determine this index. It is the
method employed by the Montena State Figh and Game Department to
determine populations. Using a portable 500-watt alternating current
generator producing 240 volis, each stream section of 300 feet was
divided into two 150-foot sections except for a few sections where it
was possible to block only as a 300-foot section. Sections were shocked
repeatedly until a maximum recovery had been made. Voltage used was
dependent upon stream conditions but it was kept as low as possible to
avoid injury to fish. Stunned fish were picked up in a dip net and
placed in wire net holding pens along with those taken in the end block
nets. These fish were anaesthetized in a 0.5 percent solution of
urethane before weighing and measuring. ILengths to the nearest tenth

of an inch and weights to the nearest 0.01 of & pound were taken. The ,
trout were allowed to recover before being released into the same section

from which they were taken. (Figures 1, 2, 3, and 4.) All shocking was

done between June 8 and August 16. The same sections in each stream
were shocked before and after spraying and Canyon and Trapper Creeks were
shocked a third time. It was planned to shock these two streams a
fourth time in late October or early November. However, large quantities
of water-soaked leaves on the stream bottom at this time prevented
shocking because the leaves quickly choked block nets and they could not
be held.

Condition factors from weight and length were determined for all trout
taken as a further means of checking the effect from DDT spray.
Condition factor expresses the condition, relative robustness, or "degree
of well-being" of fishes. C, the condition factor, equals 100,000 W,

L3
where W equals the weight in pounds and L equals the standard length in
inches.

The center of each shocking section was marked by a concrete block set
in the ground, and an orange steel fence post was driven into the ground
at each end of the sampling section.




DDT Spray

The spray consisted of one pound of DDT dissolved in 1.25 gquarts of
hydrocarbon solvent and diluted in sufficient fuel oil to make one gallon
of insecticide. An airplane was used to disperse the spray over the
forest during June and July, 1956 at the rate of one gallon per acre (one
pound of DDT per acre). Varying amounts of spray reached the ground and
water surfaces. A measurement of 0.20 pound per acre on the ground was
necessary to obtain satisfactory spruce budworm mortality.

The average amount of DDT reaching stream-study sections was determined
by placing oil-sensitive dye cards at L-chain intervals on spray check
lines running at right angles to the spray swath. On the two intensive
study streams additional cards were placed along the edge of the stream
in study sections. Seven cards were placed in each study section and one
card on each of sixteen live cars, for a total of 93 additional cards.

Aguatic Invertebrates

A standard square-foot bottom sempler was used to make quantitive
collections of invertebrates in the streams to determine the number and
kind of organisms and the weight or volume per square foot at each
collection station. (Figures 5 and 6.)  Samples were taken before and
after spraying. On the two streams studied inteusively samples were
taken six times during the period from June 22 to October 22. Five of
these sampling periods were after spraying.




Figure 1. Fish shocking crew working station 2 on Canyon Creek.

Figure 2. Installation of block net before starting shocking
operations.
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Figure 3.

Welghing and measuring trout tsken by shocking.

Figure 4. Weighing eastern brook trout.
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Figure 5. Square-foot bottom sampler with contents in enamel
pan for segregation--Canyon Creek.

Figure 6. Taking a square-foot stream bottom sample.
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INTENSIVE STUDY STREAMS

Canyon Creek and Trapper Creek in the Pioneer Mountains on the Beaverhead
National Forest were selected as the streams for intensive study. These
streams are typical for this area, both being tributaries of the Big Hole
River. The mouths of both streams are at about 5,100 feet elevations,
with study sections from 6,000 to 8,000 feet. During the summer months
most of the water in these streams is diverted for irrigation below the
forest boundary. Within the study areas the streams vary in width from
10 to 25 feet with maximum depth from 6 inches to 8 feet. They meander
through lodgepole pine and spruce timber in the upper study sections
with an ocecasional open park; willow, birch and alder brush are found
along the banks in the lower seection. Fir and lodgepole pine join the
brush on the south bank with timber 200 to 300 feet back from the

stream on the north side of the stream or south exposure. Pools and
riffles are intermittent; bottoms are of gravel and rubble. Sections

of incredgsed gradient are rocky.

The upper portion of each streem above the spray area wes set up ag a
control. Stations were also established below the spray area. The
sampling stations are not in numerical order from upstream to downstream
because changes in spray plans made it necessary to add stations after
the work had been started. The amount of spray reaching each station is
shown in tables 1, 2, 6, and 7. The locations of study sections are
shown on maps 1 and 2. The distance from the upper to the lower station
on each stream 1s approximately eight miles.

Both streame were heavily fished throughout the season.

-11-
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Trout Population Index and Condition Factor

Tables 1 and 2 show the results of shocking, by stations and dates. The
data obtained on Canyon and Trapper Creeks from the first shocking are not
representative because the streams were in flood stage. Greater numbers
of trout were taken on both streams following the spray than on the first :
shocking. Socme of thils increase was probably due to increased efficlency :
of the crew, but most of it was due to lowered water levels which made it :
possible to obtain a more efficient recovery of fish.

The trout in Canyon Creek had higher condition factors than those in ;
Trapper Creek especially at the second shocking. Trapper Creek is ;
heavily stocked with brook trout. Population index figures show the
number of fish in Trapper Creek to be nearly double the number in Canyon
Creek. Tables 6 and 7 show less volume of bottom organisms in Trapper
than in Canyon Creek.

Fish were in poorer condition in Trapper Creek than in Canyon Creek.

The informastion obtained, as shown on tables 1 and 2, shows this differ-
ence but the data taken before spraying and in unsprayed sections indicate
that this difference in condition was not due to any effect from the DDT
spray. Canyon Creek actually received a greater dosage of DDT than did
Trapper Creek, 0.32 pound per acre and 0.19 pound per acre, respectilvely. §

Shocking in the latter part of August did not indicate any reduction in ;
trout populations on either stream. It will, however, be necessary to E
shock these same sections in July and August 1957 to determine if any
loss due to DDT occurred during the late fall or winter.

-1k



AN0JT BOQUTBI
PTLGLY 4BOIYIINO X MoquTmy = XEY

= gy

INOIG HOOJIQ UJ9LSBDS = H _
IMOIY jBOIIING * LD /T
Buyyooys patyyr - T'9¢ - fexds J93J° UOTITPUOD 9FBISAY
uryooys puooas - g gt - Arxds I94JE UOTLTPUOO sFeIdAY
Bursooys 18ItI - T1°EE - Aeads S10J9¢ UOTITPUOD 9FBIDAY
941 eHT o ! TYLOL
jepdere/ 10 L9 S 9 gk ©0°0 Ly T Xqy e 4
3°0€ 0T 0 1'9 19 get 170 g 89 £ 1t H#T°0 0L 91 St zt o g
€€ 60°0 2'9 £ g9t 60°0 09 2 g0t ¢t'o 94 kit Xay 20 f
TLE §0*0 0°% ee 2°9¢t Lo*o £6 oz T°TE 600 €4 € i 2E 0 4
g 0oh 60°0 64 b4 €0t 600 09 £ a Lo €
L-ge 90°0 66 gt € ie Loro [ 0T G €E L0*0 € 2 xey 280 €
S gt 1o 99 ol el 510 69 1T 9 0f 7170 69 kit 23 ZE°0 £
9°9¢ 110 AR kit 2 He 12°0 1'Q f I0 20 €
L €€ 6070 2'9 L LHE Z1'0 1°9 L 16t 90°0 Y Z Xay 10°0 2
668 110 1'9 ot €2 gro 29 1T Le€E 60°0 L-¢ f €7 1070 b4
VENY (EA7HdS
6 )e €10 0L £ o] Xqy 0 T
°E€ 60°0 09 TT € TH IT°0 19 z 0 € o] T
T8 g1 o €9 T 0 ID 0 T
TENY THAVEISNA
- aIoe
107987 {*sat1) (seuout) usty J09.083 A.mpdv Amwso:ﬂv UsTy 103087 (-sat) (sayout) ystJ aad
UOT TPUO) JuB oM yydusg “ON Uo I3 TPUOD 1Y TOM yrdus *ON UOTFTPUOD 1uIToM T38us "ON \mnmww *8qQY *ON
- 9BBJISAY - ~ oFBIOAY - - o%BI9AY - J0 pUnOId uoIIBAS
#T - €T 3sndny 9T - £T Aoy 9T - G sunp ssToadg | Futgosed
Leady 12931V Readg xe131v £Lvadg axogeyg Keadg

9%6T ‘¥eox) uofus) ‘Buidoous Aq Dojos (100 ATOI3 JO SISQUNY - T STRE

~15-



NOJ} UMOIq = Ig PIIGLY 4BOIUIINO X AOQUTRI  » XgH
IN0J] FOOJIQ UISLE89 * gW AN0I3 380JIYRIND 10 /T
Bupyooys paTUR - 9°6E - fexds Jo1Je WOTLTRUOD o3BISAY
BSutsoous puooes - gff - Leads xo9I® UOTITPUOD aBexaay
Sutypoys 98473 - @ 1€ - Lvads 21039 UOTITPUND IFBIBAY
7TE 852 6 TVIOL
0 02t 2o 0°01 T Ly 02°0 £ 1 Xey ot" f
g2t Loo L QL n'GE g0°0 96 Ly G 0t 19070 £°¢ g2 feict otT* i
€-2€ HT°0 ) q 0 ) 10 ot Y
L-GE 9070 26 €9 g 2 #0°0 Q4 29 5 92 €0°0 Sy 6 a 61" €
9-0% 01°0 2'9 €T 6°€E 210 o'l Y 0" HE #0°0 Ly F Io 61" £
L-gg 90°0 €°g 28 g %€ 90°0 £°¢ 9N 11€ $0°0 °6 s aq 61" 2
€€ 90°0 w6 6 STE gro 2-L € 0 o 61" 2
Lty [ e 1'9 6 9 lE . eT°0 9 4 [eMe3 ct°o €L T a1 6T" T
o] o] g ot T0°0 2t T Xy 61" T
g-9¢ 60°0 8¢ 9 9 4HE 11'0 L9 X 2 ce go'0 2'9 1 10 61" T
Vauy IXAVEdS
0 (24¢ 70" 0 16 T 0 id o] g
64t (0] 0] 66 €1 m.,mm 60°0 T°9 we G ot 6070 €9 6T = 0 9
o} Le2h 20 16 T 0 I0 o] 9
0 o] 6°€E 00 6% T Xy 0 4
g HE 60°0 6°6 £ 6°4E g0 0 14 2¢ 9°0E 90°0 434 €2 a o) 4
o] €£2 20°0 Y T 0 Id o] g
VUV TEAVHASNG
axoe
z0398F | (°sqr) | (®3uUdUT) | uUsSIy J0308y | (°sqr) | (SSWPUT)| USTZ 101983 | (°sqr) |-(seueumy) | WRIS xod
uotaTpuc) | WBTAM | mIweT ‘o | uoTaTPUOD | JUBTRM | WIBUST ON | UOTHTPUGD | JUBTEM | WBweT N | FUSTE -8qT ‘o
- 989B8JI9AY - - aBelsay - - oBeIoAy - Jo punoJ? uoTIBIS
- €T 3svdny LT - 9T &T0r LT - 9T sump gotoadg | Burgonex
Afexdg I991Y Aeadg 1947y £Lgadg aa03eg Lexdg

G%6T wesl) Jodder], (HUINoOUs Kq PO3PSI00 IMOIL JO SISQUNY - Z ST4BL

«16-



Figh Live Cars

One hundred and sixty-two wild trout teken by shocking from the two
streems were held in cages or live cars (8 in each stream) during
spraying and for three days after spraying. (Figures 7 and 8 and tables
3 and 4.) The figh were collected and held 24 hours before placing in
the individusl cages to eliminate any loss from shocking and handling.
The trout were placed in the cars 48 hours before spraying, for the same
reagon. - Four fish were lost, two from the shocking and handling
operation and two from damage from rocks in the cages. Curious fishermen
apparently moved the cars, rolling the rocks and killing two trout.

As the tables indicate, no fish were lost in the live cars on spray day
or during the three days following spreying.

Some of the trout in live cars ate considerable amounts of the dead and
dying insects that washed into the cages following spraying. An
abundance of these insects was available to the trout in all of the cars
except those in unsprayed sections, but meny of the fish opened had
empty stomachs, indicating that the trout in live cars were not feeding.
Free trout in both streems gorged themselves on these dead and dying
insects. Some of the fish stomachs were so distended that insects could
be 1dentified through the stomsch wall.

There was a notlceable difference between rainbow and eastern brook
trout behavior in the cars. The brook trout were quieter and fed more
conslstently on the insects coming into the cars. At the end of the
holding period all trout were in excellent physical condition.but the
brook trout wvere noticeably fatter.

Analysis of Trout'Tisgues 7 - "’; o 31 i

The analysis of trout tissue for DDT is shown in teble 5. In general
relatively low values were cbitalned in the tissues analyzed. It seems
probsble that DDT tends 1o aceumulate primarily in the visceral fat,
gsecondarily in the gylcric caeca and, occasionally in the kidney,
probably during detoxification. The visceral fat was the most common
location for DDT storage. DPT accumulation in this tissue varied from
0.01 microgram to epproximately 4 microgrems per milligram of dry
tissue.

The amounts of DDT were so varlaeble in samples teken the same day and
at the same station,and throaghout the season that no conclusions can
be made.

“17~




Figure 8.

Fish live car at station 2--Canyon Creek.
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Table 3 - Survival of trout in 1l.ve cars, Canyon Creel, 1956

te % hour | Species Mumber of dead trout
Live car |fish placed E. Brook Rainbow Number Spray
numbar in cars size size of trout Prespray day Postspray 1/
No. | (inches)| No. (inches) | in car |6/30 | 7/11 7/2 /3 Vi /s =
1 1 3 1 10 10 e 0 o} O ¢ o
Pool Dude 6/29 2 9 1 8
Ranch 9:00 a.m. 1 7 1 5
3 5 i
2 1 11 1 g 10 0 0 O O 0 o
Shocking 6/29 2 10
station 8:30 a.m. 1 8
2 7
1 6
2 5 |
i
3 2 6 1 11 [l 0 0 0 0 G G
Canyon 6/29 1 5 2 10 !
Creek 8:00 a.m. 2 8
cabin 3 7
4 1 9 1 7 i1 ‘ 0 0 o 0 0 0
Cemp area | 6,29 1 8 |
shociiing $:30 a.m. 1 7
station 1 L
> 3
5 1 8 1 9 10 o o} 0 0 0 o]
Pool at 6/29 1 7
bridge 10:00 a.m. IR &
3 5
6 1 7 1 6 10 o} o 0 0 0 ) i
200 yds. 6,29 2 6
below 10:15 a.m. 4 5
bridge 2 L
T 2 8 1 6 10 0 o] o] o] 0 0
350 yds. 6/29 1 7
below 10:30 a.m. 3 6
bridge 2 5
1 3
8 1 10 1 9 g o] 0 o 0 o} o
01d corral| 6/29 1 9
and ranch |11:00 a.m. 1 6
house 1 5
1 4
3 3 !
TOTALS 63 17 8o ¢ 0 0 o} 0 0

y All fish removed from live cars on July 1 were in good condition.
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Table 4 - Survival of trout in live cars, Trapper Creek, 1956

Date & hour Species Rumber of dead trout
Live car | fish placed E. Brook Rainbow Number Spray
nunber in cars size size of trout Prespray day Postspray
No. | {inches) | No. | (inches)| in car | 6/30 7/ 1 7/2 L 1/3 11/8 1 1/5 1/
1 3 5 1 L 10 0 0 0 o] 0 0
Shocking 6/29 2 b
station 3:15 p.m. 4 3
2 1 5 ‘10 1 o] 0 o |0 0
Shocking 6/29 1 L 3-inch
station 3:00 p.m. 8 3 EB
3 1 6 1l 5 10 0 o 0 0 0 0
upper 6/29 3 5 1 L
farm 2:30 p.m. 1 L
3 3
L
Forks 6/29 4 I 1 4 9 /1 o | oo {olo
Rd. farm | 2:15 p.m. 3 3 1 3
5 6/29 2 L 2 3 11 0 0 0 0 o 0
Smelter 2:00 p.m. 7 3
6 1 6 11 0 ] 0 o} 0 0
above 6/29 1 5
fence 1:45 p.m. 1 k4
camp area 7 3
1 2
7
corral & 6/29 2 5 1 " 10 0 0 0 o |0 |o
horse 1:30 p.m. 5 b
pasture 2 3
8 1 5 11 o] 1 0 0 0 o
lower 6/29 1 4 3-inch|
road 1:00 p.m. 8 3 EB
bridge 1 2
TOTALS Th 8 82 2 1 o] o] 0 0

1/ All fish removed from live cars on July 6 were in good condition.
2/ Killed by rock.

EB « Eastern Brook
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Stream Bottom Samples

Square-foot bottom samples were taken throughout the season at nine
stations on each stream with a Surber stream-bottom sampler (Surber, 1937).
Five separate square-foot samples were taken at each station and the
volume per square foot shown in tables 6 and 7 is the average of the 5
samples at each station. The data in these tables are, therefore, based
on a series of samples taken on 6 different dates at each of 9 stations,
and totaling 270 square feet for each stream, or a grand total of 540
square feet for both streams. Figure 5 shows equipment used, figure 6

the method of taking samples, and figure 9§ the contents of a l-gquare-foot
sample from Canyon Creek.

The first bottom samples after spray day were not taken until most of the
insects first affected by the spray had floated downstream. This date
(July 6) was determined by drift sampling (tables 9 and 10).

Comparisons of volume of predominant animals before and after spraying on
Canyon Creek and Trapper Creek indicate a material reduction in bottom
organisms caused by the DDT aerisl spray.

The last bottom samples were taken in October on both streams and, as
shown in tables 6 and 7, there was a definite increase in volume of
aquatic insects in the sprayed areas. However, by October, the average
volume of samples taken at the sprayed stations on Canyon Creek (stations
3, 4, 5, and 6, table 6) averaged only one-fourth of the average volume
before spraying. Samples from the unsprayed stations (1, 7, and 8)
showed a fourfold increase during the same period. It is necessary to
learn more about the rate of this recovery and the length of time required
to reach a near normal aquatic bottom fauna population on both streams.
This will require additional sampling during the 1957 season. The term
"near normal" means the recovery of the predominant forms which produce
the bulk of the food for trout in these streams.

Aquatic Insect Live Cars

Aquatic insect live cars were placed near each of the figh live cars
before spraying (figure 7). Bobtom fauna, predominantly immature stages
of stone flies, may flies, and caddis flies were placed with stones in
each live car. The effect of the DDT spray is shown in table 8.
Mortalities agree with those from drift and square-foot bottom samples.
Insects in the live car at the control station on Canyon Creek were
unaffected. Insects in the live cars within the spray area were all
affected and were dead or dying after 24 hours. The effect upon insects
in live cars below the spray area decreased according to the distance
below the spray area in Trapper Creek, appearing normal at l% miles and
indicating that at this distance the amount of DDT in the water was so
diluted that it did not affect the insects in the cages. This fact is
further substantiated by the bottom samples taken at these stations
(tables 6 and 7). .
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Table -~ Summary of mortality of inse , and fish in live cars
Canyon and Trapper Creeks

Sprayed T7/2/56 (4-6 a.m.) Mortality of ' Mortality of
| Live car | Spray insects 24 hrs. | fish 5 days
Stream . (fish & i (average lbs. after spraying |after spraying
section % insect) | per acre) (percent) 7/6/56
; 7/3/56
! CANYON CREEK
1 | 1 o 0 0
2 2 0.01 90 0
3 3 0.32 66 0
4 " 0.32 66 0
p) 5 ; 0.32 66 0
6 6 0.32 50 0
7 0.32 0 ;] 0
? 8 0 0 0

TRAPPER CREEK

1 1 0.19 33 ' 0
2 2 0.19 20 0
3 3 0.19 20 0
4 4 0 02 0
5 | 5 0.10 10 0
6 | 6 0 0 0

‘ 7 0 0 0

.8 0 0

;/ Al11 insects were caddis flies which pupated.

g/ No mortality, but insects seemed to be affected.
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Drift Samples

A leptodora towing net of zero mesh was used to make drift samples of
stream insects as shown in figures 10 and 11. It was found that by
leaving the net in the water five minutes an adequate sample could be
obtained. All drift samples were taken at one location on each stream
throughout the season, except as indicated in tables 9 and 10. The
S-minute sample of 1.5 cc. taken on July 1 before spray day in Canyon
Creek (table 9) was predominantly early instar may fly nymphs. A
similar sample on Trapper Creek of 0.2 cc. was composed of very small
may fly and stone fly numphs. Under normal conditions these small
nymphs are continually being carried downstream in the water. The
samples taken on July 1 before spray day, and those following until
July 9, indicate differences in volume of bottom fauna in the two
streams. Canyon Creek is a richer trout food producing stresm than
Trapper Creek. This difference is also borne out in the bottom sample
sumaries (tables 6 and 7). o ' ,

All of the insects taken in the net from 6:30 a. m. July 2 (spray day)
to July 6 were dead and dying insects affected by the spray. A few
minutes after the spray hit the water it began to affect the bottom
organisms even though the oll floated on top, indicating that some
DDT reached the bottom. On spray day the first drift sample on Canyon
Creek was teken one hour after the spray hit the water (6:30 a. m.).
This S5-minute sample contained 150 ce. of dead and dying insects,
predominantly immature stone flies and may flies, and caddis flies. By
6:45 p. m. the volume had decreased to 55 cc. and by morning on July 3
it had decreased to 1.5 c¢c. No dead or affected nymphs of aquatic
insects were taken in the net five days after spraying (July 6). The
effect on Trapper Creek was similar except that the quantity of nymphs
was l§ss, due to a lower population of aguatic bottam fauna (tables 6
and 7). o ‘ .. ' o ,

The last samples teken on Canyon Creek in September and October show an
increase in the volume of aquatie insects being carried down the stream.
Thig indication of recovery in the population of bottom organisms is
substantiated by the increase in volume of aquatic insects in the bottom
samples shown in tables 6 and 7. This same increase does not show up

in the Trapper Creek drift samples but data for both streams agree on the
negligible amount coming downstream during the period July 9 to July 27
and also on the temporary increase the latter part of July and forepart
of August. The lack of increase in the September and October samples on
Trapper Creek could be significant. It could be partially due to the
lower aquatic insect population but it might also be due to the fact that
a greater portion of the headwaters of Trapper Creek was sprayed. This
would leave fewer adult aguatic insects for egg laying to replenish lower
depleted sprayed sections of the stream.

Drift samples taken above the spray area on both streams on July 2 and
July 4 (tables 9 and 10) were prespray samples of small live aquatic
insects. The samples taken on July 18 in Canyon Creek, both inside and
outside of the spray area, indicate that there are times when very
limited numbers of small nymphs are being carried downstream. This may
be expected because the number being carried by the water is dependent
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upon hatching periods. On October 19 the sample at the cabin on Canyon
Creek, which is within the spray ares, contained 0.2 cc. (perhaps newly
hatched) and the next day at the upper station outside the spray area it ;
had 2.9 ce. On October 23 the samples taken at both stations were more i
nearly equal, but one was predominantly may flies and the other stone ’

flies. : :

Figure 10. Placing plankton net in Trapper Creek.
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Figure 11. Plankton net with contents from 5-minute drift
sample-~Canyon Creek.

Figure 12. Contents of 5-minute drift sample on Canyon
Creek several dasys after spraylng.
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Table 9 - Volumes of insects collected in >-minute drift samples,
Canyon Creek, 1956

Date ' Volume Predominant forms Remarks

| (ce.)
7/1 f 1.5 | May flies Pre-spray
7/2 6530 am | 150.0 | Stone flies, may flies, caddis flies| Spray day
7/2 T7:30 am ; 110.0 | Stone flies, may flies, caddis flies| Spray day
7/2 10¢ 453@1 65.0 i Stone flies, may flies, caddis flies] Spray day
7/2 2:45 pm | 50.0 | Stone flies, may flies, caddis flies| Spray day
7/2 6545 pm g 55.0 | Stone Plies, may flies, caddis flies| Spray day
7/2 10:00 1.5 | Miscellaneous | Control station
7/2 | 1.5 | May flies
7/4 T7:00 am 2.1 ! May flies and caddis flies
/4 5:00 1.3 ! May flies
7/5 7:00 1.3 | May flies
7/5 5% Opm 0.3 | Ants
7/6 1.2 ; May flies
7/9 0.1 May flies
7/10 . Trace | Stone flies |
7/11 Prace ! Caddis flies and beetles ;
7/12 : ~ Broken , §
7/13 Trace : Miscellaneous :
7/16 Trace | Beetles :
7/17 ‘ Trace | Beetles i
7/18 :Trace“Stone flies :
7/18 fTrace 1 stone fly . Control station
7/19 [ Trace | 3 beetles i :
7/20 ,_%Trace 1 beetle !
7/23 *‘Trace ! 5 beetles, 12 flies {
T/2h "Trace : Beetles and flies g
7/25 ‘Trace | Beetles and flies ;
/27 ;0.2 {Flies ;
7/30 i 0.4 Flies
8/1 ‘ Prace | Flies i
8/3 0.4 | Flies
8/6 0.2 Flies
8/8 [ 0.11{Flies
8/10 1 0.1} Flies g
8/13 [ Trace | Flies i
8/15 gTrace Flies i
8/17 | Trace | Flies ;
8/20 | 0.2 Flies
8/22 ' Trace | Flies |
8/2l | Trace | Flies ?
8/27 | Trace  Flies
9/19 /0.1 {May flies and stone flies 3
10/19 - 0:2 Stone flies
10/20 | 2.9 ! May flies Control station
10/23 { 0.15! May flies | Control station
10/23 i 0.1 Stone flies |
All samples taken at "Cabin station" except those marked "Control
station."
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Table 10 - volumes of insects collected in 5-minute drift samples,

Trapper Creek, 1956

Predominant forms

Date - | Volume " Remarks
~ b (eel) S
7/1 0.2 fStone'flies, may flies : Pre-spray
7/2 7:15 am | 21.5 Stone flies, may flies, caddis flies Spray day
7/2 10:15 am| 12.0  Stone flies, may flies, caddis flies; Spray day
7/2 2:50 pm 8.2 ; Stone flies, may flies, caddis flies: Spray day
C7/26:15 pm | 7.5 | May flies and caddis flies Spray day
7/3 ;1.1 May flies and caddis flies :
/% { 1.3 'May flies and flies . Control station
T/% 9:00 am | 0.7 . Stone flies and caddis flies §
7/5 C.2 | Caddis flies g
7/6 0.1 | Caddis flies i
7/9 , Trace ; Caddis flies - i
7/11 Trace,¢Caddls flies -
7/12 Trace . Caddis flies and,beetles !
7/13 Trace | Beetles and caddis flies ‘
T/16 | Trace | Beetlesi :
7/17 | Trace | Beetles :
7/18 .. Trace . Beetles
/19 . Trace : Beetles
7/20 i Trace . Beetles and flies
7/25 Trace . Beetles
/27 0.1 . Beetles ;
7/30 Trace ' Beetles and flies %
8/1 0.2 Flies |
8/3 Trace Flies !
8/6 Trace ' Flies 5
8/8 Trace = Flies and stone flies i
8/10 ! Trace ' Flies :
8/13 | Trace ' Flies :
8/15 ' Trace Flics |
8/17 Trace . Flies i
8/20 Trace ! Water mites |
8/2k Trace | Water mites §
8/27 Trace §Flies ?
9/21 Trace | Flies
10/19 | Trace ' Flies

A1l samples taken at "Upper ranch" station except the one marked "Control

station.'
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Sweep-Net Collections

A standard insect net was used to collect aerial insects near the stream-
banks before spraying and at intervals during the season after spraying

at 16 stations on the two streams. These stations, with two exceptions,
were near the bottom sample stations (meps 1 and 2). TFive sweeps of the
net were made for each smmple and twenty samples were taken at each station.
The twenty net samples were taken from bushes on both sides of the stream
adjacent to the bottom sampling areas. Only adults of aquatic bottom
insects were tallied. See tables 11, 12, 13, and 14. Very few terrestrial
insects were taken because the method of taking samples from bushes on the
edge of the stream excluded them. '

The reduction in adult aquatic insects appesrs to have been more drastic
on Canyon Creek than on Trapper Creek. Effect on adults was, however,
very definite on both streams. Midges (Tendipedidae) increased greatly,
beginning with the second samples after spraying. This is a much faster
bulldup in population than is shown by bottom samples or drift samples.
The lack of correlation between saemples of aquabic adults and bottom
samples mey be due to the gelatinous covering of the eggs of flies which
mey protect them from the DDT spray. A good percentage of the flies
occurring in the later bottom samples were midge larvae but the midges
in the earlier aerilal samples may have belonged to a different subfamily
or genus. The figures shown for the samples of adult aquatic insects
are based on numbers; bottom sample figures are given in volume. This
accounts for some of the difference, since some dipterous larvae were
found in bottom samples throughout the season but midges were too small
to account for much volume. In numbers in some of the sprayed sections
they were the predominant insects on the stream bottom after spraying,
indicating a very short life cycle, protection from the DDT in the egg
or early larval stage, or migration from unsprayed areas.
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Teble 13 - . .oers of adult squatic insects collected b, sweep net at Canyon Creek, 1956

Date | station | (106, ger [ Tor | E T e T oy g aaie fhen [ Totel
acre)
BEFORE SPRAY
6/25 1 Lo 48.0 9 10.9 14 17.0 20 2h.0 83
6/27 7 31 4.8 18 23.7 27 35.5 76
6/27 8 2 13.3 3 20.0 8 53.2 2 13.3 15
6/27 2 18 | 0.0 20 b b 6 13.3 1 2.2 Ls
6/27 3 18 | 21.2 56 65.9 | 11 13.0 85
6/27 b 14 30.2 17 37.0 14 30.2 1 2.2 L&
6/21 5 15 | 3.5 21 48.8 7 16.3 43
6/27 6 k2 66.5 16 25.3 5 7.9 63
APTER SPRAY
7/3 6 0.32 1 |100 1
T/ 5 0.3 3 | 100 3
7/h L 0.32 1 |lc0 1
/4 3 0.32 0
1/5 2 0.01 0
7/5 8 0 2 18.0 1 9.0 8 73.0 1
7/5 7 o} 46 70.0 9 1%.6. | 10 15.4 65
7/5 1 0 58 76.0 5 7.0 13 17.0 76
7/26 1 0 105 89.0 6 5.1 7 5.9 118
7/26 7 0 109 gk.0 1 0.9 4 3.5 2 1.73 116
7/26 8 o} 110 8h.5 b 3.1 11 8.4 5 3.8 130
7/26 2 0.01 58 61.0 1 1.0 36 38.0 95
7/26 3 0.32 59 88.0 8 12.0 67
7/26 i 0.32 15 | 100 15
7/26 5 0.32 3% | 9.5 2 5.5 37
1/26 6 0.32 k7 [200 W7
8/23 1 o 50 | 94%.0 3 6.0 53
8/23 7 0 67 | 96.0 3 k.o 70
8/23 8 0 89 97.5 2 2.5 91
8/23 2 0.01 62 | 98.5 1 1.5 63
8/23 3 0.32 51 | 100 51
8/23 L 0.32 66 98.5 1 1.5 67
8/23 5 0.3 4s 98.0 1 2.0 )
8/23 6 0.3 Th 98.5 1 1.5 75
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Table 14 - Numbers of adult aéuatic ingects collected by sweep net at TTappér Creek, 1956

Spray Flies Stone flies Beetles Caddis flies Total

Date |Station (122;e§er No. % No. Fo. No. Number

BEFORE SPRAY
6/26 6 39 75.0 | 10 19.0 1 1.9 2 3.8 52
6/27 3 43 68.0 | 17 27.0 3 5.0 63
6/27 4 k1 51.0 | 20 25.0 | 18 22.5 1 1.5 80
6727 5 Th 6.0 | 35 30.0 7 6.0 116
6/27 7 78 73.0 | 28 26.0 | 1 0.9 107
6/29 1 27 k.2 | o7 k7.2 3 5.2 57
€/29 8 21 21.6 | 69 71.0 6 6.2 1 1.1 97
6/29 2 26 39.0 33 50.0 | 7 10.0 66

AFTER SPRAY
/3 6 0 9 69.2 1 7.7 1 7.7 2 5.4 13
7/3 7 0 12 60.0 5 25.0 3 15.0 ‘ 20
7/ 1 0.19 2 78.6 2 7.1 h k.3 28
/4 8 0.19 2 17.0| 10 83.0 12
7/ 2 0.19 L 50.0 3 37.5 1 12.5 8
7/4 3 0.19 3 60.0 2 Lko.o 5
T/ L 0 25 80.6 3 9.6 2 6.6 1 3.2 31
7/4 5 0.10 7 50.0 3 21.5 3 21.5 1 7.2 14
7/31 1 0.19 45 | 100.0 45
7/31 8 0.19 kg | 100.0 kg
7/3L 2 0.19 29 | 100.0 29
7/3L 3 0.19 17 89.5 2 10.5 19
7/31 3 0.10 15 68.0 { 32.0 22
7/31 5 0 kg 96.0 2 4.0 51
7/31 6 0 35 89.7 4 10.3 39
T/31 7 0 38 95.0 2 5.0 Lo
8/23 1 0.19 127 | 100.0 127
8/23 8 0.19 118 100.0 118
8/23 2 0.19 78 98.7 1 79

may

fly

8/23 3 0.19 57 100.0 57
8/23 b 0.10 60 95.0 1 1.5 2 3.0 63
8/23 5 0 123 100.0 123
8/23 6 0 48 97.5 1 2.5 Lg
8/23 7 ¢ 102 99.0 1 1.0 103
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Trout Stomach Food Analysis

Trout stomach samples were teken at intervals during the season in spray
areas to determine diets. The trout were always able to obtain ample
amounts of food from terrestrial insects or fly larvae.

Semples were also taken of stomachs of fish held in the live cars.

Table 15 shows the results of the analysis of these samples. As
previously mentioned, stomachs from some of the trout held in the live

cars were emply, and brook trout fed better under these sbnormal conditions
than did the rainbow trout. Quantities of aguatic Insects killed by the
spray were gvallable to the fish in all of the live cars within spray
areas. Live car number 1, located at the control station on Canyon Creek,
contained an sbundance of live larvae; again, the brook trout were the
best feeders under these conditions.

Following the period when dead aquatic insects were plentiful, 1t was
expected that within the sprayed areas where the bottom organisms had
been depleted, trout would be hungry and easily caught. Actually there
was no time during the season when fish could be caught easily in either
stream.

There 1s no indication from the data collected during the 1956 season
that trout were directly affected by the spray. Results, however,
cannot be consldered conclusive until additional dats are collected in
1957.
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Table 15 ~ Summery of the volumes of food in trout stomachs from Cenyon apd Trapper Creeks
and from live cars held in these stresms, 1956

Vol. Spray Trout
Sample Location Date (£ish (1bs. Size Specles .
Yo. in cc.) per No. | (inches) of fishl/ | Predominent Forms
- acre)
STOMACHS FROM FISH TAKEN FROM STREAMS
1 Canyon Cr. | 6/28 3.85 o 8 6 to 11 CT, EB, RB| Caddis fly, stone fly
nymphs (pre-spray)
118 Station 3 /4 2.6k 0.19 5 Lk %o 5 EB Caddis fly and mey
Trapper Cr. fly nymphs
119 Station 2 7/b 5.00 | 0.19 7 6 EB Stone fly and may
Trapper Cr. 11 T EB fly nymphs
1 5 EB
210 Station 3 7/11 0.90 0.19 1 10 EB Ants snd serial
Trapper Cr. forms
328 Station 6 8/1 0.55 0.32 1 9 RB Ants and serial
Canyon Cr. 3 6 to 8 EB forms
329 Station 3 | 8/2 | 7.00 | 0.3 1 12 RB Fly larvae
330 Canyon Cr. i 8 EB
342 Station 3 8/2 1.00 0.3 1 8 EB Ants
Canyon Cr. .
345 Station 4 8/16 0.15 0.10 2 7 EB Flies and aserial
Trapper Cr. fornms
346 Station 3 8/17 2.00 0.32 2 7 EB Ants and serial
Canyon Cr. forms
350 Station 2 8/17 0.25 0.19 2 6 cT Ants and fly larvae
Trapper Cr.
351 Station 2 8/17 0.20 0.19 |10 6 to 8 EB Aerial forms
Trapper Cr. .
Lol Station 3 | 8/21 | - 1.26 0.32 4 8 EB May f£ly nymphs
Canyon Cr. 5 7 to 8% | cr
STOMACHS FROM FISH HELD IN LIVE CARS
127 Cage 1 T/6 0.%0 0.19 1 5 EB Stone fly and may
Trapper Cr. fly nymphs
128 Cage 2 7/6 1.80 0.19 1 5 EB May fly nymphs
Trepper Cr.
129 Cage k4 7/6 2.60 0 1 L EB May fly nymphs
Trapper Cr.
130 Cage 5 1/6 0.30 0.10 1 L EB Caddis fly nymphs
Trapper Cr.
131 Cages 6 & 7| 7/6 1.70 o 2 L EB Caddis fly nymphs
132 | Cage 8 7/6 0.40 0 1 4 EB Caddis fly -and
Trapper Cr. stone fly nymphs
133 Cage k4 7/6 3.90 0.32 1 7 EB May f£ly nymphs
Canyon Cr.
134 Cage 1 7/6 0.90 0.32 1 7 EB Caddis fly nymphs
Canyon Cr.
137 Cage 8 7/6 2.50 0 1 7 EB Stone fly nyaphs
Canyon Cr.
1/ CT =~ cutthroat trout

EB « eastern brook trout

RB » rainbow trout
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Analysis of DD1 . Water

Five water samples of one gallon each were taken st the lower edge of
the spray area on Canyon Creek for the purpose of determining the amount
of DDT in the water after spraying and after a heavy rain. Separate
samples for the determination of turbidity were taken on both stresms
(teble 16). The water in both streams was very clear, having only 0.09
barts per million of suspended material in the Canyon Creek sample and
1.0 parts per million in the Trapper Creek sample.

The first water sample teken immediately after spraying contained 0.10
parts per million of DDT. There was 0.33 parts per million of DDT
one-half hour after spraying; 27 hours later the amount of DDT reached
zero. It is quite probable that the 0.33 parts per million was near
the peak of the amount of DDT at the point where the samples were
taken. T

The oil used as a diluent could be seen in the eddies along both streams
for several days after spraying, and yet there was apparently no DDT in
the water 27 hours after spraying. Informaetion is needed on the action
that takes pluce when the DDT strikes the water. The mortality and
morbidity in bottom organisms suggest that DDT drops to the bottom
quickly. The water samples indicate that DDT is freed from the water in
less than 27 hours. The effect on the insects in the live cars indicates
that the DDT is diluted as 1t moves downstream.

After a 1.2 inchee rain no DDT was found in the water; the rain apparently
did not cause leaching of DDT into the stream. The precipitation fell
within & 12-hour period and the water gample was taken one hour after

the rain stopped. This collection was near the peak of the increased
streamflow due to this heavy rain.
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Analysis of ILv:ganic Substances in Water and }.ow Records

Streamflow and velocity were measured with a stream-depth and velocity
gauge. Flow (cfs) and velocity (fs) were obtained for each station on

the two streams as shown in tables 17 and 18. Flow and velocity decreased
as the season advanced. Water for irrigation was diverted ahove the

lower station on both streams. This loss was reflected in the readings

at these stations when water was being used. The peak flow for both
streams in June was three to four times as great as the late August flow.

The pH values were determlned by using a calorimetric comparator.
Readings shown on tables 19 and 20 for the two streams show that the

hydrogen-ion concentrations are within the range favorable for fish and
aquatic insects.

The methyl orange alkalinity was determined by using standard methods.
(Figure 13.)

Daily maximm and minimum water temperatures were obtained by using a
thermograph. iOne thermogreph was located at the guard cabin on Canyon
Creek and the other at the upper ranch house on Trapper Creek (maps 1
and 2). Table 21 shows the dally readings recorded. Averasge dally
temperature fluctuation was b4 degrees for Trapper Creek and 9 degrees
for Canyon Creek. According to the character and cover of the two
streams, it would be expected that Trapper Creek would have the greater
daily fluctuation. The reason for this difference between the two
streams is not apparent from data collected.

Standard rain gauges were located at the guard cabin on Canyon Creek and
at the upper ranch on Trapper Creek. These gauges were installed to
measure reinfall from heavy storms. It was planned that water samples
would be taken in the streams after storms to determine the amount of
DDT leaching into the streams. The only heavy rainfall after spraying
came on July 3, when 1.2 inches of rain fell. Results of the analysis
of the water samples for DDT are shown in table 16.
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Table 17 - Poysi 4 Chemfcal Cheracteristics of Canyon Creek, 1956
Station Water Water Flow in | Velocity M. O, FRature
Date Hour No. depth teaperature ctn.’*\ in Turbidity | pH | alkalinity of Vagetation
(inches) | (dagress ¥.)| - f.8. DB h’“ﬁ@
6/22 | 310 pm 1 6to7 50 b2 3-5 Clear |8.3 52 Gravel None
rubble
6/23 | 10:00 am T 3 to 12 s 4o 3-4 Clear |8.3 54 Gravel None
. subble
6/23 111:30 sm 8 6 to 12 45 ke 3-4 Clear 8.3 60 Gravel None
rubble
6/28 | 8:15 am 2 6 to 12 k3 50 3-5 Clear 8.3 66 Grevel None
rabble
€/18 |10:00 am 3 6 to8 43 80. 3 Clear 8.1 &0 Gravel Fone
\ rubble
6/19 8:30 an [y 3 to 12 Lk 0.5 3-3 Clear 8.1 60 Gravel None
rubble
6/19 | 2:00 pm 5 6 to 8 53 57.5 3-k Clesr |[8.1 60 Gravel Kone
rubble
6/19 | 3:30 m 3 6 to 10 53 60 5 Clesr |[8.1 60 Gravel Fone
rubble
- - 9 - - - . - - - - -
1/9 4:30 m 1 6 to 12 58 39 3-k Clear 8.1 (] Gravel None
rubble
7/10 | 9:00 am T 3 to 10 50 39 3.5 Clesr |8.1 62 Gravel Eone
rubble
7/10 |10:00 s 8 3t08 50 28.2 2.4 Clear |8.2 & Gravel Fone
rubble
7/10 " |11:00 am 2 34010 33 3-b Clear |8.2 =) Gravel Hone
’ rubble
1/9 10:30 s 3 6 to 10 50 36 3-4 Clear 8.4 86 Gravel None
rubble
71 | 9:00 m % b to 12 50 3 2 Clear | 8.3 16 Gravel | Nome
rubble
1/10 %:00 p 5 3 to 10 57 27 3-5 Clear 8.3 8 Gravel None
. rubble
7/10 2:30 pm 6 6 to 10 56 7.5 258 Clear 8.4 88 Gravel None
rubble
- - 9 - - - . - - . -- poe
7/23 | 9:00 am 1 3to8 51 25.5 2.3 Clear | 8.3 70 Gravel Light
rubble algae
7/23 |10:00 sm 7 3 to 8 51 25 2-3 Clear | 8.5 70 Gravel Light
rutble algae
/23 {11:00 = 8 3 to 10 25 2-h Clear |8.5 80 Gravel Light
rubble algae
1/23 3:00 pn 2 3t 8 18,74 2-k Clear 8.5 19 Gravel Light
rubtble algae
1/23 4:00 pm 3 3to 8 &0 16.7 2-k Clear 8.6 88 Gravel Light
rubble algae
T/2% | 9:00 am L % to 10 52 23 2.5 Clear [8.5 93 Gravel Light
rubble algas
T/2% 110:00 em 5 3 o 10 53 23 3-4 Clear | 8.5 3 Gravel Light
) rubble algee
T/24 |11:00 sa 6 3to 8 52 10.5 2.4 Clear |B8.6 104 Oravel Heavy
rubble algas
8/6 4:00 pm 9 3to 6 58 2 Clear 8.6 a Gravel Algas
rubble
8/20 9:00 am 1 2t 6 1 1-3 Clear 8.3 Gravel None
rubble
8/20 [10:00 am 7 3t0 8 [ 11 1.3 Cilear |8.3 Gravel Fone
rubble
8/20 |11:00em 8 5 to 10 48 12.7 2-3 Clear 8.3 100 Gravel Fone
rubble
8/20 | 1;00 m 2 kw10 51 1n.5 2-3 Clear |8.3 10k Gravel None
rubble
8/20 | 2:00 m 3 3% 8 52 1.5 2-3 Clear | 8.4 106 Gravel Fone
rubble
8/20 3:00 m 4 % to 10 52 6 1-3 Clear 8.4 108 Gravel None
rubble
8/21 | 8:00 am 5 3t0 6 ks 5.6 2-3 Clear |8.4 110 Gravel Fone
rubble .
8/21 | 9:00 am 6 3to & (%3 5.8 2-3 Clear |8.4 12k Gravel None
rubble
8/21 [10:00 sm 9 3t &8 6 2 Clear |8.4 130 Gravel None
rubble




Table 18 - Physical and Chemicul Charscteyistics of Tra, Creek, 1956
Btation Vater Water ¥low In | Velocity "G, Fature
Date Hour No. depth temperature cfn. in Turdidity | pH | alkelinity] of Vegetation
{inches) (ieﬂan F.) f.8. p-p-m bottom
- - 0 —— - - — - — - - -
6/22 | 9:00 am 1 6 to 12 39 37 3-5 Clear | 8.3 10 Gravel None
boulders
6/22 | 10:30 em 8 6 to 12 39 37 3-5 Clear |8.3 70 Gravel Fone
boulders
6/21 | 3:00 pm 2 8 to 12 k3 34 3 Clear |8.3 75 Gravel None
rubble
6/21 | 13:30 am 3 6 to 10 b 34 3-5 Clear 8.3 75 Graval None
rubble
6/20 2:30 m 4 8 to 12 L8 4o 3.5 glight | 8.3 88 Oravel None
rubble
6/20 {11:30 am 5 8 to 12 49 ko 3-4 Clear 8.3 88 Gravel None
) rubble
6/20 8:30 am 3 6 to 10 48 ko 4 Clear |8.3 88 Gravel None
rabble
6/21 9300 am 7 6 to 12 By 38 b5 Cleer |8.3 88 Gravel Kone
rubble
7/21 | 1.:00 e 4] 3to 8 20 2.k Cleer 8.2 65 Gravel None
rubble
7/11 | 1:00 pm 1 3 to 10 52 20.5 2-5 Clesx | B.2 70 Gravel None
rubble
/11 2:00 pa 8 2% 8 53 - 21 2.5 Clear 8.2 T0 Gravel None
rubble
T/12 | 9:30 em 2 3t 6 7 2k 2-h Clear | 8.3 T Gravel None
rubble
T/12 | 11:00 am 3 3to 8 51 18 2-3 Clear | 8.4 82 Gravel Fone
rubble
7/12 3:00 pm & hto8 56 22 3-5 Clear 8.3 98 Gravel None
rubble
7/32 4:00 pm 5 hto8 52 20 3-It Clesr 8.k 106 Gravel Kone
: Tubble
T/13 | 10:00 em 6 3t 6 52 15.5 2-4 Clear | 8.5 108 Gravel Rone
rubble
T/13 | 11:00 s T 3to 6 53 15 2-4 Clear | 8.5 10 Gravel None
’ . rubble
7/25 | 10:00 am [} 2to 6 47 [ 2-3 Clear 8.2 T0 Gravel Light
Tubble algae
T/25 | 11:00 sm 1 3t08 51 8.7 2-h Cleer | 8.2 76 Gravel Light
rubble algae
7/25 | 11:30 am 8 2t0 8 51 9.5 2.4 Clear | 8.2 76 Gravel Light
rubble algae
7/25 | 12:30 pm 2 3to 8 86 9 2-h Clear | 8.3 82 Greaval Light
rubble slges
7/25 | 1:00 mm 3 2405 58 1.7 1-3 Clear | 8.4 R Gravel Algne
rubble
1/25 2:00 pm 13 3tc 8 58 1.7 a-h Cleer 8.4 11k Gravel Algne
rubble
T/2h 3:%0 5 3t08 57 1.7 2-3 Clear | 8.6 116 Gravel Algae
rubble
T/24 | 3:00 pm 6 3 to 8 59 9 2-4 Clear | 9.0 ns Gravel Algne
rubble
T/2h 2:00 pm 7 3t08 58 10 2.4 Clear 10.0 120 Gravel Heavy
rubble algne
8/22 9:00 am ] k to 6 43 P 2 Clear 8.3 90 Gravel None
8/22 9:30 am 1 3w 8 Iy 6.5 2.3 Glear 8.3 90 Gravel Nona
8/22 | 10:00 am 8 k%o 8 ks 6.4 2.3 Clear 8.4 90 Gravel None
8/22 | 11:00 am 2 4 t0 8 50 8.0 3 Clear 8.3 9% Qravel None
8/22 | 12:00 em 3 2to 6 52 7.2 2 Clear | 8.4 108 Gravel. None
8/21 3:00 pa i k to 10 55 10.7 3-4 Cleer 8.3 134 Gravel Kone
8/21 2:00 pm 5 h‘to 10 56 it 2 Clear 8.4 1k2 Rubble None
8/21 1:30 pa 6 L to 8 59 L 2 Clear 8.k ko Rubble None
8/21 | 1:00 pm T 3t0 6 58 k.75 3 Clear | 8.5 13h Rubble None
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Table 19 - Summary of streamflow measurements and water chemistry
determinations, Canyon Creek, 1956

Station Date | Flow Velocity pH M.O.
. (cfs) (f.s.) ~1kalinity (p.p.m.)

1 6/22 | L2 3 -5 8.3 52
1 79 0 39 3-h 8.1 62
1 7/23 ¢ 25.5 . 2 -3 8.3 70
1 /20 11 . 1-3 8.3 96
7 6/23 + ko 3 -4 8.3 54
7 7/10 © 39 3 -k 8.1 62
7 7/23 025 2 -3 8.5 | 70
7 8/e0 1 11 1-3 8.3 96
8 6/23 1 k2 3 -k 8.3 60
8 7/10 . 28.2 2 - L 8.2 68
8 7/23 ¢ 25 2 - L 8.5 80
8 8/20 | 12.7 2 -3 8.3 100
2 6/23 50 3-5 1§ 8.3 66
2 7/10 28 3-4 | 8.2 68
2 7/23 19 2 - b 8.5 79
2 8/20 12 2 -3 8.4 10k
3 6/18 80 3-5 8.1 60
3 7/9 36 3 -4 8.4 86
3 /23 17 . 2-4h 8.6 88
3 8/20 12 . 2-3 8.4 106
i 6/19 71 ¢ 3 -3 8.1 | 60
L 7/11 0 31, 2 -1h 8.3 | 76
4 T/ek . 23 0 2 -5 8.5 93
ok 8/20 6 1-3 8.4 108
5 5/19 58 3 - b 8.1 ! 60
5 7/10 27 3-5 8.3 | 78
5 T/2% 23 3-1h 8.5 95
5 8/21 - 6 2 -3 8.4 | 110
& 6/10 - 60 3-5 8.1 60
& 7/10 28 3 -4 1 8. 88
& /e 11 2-L 1 8.6 10k
o 8/21 6, 2-3 8.4 | 12k

Stations in order from upper to lower portion of stream.
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Table 20 - Summary of streamflow méasurements and water chemistry
determinations, Trapper Creek, 1956 T '

Station. Date Flow = Velocity: pH | M.O. T
' __(efs) = (f.8.) alkalinity (p.pm.)
1 6/22 1 37 | 3 -5 8.3 70
1 /120 21 | 2 -5 8.2 70
1 7/25 10 | 2-k 8.2 | 76
1 /2! 7 | 2-3 8.3 | 90
* |
8 6/22 1 37 | 3-5 8.3 70
8 7/110 21 ¢ 2 -5 8.2 70
8 7/25 7 10 0 2 -k 8.2 76
8 8/22 | 6 2-3 8.4 90
2 6/21 | 3k 3-5 8.3 | 75
2 7/12 | 2k 2 -k | 83 h
2 7/25 9 2 -k 8.3 82
2 8/22 8 2 -3 8.3 96
3 6/21 3-5 8.3
3 7/12 1 18 2-3 1 8. 82
3 7/25 . 12 1 -3 8.4 92
3 8/22 1 71 1-2 8k 108
; |
Lot o 6/20 1 ko 3-5 ? 8.3 | 88
L 7/12 0 22 3-5 8.3 ! 98
Lo 7/25 8 2-4 . 84 | 11 |
b 821 11 3-4 | 8.3 134 - l
5 6/20 © 40 | 3 -4 g 8.3 40 | | ]
5 T/12 . 20 ; 3-4% ¢ 8. 106
5 7/2h 12 2-3 | 8.6 116
5 8/21 - 11 i 2 -3 8.4 12
6 6/20 i3 - 8.3 88
6 /131 16 1 2 -k 8.5 108
6 7/24 9 2 -4 8.6 118
6 8/21 i 2 -4 8.4 140
7 6/21 | 38 L -5 8.3 88
7 7/13 15 2 -} 8.5 110
7 7/2k 10 2 - U 8.6 120
i 8/21 L5 2 -3 8.5 i 13k

Stations in order from upper to lower portion of stream.
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Table 21 - Daily maximum and minimum water temperatures in degrees,
Fahrenheit, Trapper and Canyon Creeks, 1956

Date | Trapper Cr. Canyon Cr. | Date | Trapper Cr. Canyon Cr.
Max. Min. Max. Min. ‘ Max. | Min. | Max. | Min.
6/20 48 L5 7/25 58 53 65 51
6/21 kg 4s 7/26 57 52 60 kg
6/22| 50 45 7/271 55 53 59 52
6/23 50 48 | 51 W7 7/28 56 52 60 L9
6/2k 50 W | 51 43 7/29 57 53 61 51
6/251 50 ks 53 b1 7/30| 55 52 63 ko
6/26 52 s |+ 56 43 7/31 5k 52 56 51
6/27 5k L8 | 56 Il 8/1 53 Lg 56 48
6/28 55 kg 57 L6 8/2 5l 51 55 48
6/29| 5k 49 56 45 8/3 Sk 50 55 45
6/30 51 L7 54 ho 8/4 53 50 51 inn
7/1 51 48 52 43 8/5 52 kg 55 Ly
7/2 L9 bk g ho 8/6 52 50 5l Lg
/3 Lo Ly 51 b1 8/7 52 Lo 52 b5
7/h kg 45 50 bl 8/8 54 18 53 ko
/5 50 L6 |, 53 b1 8/9 53 50 55 7
7/6 51 48 1 56 L5 8/10} 51 k9 5k 46
7/7 1 534 W8, 57 | uk 8/11{ 52 | k9 | 53 | b5
7/8 53 48 55 43 8/121 53 48 50 b5
7/9 55 50 8/131 50 49 56 46
7/101 55 51 8/1h { 5k 50 56 7
7/111  5b 51 59 50 8/151 5k 52 57 50
7/121 5k k9 59 b7 8/16 1 57 51 56 48
7/131 53 50 55 ko 8/171 56 51 55 bt
T/ue sk | k9 52 | L7 8/18 1 55 50 | 55 | Lk
/151 53 50 ~ 8/19 | 5k kg 52 46
7/16] 55 k9 59 | 47} 8/20) 5k 50 51 | 46
TATL 55 | 50 | 59 | M ] 8/21i 5k { k9
7/181 55 50 5 { W7l 8/e2f 55 50 53 50
7/191 56 51 61 48 8/23 1 5k 50 52 50
7/20 55 52 61 TS 8/2L 55 50 52 50
7/211 57 52 62 50 8/25 | 53 kg 52 48
7/221 57 52 : 8/26 1 52 49 52 kg
7/231 56 52 63 50 8/27 1 k4o 48
7/2h} 56 53 58 50
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EXTENSIVE STUDY STREAMS

Fish Shocking

The results of shocking for fish on the 11 streams on the extensive study
are shown in tables 22, 23, and 24. The type of data collected on thesge
streams was substantially the same as that for Canyon and Trepper Creeks.
Population indices increased or remained about the same after spraying

on all streams except on the Musselshell River at one Station. The
reason for this difference igs not apparent from the data collected.

Trout condition decreased on some of the streams but the data do not show
that this is related to the reduction of food brought about by the spray
because decreases occurred on unsprayed sections as well as on sprayed
sections. The condition of the trout in most of the sampling sections
improved as the season advanced.

Bottom Samples

Table 25 shows the results of square~foot bottom samples taken on the
11 streams of the extensive study. It represents a total of 110 BqQuare
feet of bottom samples. The data substantiate the findings on Canyon
and Trapper Creeks. Aerial DDT spray caused a material loss of bottom
organisms in sprayed sections but samples above and below spray areas
show no substantial difference before or after.
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