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INTRODUCTION 

In A1 a s  ka , both pi n k  (Oncorhynchus gorbuscha)  and chum (Oncorhynchus k e t a )  
salmon deposit t h e i r  eggs i n  the gravel of coastal streams from July unt i l  
October and f ry  migrate i n to  sal twater the  following spring. During the 
period of downstream migration both species of f r y  a re  from 26 to  36 mi l l i -  
meters long; being newly-emerged from the gravel ,  they a re  r e l a t i ve ly  help- 
l e s s  and are ' subject  t o  extensive predation by larger  f i sh .  

One predator upon salmon f r y  i s  the freshwater sculpin (any one of a number 
of species of c o t t u s ) .  Since s tudies  of pink salmon were being conducted i n  
Big Kitoi Outlet and since large numbers of sculpin ( c o t t u s  a l e u t i c u s )  were 
found in t h i s  stream, a study was undertaken to  determine the e f f ec t  of 
treatment with toxaphene and rotenone upon the sculpin population. 

One thousand l ineal  f e e t  of Big Kitoi Outlet was used fo r  t h i s  study; the 
stream was t reated and s tudies  were continued a f t e r  treatment. Objectives 
were as  follows : 

1. To estimate number of c o t t u s  a l e u t i c u s  in a portion of Big Kitoi 
Outlet pr ior  t o  treatment. 

2. To determine extent  of predation by sculpins on pink salmon f r y  
during the spring downstream migration. 

3. To determine types of invertebrate organisms l iv ing in the stream- 
bed and a t  the same time t o  find out food preferences of sculpins. 

4. To evaluate the e f f e c t  of administration of toxaphene on ver tebrate  
and inver tebrate  organisms. 

5. To determine r a t e  of recruitment of ver tebrate  and invertebrate 
organisms a f t e r  eradication of original  populations. 

T h i s  repor t  i s  a br ief  summary of r e su l t s  of the rehab i l i t a t ion  of Big Kitoi 
Outlet.  The length-weight re la t ionship  of sculpins ,  a s tarvat ion experiment, 
r a t e  of recruitment of bottom organisms, r a t e  of recruitment of sculpins from 
the lake and stream above the t rea ted  area,  and observations on the l i f e  his- 
tory of these f i s h  will  a l l  be t reated i n  more de ta i l  i n  l a t e r  reports .  

DESCRIPTION OF T H E  AREA 

Big Kitoi Outlet ( i n  the Chugach National Forest,  Afognak Island) runs from 
Big Kitoi Lake (356 acres)  f o r  about 2,000 f e e t  before i t  en te rs  sal twater 
adjacent t o  Alaska Department of Fish and Game Kitoi Bay Research Station 
(Figure 1 ) .  The stream var ies  i n  width from 15 to  20 f e e t  a t  the lake ou t l e t  
t o  60 f e e t  in  the  extreme lower reaches. Average depth i s  about 11 inches. 
Since the stream i s  accessible to  salmon for  only half i t s  t o t a l  length (1000 
f e e t )  no physical charac te r i s t i cs  were determined above the f a l l s .  



AFOGNAI< ISLAND 

1 I Scale I 
I l o  2000 feet I Figure 1 .  Map o f  K i  t o i  Bay and v ic in i ty .  



From f a l l s  t o  t idewater,  the average gradient  i s  2.30 percent. The streambed 
i s  composed of rocks 6 t o  18 inches in longest diameter w i t h  smaller mater ia ls  
in between. Analysis of samples of gravel show tha t  a t  l e a s t  80 percent of the  
pa r t i c l e s  composing the streambed a r e  l a rger  than three  mill imeters.  

No accurate s t a t i s t i c s  a r e  avai lable  on spawning ground escapements t o  Big 
Kitoi Outlet  pr ior  t o  i n i t i a t i o n  of Department p i n k  salmon s tudies .  In 1960, 
there was an escapement of about 4,000 and i n  1961, of about 5,000 pink salmon. 
Also present in the stream from time t o  time a r e  coho salmon (Oncorhynchus 
k i s u t c h ) ,  do]-ly varden (sa lvel inus  m a l m a )  and rainbow t rou t  (salmo ga i rdner i i ) ,  
three-spined st ickleback (Gasterosteus aculeatus - sa l twater  type) ,  a few smelt 
(osmerus s p . ) ,  and a few blennies (the crescent  gunnel, Phol is  lae ta) .  

THE REHABILITATION OPERATION 

Big Kitoi Outlet stream was t rea ted  with toxaphene on July 5 and 6 and with 
rotenone on July 9,  1961. 

Toxaphene was Agricultural Cooper Tox No. 6. Original f i v e  gallon cans were 
placed a t  the top of the  12 foot  f a l l s ,  and the emulsif iable concentrate was 
metered from the can by means of a simple siphon, rubber tube and adjus table  
clamp. Rate of flow was determined with a graduated cylinder and stopwatch. 
Thorough mixing was insured by the cascading water. 

The f i r s t  f i ve  gallons of toxaphene were metered over a period of 11.5 hours 
on July 5 ,  and the second f i ve  gallons over a period of seven hours on July 6. 
Concentration of toxaphene was calculated on the  basis  of amount of l iqu id  from 
the can mixed with known discharge of the stream (13.1 second f e e t ) .  

Concentrations during the f i r s t  day ranged from 0.225 t o  3.000 ppm with an 
average concentration during the 11.5 hours of 1.232 ppm. On the second day, 
concentrations ranged from 1.438 t o  2.696 ppm with an average concentration 
during the seven hours of 2.025 ppm. 

On July 9,  four 50 pound bags of rotenone were s l i t  and placed a t  the same 
location as the toxaphene. Rotenone powder was allowed t o  leach from the  bags 
f o r  5-1/2 hours; then the bags were dumped, creat ing a strong concentration of 
rotenone f o r  a shor t  period of time. 

After treatment, a l l  v i s i b l e  dead f i s h  were counted. In addi t ion,  rocks were 
turned over and the streambed examined because most of the sculpins remained 
under rocks a f t e r  they had died. 

On one gravel bar in the  i n t e r t i da l  zone, l i v e  sculpins were found ( a f t e r  the 
f i r s t  day 's  t reatment)  under rocks a f t e r  the  t i d e  receded. T h i s  bar was l i b -  
era l  l y  sprinkled with powdered rotenone and the next day a1 1 sculpins were 
dead. 



METHODS 

Toxi ci  ty  Tests 

Toxicity of stream water was evaluated by placing l i ve  f i sh  in small wire 
screen minnow t raps  up and down the stream and observing e f f ec t s  on f i s h  a t  
periodic in te rva l s  during and a f t e r  treatment. 

We determined the population of sculpins in Big Kitoi Outlet p r io r  t o  poison- 
ing by flushiHg random four square foot  areas w i t h  a mixed air-water j e t  
directed in to  the streambed (McNeil 1960). Sculpins are  dislodged from the 
streambed and washed in to  a col lect ing net .  

We determined the extent  of predation by capturing sculpins with an e lect ro-  
shocker during the morning a f t e r  a nightly outmigration of pink salmon f r y  had 
occurred. Specimens were preserved immediately and stomachs examined l a t e r .  

Types of inver tebrate  organisms in the  streambed were ascertained by periodic 
sampling w i t h  a Surber square foot  bottom sampler. Each sample was sor ted,  
organisms iden t i f i ed  and the number i n  each group recorded. Weights were 
recorded t o  the  nearest  ten thousandth gram and data were t ransferred t o  IBM 
cards fo r  tabu1 ation.  

RESULTS 

Extent of Mixing 

Heavier concentrations of both toxaphene and rotenone caused water in the 
stream t o  t u r n  a milky color.  Although i t  appeared t ha t  thorough mixing was 
achieved, a high concentration of f luorescein dye was inserted a t  the t r e a t -  
ment point t o  make mixing eas ie r  to  observe. Observations of dye showed 
complete mixing from the f a l l s  to  t idewater,  even in  small pools and backwater 
eddies . 
To determine the extent  of penetration of toxicant in to  streambed gravels,  
p l a s t i c  standpipes were placed (depth 7-8 inches) a t  s i x  cross-sectional 
s t a t i ons  the length of the stream. A method of determining the concentration 
of toxaphene i n  water samples withdrawn from standpipes had previously been 
worked out i n  the  Kitoi Research Station laboratory. However, when t h i s  method 
gave e r r a t i c  r e su l t s ,  the use of dye-marked water was resorted to .  Vaux ( i n  
press)  and Sheridan ( i n  press)  show a constant interchange between surface 
stream water and water i n  the  gravel of the streambed. Based on these f indings 
alone, we can assume penetration of toxicant in to  the gravel. In corroboration 
of the assumption, a f t e r  dye was released upstream i t  was eas i ly  detectable i n  
samples of water withdrawn from the standpipe. 

Effects of Treatment 

FISH 

Treatment of Big Kitoi Outlet w i t h  10 gallons of toxaphene dispensed over 



a period of 18.5 hours a t  an average concentration of 1.232 t o  2.025 ppm 
apparently achieved a complete k i l l  of res ident  f i s h  (numbers of f i s h  of 
each species counted a f t e r  treatment i s  given i n  Table 1 ) .  

Table 1. Number of dead f i s h  of each species observed a f t e r  treatment of 
Big K i  t o i  Out le t ,  Ju ly ,  1961. 

Species Number Dead 

Scul pi ns 2,000 
Dolly Varden char 43 
Rainbow t rou t  3 
Coho finger1 ings 7 4 
Blennies 6 

Total 2,126 

Additional treatment with 200 pounds of rotenone was given three  days l a t e r ,  
merely as added insurance agains t  sculpins remaining a l i ve  i n  e i t h e r  the 
stream or on gravel bars. 

The use of coho and red salmon (Oncorhynchus nerka) smolts, three-spined 
st ickleback and sculpins as bio-assay animals showed t h a t  the stream became 
de f i n i t e l y  non-toxic a f t e r  21 days. In addit ion t o  bio-assay r e s u l t s ,  dolly 
varden char moved i n to  the stream from sal twater  and remained through duration 
of the  salmon spawning r u n .  

BOTTOM INVERTEBRATES 

Nine 100 foo t  ( l i n e a l )  sections i n  Big Kitoi Outlet  were used in bottom fauna 
s tudies .  However, major sampling e f f o r t  was expended i n  sect ion 3 t o  9. 
Section 3 was flooded by s a l t  water a t  each high t i d e  and sections 4 and 5 
were a l so  influenced by extremely high t i de s .  Section 9 was located imme- 
d i a t e ly  below a s e r i e s  of f a l l s  which prevent salmon and other f i s h  from 
gaining entry  i n to  Big K i  t o i  Lake. 

As a r e s u l t  of r ehab i l i t a t ing  Big Kitoi Outlet e f f ec t s  on bottom organisms 
were as  follows: 

1. Insects  succumbed more rapidly than other  invertebrates such as  
clams and s n a i l s  which were the l a s t  t o  disappear. 

2. There was a complete k i l l  of insec t s  i n  the stream; however, molluscs 
were never completely eradicated although seriously depleted. 

3. Amphipods and Isopods in i n t e r t i d a l  sections were completely eradi-  
cated. 



4. Upstream sections became barren of bottom fauna before lower and 
i n t e r t i da l  sections.  

5. When recruitment s t a r t ed ,  l a t e r  in the summer, upstream sections 
were f i r s t  t o  show influx of bottom fauna. This i s  probably due 
a t  l e a s t  pa r t i a l l y  t o  d r i f t - i n  of organisms from the lake and 
stream above the rehab i l i t a ted  area. 

6 .  Part ia l  ly-eradi cated mollusc populations were f i r s t  t o  show a 
marked increase. 

7. Insects were very slow to  appear in  quanti ty and only now (more 
than s i x  months l a t e r )  a re  they again appearing in numbers. 

A to ta l  of 116 sculpins were taken during the  pre-rehabi l i ta t ion period i n  
March and May. Stomachs of 30 of these f i s h  were empty; contents of the  
remaining 86 a re  shown in  Table 2 as percent of sculpins taking each group 
of bottom fauna. 

In general,  i t  appears t ha t  food organisms were consumed because of ava i l ab i l i t y  
ra ther  than preference. However, midge larvae (Tendipedidae) seemed to  be the 
most heavily u t i l i z ed  groups in a l l  sections.  In the  most important i n t e r t i da l  
section (Section 3) amphipods were taken t o  a large extent ,  and i n  t h i s  sec t ion ,  
the midge larvae were l e s s  u t i l i z ed ,  b u t  a l so  l e s s  prevalent. 

Sculpins taken during t h i s  par t i cu la r  phase of the study did not show a heavy 
predation on pink salmon f r y ,  but many co t t i d s  were captured a f t e r  the major 
p i n k  salmon f r y  migration had ended. 

Bottom fauna data a r e  summarized in Tables 3 ,  4 ,  and 5. Table 3 shows the 
species composition and number of organisms per square foot  in section 3 
through 6 pr ior  t o  rehab i l i t a t ion  i n  ear ly  July. These a r e  combined r e su l t s  
of March and May sampling. Results of post-rehabi 1 i t a t ion  sampling (July ,  
August, and September) a re  shown in Table 4. Table 5 represents number and 
weight of organisms per square foot  from the combined pre-rehabi l i ta t ion and 
post - rehabi l i ta t ion sampling. 

DISCUSSION 

A primary objective i n  t r ea t ing  Big Kitoi Outlet with toxicants was t o  eradicate  
the sculpin population because the f i s h  prey upon p i n k  salmon fry .  We f i r s t  
established t h a t ,  generally,  sculpins prey upon salmon f r y ,  and secondly we 
determined t ha t  this f i s h  was a predator in Big Kitoi Outlet stream. 

Instances of predation by sculpins on salmon f r y  are  mentioned i n  various 
repor ts .  There i s  some conf l i c t  on the  extent  of predation which makes us 
think t ha t  t h i s  may depend somewhat on the species of sculpin we a re  dealing 
w i t h .  Baily (1952) s t a t e s  t ha t  food s tudies  on cot tus  b a i r d i  by Ricker (1934), 
Koster (1937), and Dineen (1951) indicate  t h a t  t h i s  species i s  not a serious 
game f i s h  predator. Bailey's  (1 952) study agreed w i t h  these findings. 



Table 2. Number and percen t  o f  s c u l p i n s  u t i l i z i n g  each group o f  bottom fauna 
(number o f  stomachs sampled i s  86).  

Group No, and Pe rcen t  o f  Scu lp in s  
Taking Each Group * 

Sec. 3 Sec. 4 Sec. 5 Sec. 6 Sec. 7 Sec. 8 T o t a l  

Tendipedidae 21-66 6-100 13-76 10-100 11-85 6-75 67-78 

Trichop t e r a  1-3 0-0 0-0 1-10 1- 8 0-0 3 -3 

Ephenerop t e r a  0-0 0-0 1- 6 0-0 0-0 0-0 1-1 

Amphip oda 9-28 0-0 1- 6 0-0 1- 8 0-0 11-13 

Isopoda 2-6 0- 0 0-0 0-0 1- 8 0-0 3 -3 

- - 

Pink salmon f r y  2-6 0-0 0-0 0-0 0-0 2-25 2-2 

* Number be fo re  dash i n d i c a t e s  number o f  s c u l p i n s  t a k i n g  each group. 
Number a f t e r  dash i n d i c a t e s  percen t  o f  scu lp i ns  t a k i n g  each group. 



Table  3. Number and p e r c e n t  o f  organisms p e r  s q u a r e  f o o t  b e f o r e  (March, May) 
rehab i  1 i t a t i o n .  

No. o f  organisms/sq. f t .  
(% organisrns/s q. f t . ) 

Group Sec. 3 Sec. 4 Sec. 5 Sec. 6 T o t a l  
46.4 24.5 82.3 43.3 49.1 

Tendipe d idae  (13.8) (21.2) (61.1) (60.6) (29.9) 
0 3.3 10.4 12.9 6.6 

Simul-iidae (0.0) (2.9) (7.7) (18.0) (4.0) 
1.0 3.9 2.0 3.0 2.5 

Misc. D i  t e r a  (0.3 4.2 1 .5  
0 0.6 0.6 0.5 0.4 

T r i c k o p t e r a  (0.0) (0.5) (0.4) (0.7) (0.2) 
0 . 1  0.8 5.3 5.3 2.8 

Epherneropt e r a  (0.0) (0.7) (3.9) (7.4) (1.7) 
0 .1  0 0.1 0 0 .1  

Misc. I n s e c t a  (0 -0)  (0.0) (0 -1)  (0.0) (0.1) 
5.0 11.8 0.9 4.3 5.5 

Annel ida  (1.5) (10.2) (0.7) (6.0) (3.3) 
153.6 1 8  -1 0 -1 0 43 .O 

bhphinoda (45.7) (15.7) (0.1) (0.0) (26.1) 
129.8 50.8 0.4 0 45.2 

Isopoda (38.6) (44.0) (0.3) (0.0) (27.5) 
0 0.3 5.4 0.9 1 .6  

Gastropoda (0.0) (0.3) (4.0) (1.3) (1.0) 
0 1.6 27.3 1 .5  7.6 

Pelecypoda (0.0) (1.4) (20.3) (2.1) (4.6) 
336.0 115.5 134.6 71.5 164.4 

TOTAL (99 -9) (100.3) (100.1) ( l00 ,3 )  (99.9) 



Table 4. Number and percent of organisms per square foot  a f t e r  (July-Sept.) 
r ehab i l i t a t ion .  

No. organisms/sq, ft. 
(% organisms/sq. E t  .) 

Group Sec. 3 S e c . 4  S e c . 5  Sec. 6 Sec. 7 S e c . 9  T o t a l  
23.8 10.3 73.0 25.2 14.3 1 .4  21.7 

Tendipedidae (25.1) (20.6) (93 -8 )  (55.3) (43.3) (17 -9) (42.8) 
0.2 0 0 0.1 0 0 0 .1  

Simii l i idae  (0.2) 10.0) (0.0) 10.2) (0.0) (0.0) (0.2) 
0 0 1.5 0 0.7 0.2 0.2 

Misc. D i p t e r a  (0.0) (0.0) (1.9) (0.0) (2.16 (2.6) (0.4) 
0 0.1 0.3 0 .1  0.3 1 .0  0.2 

T r i c h o p t e r a  (0.0) (0.2) (0.4'1 (0.2) (0.9) (12.8) (0.4) 
0.2 0 0.5 0.4 0 0.8 0.3 

Ephemeropt e r  a (0.2) (0.0) (0.6) (0 -9)  (0.0) (10.3) (0.6) 
0 0 0 0.2 1.0 0 0 .1  

Misc. l n s e c t a  (0.0) (0.0) (0.0) (0  -4) (3.0) (0.0) (0.2) 
2.4 3 . 3  2.0 0 0 0 1.5 

A ~ n e L i d a  (2.5) (6.6) (2.6) (0.0) (0.0) (0.0) (3 .01  
20.6 3.5 0 0 0 0 3.7 

Aqphiaoda (21.8) (7.0) (0.0) (0.0)  (0.0) (0.0) (7.3) 
47.4 19.3 0 0 0 0 11.8  

Isopoda (50.1) (38.6) (0.0) (0.0) (0.0) (0.0) (23.2) 
0 0.5 0.3 5.0 1.0 2.0 1.8 

Gastropoda (0.0) (1.0) (0.4) ( 11.0) ( 3  .O) (25.6) (3.6)- 
0 13 .1  0.3 lb.6 15.7 2.Y 9.2 

Pelecypoda (0.0) (26.2) (0.4) (32.0) (47.6) (30.8) (18.11 
94.6 50.0 77.8 45.6 33.0 7.8 50.7 

TOTAL (99.9) (100.2) (100.1) (100.0) (99.9) (100.0) (99.8) 



Table 5. Number and weight of organisms per square f o o t  before and a f t e r  
rehabi l i  t a t i o n .  

Pre-rehabi l i ta t ion Post - r ehab i l i t  a t ion  

Section NO. per  sq. f-t. i ' f .  per sq. ft .1 INo. per sq. it. sa. ft. 

TOTAL ALL, 
SECTIONS 164.4 



On the  o the r  hand, Robertson (1949) reported t h a t  sculp ins  ( spec ies  not  men- 
t ioned)  exacted the  g r e a t e s t  t o l l  on sockeye salmon f r y  migrat ing from t r i b -  
u tary  streams i n t o  Port John Lake ( B r i t i s h  Columbia). One scu lp in ,  4-1/2" 
long, contained 38 f r y  and the  general average was 13 f r y  per sculp in .  
Pri tchard (1936) determined t h a t  the  average consumption of salmon f r y  by 
sculp ins  in  McClinton Creek, B . C . ,  f o r  1931 and 1933 was 0.8 and 1 .5  f r y  per 
sculp in .  Hunter (1959) s t a t e d  t h a t  in  Hooknose Creek, Port John, B r i t i s h  
Columbia, c o t t u s  a l e u t i c u s  and c o t t u s  a s p e r  were in  a r a t i o  of 1:17. Stomach 
contents  indica ted  they fed almost exclus ive ly  on pink and chum f r y  during t h e  
period of dowt'istream migration. Hunter ca lcula ted  t h a t  numbers of pink and 
chum f r y  consumed by sculp ins  alone (1948 t o  1957) ranged from 73,868 i n  1950 
t o  276,833 i n  1948 (based on 1.5 f r y  per sculp in  X number of sculp ins  X 35 
days, period of 100% e f fec t iveness  of p reda to r s ) .  Hi kata and Nagasawa (1 960) 
reported t h a t  of 442 c o t t u s  nozawae stomachs examined in  Memu Stream, Tokachi 
River system, 5.42 percent  contained salmon f r y .  

Hence, i t  i s  c l e a r  t h a t  where freshwater  sculp ins  have access t o  salmon f r y ,  
more than one species  i s  a ser ious  predator .  

To evalua te  the  ser iousness  of predat ion in  Big Kitoi Ou t l e t ,  numbers of scul -  
pins ( c o t t u s  a l e u t i c u s )  were est imated,  r a t e  of d iges t ion  was s tudied  and 
stomachs from captured specimens were examined. Population es t imates  a r e  
shown in  Table 6. 

Table 6 .  Population es t imate  of c o t t u s  a l e u t i c u s  i n  Big Kitoi Out le t  stream. 

Date Type of Enumeration Range of Estimate 

November, 1961 Hydraulic excavator 24,026 + 9,394 

March, 1961 Hydraulic excavator 37,957 + 9,265 

Ju ly ,  1961 Tag and recovery 40,040 

A s tanding crop of 25,000 c. a l e u t i c u s  i n  Big Kitoi Out le t  i s  used a s  a bas i s  
f o r  ca l cu la t ions  i n  t h i s  repor t .  

Rate of d iges t ion  s t u d i e s  showed t h a t  seven hours a f t e r  consumption, pink salmon 
f r y  were r e a d i l y  de tec tab le  a s  such. After  20 hours, f r y  were mostly a digested 
mass, almost unrecognizable a s  f i s h .  This means t h a t  pink f r y  (recognizable a s  
such) found in sculp in  stomachs in the  morning were most l i k e l y  eaten the  pre- 
vious night .  

Along with the  d iges t ion  experiment, a s t a rva t ion  experiment was conducted t o  
determine how long sculp ins  could go without food. Thi r ty- f ive  sculp ins  (5.0 
t o  9.4 cm long) were held without food from April 11 t o  Ju ly  14, 1961 in  a 25- 
gal lon aquarium with running water .  The experiment was discontinued on Ju ly  14 
when the  f i r s t  sculp ins  died and a l l  were emaciated and i n  very poor condit ion.  
Decrease in  weight and 95 percent  confidence l i m i t s  f o r  mean weights over a 
period of 94 days a r e  shown i n  Figures 2 and 3. Average weight lo s s  of bio- 
mass was 0.92 grams with an average of 0.00979 gram weight decrease per  day. 
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Figure  2.  Ninety-f ive  p e r c e n t  conf idence  l i m i t s  f o r  mean weigh t s  of 35 
c o t t i d s  g iven no food f o r  a p e r i o d  o f  94 days .  Big Ki to i  O u t l e t  
s t r e a m ,  1961. 
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Figure 3. Decrease i n  weight of  35 c o t t i d s  held without  food f o r  a per iod 
of  94 days. Big Ki t o i  O u t l e t  - 1961 . 



It does n o t  appear l i k e l y  t h a t  c o t t u s  a l e u t i c u s  i s  an o b l i g a t e  p redator  on 
salmon eggs and fry. This  freshwater s c u l p i n  u s u a l l y  has many bottom inve r -  
t eb ra tes  avai l 'ab le and we know t h a t  i t  feeds on these. It i s  more l i k e l y  
t h a t  salmon eggs i n  t he  f a l l  and f r y  i n  t he  sp r i ng  c o n s t i t u t e  a  major  p o r t i o n  
o f  t h e  d i e t  a t  the  t ime eggs and f r y  a re  a v a i l a b l e ,  and t h a t  i n v e r t e b r a t e  
organisms are  eaten du r i ng  the  remainder o f  the  year .  

To determine t h e  ex ten t  o f  p reda t i on  by scu lp ins  i n  B i g  K i t o i  Ou t l e t ,  180 were 
c o l l e c t e d  w i t h  an e l e c t r o  shocker on May 10, 11, and 12, 1961, w h i l e  t h e  down- 
stream p ink  salmon fry ou tm ig ra t i on  was s t i l l  going strong. O f  t he  180 scu l -  
p ins ,  25 conta ined an average o f  2.1 f r y ,  o r  an o v e r a l l  average o f  0.139 f r y  
per  scu lp in .  The smal les t  s c u l p i n  found w i t h  f r y  was 2.7 cm, t he  l a r g e s t  8.3 
cm long. O f  t he  25,000 scu lp ins  est imated i n  B i g  K i t o i  O u t l e t ,  97.8 percent  
(based on sample of 597 scu lp ins  c o l l e c t e d  and measured a f t e r  t reatment ,  o r  
24,500, f a l l  w i t h i n  t he  s i z e  range o f  scu lp ins  p rey ing  upon p ink  salmon. Mul- 
t i p l y i n g  30 days (du ra t i on  o f  most i n tense  p ink  salmon f r y  m i g r a t i o n )  X number 
o f  scu lp ins  (24,500) capable o f  consuming f ry  X r a t e  o f  p reda t i on  by scu lp ins  
(0.139) we f i n d  t h a t  approximately 102,165 p i n k  salmon f r y  were probably  con- 
sumed by scu lp ins  du r i ng  the  s p r i n g  o f  1961. Prev iously ,  we est imated 847,500 
+ 418,600 f ry  i n  t he  gravel  i n  March; hence 12 percent  o f  t he  mean est imated 
number o f  p i n k  salmon f r y  were eaten by scu lp ins .  

The e f f e c t  o f  p redat ion  o f  t h i s  type i s  dens i t y  dependent (Neave, 1953). A 
cons tan t  number of scu lp ins  can e a t  j u s t  so many p i n k  salmon f r y  and no more, 
regard less o f  t he  number o f  f r y  ava i l ab le .  Therefore, i n  years when few p i n k  
salmon f ry  a re  produced, a  much l a r g e r  p r o p o r t i o n  would be eaten, perhaps enough 
t o  keep a  depressed spawning r u n  depressed beyond the  p o i n t  o f  n a t u r a l  r e h a b i l i -  
t a t i o n .  

B i g  K i t o i  O u t l e t  was t r e a t e d  w i t h  rotenone i n  June, 1958. A t  t h a t  t ime, sev- 
e r a l  hundred dead scu lp ins  were c o l l e c t e d  and sent  t o  t he  U n i v e r s i t y  o f  
B r i t i s h  Columbia. We have no i n fo rma t i on  on the  amount o f  rotenone used, 
du ra t i on  o f  t reatment  o r  an eva lua t i on  o f  t he  e x t e n t  o f  k i l l .  

We do know, however, t h a t  e i t h e r  a  complete k i l l  was n o t  achieved i n  1958, o r  
s ince t h a t  t ime, t he re  has been rec ru i tmen t  i n t o  t he  lower from t h e  upper sec- 
t i o n  o f  t h e  stream. Ac tua l l y ,  both m igh t  have occurred. A comparison o f  t he  
l eng th  frequency d i s t r i b u t i o n  o f  dead c o t t u s  i n  1958 w i t h  t he  l e n g t h  frequency 
d i s t r i b u t i o n  i n  1961 i n d i c a t e s  t h a t  t h e  s i z e  as a  whole was smal le r  i n  1961 
than i n  1958 (mean l eng th  i n  1958, 7.1 cm; i n  1961, 5.8 cm). On the  o the r  hand, 
a f t e r  t reatment  i n  1961, f ou r ,  f i v e ,  and s i x  year  o l d  scu lp ins  were c o l l e c t e d  
(Table 7) .  I f  a  complete k i l l  had been achieved i n  1958 w i t h  no rec ru i tmen t  
s ince  t h a t  t ime, these age c lasses would n o t  have been present  i n  1961. 

Table 7. Age, average l eng th  a t  each age and range o f  leng ths  a t  each age f o r  
111 c o t t u s  a l e u t i c u s  from B i g  K i t o i  Ou t l e t ,  March and Ap r i  1  1961. 

No. i n  sample 
Age i n  each age group Average l eng th  (cm) Range (cm) 



Table 7 .  Age, average length a t  each age and range of lengths a t  each age 
f o r  . l l l  c o t t u s  a l e u t i c u s  from Big Kitoi Out le t ,  March and April 
1961 (continued). 

No i n  sample 
A9e in each age group Average length (cm) Range (cm) 

* Otoli th from l a rge s t  sculpin was very d i f f i c u l t  t o  read; therefore  the 7 may 
be in e r ro r .  

MANAGEMENT IMPLICATIONS 

The r e su l t s  of t r e a t i ng  Big Kitoi Outlet  w i t h  toxaphene c lea r ly  show t h a t  t h i s  
i s  a p r ac t i c a l ,  economical, and e f fec t ive  way t o  control predators of salmon 
f r y  in streams. The amount of toxaphene needed w i l l ,  of course, depend upon 
the volume of streamflow. The t o t a l  amount of toxaphene needed t o  maintain a 
concentration of 1 ppm fo r  16 hours a t  various streamflows i s  given in Table 8. 

Table 8. Total amount, m i l l i l i t e r s  per hour, and cos t  of toxaphene required 
t o  maintain a concentration of 1 ppm f o r  16 hours a t  various stream- 
flows. 

Streamf 1 ow Total amount M i l l i l i t e r s  Gallons Cost 
i n  s . f .  toxaphene (gal ) per hour per hour ( @  $2.80/gal) 

Metering the toxicant  in to  Big Kitoi Outlet was accomplished with a siphon 
arrangement and adjustable clamp. W i t h  t h i s  arrangement, i t  was d i f f i c u l t  t o  
maintain a constant flow. To properly meter small amounts of toxaphene (up t o  
6,000 rnl/hour) we suggest f i r s t  mixing toxaphene w i t h  water, r a t i o  1 : l ;  then,  
meter from a 50 gallon p l a s t i c  drum. A method of metering large amounts of 
toxaphene ( 3  t o  50 gal 1 ons per hour) must be developed. 



There was no noticeable decrease i n  tox ic i ty  in 1000 l ineal  f ee t  of Big Kitoi 
Outlet.  However, there might be a decrease i n  distances over one-half mile 
because of (1 )' aeration and ( 2 )  adsorption of toxin by streambed par t i c les .  
This must be determined and will  be investigated during the summer of 1962. 

A1 though the method described i n  t h i s  report  lends i t s e l f  t o  eradication of 
undesirable f i s h  in streams, i t  cannot be used where there a r e  resident t r ou t  
or  salmon which should be preserved. Streams where only pink and chum salmon 
spawn a r e  ideal f o r  treatment. There a r e  a number of these in each area of 
the s t a t e .  F Q ~  instance,  Noerenberg (1961) reported t ha t  in  Prince William 
Sound, p i n k  and chum salmon comprise 90 percent of the run, sockeye 10 percent. 
Coho salmon a re  of l i t t l e  importance and no known spawning runs of king salmon 
(Oncorhynchus tshawytscha) O r  s te l lhead t rou t  (salmo gairdnerii) e x i s t .  

Conclusive evidence t h a t  Big Kitoi Outlet became f r ee  from toxicants in a shor t  
time i s  the  success of p i n k  salmon spawning in the stream a f t e r  treatment. 
Pinks deposited eggs from August 25 un t i l  ear ly  October; hence spawning f i r s t  
occurred 50 days a f t e r  treatment. Sampling of eggs in  the  streambed in Novem- 
ber, 1961 revealed a very high survival and subsequent sampling of pre-emergent 
f r y  i n  March, 1962 gave a mean estimate of 1,123,974 f r y ,  o r  44 percent sur- 
v iva l ,  eggs t o  f ry .  
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