
INFORMATIONAL LEAFLET NO. 215 

FEASI B I  LITY OF SALMON ENHANCEMENT PROGRAMS I N THE 

INDIAN LAKE SYSTEM, SOUTHEASTERN ALASKA, WITH EMPHAS l S ON 

POPULATI ON CHARACTER I ST1 CS OF RES I DENT DOLLY VARDEN CHAR, 

Salvelinus malma (Walbaum) 

Benjamin W. Van Alen 

STATE OF ALASKA 

Bi l l  Sheffield, Governor 

DEPARTMENT OF FISH AND GAME 

Don Coll insworth, Commissioner 

P. 0. Box 3-2000, Juneau, 99802 

March 1983 



FEASIBILITY OF SALMON ENHANCEMENT PROGRAMS I N  THE INDIAN LAKE SYSTEM, 

SOUTHEASTERN ALASKA, WITH EMPHASIS ON POPULATION CHARACTEFISTICS OF 

RESIDENT DOLLY VARDEN CHAR, salvelinus rnalrna (Wa 1 baurn) 

BY 

Benjamin W. Van Alen 

Alaska Department o f  F i s h  and Game 
D i v i s i o n  o f  Commercial F i s h e r i e s  

Anchorage, A1 aska 

March 1983 



TABLE OF CONTENTS 

Page 

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i v 

LIST OF APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i i  

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Desc r i p t i on  o f  the  Ind ian  Lake System . . . . . . . . . . . . . . .  3 

. . . . . . . . . . . . . . . . .  Snettisham Hydroe lec t r i c  P r o j e c t  3 

O r i g i n  o f  Resident F i sh  Species . . . . . . . . . . . . . . . . . .  8 

Stock ing o f  Coho i n  F i r s t  Lake . . . . . . . . . . . . . . . . . .  9 

MATERIALS AND FIETHODS . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Limnology . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Sampl i n g  Gear . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

. . . . . . . . . . .  Abundance. Movement. and Spat ia l  D i s t r i b u t i o n  14 

RESULTS AND DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . .  25 

Limnology . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

Age. Growth. Sex. Ma tu r i t y .  and D i e t  . . . . . . . . . . . . . . .  30 

Abundance. Movement. and Spa t i a l  D i s t r i b u t i o n  . . . . . . . . . . .  64 

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 

LITERATURE CITED . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  APPENDICES 9 3 



LIST OF TABLES 

Table Page 

. . . . .  1. Morphology o f  F i r s t  Lake, Second Lake, and Ind ian  Lake 7 

2 .  Limnologica l  data c o l l e c t e d  on the  Ind ian  Lake system, June t o  
. . . . . . . . . . . . . . . . . . . . . . . . . .  August 1979 10 

3. D a i l y  sampling schedule f o r  mark-recapture popu la t ion  est imates, 
c o l l e c t i o n  o f  f i s h  f o r  age-growth and d i e t  determinat ion,  and 
1 imnologica l  sampling i n  the  Ind ian  Lake system, 1979 . . . . .  11 

4. F i n  c l i p s  used t o  mark D o l l y  Varden char, kokanee, s t i ck leback ,  . . . . . . . . . . . . . .  and scu lp in  i n  each l a k e  and r i v e r  16 

5. F i r s t  Lake and Ind ian  Lake o u t l e t  stream temperature and d i s -  
so lved oxygen (D.O.) measurements, 2 June t o  28 August 1979 . . 31 

6 .  Zooplankton composit ion and dens i t y  (organisms per  cubic  meter) 
i n  F i r s t  Lake, 2 June t o  18 October 1979 . . . . . . . . . . . .  33 

7. Zooplankton composit ion and dens i t y  (organisms per cub ic  meter) 
i n  I nd ian  Lake, 19 June t o  26 August 1979 . . . . . . . . . . .  34 

8. Mean length,  weight, age, c o n d i t i o n  f a c t o r  ( K ) ,  and frequency by 
sex and gonad c o n d i t i o n  o f  char c o l l e c t e d  i n  each l ake  and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  stream 35 

9. Mean length ,  standard deviat ion,range, and sample s i z e  o f  each 
age c lass  o f  D o l l y  Varden char  c o l l e c t e d  f rom throughout the  
Ind ian  Lake system . . . . . . . . . . . . . . . . . . . . . . .  36 

10. Covariance ana l ys i s  o f  the  age (independent) vs 1 ength (dependent) 
r e l a t i o n s h i p  between char c o l l e c t e d  f rom each l a k e  and stream . 41 

11. Age-length r e l a t i o n s h i p  f o r  male and female char c o l l e c t e d  f rom 
each l a k e  and stream . . . . . . . . . . . . . . . . . . . . . .  42 

12. Covariance ana l ys i s  o f  t he  age (independent) vs l e n g t h  (dependent) 
r e l a t i o n s h i p  between male and female char c o l l e c t e d  f rom through- 
o u t  t he  Ind ian  Lake system . . . . . . . . . . . . . . . . . . .  44 

13. Length-weight r e l a t i o n s h i p  f o r  male and female char c o l l e c t e d  
f rom each l a k e  and stream . . . . . . . . . . . . . . . . . . .  46 

14. Covariance a n a l y s i s  o f  t he  l o g  (length) ( independent) vs 1 og 
(weight)  (dependent) r e l a t i o n s h i p  between char c o l l e c t e d  f rom 

. . . . . . . . . . . . . . . . . . . . .  each l a k e  and stream 47 

15. Covariance ana l ys i s  o f  the  l o g  ( l eng th )  ( independent) vs l o g  
(weight)  (dependent) re1  a t i o n s h i p  between male and f emal e char 
c o l l e c t e d  from throughout t he  Ind ian  Lake system . . . . . . . .  48 



LIST OF TABLES (Continued) 

Page 

16. Char length, number of 1 arge eggs, and number of small eggs, 
of char captured from Indian Lake, 6 August to  8 August, 1979 . . 58 

17. Stomach content analys is  of Dolly Varden char by zone of capture ,  
Indian Lake and Long River, 1979 . . . . . . . . . . . . . . . .  59 

18. Mean fork length,  range, standard deviat ion,  and sample s i z e  by 
age and sex of kokanee collected from Second Lake and Indian 
Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 

19. F i r s t  Lake Dolly Varden char catch data f o r  Leslie population 
est imate,  1979 . . . . . . . . . . . . . . . . . . . . . . . . .  65 

20. The number of Dolly Varden char marked, examined fo r  marks, and 
recaptured in each of the release-recovery s t r a t a  (Second Lake, 
Long River, i n l e t  half of Indian Lake, ou t l e t  half of Indian 
Lake, and Indian River) . . . . . . . . . . . . . . . . . . . . .  66 

Estimated ~ i i  matrix f o r  char collected in the Indian Lake 
. . . . . . . . . . . . . . . . . . . . . . .  system, f i v e  s t r a t a  67 

The number of Dolly Varden char marked, examined f o r  marks, and 
recaptured in each of the seven release-recovery s t r a t a  (Second 
Lake, Long River, l i t t o r a l  and benthic zones of each half of 
Indian Lake, and Indian River) . . . . . . . . . . . . . . . . .  69 

Estimated ~ i i  matrix f o r  char collected in the Indian Lake sys- 
. . . . . . . . . . . . . . . . . . . . . . . .  t e m , s e v e n s t r a t a  70 

Catch per uni t  e f f o r t  (number of char per day per t r ap )  f o r  
Dolly Varden char in large and small minnow traps by zone and 
depth in Second Lake and each half of Indian Lake . . . . . . . .  71 

Matrix of the  mean length of recaptured char which e i t he r  stayed 
in o r  moved from each lake or stream between June and August . . 75 

Number of char sampled f o r  each age c lass  from the l i t t o r a l  and 
benthic zones in Indian Lake, 1979 . . . . . . . . . . . . . . .  77 

Peterson population estimates f o r  the  abundance of kokanee in 
Second Lake, Long River, each half of Indian Lake, and Indian 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  River 79 

Peterson population estimates f o r  the abundance of threespined 
st ickleback in Second Lake, Long River, each half of Indian 

. . . . . . . . . . . . . . . . . . . . .  Lake, and Indian River 79 

Peterson population est imates f o r  the abundance of coastrange 
sculpin in Second bake, Long River, each half of Indian Lake, 

. . . . . . . . . . . . . . . . . . . . . . . .  a n d I n d i a n R i v e r  79 



LIST OF TABLES (Continued) 

Tab1 e Page 

30. Morphological and limnological characteristics of First Lake, 
. . . . . . . . . . . .  Second Lake, Indian Lake, and Osprey Lake 81 

31. Comparison of icthyological data between the Indian Lake system . . . . . . . . . . . . . . . . . . .  and the Osprey Lake system 83 



LIST OF FIGURES 

Figure Page 

1.  Map of t h e  Indian Lake system and v i c i n i t y  . . . . . . . . . . . 2 

2.  Bathymetric map of F i r s t  Lake . . . . . . . . . . . . . . . . . 4 

3. Bathymetric map of Second Lake . . . . . . . . . . . . . . . . . 5 

4. Bathymetric map of Indian Lake . . . . . . . . . . . . . . . . . 6 

5. Fyke ne t  dimensions and method of f i s h i n g  . . . . . . . . . . . 1 3  

6. Schematic diagram of t h e  l i t t o r a l ,  benthic,  and pe lagic  lake  
samplingzones . . . . . . . . . . . . . . . . . . . . . . . . .  15 

7. Gear placement f o r  the  marking and recapture of f i s h  in Second 
Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18  

8. Gear placement f o r  t h e  marking and recapture  of f i s h  i n  Indian 
Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

9. Average d a i l y  water temperatures a t  the o u t l e t  of F i r s t  Lake and 
a t  the o u t l e t  of Indian Lake . . . . . . . . . . . . . . . . . . 26 

10. Temperature p r o f i l e  of F i r s t  Lake, 2 June t o  28August 1979 . . 27 

11. Temperature p r o f i l e  of Indian Lake, 19 June t o  26 August 
1979 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

12. Dissolved oxygen (mg/L) p r o f i l e  of F i r s t  Lake, 2 June t o  28 
A u g u s t  1979 . . . . . . . . . . . . . . . . , . . . . . . . . . 29 

13. Secchi d i sk  readings in  F i r s t  Lake and Indian Lake, June t o  
August 1979 . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

14. Age frequency of Dolly Varden char in F i r s t  Lake, Second Lake, 
Long River, i n l e t  half  of Indian Lake, o u t l e t  half of Indian 
Lake, and Indian River . . . . . . . . . . . . . . . . . . . . . 37 

15. Length frequency f o r  Dolly Varden char  captured by each gear 
type p lo t ted  i n  10 mm increments . . . . . . . . . . . . . . . . 38 

16. Growth curves f o r  Dolly Varden char ca tured from F i r s t  Lake 
(FL), Second Lake (SL), Long River (LR 7 , Indian Lake ( I L ) ,  and 
Indian River (IR) . . . . . . . . . . . . . . . . . . . . . . . 40 

17. Age-length r e l a t ionsh ips  f o r  male (so l  id  1 ine)  and female (dashed 
l i n e )  Dolly Varden char  captured from each l ake  and r i v e r  . . . 43 

18. The mean, standard devia t ion ,  and range of condit ion f a c t o r  of 
Dolly Varden char  co l l ec ted  from each l ake  and r i v e r ,  1979 . . . 49 



L I S T  OF FIGURES (Cont inued) 

F igu re  Page 

19. Sex frequency o f  D o l l y  Varden char c o l l e c t e d  f rom each l a k e  and 
r i v e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

20. Length frequency by sex p l o t t e d  i n  10 mm increments f o r  D o l l y  
Varden char c o l l e c t e d  f rom throughout  t he  I n d i a n  Lake system . 51 

21. Age frequency by sex o f  Do1 l y  Varden char  c o l  l e c t e d  f r om through- 
. . . . . . . . . . . . . . . . . .  o u t  the  I nd ian  Lake system 52 

22. Gonad c o n d i t i o n  by percen t  o f  each age c l a s s  o f  D o l l y  Varden 
char  c o l l e c t e d  f rom Second Lake, 19 August t o  23 August 1979 . 53 

23. Gonad c o n d i t i o n  by percen t  o f  each age c l a s s  o f  D o l l y  Varden 
char  c o l l e c t e d  from Long R iver ,  4 August t o  23 August 1979 . . 54 

24. Gonad c o n d i t i o n  by percen t  o f  each age c l a s s  o f  D o l l y  Varden 
char c o l l e c t e d  f rom I n d i a n  Lake, 4 August t o  1 5  August 1979 . . 55 

25. Gonad c o n d i t i o n  by percen t  o f  each age c l a s s  o f  D o l l y  Varden 
char c o l l e c t e d  f rom I n d i a n  R i ve r ,  10  August t o  15  August 
1979 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 

26. Age-condi t ion f a c t o r  r e l a t i o n s h i p  f o r  kokanee c o l l e c t e d  from 
. . . . . . . . . . . . . . . . . .  Second Lake and I n d i a n  Lake 62 

27. Gonad c o n d i t i o n  by percen t  o f  each age c l a s s  o f  kokanee captured 
f rom Second Lake and I n d i a n  Lake i n  August . . . . . . . . . .  63 

28. Re la t i onsh ip  between number o f  char  cap tu red  i n  minnow t r a p s  
and d u r a t i o n  the  t r a p  was f i s h e d  . . . . . . . . . . . . . . .  72 

29. The mean, s tandard dev ia t i on ,  and range i n  l e n g t h  o f  char  
c o l l e c t e d  by depth i n  I n d i a n  Lake . . . . . . . . . . . . . . .  76 

30. Zooplankton composi t ion and d e n s i t y  f o r  F i r s t  and I n d i a n  Lakes 
. . . . . . . . . . . . . . . . .  (1 979) and Osprey Lake (1975) 82 



LIST OF APPENDICES 

Appendix Page 

A .  Flow c h a r t  f o r  d i s i n f e c t i o n  and p re se rva t ion  of salmon roe 
b a i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 

E. Data form used f o r  i ch thyologica l  sampling i n  the Indian Lake 
system . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 5 

C .  Comparison of  d i f f e r e n t  mark and r ecap tu re  populat ion e s t ima te s  
of  Dolly Varden cha r  i n  t h e  Indian Lake systeni . . . . . . . . .  96 



ABSTRACT 

The Indian Lake system, a chain of three lakes ,  i s  adjacent to  the Alaska 
Department of F i s h  and Game Snet t i  sham hatchery. Hatchery incubation capa- 
c i t y  f o r  coho salmon (Oncorhynchus k i s u t c h )  f a r  exceeds rearing capacity. 
For t h i s  reason, production of coho can be increased by rearing a portion in 
nearby natural waters. The poss ib i l i ty  of releasing excess f ry  in to  the 
Indian Lake system i s  being investigated.  This lake system i s  not accessible 
t o  anadromous salmon because there i s  an 11 m f a l l s  on the o u t l e t  r i ve r .  This 
study i s  an examination of baseline limnological and ichthyological data 
collected on the Indian Lake system during the summer of 1979. Emphasis i s  
placed on population charac te r i s t i cs  of the  resident Dolly Varden char ( s a l v e -  
l i n u s  malma). Limited l i f e  history information i s  a l so  given on the other 
res ident  species;  kokanee (0. n e r k a ) ,  threespined stickleback ( G a s t e r o s t e u s  
a c u l e a t u s )  , and coastrange scul p i n  (Cot t is  a l e u t i c u s )  , 

Mark and recapture techniques and catch per e f f o r t  sampling were used to  obtain 
estimates of the  number of char i n  each lake and stream as  well as  information 
on char movement and spat ia l  d i s t r ibu t ion .  The age, growth, sex, maturity, and 
d i e t  of the char was a l so  evaluated. There was considerable movement of char 
within and between the lakes and r i ve r s ;  an estimated 13% of the char which 
were in a par t i cu la r  lake or stream in June moved t o  a d i f f e r en t  lake o r  stream 
i n  August. There was a net movement of char from the l i t t o r a l  t o  benthic zone 
in Indian Lake a s  the  summer progressed. In the lakes most char resided near 
the bottom, b u t  a small pelagic population of char might ex i s t .  The l a rges t  
char sampled was 556 mm in length and the oldest  was age XIV. Younger char,  age 
I t o  111, were found primarily i n  the r ivers  or  l  i t t o r a l  zones o f  the  lakes. 
Larger, older char were captured a t  a l l  depths. Most char were ~ a t u r e  by age 
V or  VI. The frequency of annual spawning was greater  f o r  females than f o r  males. 
Females grew more slowly than males, probably because of the additional spawning 
s t r e s s .  The char consumed a wide var ie ty  of food items; Chironornidac were the  
most frequently found item. 

Using the  Indian Lake system a s  a natural rearing area f o r  coho salmon appears 
feas ible .  Intense competition f o r  space and food between introduced coho and 
the resident f i s h  species i s  l ike ly  i n  the streams and l i t t o r a l  zones. Overall 
productivity of the  Indian Lake system i s  low, and a large-scale coho salmon 
stocking program would probably benefi t  from an accompanying lake Fer t i  I izat ion 
program. 



INTRODUCTION 

There a r e  numerous lake systems in Southeastern Alaska which a r e  inaccessible 
t o  anadromous salmonids due t o  ba r r i e r  f a l l s  or  rapids on the o u t l e t  stream. 
Many of these systems have resident  f i s h  populations (Armstrong and Morrow 
1980; Blackett 1973; Crone and Koenings 1975; Delacy and Morton 1943). Fish- 
e r i e s  b iologis ts  from the Alaska Department of Fish and Game ( A D F & G ) ,  U.S. 
National Marine Fisheries Service, U.S. Forest Service, and pr ivate  aquaculture 
associat ions a r e  investigating the f e a s i b i l i t y  of supplemental salmon production 
in these landlocked lake systems. Currently three  possi bil i  t i e s  a re  under con- 
s idera t ion:  use of the lakes as  a natural rearing area f o r  a r t i f i c i a l l y  incu- 
bated Oncorhynchus f r y ,  increasing the productivi ty of stocked systems by the 
addit ion of nu t r i en t s ,  and development of anadromous salmon runs in these 
systems by construction of fishways around the bar r i e r  f a l l s  or  rapids.  

The Indian Lake system (Figure 1 )  i s  a connected s e r i e s  of three lakes.  The 
system i s  being considered as a s i t e  f o r  both a lake stocking program, with coho 
salmon (Oncorhynchus k i s u t c h )  f r y ;  and a lake f e r t i l i z a t i o n  program. A fishway 
around the o u t l e t  f a l l s  i s  not planned because construction cos t s  would be very 
high. The ADF&G Snettisham salmon hatchery i s  located c lose  t o  the  Indian Lake 
system. Coho salmon from Speel Lake (Figure 1 ),  incubated i n  the hatchery, 
could be used a s  brood-stock f o r  f r y  re leases  in to  the  Indian Lake system. The 
ADF&G conducted the investigation on which t h i s  repor t  i s  based t o  determine 
the f e a s i b i l i t y  of using the Indian Lake system a s  a natural rearing area f o r  
coho salmon, and t o  co l l e c t  i n i t i a l  lake productivi ty information before re leas-  
ing coho f r y  o r  f e r t i l i z i n g  the lakes.  All f i e l d  data was col lec ted between 
June and September in 1979. 

T h i s  study focuses on the abundance, movement, spa t i a l  d i s t r ibu t ion ,  growth, 
maturity , and d i e t  of the res ident  Do1 ly  Varden char ( s a l v e l i n u s  m a h a )  , which 
a r e  the dominant f i s h  species i n  the Indian Lake system. To determine the  
adv isab i l i ty  of rearing coho salmon i n  the Indian Lake system, the biology of 
the res ident  char must be understood. L i t t l e  l i f e  history information on the 
res ident  form of Dolly Varden char has been published (Armstrong and Morrow 1980). 

Limited l i f e  h is tory  information i s  presented f o r  the other res ident  f i s h  species;  
kokanee Oncorhynchus n e r k a  (Wal baum) , threespi  ne s t i  ckl eback G a s t e r o s t e u s  a c u l e a t u s  
(Linnaeus) , and coastrange scul p i n  c o t e u s  a l e u t i c u s  (Gi 1 ber t )  . 
The productivi ty of the  Indian Lake system was evaluated by studying the popula- 
t ion cha rac t e r i s t i c s  of the res ident  f i s h  species and re la t ing  t h i s  information 
t o  limnological and morphological data.  Information on the abundance, movement, 
d i s t r i bu t i on ,  and d i e t  of the res ident  f i s h  species was used to  predic t  the  
in teract ion between introduced coho and the  res ident  f i s h  populations. 

The object ives  of this study were: 

1 ) t o  describe the  abundance, spat ia l  d i s t r ibu t ion ,  and movement of 
the res ident  f i s h  species in the  Indian Lake system; 

2) t o  describe the age, growth, sex, maturity, and d i e t  of the r e s i -  
dent char and kokanee; 
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3) t o  describe morphological and ? imnological charac te r i s t i c s  of 
the system; and 

4)  t o  i n t e rp r e t  the above icthyological and limnological information 
a s  i t  r e l a t e s  t o  lake stocking and Sake f e r t i l i z a t i o n  programs. 

BACKGROUFlD 

Description of the Indian Lake System 

The Indian Lake system i s  located a t  the head of Speel I n l e t ,  45 km southeast 
of Juneau, Alaska (Figure 1 ) .  The lakes and r i ve r s  included in this study a r e  
F i r s t  Lake, Second Lake, Long River, Indian take,  and Indian River. F i r s t  Lake 
i s  the upstream lake. Speel I n l e t  is  a f j o rd ,  and the Indian Lake valley i s  a 
landlocked extension of t he  f i o rd .  Both Second and Indian Lakes occupy U-shaped 
valleys typical of g lacia l  erosion. The h i l l s i de s  bordering Indian Lake r i s e  t o  
over 610 m. Bathymetry of F i r s t  Lake, Second Lake, and Indian Lake i s  presented 
in Figures 2, 3 ,  and 4, respectively.  Table 1 summarizes the morphology of each 
lake. 

F i r s t  Lake has no i n l e t  streams and receives water primarily from surface water 
runoff. As a r e s u l t  water level and o u t l e t  water flow f luc tua tes  widely with 
r a i n f a l l .  F i r s t  Lake is  connected t o  Second Lake by a small cascading stream. 
This stream i s  approximately 120 m in length w i t h  an average gradient  of 10 t o  1 ,  
Long River a r i s e s  from Long Lake, elevation 248 m ,  and braids down t o  join 
the lower pa r t  of Long River flowing from Second Lake t o  Indian Lake. A major 
t r ibu ta ry  of the upper Long River a l so  flows in to  the lower pa r t  of Second Lake. 
The discharge of water from Long Lake i s  seasonal, occurring from l a t e  June t o  
ea r ly  November in 1979. Second Lake a l so  receives contributions from several 
small streams, of which the one draining F i r s t  Lake i s  the l a rges t .  The g r ea t e s t  
inflow t o  Indian Lake comes from Long River; numerous smaller streams a l so  flow 
in to  Indian Lake. Flow i n  these feeder streams i s  dependent on snowmelt and 
r a i n f a l l .  There i s  an 11 m f a l l s  on Speel River below the o u t l e t  of Indian River 
which a c t s  a s  a ba r r i e r  to  upstream f i s h  movement. 

Snettisham Hydroelectric Project  

In February 1971 the Alaska Power Authority conrpleted construction of a 70,000 
kilowatt hydroelectr ic power plant  a t  the  head o f  Spee? A r m .  This power p lan t  
provides e l e c t r i c  power t o  Juneau, population 22,060 (7980 census). A 2440 m 
tunnel taps water from Long Lake, elevation 248 m, and t ranspor ts  i t  t o  turbines 
near sea level  a t  the  head of Speel I n l e t .  A low-head dam was constructed a t  
the o u t l e t  of Long Lake t o  increase the hydraulic head and help prevent seasonal 
water shortages. 

Each summer since 1971 snow and ice-melt i n  the glacier-fed Long Lake drainage 
has contributed more water t o  Long Lake than t ha t  tapped fo r  hydroelectr ic 
power. A t  the  end of July i n  1979, Long Lake water began t o  s p i l l  over the  dam 
and continued t o  do so unt i l  ea r ly  October, The water level of Second Lake, 
Long River, Indian Lake, and Indian River rose  2 m or  more a f t e r  Long Lake over- 
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Table 1. Morphology o f  F i r s t  Lake, Second Lake, and I n d i a n  Lake. 

F i r s t  Lake1 Second Lake I n d i a n  Lake 

Surface Area (hec ta res )  2.4 13.6 221.6 
Vol ume ( c u b i c  meters )  106.087 1 ,202,396 68,933,657 
Mean Depth (meters)  4.4 8 .8 31.1 
Maximum Depth (meters)  13.7 33.0 64.0 
Maximum Length (meters )  350 826 3,808 
Maximum Width (meters)  118 281 889 

Percent  Area of  Depth Zones: 

Percent  Volumes o f  Depth Zones: 

Bathymetry determined by U.S. Dept. o f  t h e  I n t e r i o r  Geo log ica l  
Survey. Map: C r a t e r  Lake and Long Lake, A laska.  Sheet 2, 1952. 

2 Bathymetry determined by U.S. F o r e s t  Se rv i ce  personnel  (Berg  1974).  



f lowed t h e  dam. The U.S. Geolog ica l  Survey es t imates  t h a t  be fo re  c o n s t r u c t i o n  
of t he  dam 93% o f  Long R i ve r  d ischarge came f rom Long Lake (Berg 1974). 

Each year  more Long Lake water  i s  used t o  meet t h e  i nc reas ing  demand f o r  power 
i n  Juneau. By 1985 the  d ischarge f rom Long Lake i n t o  Second and I nd ian  Lak?s 
i s  expected t o  be negl  i g i  b l e  (Gordon Hal 1  urn, Alaska Power A u t h o r i t y  , Juneau, 
personal  communication 1980). Out f low f r om Long Lake w i l l  occur only d u r i n g  
the  peak o f  snow-melt i n  l a t e  J u l y  o r  e a r l y  August. Thus t h e  hydro logy o f  t he  
I n d i a n  Lake system has been s i g n i f i c a n t l y  a l t e r e d  by t he  ope ra t i on  o f  the 
Snett isham power p l a n t .  

C e r t a i n  l i m n o l o g i c a l  c h a r a c t e r i s t i c s  o f  t he  I n d i a n  Lake system, w i t h  t he  excep- 
t i o n  o f  F i r s t  Lake, can be expected t o  change w i t h  the  r e d u c t i o n  o f  d ischarge 
f rom Long Lake. Long Lake rece i ves  g l a c i a l  r u n o f f ,  and t he  water  i s  c o l d  and 
s i l t y .  As Long Lake d ischarge decreases, so does t h e  i n t r o d u c t i o n  o f  g l a c i a l  
s i l t  and c o l d  water,  and t he  t ransparency and temperature o f  t h e  I n d i a n  Lake 
system increases.  Greater  l i g h t  p e n e t r a t i o n  and warmer water  temperatures migh t  
r e s u l t  i n  increased p r o d u c t i v i t y  which cou ld  b e n e f i t  r e s i d e n t  o r  in t roduced f i s h  
popu la t ions .  

U.S. Fores t  Serv ice  b i o l o g i s t s  a r e  i n t e r e s t e d  i n  e v a l u a t i n g  changes i n  t h e  p ro -  
d u c t i v i t y  o f  t he  system r e s u l t i n g  f rom the  decreased d ischarge f rom Long Lake. 
They conducted surveys o f  I n d i a n  Lake i n  August o f  1957, 1958, 1959, 1974, and 
1978 (Blankenship 1978). Lengths and sex o f  char  and kokanee cap tu red  i n  g i l l  
ne t s  were determined. Temperature p r o f i l e  and Secchi d i s k  depth data were a l s o  
obta ined.  

O r i g i n  o f  Resident  F i s h  Species 

R i cke r  (1 940) descr ibed  t h e  evo l  u t i o n  o f  a  kokanee popu la t i on  r e s u l  t i n g  f r om 
the  f o rma t i on  o f  a  b a r r i e r  t o  anadromous sockeye. The em ig ra t i on  of smolts i s  
n o t  prevented by a  w a t e r f a l l  on t h e  o u t l e t  stream. For a  s e l f - p e r p e t u a t i n g  
land locked  p o p u l a t i o n  o f  sockeye (kokanee) t o  form, r e s i d u a l  sockeye must be 
p resen t  i n  t h e  system. These r e s i d u a l  sockeye, R i cke r  s t a t e s ,  a r e  t he  f i r s t  
stage o f  kokanee p o p u l a t i o n  fo rmat ion .  He reasons t h a t  i n  a  l a k e  system w i t h  
f r e e  access t o  t he  ocean t h e  anadromous sockeye have a  s u r v i v a l  advantag, over  
t he  r e s i d u a l  sockeye, and t h i s  advantage p reven ts  " t he  permanent s u r v i v a l  o f  t h e  
r e s i d e n t s '  l a c u s t r i n e  progeny" (R icker  1940). However, if a b a r r i e r  t o  upstream 
f i s h  movement forms which subsequent ly reduces t he  anadromous s u r v i k a l  r a t e ,  
e v o l u t i o n  of a  kokanee popu la t i on  cou ld  occur.  The e v o l u t i o n  o f  a  land locked  
p o p u l a t i o n  of Do1 l y  Varden char  f rom a  p r e v i o u s l y  anadromous popul a t i c n  ii-right 
be s i m i l a r  t o  t h a t  o f  kokanee (Maekawa 1978). 

The es tab l i shment  o f  t he  r e s i d e n t  f i s h  spec ies i n  t he  I nd ian  Lake sys ten  cou ld  
have occur red  i n  t h i s  manner. The f a l l s  on Speel R i v e r  i s  be1 i eved  t o  have 
formed as a r e s u l t  o f  g l a c i a l  e ros ion  d u r i n g  t he  p l e i s t ocene  epoch. Before 
f o rma t i on  of t h e  f a l l s ,  anadromous (sockeye, D o l l y  Varden char )  and eu ryha l i ne  
( s c u l p i n ,  s t i c k l e b a c k )  f i shes  mig ra ted  i n  and o u t  o f  o r  r e s i d e d  i n  t h e  I n d i a n  
Lake system. Wi th  t h e  gradual f o rma t i on  o f  Speel R i v e r  f a l l s ,  anadromous char  
and sockeye exper ienced lower  s u r v i v a l .  The progeny f r om anadromous char  and 
sockeye which d i d  n o t  m ig ra te  t o  sea then ga ined a  s u r v i v a l  advantage over t he  
anadromous popu la t ion .  When the  Speel R i v e r  f a1  1  s  formed a complete b a r r i e r  t o  
upstream m i g r a t i o n  o f  anadromous f i s h ,  d i s t i n c t  land locked  forms o f  D o l l y  Varden 
char  and sockeye became es tab l i shed  i n  t h e  I n d i a n  Lake system. 



Stocking of Coho i n  F i r s t  Lake 

On 31 J u l y  1979, 9,042 coho f r y  were p lan ted  i n  F i r s t  Lake. The p r i n c i p a l  
o b j e c t i v e  o f  t h i s  l ake  s tock ing  experiment was t o  evaluate t he  f e a s i b i l i t y  
o f  us ing  the  Ind ian  Lake system as a na tu ra l  r e a r i n g  area f o r  coho salmon. 
I n  p a r t i c u l a r ,  the o b j e c t i v e  was t o  determine i f  coho smolts m ig ra t i ng  over 
the  f a l l s  on Speel R iver  would s u f f e r  heavy m o r t a l i t y .  I f  a reasonable number 
r e t u r n  as a d u l t s  then i t  can be reasoned t h a t  the  Speel R iver  f a l l s  d i d  n o t  
k i l l  most coho smolts. 

The h ighes t  su rv i va l  and growth was des i red  f o r  t h e  coho re leased i n t o  F i r s t  
Lake. For t h i s  reason the re  was an at tempt  t o  remove a l l  r e s i d e n t  f i s h  from 
the  lake  i n  o rder  t o  reduce expected i n t e r s p e c i f i c  compet i t ion  between r e a r i n g  
coho f r y  and the  r e s i d e n t  f i s h  species. A t r a p  was i n s t a l l e d  a t  t he  o u t l e t  o f  
F i r s t  Lake t o  count smolts and t o  prevent  emigrat ion o f  r e s i d e n t  f i s h .  Coho 
wereyarked w i t h  ha l f - l eng th  coded w i r e  tags t o  a l l o w  es t ima t i on  of the  number 
o f  a d u l t s  produced f rom t h i s  s tock ing  experiment. 

MATERIALS AND METHODS 

Limn01 ogy 

L imnologica l  data c o l l e c t e d  i n  t he  Ind ian  Lake system i s  presented i n  Table 2. 
L imnologica l  measurements were taken every two weeks; exact  dates a re  g iven i n  
t h e  sampling schedule i n  Table 3. Water temperatures a t  t he  o u t l e t s  o f  F i r s t  
Lake and Ind ian  Lake were monitored throughout t he  summer w i t h  Ryan1 thermo- 
graphs. Two thermographs were s e t  i n  each o u t l e t .  The thermographs i n  F i r s t  
Lake were pos i t i oned  0.15 m above the  bottom and i n  I nd ian  Lake 1 m below t h e  
surface. The thermographs were c a l i b r a t e d  w i t h  mercury thermometers every two 
weeks . 
Zooplankton samples were c o l l e c t e d  every two weeks from F i r s t  Lake and Ind ian  
Lake. Dup l i ca te  v e r t i c a l  hauls  were taken near t he  deepest p o i n t  (13 m i n  
F i r s t  Lake, 55 m i n  I nd ian  Lake) o f  each lake.  Zooplankton ne ts  were 0.5 m 
diameter and 2 m long  w i t h  No. 10 N i tex  mesh having aperatures o f  153 microns 
and 45% open area. Net e f f i c i ency  was n o t  taken i n t o  account i n  c a l c u l a t i o n s  
o f  zooplankton dens i ty .  Zooplankton samples were preserved i n  5% f o r m a l i n  
immediately a f t e r  c o l l e c t i o n .  

The number o f  each genus o f  zooplankton i n  a sample was est imated by m u l t i p l y i n g  
the  average number of each p lank ton  present  i n  each o f  t h ree  1 m l  subsamples by 
the  t o t a l  volume o f  t h e  sample. I d e n t i f i c a t i o n  and count ing o f  zooplankton was 
done by ADF&G s t a f f .  

Peabody, Ryan, Model 3. 

-9- 



Table 2. L imno log ica l  data c o l l e c t e d  on t he  I n d i a n  Lake system, June through 
August 1979. 

F i r s t  Lake and I n d i a n  Lake cont inuous o u t l e t  water  temperatures 

Every two weeks a t  t h e  deepest p a r t  o f  F i r s t  Lake and I n d i a n  Lake: 

- dupl  i c a t e  v e r t i c a l  zooplankton tows 

- bottom t o  sur face  temperature3 and d i sso l ved  oxygen p r o f i l e  

- sur face  a1 k a l  i n i t y ,  hardness- and pH 

- secchi  d i s k  t ransparency 

L1w-y two weeks a t  t h e  o u t l e t  o f  F i r s t  Lake and I n d i a n  Lake: 

- water  temperature (1  in) 

- d i sso l ved  oxygen (1  m) 



Table 3. Daily sampling schedule for mark-recapture population estimates, collection of fish for age-growth 
and diet determination, and limnological sampling in the Indian Lake system, 1979. 

r L r l  L l l  

n I 1 3 4 5  6 ? U  9 10 l l  12 I 3  14 15 I6  @ @  a 20 @ 22 23 24 25 ?6 21 78 29 30 
Second Lake Long Rlver and I n l e t  h a l f  of  l nd l rn  Lake Out let  h a l l  o f  lndlan Lake and I r d l r n  Rlver 

Mark and Release Mark a d  R t l t r s e  Mark and Relerse 

FLLIL II r 1 I L 
k y n t  @ 2 3 4 5 6 7 9 10 I 1  I2 I 3  I 4  15 @ 18 I 9  @ 21 22 23 24 25 @ 29 30 31 

I n l e t  half o f  Indlaa otr t let  h a l f  o f  lndlan Lake Second Lake and 

_lower 1/5 Long Rlver upper 1/3 o f  Indlan Rlver upper 1/5 Long Rlver 

Lxamlne f o r  marks Examlne f o r  m r k s  

1 AWL Smpltng. I\* Sampl 1ng AWL Sampl lap 

= Limnological data collected, FL = First Lake, IL = Indian Lake. 

O =  Dolly Varden char stomach samples collected. 

AWL sampling refers to days when char and kokanee were killed for age, weight, length, etc. determinations. 



Surface-to-bottom temperature and dissolved oxygen were measured in conjunction 
with plankton sampling. A Weston and Stack temperature and dissolved oxygen 
meter was used to measure the dissolved oxygen from the surface t o  6 rn.  Below 
6 m dissolved oxygen was measured by Winkler t i t r a t ion  with the aid of a HACH 
ki t .  A Kemmer bot t le  was used to  take water samples. A mercury thermometer 
affixed inside the Kemmer bot t le  was used to  measure temperature ( t o  the ne-]rest 
O.Z°C) a t  a l l  depths. In F i rs t  Lake, measurements of the temperature and 
dissolved oxygen profi le  were taken a t 1  m intervals from the surface down t o  
14 m.  In Indian Lake readings were made a t  1 m intervals from the surface down 
t o  6 m ,  and then a t  5 or 10 m intervals to the bottom. A1 kal ini t y ,  hardness, 
and pH were measured a t  the surface of each lake with a HACK ki t .  

The bathymetric map of Second Lake was prepared with a fathometer. Twenty-five 
transects were laid out across the lake, using an aerial  photograph to locate 
each transect.  Depth readings were tcken a t  5 second intervals (approximately 
every 4 m)  while traversing the lake a t  a slow constant speed. The bathymetry 
was then determined by plott ing the desired 5 m depth contours a t  that  fraction 
of the total  transect distance. 

Sampling Gear 

Four types of fishing gear were used in th is  study: large minnow traps,  small 
minnow t raps ,  shore-based fyke nets,  and variable-mesh g i l l  nets. Different 
gear types were used to  insure the capture of a wide s ize range of char, the 
target  species, as we1 l as  sockeye, sticklebacks, and cot t ids .  

Large minnow traps were 90 cm long, 35 cm wide, and the funnel s had 5 to  10 cm 
openings. They were fabricated of 0.6 cm square mesh hardware cloth.  A c i rcu lar  
aluminum band (1.9 cm wide and 0.3 cm thick) in each end of the trap provided 
the framework. Fish were removed through an opening in the side uf the trap. 
Small minnow traps were 44 cm long and 23 cm wide, with 4 cm openings, and a 
mesh s ize of 0.6 cm. The shore-based fyke nets were manufactured by Sterling 
Nylon Net Company, Memphis, Tennessee. The fyke net dimensions and method of 
fishing are shown in Figure 5. The anchor, pully, and f loa t  arrangement allowed 
the cod end of the net to  be retrieved without removing the net from the water. 
Variable mesh g i l l  nets were 38.1 m long, 1.8 m deep,and consisted of f ive  7.6 m 
panels of stretched mesh s izes  12.7 mm,  19.1 mm, 25.4 mm,  39.1 rnm, and 50.8 mm. 
The g i l l  nets were always fished with the small mesh near shore. 

Salmon eggs were used as ba i t  in the large and small minnow traps.  The eggs 
were disinfected and treated with Borax (Appendix A describes the procedure). 
The salmon-egg bai t  was placed in 250 ml plast ic  containers. The bait  containers 
had 6 nm holes allowing a controlled amount of water to permeate the bai t .  Bait 
containers were used to  keep the f i sh  from eating the eggs and to  prolong the 
a t t rac t ive  power of the bai t .  By preventing the entrapped f i sh  from consuming 
the bai t  there was no loss of potentially f ish-at t ract ive ba i t  and no direct  
exposure of the resident f i sh  to any undisinfected eggs. Since a controlled 
amount of water permeated the bait  the eggs retained the i r  orange color longer 
than i f  they had been loose in the t rap ,  and thus were probably more effective 
in at t ract ing f i sh  over a longer period of time. 



Figure 5 .  Fyke ne t  dimensions and method of f i sh ing .  



Abundance. Movement. and S ~ a t i a l  Distribution 

On 2 June a 1.3 cm square-mesh fence was installed a t  the out let  of Firs t  Lake to  
block any f ish movement in or out of the lake. From 1 June t o  7 Juqe the 
following pieces of gear were fished in F i rs t  Lake: 7 small minnow traps,  
13 large iiiinnow traps,  2 f loating variable-mesh g i l l  nets, and 2 sinking vari- 
able-mesh g i l l  nets. Minnow traps and g i l l  nets were fished systematically 
throughout the lake so that a l l  areas were sampled. Variable-mesh g i l l  nets 
were fished for  the remainder of the summer; f ive g i l l  nets from 8 June t o  1 
July,  and four g i l l  nets from 6 July to  17 August. The g i l l  nets were checked 
a t  approximately 4-day intervals.  Gill nets were se t  parallel t o  shore 2 t  even 
intervals around the perimeter of the lake. 

All f i sh  captured in F i rs t  Lake were removed. The catch and fishing e f fo r t  
during each fishing interval was recorded. A Leslie (Ricker 1975, p .  150) 
population estimate was used in F i rs t  Lake to  estimate the abundance of char. 
The upper and lower confidence l imits  were computed using formula 6 .4  in Ricker 
(1975). The data used to  compute th i s  estimate i s  limited to 8 June - 1 7  August 
when only g i l l  nets were fished. Since the gear types were not constant through 
out the summer there i s  no straightforward method to equate the e f for t  for the 
mixed-gear-type fishery (minnow traps and g i l l  nets) with the e f fo r t  when only 
g i l l  nets were fished. 

The abundance, movement, and spatial  distribution of the four resident f i sh  
species were investigated using mark and recapture sampling and catch per unit 
e f for t  information. Second Lake, Long River, the in l e t  half of Indian Lrke,  
the out let  half of Indian Lake, and Indian River were considered as  f ive separate 
s t rata  fo r  a l l  abundance and movement estimates. Indian Lake was divided in 
halves of equal surface area to  enable an estimate of the within-lake movement 
of char and kokanee t o  be made, and to  permit a more intensive sampling e f fo r t .  
By reducing travel time between t raps,  more traps could be fished each day. 
In Second Lake and each half of Indian Lake three d is t inc t  sampling zones were 
defined: 1 i t to ra l  , benthic, and pelagic (Figure 6 ) .  The sampl ing schedule fo r  
marking and examining f i sh  fo r  marks throughout the Indian Lake system i s  pre- 
sented in Table 3. 

The f i sh  were marked by clipping f ins .  Different combinations of f in  c l ips  were 
used so recaptured f i sh  could be traced to  the stream or lake and zone in which 
they had been marked. The f i n  c l ips  used in each lake and stream are d e t a i l e d  
in Table 4. 

The f i sh  were anesthetized with t r icaine methanesulfonate (M.S. 222). Baking 
soda was added t o  the M.S. 222 as a buffer. The concentration of M.S. 222 used 
was approximately 40 ppm ( . I5  g M.S. 222 + .08 g baking soda per 4 L H20). 

During mark-recapture sampling the following data was recorded for  each piece 
of gear fished: date, lake or stream, sampling period, zone, gear type, gear 
location, depth, hour of s e t ,  hour of pul l ,  total  fishing time, number and 
species of f i sh  captured, the mark each f i sh  was given or recaptured with, and 
the f a t e  of each f i sh .  A11 mark and recapture data was recorded on data forms 
(Appendix B). The data was coded numerically t o  f a c i l i t a t e  rapid data entry. 
During mark sampling, data was i n i t i a l l y  recorded in f ie ld  notebooks and l a t e r  



F i g u r e  6. Schemat ic  d iagram o f  t h e  l i t t o r a l ,  b e n t h i c ,  and p e l a g i c  l a k e  
sampl ing  zones .  



Table 4. F i n  c l i p s  used t o  mark D o l l y  Varden char ,  kokanee, s t i c k l e b a c k ,  
and s c u l p i n  i n  each l a k e  and r i v e r .  

Second Lake: 
l i t t o r a l  - 
b e n t h i c  - 
p e l a g i c  - 

Char and Kokanee S t i c k l e b a c k  Scul p i n  

i n l e t  ha1 f I n d i a n  Lake: 
l i t t o r a l  - Ad 
b e n t h i c  - Ad LC 
p e l a g i c  - Ad UC 

ou t1  e t  ha1 f I n d i a n  Lake: 
l i t t o r a l  - LV 
b e n t h i c  - LV LC 
p e l a g i c  - LV UC 

Long R i v e r :  UC R V R V  

I n d i a n  R i ve r :  LC L  V L  V 

R V  = r i g h t  v e n t r a l  c l i p  
LV = l e f t  v e n t r a l  c l i p  
Ad = ad ipose  c l  i p  
LC = lower  caudal c l  i p  
UC = upper caudal c1 i p  



t ransferred t o  the  data forms. In recapture sampling f i e l d  data was recorded 
d i rec t ly  on the data forms which had been printed on weatherproof paper. 

The following gear types were used f o r  mark and recapture sampl ing: 50 large 
minnow t r aps ,  35 small minnow t raps ,  and two shore-based fyke nets.  During 
recapture sampling in August three variable-mesh g i l l  nets  were fished in 
Second and Indian Lakes. 

Minnow t raps  were f ished systematically in each lake and stream stratum so 
tha t  a l l  areas were sampled. Figures 7 and 8 show gear placement fo r  the mark 
and recapture sampling i n  Second Lake and in each half of Indian Lake. In 
Second Lake surface and midwater sampling, minnow t raps  were buoyed above the 
benthic zone t raps .  The depths of these surface and midwater t raps  were 1 m 
and from 5 t o  15 m ,  respectively.  W i t h  the exception of one large and one 
small minnow t r ap ,  a l l  t r aps  fished i n  Indian Lake were s e t  on the  bottom. 

During mark sampling in Indian Lake there  was a limited amount of t rap relocation 
from the l i t t o r a l  zone t o  the benthic zone because the recapture-to-capture r a t i o s  
were higher i n  the l i t t o r a l  zone. Traps were frequently moved a shor t  distance 
before being rese t  and therefore the location of each piece of gear in the pre- 
vious f igures  i s  not precise.  Traps in the l i t t o r a l ,  benthic, and pelagic zones 
were checked simultaneously t o  reduce possible variat ion in t rap catches due t o  
die1 movement of f i s h  between zones. All f i shing gear was checked dai ly  except 
on 7 June in Second Lake and on the days when age and growth data were collected 
from char in Indian Lake. During recapture sampling in August a l l  f i sh  were 
released a l i ve  a f t e r  being examined f o r  marks except the char and kokanee ki l led  
f o r  analysis  of age and growth. 

Both large and small minnow t raps  ( 5  o r  6 of each) were used t o  co l l ec t  f i s h  
i n  the r ivers .  Traps were s e t  a t  equal in tervals  along both shores a t  locations 
which looked the  most promising f o r  the capture of f i s h ,  ideal ly  in shaded, slow- 
water s i t e s .  Traps were systematically moved u p  o r  down r i ve r  in an attempt t o  
sample a l l  areas.  

Sampling s t ra tegy included s teps  t o  insure t ha t  the marked f i s h  were randomly 
dis t r ibuted among the unmarked members of the population. Marked f i s h  were 
released a t  some distance from the t rap ;  and marked and unmarked f i s h  were 
allowed t o  intermix f o r  over a month between mark and recapture sampling. A 
considerable amount of gear was f ished and the  gear was moved in order t o  sample 
f i s h  from a l l  areas of the system. 

A Chapman-Junge (1954) s t r a t i f i e d  population estimate was used t o  estimate the 
number of char in each lake and stream. This method a l so  y ie lds  estimates of 
the  mixing or  migration r a t e  of char between areas .  The Chapman-Junge technique 
i s  applicable t o  the Indian Lake system char population which i s  s t r a t i f i e d  by 
area (Second Lake, Long River, Indian Lake, and Indian River), w i t h  pa r t i a l  mix- 
i n g  occurring between areas with time. 

The computational ly-simp1 e r  Peterson (Ricker 1975) estimate i s  not val id because 
the  assumption t h a t  the sample i s  random w i t h  respect  t o  the marked members of 
the population cannot be made. Movement of char between the lakes and streams 
should be taken into  account. There a r e  not bar r ie r s  t o  f i s h  movement i n  the 



M A R K  

- Large minnow 
o - Small minnow 
@ - Large minnow at surface, midwater, and bottom 
Q - Small minnow at surface, midwater, and bottom - - Fyk? net - - Sinking gill net - - Floating gill net 

R E C A P T U R E  

Figure 7.  Gear placement fo r  the marking and recapture of f i s h  i n  Second Lake. 



- Large minnow - Small minnow 
- Large minnow a t  surface, midwater, and bottom - L a 1 1  minnow a t  sur face ,  midwater, and bottom - - Fyke n e t  - - Sinking g i l l  n e t  --- Float ing g i l l  n e t  

Figure 8. Gear placement for the marking and recapture of f i sh  in Indian Lake. 



system between Second Lake and I n d i a n  R iver .  I f  t h e r e  i s  movement o f  marked 
char  o u t  o f  a  p a r t i c u l a r  s t ra tum before recap tu re  then a l l  marked f i s h  w i l l  
n o t  have an equal p r o b a b i l i t y  of be ing  recaptured;  t h e  char  which have l e f t  
t h a t  s t ra tum w i l l  n o t  be suscep t i b l e  t o  t he  sampling gear. Thus a  Peterson 
es t imate  based on t he  recap tu re - to -cap tu re  r a t i o  a t  t h e  t ime o f  examining f ~ r  
marks w i l l  t end  t o  be t o o  l a rge .  Refer t o  Appendix C f o r  a  coniparison o f  d i f -  
f e r e n t  popu la t i on  es t imates  computed us ing  t he  mark and recap tu re  data f rom the  
I n d i a n  Lake system. 

The Chapman-Junge p o p u l a t i o n  es t ima te  i s  based on a  number of assumptions: 

a )  t h a t  a  random sample i s  taken w i t h i n  each stratum; 

b) t h a t  t h e  p r o p o r t i o n  o f  f i s h  w i t h  a  p a r t i c u l a r  m ig ra to r y  h i s t o r y  
a r e  i n  equal p r o p o r t i o n  i n  t h e  re l ease  and i n  t he  recovery  s t r a t a ;  

c )  t h a t  t h e  p r o p o r t i o n  o f  marked types  a r e  i n  equal p r o p o r t i o n  i n  t h e  
re l ease  and i n  t he  recovery  s t r a t a ;  and 

d )  t h a t  marked f i s h  behave l i k e  unmarked f i s h .  

The Chapman-Junge p o p u l a t i o n  es t imate  i s  a c t u a l l y  a  s e r i e s  of es t imates ;  the  
es t ima te  o f  t h e  t o t a l  number o f  f i s h  i n  t h e  e n t i r e  area, t h e  es t ima te  o f  t he  
number o f  f i s h  i n  each s t ra tum a t  t ime  o f  mark ing and a t  t ime o f  recap tu re ,  
and an es t ima te  o f  t he  number o f  f i s h  which were i n  a  p a r t i c u l a r  s t ra tum a t  
t ime o f  mark ing wh ich  had e i t h e r  remained o r  moved t o  another  s t ra tum a t  t ime  
o f  recap tu re .  I f  a l l  assumptions h o l d  then  an es t ima te  o f  t he  number o f  f i s h  
i n  each s t r a tum can be made. If e i t h e r  assumptions c )  o r  d) a r e  v i o l a t e d  o n l y  
t h e  t o t a l  popu la t i on  s i z e  es t ima te  remains v a l i d .  

The Chapman-Junge es t ima te  r e q u i r e s  t h e  f o l l o w i n g  n o t a t i o n :  

N 
i j 

= The number of  f i s h  i n  s t r a tum i a t  t ime o f  r e l ease  and i n  
s t r a tum j a t  t ime o f  recovery.  

M 
i j 

= The number of tagged f i s h  i n  s t ra tum i a t  t ime o f  r e l ease  
and i n  s t ra tum j a t  t ime  o f  recovery.  

'i j 
= The number o f  f i s h  sampled i n  s t ra tum j a t  t ime o f  recovery  

t h a t  were i n  s t ra tum i a t  t ime of re lease .  

R 
i j 

= The number of f i s h  tagged i n  s t ra tum i and subsequent ly recov-  
e red  i n  s t ra tum j. 

(i, j = I ,  2. .,r; r = number o f  s t r a t a )  

The es t ima te  of t h e  number of f i s h  i n  each recovery  s t ra tum r e q u i r e s  assumptions 
a) and b) ;which can be expressed as 

r N . j M x R~~ 7 = i. (i=l,~,-..r) , where a  ". " s u b s t i t u t e d  
j = l  . j 

f o r  an index i n d i c a t e s  summation ove r  t h a t  index. 



Th i s  i s  expressed i n  m a t r i x  a lgebra  as 

-1 
- C~ N .  - M ~  where cD = c I , and I i s  the  i d e n t i t y  m a t r i x ,  

- j  - . 9  .j - - - - - 
g i v i n g ,  

Thus, 
A 

N =  
-1 

. j 'D R Mi. 
( t h e  es t imated  number o f  f i s h  

- - - i n  each recovery s t ra tum)  

and 
A 

N ( t h e  t o t a l  popu la t i on  s i z e )  . . j 
j =  1 

The es t ima te  o f  t h e  number o f  f i s h  i n  each re l ease  s t ra tum r e q u i r e s  assumptions 
a )  and c )  ; which can be expressed as: 

which i s  expressed i n  m a t r i x  a lgebra  as: 



I 

Thus, N~ 
-1 

= C  R 
. j  - M~ , 

r 

and i.. = C ii 
i =l 

The es t imated  N~~ m a t r i x  i s  

A 

= R i j  Ni- N j .  
Ni 

M i .  C . j  

( t h e  es t imated  number o f  f i s h  i n  each 

rea lease s t ra tum) 

( t h e  t o t a l  popu la t i on  s i z e ) .  

( t h e  es t imated  number o f  f i s h  i n  each 

s t ra tum a t  t ime o f  r e l ease  and a t  

t ime  o f  recovery )  

h 

The asympto t i c  va r i ance  o f  N . .  i s  approx imate ly  

A A A 



A computer program w r i t t e n  by Dr. J e f f  Fu j ioka  (F i she r ies  B i o l o g i s t ,  Nat ional  
Marine F i she r ies  Service, Auke Bay Laboratory) i n  the BASIC  language was used 
t o  perform the  ma t r i x  algebra requ i red  f o r  the Chapman-Junge est imates. 

For Peterson est imates the  number of f i s h  which need t o  be marked and examined 
fo r  marks a t  a  desi red l e v e l  o f  accuracy and p rec i s ion  can be determined w i t h  
the a i d  o f  Figures 1-6 i n  Robson and Regier (1964). Determinat ions o f  these 
mark and recapture sample s izes  i s  based on an i n i t i a l  est imate o f  the  ac tua l  
popu la t ion  s ize.  Both the  Chapman-Junge and Peterson est imates are based on 
s i m i l a r  mark and recapture sampling methodology. Each est imate i s  based on the  
r a t i o  o f  marked f i s h  i n  the sample t o  the  number o f  marks i n  t h e  populat ion.  
Therefore, the  f i g u r e s  presented by Robson and Regier (1 964) were used t o  deter-  
mine the  number of char t o  be marked and examined f o r  marks f o r  the Chapman- 
Junge est imate. A rough est imate o f  t he  number o f  char i n  each l a k e  was made 
by us ing the  dens i t y  of char i n  Osprey Lake (Schmidt and Robards 1976). During 
mark sampling, Schnabel (Ricker 1975) est imates were computed t o  improve t h i s  
approximation. The des i red  accuracy o f  char est imates i n  each lake  and stream 
was 10% o f  the  ac tua l  popu la t ion  s i z e  a t  the  95% conf idence l e v e l ,  the  l e v e l  o f  
accuracy and p rec i s ion  Robson and Regier (1 964) recommended f o r  research. Thus 
F igure  6 i n  Robson and Regier was used as a  guide t o  determine the  minimum num- 
ber  of char which needed t o  be marked and examined f o r  marks i n  each l ake  and 
stream. 

To ge t  some i n s i g h t  i n t o  the  degree o f  char movement between zones and l oca t i ons  
i n  Second Lake, a l l  char sampled i n  June l a r g e r  than 200 mrn i n  l eng th  were i n d i -  
v i d u a l l y  marked w i t h  i n t e r n a l  -anchor F loy  tags. F i f t y - t h r e e  char were so marked. 
Record was kept  of the date, zone, depth, and l o c a t i o n  o f  each recaptured char.  

The marking and recapture ca tch  per  u n i t  e f f o r t  (CPUE) by depth f o r  char i n  
Second and Ind ian  Lakes was computed f o r  l a r g e  and small minnow t raps .  

The numbers of kokanee, s t i ck leback ,  and scu lp in  i n  each lake  and r i v e r  were 
est imated us ing  mark and recapture methods. The abundance est imate used was 
the  Chapman m o d i f i c a t i o n  o f  the Peterson est imate ( o m i t t i n g  the  -1): 

N =  (M + + where N i s  the  est imated populat ion s ize,  
(R + 1 )  

M i s  the number marked, c i s  t h e  number examined f o r  marks, and R i s  the  
number recaptured. 



Confidence in te rva l s  were computed based on d i r ec t  sampling with replacement 
using the Poisson d i s t r ibu t ion  frequency tab le  (Ricker 1975, p .  343). When 
recaptures were larger  than the table  l im i t  of 50, E.S. Pearson's formula a s  
given by Ricker was used t o  compute the upper and lower l im i t s  f o r  the confi- 
dence in te rva l .  The spa t i a l  d i s t r ibu t ion  and movement of these three species 
was evaluated using catch information. 

A t o t a l  of 1,829 char were sampled from the Indian Lake system f o r  age, length,  
weight, sex, and gonad condition. All char captured from F i r s t  Lake were k i l l ed  
and age, growth, and maturity determined. The majority of F i r s t  Lake char were 
captured in g i l l  ne ts  which were allowed t o  f i s h  f o r  3 t o  5 days. Some char 
col lected were too decomposed fo r  accurate weight measurement. Age, growth, and 
maturity information from char in Secmd Lake, Long River, Indian Lake, and 
Indian River was collected during recapture sampling in August. Table 3 gives 
the exact dates f i s h  were col lec ted f o r  age, growth, and maturity determination. 
Seventy kokanee captured from Second Lake and Indian Lake were a l so  k i l l ed  f o r  
age, length, weight, sex, and gonad condition determination. These f i s h  were 
collected in minnow t raps ,  fyke nets ,  and variable mesh g i l l  ne ts  s e t  in a l l  
areas of each lake and stream. 

Fork lengths were measured t o  the  nearest  millimeter and weights t o  the nearest  
0.1 g. Sex and gonad condition were determined by dissect ion.  The gonads were 
c l a s s i f i ed ,  according t o  Ne1 son (1 966), in to  three  maturity groups: "immature", 
"mature, spawning imminent", and "mature, spawning not imminent". Blackett 
(1 968) termed these three  maturity stages a s  : "completely undeveloped gonad", 
"undeveloped gonad", and "developing gonad". No measurements of ovary weight 
o r  egg diamter were made. All length,  weight, sex, and gonad condition deter-  
minations were made in the f i e l d  from freshly-caught f i s h .  

Ovaries from e igh t  mature, spawning-imminent char were dissected and preserved 
in 10% formalin. The eggs were counted a f t e r  the f i e l d  season. 

Otol iths ( s a g i t t a )  were used t o  age the char and kokanee. After length and 
weight determinations, the heads of each char and kokanee were severed, indivi -  
dually numbered, and stored in 50% ethanol (ETOH) i n  a f reezer .  

The method used t o  d i s sec t ,  read, and i n t e rp r e t  the o t o l i t h s  i s  t h a t  described 
by Heiser (1966) except t h a t  the o t o l i t h s  were not placed i n  a l iquid  detergent  
solution t o  c l e a r  f o r  viewing. Instead the o t o l i t h s  were never permitted t o  dry 
out (which turns  them opaque, obscuring the  annul i ) .  Otol i t h s  were stored and 
read in 50% ethanol according t o  the procedure recommended by LaLanne (1975). 
LaLanne t r i e d  several methods of c lear ing dried walleye pol 1 ock (Theraqra  
chalcoqramrna) otol  i ths  but found t h a t  none restored the original  trans1 ucency. 
L i t t l e  d i f f i c u l t y  was encountered in makin age determinations from the char 
otol  i t h s .  Each hyal ine r ing (winter check on a c h a r ' s  o to l i t h  was counted a s  
a year of l i f e .  

3 
Every two weeks about 30 char were col lec ted f o r  d i e t  determination: 10 from 
Long River, 10 from the  l i t t o r a l  zone of Indian Lake, and 10 from the benthic 



zone of I n d i a n  Lake ( r e f e r  t o  Tab1 e 3 ) .  Stomachs were d i ssec ted  and preserved 
i n  5% fo rma l in .  Age, growth, and m a t u r i t y  data was a l s o  c o l l e c t e d  on these 
char .  Sampling gear cons i s ted  o f  var iable-mesh g i l l  ne t s  and l a r g e  minnow 
t raps .  A1 1 char  were cap tu red  between 0900 and 1200 hours. Ana lys is  o f  stom- 
ach con ten ts  was done by ADF&G s t a f f .  

S t a t i s t i c a l  t e s t s  were performed w i t h  two computer packages a v a i l a b l e  on t he  
U n i v e r s i t y  o f  Alaska Computer Network, t he  Biomedical Computer Programs P-ser ies  
(BMDP) (Dixon, W.J. 1977) and t he  S t a t i s t i c a l  Package f o r  t h e  Soc ia l  Sciences 
(SPSS) (N ie  e t  a l .  1975). The s p e c i f i c  BMDP o r  SPSS program used, i t s  au thor  
and r e v i s i o n  date, and a p p l i c a t i o n  i n  t he  a n a l y s i s  o f  age, growth, and m a t u r i t y  
data i s  l i s t e d  below: 

Program Author,  Rev is ion  Date Appl i c a t i o n  

BMDP 2D Engelman, 2/7/75 Proo f read ing  data, da ta  d e s c r i p t i o n  

BMDP7D Sampson , 2/7/75 Data d e s c r i p t i o n ,  a n a l y s i s  o f  v a r i  - 
ance 

BMDP5D Chasen, 2/7/75 Data d e s c r i p t i o n ,  h is tograms 

Chasen , 4/30/76 B i v a r i a t e  s c a t t e r  p l o t s ,  computat ion 
o f  l i n e a r  r eg ress ion  equat ions and 
r e s i d u a l  mean square 

BMDPl R Jackson and Douglas, Mu1 t i p l e  1  i n e a r  r eg ress ion  
2/7/75 

BMDPl V Engelman and Yamaski , One-way a n a l y s i s  of va r iance  and 
4/30/76 covar iance 

SPSS N ie  e t  a1 . 1975 Proof reading,  da ta  d e s c r i p t i o n  

"Crosstabs I' Summing ca t ch  data 

RESULTS AND DISCUSSION 

Limn01 ogy 

The mean d a i l y  wa te r  temperature a t  t h e  o u t l e t  o f  F i r s t  Lake was 16OC and a t  
t h e  o u t l e t  o f  I n d i a n  Lake i t  was 12°C f r om 13 June t o  25 August 1979. The 
d a i l y  range of F i r s t  Lake o u t l e t  wa te r  temperature was g r e a t e r  than t h a t  f o r  
I n d i a n  Lake (F igu re  9). Temperature p r o f i l e s  f o r  F i r s t  Lake show t h e  presence 
o f  a  sha l low thermoc l ine  a t  2  t o  3 m i n  mid-June (F igu re  10) .  Temperature p ro -  
f i l e s  of I n d i a n  Lake show t h e  absence o f  a  thermoc l ine  u n t i l  26 August, t h e  l a s t  
day o f  sampl ing (F igu re  11) .  

The h ighes t  d i sso l ved  oxygen l e v e l  i n  F i r s t  Lake occur red  a t  depths between 2 
and 3 m (F igu re  12).  I n  F i r s t  Lake t h e  d i s s o l v e d  oxygen near  t h e  bot tom o f  
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F igu re  9. Average d a i l y  wa te r  temperatures a t  t h e  o u t l e t  o f  F i r s t  Lake and a t  t h e  o u t l e t  of I nd i an  Lake. 
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F igu re  10. Temperature p r o f i l e  o f  F i r s t  Lake, 2 June t o  28 August 1979. 
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Figure 11 . Temperature p r o f i l e  of  I n d i a n  Lake, 19 June t o  26 August 1979. 
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Figure  12. Dissolved oxygen (mg/L) p r o f i l e  o f  F i r s t  Lake, 2 June t o  28 
August 1979. 



F i r s t  Lake ranged between 1 .0  t o  3.4 mg/L throughout t he  stiidy per iod .  The 
d isso lved  oxygen in Indian Lake was not b io log ica l ly  l i m i t i n g  a t  any depth.  
The lowest  d i sso lved  oxygen measurement obtained was 9 . 0  rng near t h e  bottom 
of t he  l ake  on 26 August. Dissolved oxygen in  the  o u t l e t  stream from F i r s t  
Lake ranged from a low of 2.5 mg/L on 2 June t o  a high o f  10.2 mg/L on 15  Ju ly  
(Table 5 ) .  

The sur face  water a l k a l i n i t y  and hardness remained cons tan t  i n  bo th  7akes a t  2 
mg/L. The sur face  pH of F i r s t  Lake averaged 5.6 with a r a r~ge  of 5.5 t o  5 . 1  
and the  su r f ace  pH of Indian Lake averaged 6.7 with a range of 6.6 t o  6 , S .  
Secchi d i sk  readings  f o r  Indian Lake were g r e a t e r  than f o r  First bake {Figure 
13). The mean Secchi d i sk  reading in  F i r s t  Lake was 3.9 m and  Sn Indian Lake 
5.4 m.  

Zooplankton hauls  i n  F i r s t  Lake contae:ied members of t h e  o rde r s  Cladocera, 
Copepoda, and R o t i f e r a  (Table 6 )  while  only Copepoda were found i n  Indian Lake 
(Table 7 ) .  In F i r s t  Lake t h e  most abundant zooplankton f o r  most of t he  study 
period were concohiloides and in Indian Lake Cyclopoid copepods were most 
common. 

Age, Growth, Sex, Maturi ty ,  and Die t  

A t o t a l  of 1 ,843  Dolly Varden cha r  were k i l l e d  i n  August from throughout t h e  
Indian Lake system f o r  age and growth o r  d i e t  de te rmina t ions .  Of these  9,843 
char ,  age determinat ions were made on 1,802, weight on 1,736, sex on 1,800, and 
gonad condi t ion  on 1,453. Lengths were measured on a l l  char  k i l l ed .  

wei h t  The mean length ,  weight,  age ,  condi t ion  f a c t o r  K ,  where n = x 105 1 and 
frequency by sex and condi t ion  of gonads f o r  char  c o l l e c t e d  i n  each jake and 
stream a r e  presented i n  Table 8. The o l d e s t  char sampled in  t he  Indian Lake 
system were age  X I V  and t h e  youngest were age I .  The range in  length  of char  
sampled was from 58 mm t o  556 mm and the  range in  weight was from 2 t o  1,864 g. 
The mean l eng th ,  range,  s tandard dev ia t ion ,  and sample s i z e  of each age c l a s s  
of char  c o l l e c t e d  from F i r s t  Lake, Second Lake, Long River ,  both halves of 
Indian Lake, and Indian River i s  presented i n  Table 9 ,  For t h e  aye  and growth 
a n a l y s i s  each ha l f  of Indian Lake was considered sepa ra t e ly  t o  al low comparisons 
of char  growth between each ha l f  and d i r e c t  comparisons with t h e  population 
abundance, movement, and s p a t i a l  d i s t r i b u t i o n  e s t ima te s .  

Char sampled from Long and Indian Rivers  were smaller  and younger tnan char  
from Second and Indian Lakes (Table 8) .  The age d i s t r i b u t i o n s  of' c3ar s ~ m p l e d  
from t h e  r i v e r s  were skewed toward younger char  (F igure  1 4 ) .  M c s t  o f  t h e  l a r g e r ,  
o lde r  char  were sampled from t h e  l akes .  

Char sampled from F i r s t  Lake were t h e  l a r g e s t  and o l d e s t ;  there were few age I 
t o  I11 char  sampled (F igure  1 4 ) .  The most common age of t h e  char  obtained was 
V .  The g r e a t e r  mean age and s i z e  of char  sampled from F i r s t  Lake i s  posss"b1y 
due t o  s e l e c t i v i t y  of t h e  g i l l  n e t s  toward l a r g e r  char  (Figure 75) .  Variable- 
mesh g i l l  n e t s  were t h e  dominant gear  type f i shed  i n  F i r s t  Lake, In a d d i t i o n ,  
i t  i s  un l ike ly  t h a t  char  spawn in F i r s t  Lake because of t he  lack  of s u i t a b l e  
spawning s u b s t r a t e .  Poss ib ly  t h e  char  which emigrated t o  F i r s t  Lake needed t o  
grow t o  a c e r t a i n  s i z e  before  becoming phys ica l ly  capable of  navigzt ing t h e  
small cascading creek between Second Lake and F i r s t  Lake. 



Table 5.  F i r s t  Lake and Indian Lake ou t le t  stream temperature and 
dissolved oxygen ( D . O . )  measurements, 2 June t o  28 August 
1979. 

Date - 
June 2 

1 9  

July  2  

10 

15 

3 1 

August 1  

FIRST LAKE INDIAN L A K E  

U(h) iemp("C) Time ( h )  Temp('C) D.O.(mg/L) 

1700 12 2.5  1 1 1 

No data was taken. 
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Figure  13. Secchi d i s k  readings i n  F i r s t  Lake and 
Ind ian  Lake, June t o  August 1979. 



Table 6 .  Zooplankton composition and density (organisms per cubic meter) i n  F i r s t  Lake, 2 June t o  18 October 
1979. Plankton density computations a r e  the average of two ver t ical  plankton tows from a depth of 
13 m using a no. 10 Nitex net. 

N L c  Jwm 2 Jtrne 19 July 2 July 15 July 31 wwt 16 Augutit 2U &pteuCcr 15 Octcllrr 3 October 18 

I 
w 
0 COI'EIUth 
I Cyclqold c q q d  

Cal inold cq clod 
tklullli i 
Ggcpod -JJG 



e 7. Zooplankton composit ion and dens i ty  (organisms per  cubic meter) i n  Ind ian  Lake, 19 June t o  26 
August 1979. Plankton dens i ty  computations are average of two bottom (55 m) t o  surface v e r t i c a l  
p lankton tows us ing  a no. 10 N i tex  ne t .  

---------------- ................................................................. 
1h1-e June 19 July 2 July 15 I\ugrat 1 August 16 hw~ust 26 ---------------------------------------------------------------------------- 

Copepod egge 125 102 1,143 147 



Table 8. Mean length, weight, age, condition factor (K), and frequency by sex and gonad condition of 
char collected in each lake and stream. The range and standard deviation o f  the length, weight, 
age, and K values are  1 isted as a re  the percentage of each sex and stage of maturity. Sample s izes  are  in parentheses. See text  for  gonad condition code definit ions.  

-- 
Sex Condition ofgoi iaTs 

LakeIStream Length Weight M F  *--- K 1 2 _ _ _ _  3 
168.1 65.6 28 1 .038 

91 -302 5.1-283.2 2-9 .667-1.299 
F i r s t  Lake 46.507 58.290 51.9% 48.1% 1.595 .I23 -- 

(65) (54) (54) (60) (52) 
130.9 30.0 159 1 68 3.4 .853 263 19 46 

75-437 3.0-830.0 48.6% 51.4% 1-14 .67-1.16 80.1 5 .8  14.0 
Second Lake 47.128 67.691 1 .884 .203 
- (333!3 ( ; ; ; j  51327) (326) &lpTq!!) 

134 2.7 .848 6 1 0  
62-283 1.9-170.8 52% 48%. 1-9 .61-1.16 79.0 17.2 3.7 

Long River  38.164 23.485 1.575 .078 
(2Wi7 (iXIb (279)229 (2Fi (263) 9 7 L - T  
1 49 233 T- a 

I n l e t  end o f  65-551 2.1-1864.0 1-1 3 .55-1.33 54.0 41.1 4.9 
Indian Lake 55.457 152.248 50.4 49.6 1.708 .095 

(472) f 401 ) 462 465) (401 
143.5 42.3 233' ' z Y 1  4.1 . 8 & 3 1 8 - - '  t+zr - 

O u t l e t  end o f  58-556 2.0-1825.0 1-14 .60-1.22 
Indian Lake 54.745 128.508 46.8 53.2 1.925 .I37 64.6 29.9 5 .5  

(505) (503 (498) (490) (10;) 
112.6 1 5:! 78 102 2.9 8 9  7 

60-21 6 2.0-98.8 1-8 .61-1.12 
F W - T  

Indian River  31.959 15.480 43.3 56.7 1.355 .064 81.8 14.9 3.3 
(182) ( 182) 
135.7 34.8 

l+-++o 
8 /6  

E n t i r e  Ind ian  58-556 1.9-1864.0 48.7 51.3 1-14 .55-1.33 
1,040 
71.6 21.7 6.7 

Lake System 51.618 106.942 1 .885 .I35 
(1843) ( 1736) ( 1 8 9  (1802) ( 1 734) ( 1453) 



Table 9. Mean length,  standard deviat ion,  range, and sample s ize  f o r  each age c l a s s  of Dolly Varden char 
collected from throughout the  Indian Lake system. 

AGE 

. - - -- -- I I I I11 IV v VI VII VIII IX X X I  I XIII XIV x1 - - -_ -_ -_ - - 

Mean 

F- w 
Length 92.0 119.2 135.5 158.5 182.5 194.8 267.5 302.0 

v, - S.D. 
rx 4 

1.414 10.426 24.568 21.673 19.435 20.856 5.802 
- 2  LL 9 3 129 176 187 225 227 273 

Ranqr 91 106 102 110 162 168 262 
N 2 5 13 16 8 11 4 1 

Mean 

a Length 79.7 101.1 116.9 140.8 159.9 181.3 207.8 210.0 252.0 320.5 
z w S.O. 2.872 
0 Y 

7.562 10.738 19.920 25.265 32.138 22.085 4.583 25.232 38.891 
U CT 
W --1 

8 5 119 140 197 246 221 238 215 279 348 
v, Ranqe 75 80  94 114 117 104 167 206 218 293 

N 9 125 7 5 42 36 17 11 3 4 2 

I Mean 
0 Length 77.5 97.1 115.9 135.9 156.6 195.8 221.4 
0, 
I a a S .D.  6.965 10.833 10.998 10.935 29.068 22.486 43.690 

Z W  
0 > J - 94 127 141 152 208 235 238 

rx Ranqe 62 66 94 114 103 161 161 
FI 64 99 52 30 18 12 8 

w Mean 
V- Y 2 5  Length 69.5 95.4 119.6 134.0 158.8 
r -  S.D. 3.109 8.121 12.046 14.075 18.831 
0 2 
w -  7 2 115 185 177 246 
-a Range 65 
C Z 

81  99 106 101 - -  N 4 28 92 141 126 

- .Y 
- - 

m Length 71.3 
C J  

94.6 118.4 140.6 165.0 

u Z 
S.D.  7.459 11.043 14.140 18.342 17.705 

w c r  ,..- - 87 121 166 190 237 
Q a Ranne 58 6 7 8 5 109 131 

Mean 

z m  
Length 71.7 92.8 115.3 137.8 161.9 1F5.7 189.0 205.0 

a w S.D. 7.447 11.931 11.344 15.961 18.613 33.322 7.071 2.828 - > a - 
z a 90 122 145 173 189 21 6 194 207 - Panye 60 66 77 1 04 121 150 184 203 

PI 14 7 2 4 7 20 17 3 2 2 
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Figure 14. Age f r e q u e n ~ y  of Dolly Varden char i n  First Lake, Second Lake, 
Long River, i n l e t  half of Indian Lake, o u t l e t  half of Indian 
Lake, and Indian River. 
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Figure 15. Length frequency f o r  Dolly Varden char  captured by each gear  type  
p l o t t e d  i n  10 mm increments.  Data from each lake  and r i v e r  a r e  
combined . 



Growth curves for  char collected from each lake and river are  presented in 
Figure 16 using the length-age data in Table 9. No attempt was made to  
describe the age-length relationship of char with a non-linear equation since 
the l inear equation regression correlations were a l l  .864 or better.  Correla- 
tions fo r  regression of the logarithm of length on age were not consistently 
cl aser to  1 . 
There i s  a change in slope in these growth curves a t  approximately age VIII 
when the char are approximately 200 mm in length. For ages I to VIII the mean 
slope i s  20.677 and fo r  ages VIII to XIV the slope i s  51.053. This change in 
slope may be related to a change from an insectivorous to a piscivorous d ie t .  
A t  approximately age VIII the char a re  large enough to prey on sticklebacks, 
cot t ids ,  knokanee, and young char. This piscivorous d ie t  may resul t  in a f a s t e r  
growth ra te  for  the char. Fish are also a year-round food supply. The minimum 
c r i t i ca l  s ize for the char to  effectively prey on f i sh  i s  approximately 200 mm, 
based on the inflection point in the growth curve. Small sample sizes and ran- 
dom variabi l i ty  with the larger,  older char prohibit drawing any defini te  con- 
clusions. 

Analysis of covariance revealed significant differences in the growth rates  
(mm/yr) f o r  char collected from each lake and stream (Table 10) .  A Newman- 
Keul s mu1 t i p l e  range t e s t  (Zar 1974, p .  155) was used to group lakes and streams 
which did not have significantly different  slopes for the age-length relation- 
ship. Only Indian River and in le t  half of Indian Lake did not have significantly 
different growth rates  when a l l  age groups of char were used in the analysis.  
When the covariance analysis was repeated with the analysis limited to  char 
aged VIII and younger so a1 1 groups were represented in each lake and stream, 
there were again s ignif icant  differences in the growth rates  of char from each 
lake and stream. A Newman-Keuls multiple range t e s t  determined that  a l l  lakes 
and streams are  significantly different with the exception of Indian River and 
Fi rs t  Lake when the analysis was limited to  char aged I to  VIII. The growth 
rates  f o r  Second Lake and each half of Indian Lake f o r  age VIII t o  XIV char 
a re  not significantly different ;  however the slopes of 36, 63, and 56 respect- 
ively do suggest differences in growth rates.  Larger sample sizes of these 
older,  larger char are required to  make a def ini t ive statement. 

Examination of the age-length relationship by sex of char sampled from each 
lake and stream revealed that  the males have the f a s t e s t  growth rate  (Table 11; 
Figure 17).  A covariance analysis of the age-length relationship between ma1 e 
and female char collected from throughout the Indian Lake system determined 
that  the age-length relationship fo r  males was significantly different from 
that  for  females (Table 12). The mean length of the 818 males was 134.4 mm 
and tha t  of the 858 females was 132.5 mm. The male and female mean ages were 
3.687 and 3.718, respectively. The slope of the age-length relationship fo r  
males and females was 25.2258 and 22.4097, respectively. Spawning s t r e s s  might 
be greater f o r  females than i t  i s  f o r  males; egg developrnent might require more 
energy than t e s t e  development. In addition most female char in the Indian Lake 
system spawn annually between the ages of VI and IX; males, on the other hand, 
apparently spawn every two years. 
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Figure 16. Growth curves f o r  Dolly Varden char captured from First Lake (FL), 
Second Lake (SL), Long River (LR), Indian Lake ( IL ) ,  and Indian 
River ( IR) . 



Table 10. Covariance analysis of the age (independent) vs 1 ength (dependent) relationship between char 
collected from each lake and stream. 



Tab le  11. Age- length  r e l a t i o n s h i p  f o r  male and female  c h a r  c o l l e c t e d  from 
each l a k e  and stream. 

SAMPLE 
LAKE/STREAM SEX SIZE AGE(Yr)-LENGTH(mrn1 RELATIONSHIP i? 

M 2 7 L = 24.283 + 26.749A .868 
FIRST F 2 6 L = 40.266 + 24.729A .870 

LAKE Bo th  5 3 L = 32.851 + 25.626A .867 

M 159 L = 52.718 + 22.664A .925 
SECOND F 166 L = 55.305 + 21.308A .929 

LAKE Bo th  32 5 L = 53.826 + 22.041A .926 

M 144 L = 51.766 + 22.832A .909 
LONG F 134 L - 53.193 + 21.604A .930 

RIVER Bo th  278 L = 52.567 + 22.206A .918 

i n l e t  h a l f  o f  M 231 L = 10.106 + 31.844A .906 
INDIAN F 225 L = 34.102 + 25.655A .864 

LAKE Bo th  456 L = 19.823 + 29.239A .887 

o u t l e t  h a l f  o f  M 226 L = 35.563 + 26.962A .&94 
INDIAN F 259 L = 49.101 + 22.441A .901 

LAKE Bo th  48 5 L = 42.540 + 24.585A .892 

M 78 L = 50.238 + 21.772A .928 
INDIAN F 9 7 L = 52.092 + 20.821A .894 
RIVER Bo th  175 L = 51.146 + 21.288A .911 
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Figure 17. Age-length re la t ionships  f o r  male ( so l id  l i n e )  and female (dashed 
l i n e )  Dolly Varden char captured from each lake and r i ve r .  
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Table 12. Covariance analysis of the age (independent) vs 1 ength (dependent) re1 ationship between male 
and female char collected from throughout the Indian Lake system. 

Age groups Sample F-value for equality significant 
considered Size Mean Age Mean Length Slope of growth rates at 
in analysis M F M F M F M F (~m/yr) ( a  = .05) 

All age groups 
(ages 1-14) 818 858 3.69 3.72 134.44 132.46 25.2258 22.4097 25.2162 Yes 

Inature 
(ages 1-3) 419 435 2.30 2.29 103.77 102.27 20.7484 20.3393 .I367 

Ages 1-8 802 843 3.54 3.60 129.81 129.11 21.3218 20.1169 5.7839 Yes 

Ages 8-14 24 30 9.92 9.03 317.67 263.07 50.3339 52.4124 .0457 No 



If differences in growth rate  between ma1 es and females resul t  from differences 
in the i r  reproductive biology then the growth rate  of male and female imnature 
char should be similar. A covariance analysis of immature char ages I ,  11, and 
I11 showed no significant difference in the age-length relationship between males 
and females (Table 12). The analysis of covariance was then restr ic ted to char 
aged I to  VIII. Again the age-length relationship for  males was significantly 
greater than tha t  for  females (Table 12).  When the analysis of covariance was 
restr ic ted to  char age VIII and older there was not a significant difference 
between males and females. Small sample s izes ,  20 males and 30 females, did not 
permit a very powerful analysis. The slope for  males was less  than that  for  
females. In other t e s t s  m l e s  consistently had the larger slope. 

The length-weight relationships for  male and female char sampled from each lake 
and r iver  a re  presented in Table 13. No sa l ien t  differences in the slopes of 
regression of the logarithm of weight on the logarithm of len t h  were found, 
e i ther  among locations (Table 14) ,  or  between sexes (Table 15 4 . 
The mean condition factor  of the char collected from throughout the Indian Lake 
system was 0.88 with a range of from 0.55 t o  1.33 and a standard deviation of 
0.13. The char in Firs t  Lake had the largest  mean condition factor (Figure 18).  
Not a l l  char measured in F i rs t  Lake were fresh specimens. Perhaps absorption of 
water into the body tissues biased the weight and condition factor  upward. 
Weights were not recorded fo r  char which were noticeably decomposed. Analysis 
of variance t e s t s  were performed to  determine i f  there was any ef fec t  on condi- 
tion factor due to age or  sex. No significant effects  were found. 

The sex r a t io  of char in the Indian Lake system i s  1 : I .  O u t  of 1,800 char f o r  
which sex was determined, 876 (48.7%) were ma1 es and 924 (51 .3%) were femal es. 
Chi-square testing indicated that none of the sex ra t ios  of char sampled from 
each lake and stream (Figure 19) were significantly different  from the expected 
1 :1 ra t io .  There i s  l i t t l e  difference in the length (Figure 20) or age composi- 
tion (Figure 21) by sex of char sampled from throughout the Indian Lake system. 
The longest female char taken was 498 mm and the oldest was age XIIZ, compared 
to  556 rnrn and age XIV for  males. To determine if there were any differences 
between sexes in the maximum age or length of char, more larger ,  older char need 
to be sampled. 

Insight into the age a t  f i r s t  maturity and frequency of spawning i s  gained by 
examining graphs of the percent composition by age of each maturity group of 
char sampled from each lake and r iver  (Figures 22 ,  23, 24, and 25). 

In the Indian Lake system male and female char mature as young as age I1 and are  
a l l  mature by age VII. Most males and females are mature a t  age V or VI. The 
oldest "mature, spawning imminent" char captured in the system was an age XIV 
male captured from Indian Lake. In Indian Lake 67% of the females were mature 
a t  age V while only 42% of the males were mature a t  that age. This indicates 
that  the females mature a t  an ea r l i e r  age than males. However, t h i s  si tuation 
i s  not as c lear  when other lakes and r ivers  a re  considered in the analysis since 
relationships between age and stage of maturity were not consistent between each 
lake and stream. Perhaps determining the stage of maturity in August i s  too 
early in the year. Char could have been wrongly classif ied as  "mature, spawning 
not imminent" when, in f a c t ,  they would soon undergo rapid gonadal development 



Tab le  13. Length-weight  r e l a t i o n s h i p  f o r  male and female c h a r  c o l l e c t e d  
f r o m  each l a k e  and stream. 

SAMPLE 
LAKEISTREAM SEX SIZE LENGTH-WEIGHT RELATIONSHIP R 

M 26 LOG W = -4.1631 + 3.0797 LOG L .992 
FIRST F 25 LOG W = -4.0702 + 3.0356 LOG L .989 

LAKE B o t h  51 LOG W = -4.11 47 + 3.0567 LOG L -990 

M 159 L O G W = - 5 . 1 4 3 8 + 3 . 0 3 5 3  LOG L .980 
SECOND F 168 LOG W = -5.2418 + 3.0773 LOG L .996 

LAKE Bo th  327 LOG W = -5.1926 + 3.0561 LOG L .987 

M 135 LOG W = -5.3659 + 3.1465 LOG L .995 
LONG F 124 LOG W = -5.2257 3.0733 L0G.L .996 

RIVER Bo th  259 LOG W = -5.291 5 7 3.1079 LOG L '.995 

i n l e t  h a l f  o f  M 201 LOG W = -5.1504 + 3.0503 !-OG L .990 
INDIAN F 195 LOG W = -5.0673 + 3.0058 LOG L .993 

LAKE Bo th  396 LOG W = -5.1151 + 3.0310 LOG L .991 

o u t l e t  h a l f  o f  M 233 LOG W = - 5 . 1 1 2 3 +  3.0306 LOG L .998 
INDIAN F 265 LOG W = -5.2329 + 3.0795 LOG L .990 

LAKE B o t h  498 LOG W = -5.1737 + 3.0553 LOG L .989 

M 78 LOG W = -5.1293 + 3.0340 LOG L .995 
INDIAN F 102 LOG W = -5.0676 + 3.0019 LOG L .997 

R I V E R  Bo th  180 LOG W = -5.0963 + 3.0168 LOG L .996 



Table 14. Covariance analysis of the log (length) (independent) vs log (weight) (dependent) re1 ationship between 
char collected from each lake and stream. 

A1 1 age groups 2.229 2.092 2.026 2.148 2.129 1.997 
(ages 1-14) 1 4 0  326 258 392 536 12411.7027 1.202 1.006 1.396 1.332 .92612.9781 3.0626 3.1077 3.0326 3.0512 2.9982 

I 2.223 2.084 2.025 2.137 2.121 1.997 
Ages 1-8 39 319 257 381 525 124 1.683 1.176 1.001 1.360 1.306 .926 2.9769 3.0432 3.1118 2.9474 3.0346 2.9982 3.3755 I 

a t  
(a = .05) 

Age groups 
considered 
i n a n a l y s i s  

SAMPLE SIZE MEAN LOG-LENGTHILOG-UEIGHT 
FL SL LR I 1  01 IR FL SL LR I 1  01 IR 

Ages 8-14 

- 
-forcant 

SLOPE 
FL SL L R I I 01 I R 

- 10 - 12 e7 - 

equal i ty  of 
slopes 

2.426 2.531 2.389 
- 2.235 - 2.591 2.110 - - 3.3095 - 3.2263 3.2677 - t ,0844 No 



Table 15. Covariance ana lys i s  of t he  l o g  ( length) (independent) vs log(weight)(dependent) r e l a t i o n s h i p  between 
male and female char c o l l e c t e d  from throughout the Ind ian  Lake system. 

Mean Mean f-value for Signif~cant 
Age qroups considered Sample Size Log Length Log Weight Slope equality of at 

:n analysis M F M F F1 F M F slopes (a = .05) 

A1 1 age groups 
(ages 1-14) 818 858 2.1053 2.1014 1.2625 1 .2385 3.0803 3.0791 .0039 No - 

Ages 1-3 
( immature) 419 435 2.0101 2.0031 .9643 .9327 3.0232 3.0277 .0086 No - 

Ages 1-8 802 843 2.0967 2.0944 1.2356 1.2171 3.0626 3.0750 .3276 No 

A-ges 8-14 24 30 2.4709 2.4014 2.3980 2.1436 2.2391 3.2873 .I895 No 
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Figure 18. The mean, s tandard dev ia t ion ,  and range of condi t ion  f a c t o r  of 
Do1 l y  Varden char  c o l l e c t e d  from each l ake  and r i v e r ,  1979. 



MALE 
FEMALE 

FI-RST SECOND 
LAKE LAKE 

LONG 
R I V E R  

i n l e t  o u t l e t  I N D I A N  
I N D I A N  I N D I A N  R I V E R  

LAKE LAKE 
(462) (498) (180) 

Figure 19. Sex frequency of Dolly Varden char col lec ted from each lake and 
r i ve r .  
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Figure 20. Length frequency by sex p l o t t e d  i n  10 rnm increments f o r  D o l l y  
Varden char c o l l e c t e d  from throughout t he  Ind ian  Lake system. 
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Figure 21. Age frequency by sex of Do1 l y  Varden char col 1 ected from throughout 
the Indian Lake system. 
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Figure 22. Gonad condition by percent of each age c l a s s  of Dolly Varden char 
collected from Second Lake, 19 August t o  23 August 1979. Upper 
graph is  f o r  males and lower graph i s  f o r  females. The maturity 
c l a s s i f i c a t i ons  a re :  1 = immature, 2 = mature, spawning imminent, 
and 3 = mature, spawning not im inen t .  
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Figure 23. Gonad condition by percent of each age c l a s s  of Dolly Varden char 
collected from Long River, 4 August to  23 August 1979. Upper graph 
i s  for  males and lower graph is f o r  females. The maturity c l a s s i -  
f i c a t i ons  a re :  1 = immature, 2 = mature, spawning imminent, and 
3 = mature, spawning not imminent. 
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Figure 24. Gonad condition by percent of each age class of Dolly Varden char 
collected from Indian Lake, 4 August t o  15 August 1979. Upper 
graph i s  fo r  males and lower graph i s  for  females. The maturity 
classif icat ions are:  1 = immature, 2 = mature, spawning imminent, 
3 = mature, spawning not imminent. 
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Figure 25. Gonad condition by percent of each age c l a s s  of Dolly Varden char 
collected from Indian River, 10 August t o  15 August 1979. Upper 
graph i s  f o r  males and lower graph i s  f o r  females. The maturity 
c lass i f i ca t ions  a re :  1 = immature, 2 = mature, spawning imminent, 
3 = mature, spawning not imminent. 



and spawn in l a t e  f a l l .  Dolly Varden char i n  Southeastern Alaska spawn during 
September, October, and November (Armstrong and Morrow 1980, Blackett 1968). 
Armstrong (1974) f e l t  t ha t  most anadromous Dolly Varden char from Hood Bay 
Creek spawned annual ly once reaching sexual maturity . Bl ackett  (1 968) , however, 
tagged spawning anadromous char in Southeastern Alaskan streams and the  follow- 
ing year recovered both "mature, spawning iminen t "  and "mature, spawning not 
imminent" char. No references to  the spawning frequency of stream/lake resident 
form of Dolly Varden char could be located. 

In Long River, Indian Lake, and Indian River most mature female char aged V t o  
IX spawn annually, In Indian Lake 95% o r  more of a71 age VI t o  IX females were 
c l a s s i f i ed  a s  "mature, spawning imminent". Not a1 l females older than age IX 
spawn annually, however. Three of the e ight  female char sampled which were 
older than age IX were c lass i f i ed  as  "mature, spawning not imminent". The spawn- 
ing frequency f o r  males i s  more d i f f i c u l t  t o  determine. Figures 24 t o  27 do not 
show a succession of years in which a l l  males spawn annually, a s  was the case fo r  
the  females. Apparently the proportion of males which spawn on an annual basis  
i s  l e s s  than t ha t  f o r  females. 

The proportion of each maturity group by age of char i n  Second Lake i s  much 
d i f fe ren t  from tha t  observed i n  the r e s t  of the system. For males there was 
no decline i n  percent immature unt i l  age VII. A much la rger  proportion of 
females were c l a s s i f i ed  a s  "'mature, spawning not imminent". Most of the "mature, 
spawning imminent" char might have moved out of Second Lake in to  Long River to 
spawn. 

Determination of sex and gonad condition f o r  many of the  l a rger ,  older char was 
d i f f i c u l t  because the char were heavily parasi t ized with nematodes. In heavily 
parasi t ized char the  internal  organs a r e  bound t o  the coelomic cavity making 
ident i f ica t ion and c lass i f i ca t ion  of gonads d i f f i c u l t  due t o  the  unusual mass of 
connective f iber .  

Ovaries were collected from eight  "mature, spawning imminent" char. This sample 
s i ze  i s  too small t o  accurately describe char fecundity, however, t h i s  informa- 
t ion provides a rough est imate.  

Ovaries contained eggs of two d i s t i n c t  s izes .  The smaller ones were l e s s  than 
2 mm in  diameter and the  larger  ones greater  than 2 mm. The mean fecundity was 
11 7 eggs from a sample of char w i t h  a mean 1 ength of 174 mm (Table 16).  There 
were approximately equal numbers of small and large  eggs i n  each ovary. 

Stomach content analysis  of Indian Lake and bong River Dolly Varden char by zone 
of capture i s  presented in Table 17. Food was present i n  a11 stomachs analyzed. 
Chironomidae were the food item eaten most often by char, occurring in 77.4% of 
a l l  stomachs examined. The mean number of chironsmids i n  the stomachs of char 
eat ing t ha t  pa r t i cu la r  food item i s  112.3. Percent occurrences of other main 
food items were: miscellaneous Diptera, 38.2; Tricoptera,  28.4: Coleoptra, 25.5; 
Hymenoptera, 21.6 ; Homoptera, 12.7 ; Ephemeroptera, 11 -8 ;  and Pl  ecoptera , 10.8. 
The mean numbers of these organisms per f i s h  eating t h i s  par t i cu la r  food item 
were: miscel laneous Diptera , 8.6; Tricsptera , 9.2; Col eoptera , 4.5 ; Hymenoptera, 
24.2; Homoptera, 4.0; Ephemeroptera, 7.3; and Plecoptera, 2.4. 



Table 16. Char length, number of large eggs, and number o f  small eggs, 
captured from Indian Lake, 6 August t o  8 August, 1979.  

Char 
1 ength Number of  large Number of small 
(m) eags l egas 

1 Fecundity, number of ripening eggs per female. 

Non-ripening eggs, missing values resul t  from poorly preserved eggs. 



Table 17. Stomach content  ana lys i s  of Dolly Varden char by zone of capture ;  
Indian Lake and Long River,  1979. 

LITTCRAL E m F I I C  STREAM ALL ZONES 
Sam l e  Size * 28 S L ~  l e  Slze - 40 Sample Size 34 Sample Size . 102 

~erc:nt l7G&GC2- percEnt &an no. percent &an no. Percent k a n  nol 
occurrence Organisms occorr tnce organisms occurrence organisms occurrence oroanisms 

to l lenbo la  3.6 
OiDtera 82.1 

Chimnanidae 60.7 
Adults 10.7 
Puwe 46.4 
~ a r v a e  32.1 

Simul i idae 3.6 
Ttpul idae 10.7 
Other d iptera 3 53.6 

Adul t  50.0 
Pupae 3.6 
Larvae 

Ephaneroptera 
Tr icoptera 57.1 

Mu1 t s  50.0 
~ a r v a e  3.6 

Plecoptera 3.6 
Thyranoptera 
Acarina 7.1 
Hcmoptera 7.1 
Col eoptra 35.7 

Ter res t r ia l  35.7 
Aquatic 3.6 

Lepidoptera 14.3 
Hyneroptera 32.1 
H n i  ptera 
Aranea 10.7 
Pelecypoda 10.7 
Gastropods 10.7 
Nnatade 
Unknown inverte-  

brate eggs 3.6 1 .O 
Fish 7.1 1 .O 

Cott f  dae 
Gasterosterdae 3.6 1 .O 
Salmonidae 3.6 1 .O 

Percent occurrence = Number of stomachs containing a p a r t i c u l a r  organism 
Total number of stomachs in sample 

Total number of organisms 
Mean number of Organisms = Number of stomachs containing t h a t  p a r t i c u l a r  organism 

3 "Other d ip te ra"  category i s  exclus ive  of the  previously 1 i s t e d  Diptera. 



The char appeared to  be opportunistic feeders, eating a wide variety of food 
items. The d ie t  of char varied with zone of capture. Char captured from the 
streams showed the largest diversity of food items (28 food item categories),  
followed by 1 i t to ra l  zone (23 categories),  and benthic zone ( I  1 c a t e g o r i e ~ )  
captures. 

In a l l  three zones, Chironomidae were the most frequent food item. The percent 
occurrences of Chironomidae in the stomachs of char collected from each zow 
were: stream 64.7; l i t t o r a l  60.7; and benthic 400. Of the three metamorphic 
stages of Chironomidae (adult ,  pupae, and larvae),  the percent occurrence varied 
by zone of capture. The largest  frequency of occurrence of each Chironotiiid type 
by zone of capture was: stream 58.8% larvae; l i t t o r a l  46.4% pupae; and benthic 
97.5% 1 arvae. 

No zooplankton were identified in the char stomachs analyzed. In Osprey Lake, 
Cladocera were the f i f t h  most frequent food item eaten, occurring in 13.4% of 
the stomachs (Schmidt and Robards 1976). 

A total  of one Cottidae, two Gasterosteidae, and three Salmonidae (char and kokanee) 
were found in the stomachs of four of the 102 char examined. No char collected 
from the benthic zone had f i sh  in the i r  stomachs. The four char which had eaten 
f i sh  were 197 mm or larger.  The largest  f i sh  eaten was a char approximately 120 
mm in length. Two of the char which had f i sh  in their  stomachs were captured in 
g i l l  nets and the other two were captured in large minnow traps.  The char col- 
lected in the minnow traps could have eaten the f i sh  while in the trap. A1 though 
f i sh  were not numerical ly dominant in the stomachs of the char sampled, -their 
nutr i t ive contribution to  the d ie t  of char large enough to prey on f i sh  I S  prob- 
ably substantial .  

Age, length, weight, sex, and gonad condition were determined from 54 Indian Lake 
and f ive  Second hake kokanee. The small sample sizes reflect. the law abundance 
of kokanee and the d i f f icu l ty  of capturing them, The youngest kokanee found was 
age I1 and the 01 dest was age V .  Of the 69 kokanee sampled, 40 were ma1 es and 
29 were females. The mean fork length,range, standard deviation, and sample s ize 
by age and sex of kokanee collected from Second Lake and Indian Lake i s  presented 
in Table 18. The kokanee grew l i t t l e  between ages IV and V .  The slow growth 
ra te  of older kokanee may resu l t  from limited food and from spawning s t r e s s .  
Males and females had similar growth rates .  The condition factor (K) of the 
kokanee increased with age and s ize (Figure 26). 

The relationships between percent immature and mature kokanee bv age class  and 
sex are  presented in Figure 27. The data collected on kokanee from Second and 
Indian Lakes i s  combined. The youngest mature kokanee was age 111. All age IV 
and V kokanee were classif ied as "mature, spawning imminent". A larger percentage 
of age I11 males were mature than females, 50 compared to  25, respectively. Thus 
the males might mature a t  an ea r l i e r  age than the females. Ricker (1938) reported 
that  kokanee males in Cultus Lake, British Columbia usually mature a t  age I I  or 
I11 and that  females matured a t  age 111 and IV. 

A more intensive investigation involving 1 arger sample sizes and sanlpl ing of 
kokanee throughout the year would be needed to study spawning frequency. Post- 
spawning mortality appears to  be high. 



Table 18. Mean fork length,  range, standard deviat ion,  and sample s i z e  by 
age and sex of kokanee collected from Second Lake and Indian Lake. 

M A L E S  

FEMALES 

COMBINED 

AGE 

4 
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Figure 26. Age-condition factor relationship for kokanee collected from Second 
Lake and Indian Lake. 



3 4 
( 4  AGE (16)  

Figure 27. Gonad condition by percent of each age c l a s s  of kokanee captured 
from Second Lake and Indian Lake i n  August. Upper graph i s  f o r  
males; lower f o r  females. 



Abundance, Movement, and Spatial Distr ibution 

A to ta l  of 62 Dolly Varden c h r  were captured and removed from F i r s t  Lake from 
1 June t o  1 7  August; 72 du?.'ng sampling period 1 ,  when a var ie ty  of gear types 
were f i shed ,  and 50 d u r i n g  sampling period 2 ,  when only variable-mesh g i l l  ne ts  
were f i shed .  Subsequent t o  the summer's sampling seven char were captured from 
F i r s t  Lake; three on 15 September and four on 26 January. These fish were cap- 
tured in small minnow traps. 

F i r s t  Lake char catch d a t a  used f o r  tha compilation of the Leslie population 
estimate a r e  presented In Tzble 19. The Leslie est imate is  61 char w i t h  a con- 
fidence interval  o f  50 t o  84 a t  the 95% confidence l eve l .  This i s  an estimate 
of the number of char present a t  the ; t a r t  of sampling period 2, when only var i -  
able-mesh g i l l  nets  were f ished.  Since 12 char were removed in sampling period 
1 an estimate s f  the t o t a l  number of char present i n  F i r s t  Lake a t  the s t a r t  of 
sampling ( I  June) i s  73 w i t h  a confidence interval  of 62 t o  96. The smallest  
char captured i n  a variable-mesh g i l l  net  s e t  in the Indian First Lake was 102 
mm i n  length. Since smaller char were not  taken by the g i l l  ne t s ,  the est imate 
of char abundance i n  First Lake i s  1 imited t o  char 102 mm o r  longer. 

The spat ia l  d i s t r ibu t ion  o f  F i r s t  Lake char can be analyzed by examining catch 
data f o r  sampl irng period 1 , when a var ie ty  of gear types were f ished i n  a1 1 areas  
of the lake.  Ten of the  1 2  char caught were captured i n  the  1 i t t o r a l  zone; the 
two remaining char were captured from the benthic zone. No char were captured 
i n  any gear s e t  off the bottom. This information strongly indicates  t ha t  the  
majority of char i n  First Lake between 1 June and 8 June were residing i n  the  
l i t t o r a l  zone. A look a t  the lake" limnology shows why so few char were cap- 
tured in the benthic zone; the i i s sa lved  oxygen a t  the bottom of F i r s t  Lake was 
extremely low (I mg/L) on S Ju~pe. The minimum to le rab le  dissolved oxygen f o r  
salmonid f r y  i s  6 mg/L (McNei7 and Bailey 1975). The sampl ing design used did 
not allow analys is  of within-jake movement of F i r s t  Lake char. 

The numbers of char marked, examined f o r  marks, and recaptured i n  each of the 5 
re lease  and recovery s t r a t a  (Second Lake, Long River, i n l e t  Indian Lake, ou t l e t  
Indian Lake, and Indian River) a r e  presented i n  Table 20. The recapture data i s  
l imited t o  dates when a l l  gear was f ished i n  each stratum. 

The Chapman-Junge est imate of the number of char i n  the  Indian Lake system, 
excluding First Lake, i s  40,364. The approximated variance ( V )  f o r  t h i s  e s t i -  
mate i s  2351679,3125. The confidence interval  around the est imate a t  the 95% 
confidence level (using 1.96 xn) i s  + 3,006 f i s h .  

A 

The Nij matrix (Table 23 ) i s  the estimated number of char in a pa r t i cu la r  lake/ 
streami a t  time of marking which had e i t h e r  remained o r  moved t o  lake/streamj a t  
time of recovery. The uppe r  l e f t  t o  lower r i gh t  diagonal i s  the estimated number 
of f i s h  which remained i n  the pa r t i cu la r  stratum i n  which they were marked. All 
est imates outside th is  d<agnna: a r e  numbers of f i s h  which moved out  of the  s t r a -  
t u m  in which they had been marked in to  another. The sum of each row i s  the  
estimated number of char i n  a pa r t i cu la r  stratum a t  time of marking. The sum 
of each column is  the  es t imled  number of char i n  each stratum a t  the time of 
recovery. 

-64- 



Table 19. F i r s t  Lake D o l l y  Varden char  ca t ch  data f o r  L e s l i e  p o p u l a t i o n  
es t imate ,  1979. 

Catch/ Cumulat ive 
D a t e N o .  Days -- Nets E f f o r t  Catch E f f o r t  Catch 



Table 20. The number of Dolly Varden char marked, examined f o r  marks, and recaptured i n  each of the release- 
recovery s t r a t a  (Second Lake, Long River, i n l e t  half of Indian Lake, ou t l e t  half of Indian Lake, 
and Indian ~ i v e r ) .  

Lakemver Recaptured Fran: 

Second Long Inlet half Outlet half Indian 
Lake River Indian Lake Indian Lake River 

#Examined 
for Marks 1,634 738 1,805 1,363 360 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

#Marked . Release/Recovery Matrix: 
Second 
Lake 1,504 . 665 40 28 4 2 

. 
m g  

'8 
River 633 . 40 45 12 

B Inlet 
. . 

LI Indian Lake 4,299 . 10 4 389 78 3 

Outlet half 
Indian Lake 3,376 

. 
4 2 85 277 8 

. 
Indian . 
River 199 0 0 4 2 21 

TOTAL 



Table 21. Estimated N i j  matrix for  char collected in the Indian Lake system. Estimates are  from the Chapman- 
Junge procedure with f ive release-recovery s t r a t a .  

In Stratum at  The of Recovery: 

Second 
Lake River . . . . . . . . .  

Second Lake . 1,166 655 
8-4 . a! . 

Long River . 669 6,395 
0 . 

+, . 
Id . 
5 lxltlet half. 17 73 
% . 
2 Indian River : 0 0 . . . . . . . . .  I5 

Indian Lake 
Inlet half (Xltlet half 

Indian 
River . . . .  

21 

Total . 
2,281 

Total 1,888 7,245 16,313 12,440 2,478 40,364 



The Chapman-Junge est imate was f u r t h e r  r e f i n e d  by consider ing the  l i t t o r a l  and 
benth ic  zones i n  each ha l f  of I nd ian  Lake as separate s t r a t a ,  b r i n g i n g  the  t o t a l  
t o  seven release-recovery s t r a t a .  D i v i d i n g  each h a l f  o f  Ind ian  Lake i n t o  l i t t o r a l  
and benth ic  s t r a t a  permi ts  ana lys is  o f  in ter-zone movement and s p a t i a l  d i s t r i b u -  
t i o n  o f  the char. 

The numbers o f  char marked, examined f o r  marks, and recaptured i n  each of t he  
seven re1 ease-recovery s t r a t a  a re  presented i n  Tab1 e  22. The Chapman-Junge 
est imate f o r  the  t o t a l  number o f  char i n  t h e  system when l i t t o r a l  and benth ic  
Ind ian  Lake s t r a t a  are  considered i s  39,352 char, w i t h  ahconf idence i n t e r v a l  of 
+3,263 f i s h  a t  the 95% confidence l e v e l .  The est imated ~ i j  mat r i x  w i t h  the  
row and column t o t a l s  o f  the  est imated number o f  char i n  each s t r a t a  a t  t ime of 
marking and t ime of recovery i s  presented i n  Table 23. 

The catch per u n i t  e f f o r t  f o r  char by depth zone i n  Second Lake and each ha l f  of 
Ind ian  Lake a r e  presented i n  Table 24. One e f f o r t  u n i t  i s  equal t o  one p iece of 
gear ( l a r g e  o r  small minnow t r a p )  f i s h e d  one day. 

When captur ing  f i s h  i n  l a r g e  and small minnow t raps  f o r  marking, a  negat ive  r e l a -  
t i o n s h i p  between the  CPUE and the  number o f  days f i s h e d  ex i s ted  i n  both halves 
o f  I nd ian  Lake. Th i s  r e l a t i o n s h i p  was s i g n i f i c a n t  f o r  small minnow t raps  i n  t he  
l i t t o r a l  zone i n  each h a l f  o f  Ind ian  Lake and the o u t l e t  h a l f  o f  I nd ian  Lake f o r  
benth ic  zone t raps .  Relat ionships between CPUE and days f i s h e d  were n o t  t es ted  
du r ing  recapture sampling. Th is  dec l i ne  i n  ca tch  w i t h  each successive day f i s h e d  
might  be due t o  t r a p  avoidance and/or handl ing s t ress  s ince sampling w i t h  replace-  
ment was done. Also,since captured f i s h  were re leased between t r a p s  the re  cou ld  
have been a  reduct ion  i n  dens i ty  o f  char near each t rap ,  thus fewer char would 
have been a t t r a c t e d  and captured. I n  l i g h t  o f  t h i s  dec l i ne  i n  CPUE w i t h  each 
successive day fished, the CPUE computations are r e s t r i c t e d  t o  the  f i r s t  two days 
the  gear was f ished i n  each l ake  stratum. 

The CPUE data f o r  Second Lake (Table 24) shows a  l a r g e  decrease i n  benth ic  zone 
CPUE from June t o  August and a  p ropo r t i ona l  increase i n  l i t t o r a l  zone CPUE over 
t h i s  t ime per iod.  I n  I nd ian  Lake the  general t r end  shows s l i g h t l y  lower l i t t o r a l  
zone CPUEs and s l i g h t l y  h igher  benth ic  zone CPUEs i n  August than i n  June. The 
CPUE i n  the  l i t t o r a l  zone o f  the  i n l e t  h a l f  o f  I nd ian  Lake was h igher  than i n  
the o u t l e t  h a l f ;  t h i s  corresponds w i t h  the  Chapman-Junge abundance est imates. 

Captur ing the  greates t  number o f  f i s h  w i t h  the  l e a s t  amount o f  e f fo :%t  i s  gener- 
a l l y  t he  optimum s i t u a t i o n  f o r  e f f i c i e n t  sampling o f  a  f i s h  populat ion.  Th is  
requ i res  an est imate of the  t ime i n t e r v a l  i n  which the catch can be expected t o  
be h ighest .  The optimum f i s h i n g  t ime was examined by p l o t t i n g  the  r e l a t i o n s h i p  
between f i s h i n g  t ime and t r a p  catch (F igure  28). The segment o f  t h i s  curve a t  
which t h e  g rea tes t  average number o f  char a r e  caught corresponds t o  the  optimum 
f i s h i n g  time. The data used t o  compile t h i s  graph cons i s t s  o f  a l l  the  t r a p  ca tch  
in format ion f rom each l ake  and r i v e r  f o r  both marking and recapture sampling. 
Unfortunately,  an assumption i s  requi red.  The data form used d i d  n o t  permi t  
summing up the t o t a l  number o f  char caught i n  each t rap .  What i s  graphed i n  
F igure  28 i s  the  average number o f  char caught i n  each t r a p  wh ich  were e i t h e r  
unmarked o r  recaptured ( w i t h  var ious combinations o f  marks). The assumption 
which must be made i s  t h a t  the marked and unmarked char entered and escaped the  
t r a p s  i n  the same propor t ion .  The greates t  average number o f  char was taken when 



Table 22. The number of Dolly Varden char marked, examined f o r  marks, and recaptured in each of the seven 
release-recovery s t r a t a  (Second Lake, Long River, 1 i t t o r a l  and benthic zones of each half of 
Indian Lake, and Indian River). 

Lake/River Recaptured Fran: 

Inlet  half of Outlet half of 
Second Long Indian Lake Indian Lake Indian 

Lake River Littoral Benthic Littoral Benthic River TOTAL 
#Examined 
for Marks 1,634 738 1,067 738 603 760 360 5,900 

#Marked 
Second 
Lake 1,504 

'8 

2 I n l e t h a l f  L 2,630 
of 

Indian L. 
B 1,669 

Qutlet half 1 1,407 
of 

Indian L. 
B 1,969 

Indian 
River 199 

TOTAL 10,011 719 95 349 169 177 188 34 15.911 



Table 23. Estimated N i j  matrix f o r  char collected i n  the  Indian Lake system. 
Estimates a r e  from the Chapman-Junge procedure w i t h  seven release- 
recovery s t r a t a .  

Sacond l a g  Wet half o f  Cutlet F A *  of *&an 
Uka Indian Lake bdian W e  XV~I 

m Littordl, S c  Lft'cotal 3entkLc T=ul. 



Table 24. ca tch  per u n i t  e f f o r t  (number of char pe r  day per  t r a p )  f o r  D o l l y  Varden char i n  l a r g e  (LM) 
and small (SM) minnow t r a p s  by zone and depth i n  Second Lake and each h a l f  of I nd ian  Lake. 

SECOND LAKE i n l e t  INDIAN LAKE o u t l e t  INDIAN LAKE 
June Auqus t June August June August 

L i t t o r a l  12.8 6.1 17.0 9 . 0  12.7 12.2 11.6 11.5  7 . 8  7 .0  7.4 6.6 

Benthic 15m 18.5 3.0 7.4 3.7 9.6 1 .7  7.5 10.3 6 . 2  3 .8  6.6 3 .5  

Average Benthic 
CPUE 14.7 3 . 5  4 . 9  2 .7  8 . 4  2.1 10.0 6 .6  9 . 0  4.7 8 . 9  3.3 

Average Lake 
CPUE 13.4 5 .7  7.5 7 . 8  10.0 9.7 10.3 10.6  8 . 7  6 . 6  8 . 6  6 . 0  

This gear was n o t  f i shed  a t  t h i s  depth. 



Figure 28. Relationship between number of char captured i n  minnow traps and 
duration the trap was fished. 
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the  f i s h i n g  t ime was between 20 and 48 hours. Fewer char, on the  average, were 
captured i n  t r a p s  s e t  and p u l l e d  the same day o r  a f t e r  the t raps  had f i s h e d  f o r  
two days. 

The mean number o f  char per  sur face hectare i n  June i n  F i r s t  Lake, Second Lake, 
and each h a l f  o f  I nd ian  Lake was 30, 168, 121, and 113,respect ive ly .  The mean 
large-minnow-trap CPUE f o r  char a t  t ime of marking (Table 24) i n  Second Lake 
was 13.4,for t h e  i n l e t  h a l f  o f  I nd ian  Lake 10.0, and f o r  t h e  o u t l e t  h a l f  of I nd ian  
Lake 8.7. There a re  several  problems w i t h  r e l a t i n g  t h e  dens i ty  o f  char t o  l a k e  
surface area. The p r i n c i p a l  d i f f i c u l t y  i s  t h a t  t he  char a r e  n o t  d i s t r i b u t e d  
evenly by depth; thus the  s p a t i a l  d i s t r i b u t i o n  o f  t he  char and the  l a k e ' s  bathy- 

metry needs t o  be taken i n t o  account. I n  general t he  dens i t y  o f  char (char /hectare)  
can be compared between lakes having 1 i k e  bathymetry i f  the  s p a t i a l  d i s t r i b u t i o n  of 
char i s  assumed t o  be s i m i l a r .  

Char moved between and w i t h i n  each l a k e  and stream. The Chapman-Junge procedure 
est imated t h a t  5,221 char, o r  12.9% of t he  t o t a l  char popu la t ion ,  had moved i n t o  
a d i f f e r e n t  l a k e  o r  stream. 

There was considerable movement o f  char  between t h e  l a k e  and r i v e r s  and w i t h i n  
I nd ian  Lake. O f  the 9,162 char present  i n  Long R ive r  i n  June an est imated 669 
(7.3%) moved up i n t o  Second Lake and 2,098 (22.9%) dropped down i n t o  I nd ian  Lake 
by t ime o f  recapture  i n  August. O f  t h e  3,013 char est imated i n  I nd ian  R ive r  i n  
June, 823 (27.3%) had moved i n t o  I nd ian  Lake i n  August. 

Therewas considerable movement o f  char between each h a l f  o f  I nd ian  Lake. An e s t i -  
mated 2,221 (16.6%) char which were i n  t he  i n l e t  h a l f  o f  I nd ian  a t  t ime o f  marking 
had moved t o  t he  o u t l e t  h a l f  of I n d i a n  a t  t ime o f  recapture.  O f  t he  char which 
were i n  t he  o u t l e t  h a l f  o f  I nd ian  Lake a t  the  t ime o f  marking, 2,844 (22.72) had 
moved t o  t h e  i n l e t  h a l f  of I nd ian  a t  t ime o f  recapture.  Most o f  t he  movement o f  
char  between the  i n l e t  and o u t l e t  ha lves o f  I nd ian  Lake occurred w i t h  char i n  t h e  
benth ic  zone. For char  i n  t he  1 i t t o r a l  zone 1,932 ( 1  1 .7%) had moved t o  t he  o t h e r  
h a l f  of t he  l a k e  w h i l e  4,599 (40.3%) o f  t he  char marked i n  t h e  benth ic  zone moved 
t o  t he  a l t e r n a t e  ha l f  o f  t h e  lake .  Th i s  g rea ter  movement o f  benth ic  zone char 
may be r e l a t e d  t o  t he  f a c t  t h a t  t he  boundary d i v i d i n g  the  benth ic  zone o f  each 
h a l f  of I nd ian  Lake i s  much l onge r  than t h e  boundary d i v i d i n g  the  l i t t o r a l  zones. 
Th i s  i n fo rma t i on  suggests, however, t h a t  char  r e s i d i n g  i n  t h e  benth ic  zone move 
throughout t he  l a k e  basin and t h a t  char  i n  t h e  l i t t o r a l  zone have more r e s t r i c t e d  
wi thin-Take movement. 

I n  Second Lake, o f  53 Floy-tagged char re leased a t o t a l  o f  24 were recaptured (16 
once, 4 twice,  3 t h ree  t imes, and 1 f o u r  t imes) .  No Floy-tagged char were recap- 
t u r e d  ou ts ide  of Second Lake; however, one tagged char was observed i n  Long R iver .  
O f  these 24 recaptured f i s h  a l l  b u t  f i v e  were recaptured i n  a d i f f e r e n t  l o c a t i o n  
o r  zone; 14 had moved t o  a d i f f e r e n t  l o c a t i o n  w i t h  a zone and f i v e  had moved i n t o  
a d i f f e r e n t  zone e n t i r e l y .  Th is  tagg ing  experiment conc lus i ve l y  shows t h a t  there  
i s  a good amount o f  w i t h i n - l a k e  movement o f  t h e  l a r g e r  char and no i n d i c a t i o n  o f  
t e r r i t o r i a l  behavior over the  summer season. 

The s i z e  of moving char was s tud ied  by comparing the  s i z e  o f  char which moved o u t  
of t h e  s t ratum i n  which they were marked w i t h  the  s i z e  o f  char which d i d  no t  move. 
Th is  comparison can be seen i n  a m a t r i x  l i s t i n g  t h e  mean l e n g t h  o f  char which were 



marked i n  a  p a r t i c u l a r  lake,  stream, and zone i n  June and subsequently recap- 
t u red  f rom a  p a r t i c u l a r  l o c a t i o n  i n  August (Table 25) .  The standard dev ia t ion ,  
range, and sample s i ze  f o r  each mean leng th  value i s  given. The mean leng th  of 
char recaptured i n  a  d i f f e r e n t  lake  o r  stream was 12 mm l ess  than the mean leng th  
of char which d i d  n o t  move. 

Char sampled from the  l i t t o r a l  zone o f  Ind ian  Lake va r ied  most i n  l e n g t h  (F igure 
29), and age (Table 26). Char l a r g e r  than 385 mm i n  l eng th  were captured a t  a l l  
depths o f  I nd ian  Lake except the  47-60 m zone where the l a r g e s t  char captured 
was 218 mm (F igure 29). G i l l  nets were f i s h e d  i n  t he  47-60 m depth zone f o r  3 
days. The absence o f  l a r g e r  char i n  t h e  n e t  ca tch  suggests t h a t  few l a r g e  char 
res ide  i n  t he  deepest p a r t  o f  the lake.  

Compared t o  o ther  s i z e  and age groups, t he  smal ler,  younger char show the  g rea tes t  
decrease i n  numbers w i t h  increas ing  w p t h  (Table 26). For example, i n  Ind ian  Lake, 
of a l l  t he  char captured which were 100 mm o r  l e s s  i n  length,  t he  percentages 
caught i n  each depth zone were: 47.3 - l i t t o r a l ,  23.1 - 15 m, 14.3 - 30 my 14.3 - 
46 m, and 1.0 - 60 m. 

S ix ty -n ine  percent  o f  the  age I, 11, and I11 char were captured i n  the  r i v e r s  o r  
the  l i t t o r a l  zone of lakes. Only th ree  age I char were captured a t  depths 
greater  than 15 m; none were captured a t  depths greater  than 46 m. The youngest 
char captured a t  depths greater  than 46 m were age 111. I n  Second Lake t h e  per-  
centage o f  age I 1 1  and younger char captured i n  l i t t o r a l ,  15 m, and 30 m depth 
zones were: 71.4, 20.0, and 7.6, respec t i ve l y .  I n  I nd ian  Lake the  percentage of 
age I11 and younger char captured i n  l i t t o r a l ,  15 m, 30 m, 46 my and 60 m depth 
zones were 50.6, 16.6, 14.6, 15.7, 2.5, respec t i ve l y .  

Only f i v e  char were captured i n  f l o a t i n g  g i l l  ne ts  s e t  over open water, two i n  
Second Lake and th ree  i n  Ind ian  Lake. No char were captured i n  minnow t raps  s e t  
o f f  t he  bottom on Ind ian  Lake. None o f  t he  char captured i n  t he  pe lag i c  zone 
were marked. The mean leng th  o f  char caught i n  t he  pe lag ic  zones o f  Second Lake 
and Ind ian  Lake was 356 mm w i t h  a  range o f  178 t o  524 and a  standard dev ia t i on  o f  
149 mm. The mean age was I X .  Four o f  these char were males. 

I n  the  Ind ian  Lake system the  char captured i n  t he  pe lag ic  zone cou ld  poss ib l y  
represent  a  segment of t he  l a rge r ,  o lde r  char popu la t ion  which res ides  e n t i r e l y  
off  the bottom. A more i n tens i ve  mark and recapture e f f o r t  would be requ i red  t o  
determine whether a  d i s t i n c t  pe lag i c  popu la t ion  o f  char e x i s t s .  Exsmination of 
the  chars '  d i e t  would a l s o  g i v e  an i n s i g h t  i n t o  t h e i r  s p a t i a l  d i s t r i b u t i o n .  Do 
they feed e n t i r e l y  on l immet ic  food i tems o r  a r e  benth ic  i tems inc luded i n  t h e i r  
d i e t ?  Pelagic  char might  prey on kokanee i n h a b i t a t i n g  t h i s  zone. Schmidt and 
Robards (1976) speculate t h a t  there might  be a d i s t i n c t  l i m n e t i c  popu la t ion  of 
char i n  Osprey Lake. 

The p ropo r t i on  of each s i z e  and age c lass  o f  char captured from each depth zone 
i s  n o t  representa t ive  o f  t h a t  i n  t he  t r u e  populat ion.  The l a r g e  and small minnow 
t raps  d i d  n o t  ca tch  the  l a r g e r  size-classes o f  char. Char g reater  than 200 mm i n  
l eng th  were most ly  captured i n  fyke and g i l l  ne ts  (F igure  15).  A wide v a r i e t y  o f  
gear types were f i shed t o  capture a  broad s i z e  range o f  char b u t  t he  sampling 
e f f o r t  of each gear type was n o t  the  same i n  d i f f e r e n t  depth s t r a t a .  Minnow t raps  
were f i s h e d  a t  a l l  depths, t he  two f yke  ne ts  were on l y  f i s h e d  i n  the  l i t t o r a l  zone, 



Table 25. Matrix of the mean length of recaptured char which e i ther  stayed i n  or moved from each lake or 
stream between June and August. The standard deviation, range, and sample s ize a re  l i s ted .  

LAKE/STREAM MARKED IN: 

LONG I n l e t  end o f  O u t l e t  end of INDIAN 
SECOND LAKE RIVER INDIAN LAKE INDIAN LAKE RIVER 

L i t t o r a l  Benth ic  L i t t o r a l  Benth ic  L i t t o r a l  B F ! ~  

140.1 164.1 111.4 118.8 140.0 112.0 
40.212 42.059 31.764 15.611 0 0 

SECOND LAKE 92-348 85-231 75- 195 102-1 39 
101 2 7 13 5 1 0 1 0 

126.2 
20.841 

LONG RIVER 96-155 

I- 
n 125.0 

i n l e t  end o f  0 
INDIAN LAKE 

5 
W 

1 
a 
I- 
In 
\ 
W 

* o u t l e t  end o f  4 INDIAN LAKE 
0 

94.0 118.8 164.0 148.7 151 .O 124.8 
26.546 5.657 32.958 36.524 24.733 

INDIAN RIVER 93-156 1 GO- 168 116-194 94-207 96- 158 
0 1 0 5 2 4 9 5 



Figure 29. The mean, standard deviation, and range in length of char collected 
by depth in Indian Lake. 
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Table 26. Number of char sampled o f  each age c lass  from the 1 i t t o r a l  and benthic  zones i n  Ind ian  
Lake, 1979. 

AGE 

Depthzone I  1 1  I11 IV V  V I  VII V I I I  IX X  X I  X I 1  X I 1 1  X I V  Mean 

L i t t o r a l  14 71 95 98 102 53 13 14 8 4 3 1 - 1 4 .3  



and g i l l  nets  were fished a t  a l l  depths (primarily the  46 m depth stratum),  
except between 5 and 15 m. 

A to ta l  of 203 kokanee were captured; 108 were marked and released i n  June and 
only three were recaptured in August (Table 27). No valid Peterson population 
estimates could be made. The Peterson estimate i s  always biased low by the 
probabil i t y  of get t ing no recapture. Ricker (1975) s t a t e s  t ha t  t h i s  s t a t i s t i c a l  
bias i s  negl ig i  bl e when recaptures a re  more than three.  Few kokanee were cap- 
tured due t o  t h e i r  low suscep t ib i l i ty  t o  the sampling gear and t he i r  apparent 
low density. Most kokanee were captured e i t he r  in the shore-based fyke nets  or  
i n  f loa t ing  g i l l  nets .  

A to ta l  of 7,030 sticklebacks were marked, 5,323 were examined f o r  marks and 200 
were recaptured. Valid estimates fo r  sticklebacks were obtained f o r  Second Lake 
and each half of Indian Lake (Table 2b). The to ta l  estimated stickleback abun- 
dance in these lakes was 187,625 with a 95% confidence interval  of 145,595 t o  
301,535 f i s h  based on a summation of the independent Peterson estimates. The 
density ( f ish/hectare)  of stickleback i n  Second Lake was 3,988 and 602 in Indian 
Lake. 

A to ta l  of 97 sticklebacks were removed from F i r s t  Lake. No population estimate 
of stickleback was possible due t o  t h e i r  low ca tchab i l i ty  (probably low abundance) 
and the f a c t  t ha t  g i l l  nets  a r e  not se lec t ive  toward this species. All s t i ck le -  
backs were captured from the l i t t o r a l  zone i n  minnow t raps  during the f i r s t  
sampling period. 

Of the 12,553 sticklebacks captured from Second and Indian Lakes, 92% were cap- 
tured from the  l i t t o r a l  zone. All sticklebacks were captured a t  depths l e s s  
than 30 m.  

Only 13 coastrange sculpin were recaptured i n  the  Indian Lake system from a 
to ta l  of 535 marked in June and 868 examined f o r  marks i n  August. Table 29 l i s t s  
the  Peterson popul at ion estimates and confidence interval  s f o r  scul p i n  in each 
lake and stream. A more intensive sampling e f f o r t  involving more t raps  and mark 
and recovery sampling would be needed t o  re l i ab ly  estimate the  abundance of scul-  
pins in the system. 

Of 1,416 sculpin caught i n  Second and Indian Lakes, 63% were captured in the  
l i t t o r a l  zone, 30% in the  benthic zone t o  15 m and 7% i n  the  benthic zone between 
15 and 30 m. No sculpin were captured in any gear f ished off the  bottom. None 
of the kokanee, st icklebacks,  or  sculpin were recaptured i n  a d i f fe ren t  lake than 
t ha t  in which they had been marked. 

In order t o  evaluate the  f e a s i b i l i t y  of using the Indian Lake system a s  a natural 
rearing area f o r  coho salmon, i t  i s  natural t o  compare i t  t o  the Osprey Lake 
system 1 ocated on southern Baranof Is1 and i n  Southeastern A1 aska. Osprey Lake 
i s  a 109-hectare oligotrophic lake w i t h  a res ident  population of Dolly Varden 
char. The U.S. National Marine Fisheries Service and ADF&G a r e  cooperating i n  
a research program t o  evaluate the potential  of rearing coho salmon in Osprey 
Lake. In 1974, base1 ine 1 imnological and ichthyological data were col lected and 
i n  the  following year 275,000 coho f r y  were released. This stocking program has 
been successful w i t h  16% of the  coho released emigrating a t  age 0 and 53% emi- 
grating a t  age I (Heard 1977). 



Table 27. Peterson popu la t ion  est imates f o r  t he  abundance of kokanee i n  Second 
Lake, Long River ,  each h a l f  o f  I nd ian  Lake, and Ind ian  R iver .  

Number Number Examined Number Popu la t i on  Confidence I n t e r v a l  
LakeIRiver  Marked For Marks Recaptured Est imate 

(M) ( C ) (R) (N) Lower Upper 

Second Lake 13 9 1 70 21 1.170 

Long R i v e r  0 1 0 - - 
i n l e t  h a l f  o f  
I nd ian  Lake 68 44 

o u t l e t  h a l f  o f  
I nd ian  Lake 27 38 

I n d i a n  R i v e r  0 0 0 - - - 

Table 28. Peterson popu la t i on  est imates f o r  the  abundance o f  threespined s t i c k l e -  
back i n  Second Lake, Long River,  each h a l f  o f  I nd ian  Lake, and Ind ian  
River .  

Confidence I n t e r v a l  
Lake/Ri v e r  (M)  ( C ) (R) (N )  Lower Upper 

Second Lake 2,360 2,342 101 54,234 45,040 66,492 

Long R i v e r  53 21 3 1 5,778 2,016 11 2,890 

i n l e t  h a l f  o f  
I nd ian  Lake 449 739 

o u t l e t  h a l f  o f  
I n d i a n  Lake 4,164 2,026 

I n d i a n  R i v e r  4 3 0 - - 

Table 29. Peterson popu la t i on  est imates f o r  t he  abundance o f  coastrange s c u l p i n  
i n  Second Lake, Long River ,  each h a l f  o f  I nd ian  Lake, and Ind ian  R iver .  

Confidence I n t e r v a l  
La ke/River  ( M )  ( c )  (R) (N) Lower Upper 

Second Lake 245 279 9 6,888 3,997 17,089 

Long R i v e r  8 88  0 801 190 open 

i n l e t  h a l f  of 
I n d i a n  Lake 118 194 

o u t l e t  h a l f  of 
I n d i a n L a k e  154 301 

0 23,205 6,187 open 

I n d i a n  R i v e r  10 6 0 - - - 



Comparisons between the morphological and limnological charac te r i s t i c s  of the 
Indian Lake system and the Osprey Lake system a r e  deta i led  in Table 30. Indian 
Lake has more than twice the  surface area of Osprey Lake, i t  i s  half a s  deep, 
and has approximately three times more area l e s s  than 15 m in depth. The sur- 
face water temperature from June t o  August in Indian Lake averaged 12°C; Osprey 
Lake was s l i gh t l y  cooler a t  11°C. The mean secchi disk reading (a measure of 
l i g h t  extinction and thus depth of the euphotic zone) in F i r s t  Lake was 3.9 m ,  
in Indian Lake was 6.4 m and in Osprey Lake was 11.7 m. The very low value f o r  
F i r s t  Lake was pa r t i a l l y  due t o  the high Colored Organic Matter (COM) level which 
imparts a dark color t o  the water and l im i t s  l i g h t  penetration (Crone and Koenings 
1975). The secchi disk readings i n  Indian Lake decreased w i t h  the inflow of 
g lacia l  Long Lake water. This inflow o f  Long Lake water i s  expected t o  be neg- 
l i g i b l e  by 1985 a s  more of Long Lake water i s  diverted f o r  hydroelectr ic power. 
The water temperature and c l a r i t y  s f  Qcond and Indian Lakes wil l  ce r ta in ly  
increase a s  wil l  the productivi ty of ihese lakes.  

The mean zooplankton density in Indian Lake was four times g rea te r  than t ha t  in 
Osprey Lake in 1975 (Figure 30). First Lake had the highest zooplankton density.  
Comparison of the  1974 (pre-coho stocking) zooplankton density in Osprey Lake 
w i t h  the zooplankton density in Indian bake i s  d i f f i c u l t  because the  nets  used 
had d i f f e r en t  mesh s izes .  The net  speci f ica t ions  used in the 1975 sampling of 
Osprey Lake were the  same a s  t ha t  used i n  the Indian Lake system, #10 ni tex .  
Copepods were the only type of zooplankton sampled from Indian Lake and composed 
over 70% of the  zooplankton sampled from Osprey Lake i n  1975 (Figure 30). Roti- 
f e r s  were the dominant zooplankton in F i r s t  Lake. 

Some ins ight  i n to  the productivity of the  Indian Lake system r e su l t s  from an 
examination of the  abundance and rowth s f  the res ident  f i s h  and through compari- 
sons w i t h  the Osprey Lake system 9 Table 31 ) .  In the  Indian Lake qystem, kokanee, 
threespined st ickleback,  coastrange sculpin ,  and Dolly Varden char a r e  present. 
In the Osprey Lake system Dolly Varden char a r e  the  only f i s h  species present. 
The density of char (number of char per hectare)  i n  Second and Indian Lakes i s  
greater  than the density of char in Osprey Lake. The mean annual length increment 
f o r  char aged I1 t o  VIII in Oqprey Lake i s  21.2 mm. The mean annual length incre- 
ment f o r  the same age c l a s s  of char in the Indian Lake system i s  21.7 mm. Thus 
l i t t l e  d i f ference in overall growth r a t e  e x i s t s  between these two populations of 
char. Larger, 01 der char were captured in the  Indian Lake system. The mean 
annual length increment f o r  a l l  age c lasses  of char collected from throughout 
the Indian Lake system was 29.8 mm. Perhaps the longer l i f e  span, :arger s i ze ,  
and s l i gh t l y  f a s t e r  growth of the Indian Lake system char is  re la ted  t o  the  pre- 
sence of kokanee, s t icklebacks,  and sculpins. These res ident  f i s h  could contr i -  
bute subs tan t ia l ly  t o  the d i e t  of l a rge r ,  o lder  char. To answer t h i s  question a 
more intensive investigation of the  d i e t  o f  these l a rger  char would be required. 

The growth of l a rger  char in the  Indian Lake system was f a s t e r  than t ha t  of 
smaller char. A change i n  slope in the  growth curve occurred when the char were 
approximately 200 mm i n  length. Char l a rge r  than 200 men might become more pis-  
c i  vorous. 

The char i n  the Indian Lake system have ref a t ive ly  slow growth and a long l i f e  
span. Their fecundity i s  low, averaging l e s s  than 200 eggs; however, t h e i r  
reproductive potential  i s  great  s ince they mature a t  an ear ly  age and spawn 



Table 30. Morphological and limnological charac te r i s t i cs  of F i r s t  Lake, 
Second Lake, Indian Lake, and Osprey Lake. 

Character is t ic  F i r s t  Lake Second Lake Indian Lake Osprey Lake1 

Surface Area (hectares)  2.4 13.7 221.6 109 

Maximum Depth (m) 

Mean Depth (m) 

Percent Area < 15 m deep 

Depth of Thermocl ine (m) 

Mean Surface Water Temperature 
("C ),  June - August 

Mean Secchi Disk Transparency 
(m) , June - August 

A1 kal in i  ty  (mg/L) , surface 

Hardness (mg/L) , surface 

pH, surface 

Mean Zooplankton Density 
(organisms per m 2 )  

June-August 

- d i s t i n c t  thermocline 8 
absent 

From Schmidt and Robards (1975) and Schmidt and Robards (1976). 

Mean zooplankton density i n  1974, #20 Nitex net .  

Mean zooplankton density i n  1975, #10 Nitex ne t ,  same net  a s  t h a t  used i n  F i r s t  
and Indian Lakes. 
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Figure 30. Zooplankton composition and d e n s i t y  f o r  F i r s t  and Indian Lakes 
(1979) and Osprey Lake (1 975). 



Table 31. Comparison of i c t h y o l o g i c a l  data between the  Ind ian  Lake system and the  Osprey Lake system. 

F i r s t  Second Long Ind ian  Ind ian  Osprey Osprey 
Charac te r i s t i cs  Lake Lake R iver  Lake R ive r  Lake1 River1 

Kokanee 
abundance absent > 70 present  > 2,098 present  absent absent 

S t ick leback  
a bundance present  54,234 > 5,778 133,391 present  absent absent 

C o t t i d  
abundance absent 6,888 > 801 > 32,567 present  absent absent 

D o l l y  Varden char 
I 
03 

a bundance2 7 3 2,281 9,162 24,909 3,012 12,327 1,200 
0 
I 

Char per  hectare 30 162 - 123 - 11 3 - 
Mean char 1 ength 168 131 112 145 102 160 ? 

and range (mm) (91 -302) (75-437) (62-283) (58-556) (60-1 89) (68-295) (55-1 60) 

- 

I From: Schmidt and Robards (1976). 

Abundance a t  t ime o f  re lease.  

3 Possib le b i a s  i n  leng ths  due t o  s i z e  s e l e c t i v e  capture gear. 



annua l ly  o r  every two years throughout the  remainder of t h e i r  l i f e .  The o v e r a l l  
slow growth o f  I nd ian  Lake system char i s  c e r t a i n l y  a f ac to r  of the  general low 
p r o d u c t i v i t y  o f  t h e  system. 

Kokanee i n  Second and Ind ian  Lakes were found t o  grow l i t t l e  between age I V  and 
V. Th is  reduc t i on  i n  growth r a t e  i s  poss ib l y  due t o  i n s u f f i c i e n t  food. 

I n t e r s p e c i f i c  compet i t ion  between in t roduced r e a r i n g  coho salmon and the  r e s i d e n t  
f i s h  species i s  expected t o  be minimal.  Competi t ion f o r  space and food i s  a n t i -  
c i pa ted  t o  be g rea tes t  between coho salmon and D o l l y  Varden char i n  streams and 
l i t t o r a l  zones of lakes; however, d i f f e rences  i n  these species'  p re fe r red  food 
i tems and v e r t i c a l  d i s t r i b u t i o n  l i m i t s  t h i s  i n t e r s p e c i f i c  compet i t ion.  D o l l y  
'darden char and coho salmon have behavior pa t te rns  which a l l o w  them t o  l i v e  i n  
c l ose  p r o x i m i t y  and y e t  keep t h e i r  compet i t ion  f o r  space and food t o  a minimum 
(Armstrong and Morrow 1980). Murrel  i (1 977) and Armstrong and E l  1 i o t t  (1 972) 
found t h a t  i n  streams i nhab i ted  by D o l l y  Varden char and j u v e n i l e  coho salmon, 
t h e  char tended t o  occupy the  benth ic  reg ion  w h i l e  t he  coho occupied the  mid and 
upper sec t ions  of the  water column. Coho salmon stocked i n  Osprey Lake d i s t r i -  
buted themselves throughout t he  sur face  o f  t he  l a k e  w i t h  concent ra t ions  near 
shore (Schmidt and Robards 1976). The m a j o r i t y  o f  D o l l y  Varden char i n  Osprey 
Lake were found t o  r e s i d e  near t h e  bottom w i t h  on l y  a small p o r t i o n  of the  popu- 
l a t i o n  be l i eved  t o  be l i m n e t i c .  I n  t h e  Ind ian  Lake system few char were captured 
i n  any gear f i s h e d  off t he  bottom. S i m i l a r  s p a t i a l  segregat ion has been observed 
between D o l l y  Varden char and c u t t h r o a t  t r o u t  (salmon c l a r k i )  w i t h  t he  char r e s i d -  
i n g  p r i m a r i l y  i n  t h e  benth ic  zone and t h e  c u t t h r o a t  r e s i d i n g  i n  the upper 2 m of 
the  water column (Andrusak and Northcote 1971 , Schutz and Northcote 1972). 

Competi t ion f o r  space between coho salmon and the  o the r  r e s i d e n t  species i s  
l i k e l y  t o  occur s ince  t h e i r  d i s t r i b u t i o n s  co inc ide.  Most kokanee i n  t he  Ind ian  
Lake system were found t o  r e s i d e  i n  pe lag i c  and l i t t o r a l  waters. The m a j o r i t y  
o f  s t i ck lebacks  and c o t t i d s  were captured i n  streams and l i t t o r a l  areas. The 
ex ten t  o f  t h i s  compet i t ion  i s  n o t  p red i c ted  t o  be l a rge .  

Competi t ion f o r  food between coho and char may be minimal because of d i f fe rences  
i n  t he  s p a t i a l  d i s t r i b u t i o n  and pre fe r red  food i tems o f  these two species (Arm- 
s t rong and E l l i o t t  1972, Schmidt and Robards 1976, M u r r e l l  1977). Coho i n  
Osprey Lake fed almost e x c l u s i v e l y  on p lank ton  and Chironomidae whereas the  
D o l l y  Varden char fed p r i m a r i l y  on Chironomidae and o t h e r  benth ic  i nve r teb ra tes  
(Schmidt and Robards 1976). Plankton were the  most f r equen t l y  eate? food i t em 
o f  these coho and were f e l t  t o  c o n t r i b u t e  t he  most t o  t he  growth o f  t h e  coho. 
No zooplankton were found i n  t h e  stomachs o f  char c o l l e c t e d  f rom t h e  Ind ian  Lake 
system. I n  streams i nsec ts  comprise the  b u l k  o f  both species'  d i e t ;  however, char 
e a t  ma in ly  sub-surface forms, and coho ea t  main ly  sur face forms (Armstrong and 
E l  1 i o t t  1972, M u r r e l l  1977). 

Coho i n  Osprey Lake were found t o  s e l e c t i v e l y  feed on a l a r g e  species o f  copepod, 
Diaptomus k e n a i ,  and on l a r g e r  cladocera. No D .  k e n a i  o r  cladocerans were present  
i n  t he  zooplankton hauls  f rom Ind ian  Lake. However, coho re leased i n t o  I nd ian  
Lake a re  expected t o  feed on zooplankton i n i t i a l l y .  Coho w i l l  probably  s e l e c t  
t he  l a r g e r ,  more v i s i b l e  zooplankton species. A f te r  dep le t i ng  t h e  zooplankton, 
t he  coho w i l l  begin feed ing  on aqua t i c  o r  t e r r e s t r i a l  i nve r teb ra tes  (Dr. J e f f  
Koenings, March 18, 1980. Memo: Sample ana l ys i s  - Ind ian  Lake System, ADF&G, 
F i she r i es  R e h a b i l i t a t i o n ,  Enhancement, and Development D i v i s i on ,  Soldotna, A1 aska) 



Some predat ion  on coho by char can be expected, e s p e c i a l l y  i n  the l i t t o r a l  
zone which l a r g e  char and coho would cohabi t .  Do l l  Varden char preyed on 
coho salmon f r y  released i n  Osprey Lake (Crone 19767. Some l a r g e  char con- 
t a ined  up t o  15 coho f r y  each. Char which had preyed on coho f ry  were usua l l y  
l a r g e r  than 150 mm. The incidence of char conta in ing  coho f ry  dec l ined as the 
coho grew and as they dispersed throughout t he  lake .  Heavy predat ion  by Do1 l y  
Varden char on kokanee, s t ick lebacks,  c o t t i d s  o r  o ther  char was n o t  observed i n  
the Ind ian  Lake system. Likewise, p redat ion  by char on coho f r y  i s  n o t  expected 
t o  be subs tant ia l  . 
Kokanee, s t i ck lebacks ,  and c o t t i d s  may a l so  compete f o r  food w i t h  r e a r i n g  coho 
salmon. Kokanee feed on zooplankton i n  1  imnet ic  and pe lag ic  regions of t he  
l a k e  (Forester  1968). The kokanee a r e  p r i m a r i l y  pe lag ic  feeders a l though dur ing  
some months a  l a r g e  p ropo r t i on  of t h e i r  d i e t  cons is ts  of emerging bottom fauna 
(Northcote and Lorz 1966). St ick lebacks are  oppor tun i s t i c  feeders and w i l l  con- 
sume a  wide v a r i e t y  of food items. The d i e t  of s t i ck lebacks  i s  repor ted  t o  
inc lude zooplankton, benth ic  and t e r r e s t r i a l  inver tebra tes ,  gastropods, nematodes, 
molluscs, s t i ck leback  eggs and larvae,  and some algae and h igher  p l a n t  t i s s u e  
(Hynes 1950; Greenbank and Nelson 1959). I n  some l a k e  systems s t ick lebacks  a re  
thou h t  t o  compete s t rong ly  fo r  food w i t h  j u v e n i l e  sockeye salmon (Fores ter  
1968 3 ; Harman and Burgner 1972). Coastrange scu lp in  a re  p r i m a r i l y  bottom feed- 
ers.  The i r  d i e t  inc ludes benth ic  inver tebra tes ,  molluscs, crustaceans, aquat ic  
vegetat ion, and f i s h  and f i s h  eggs (Roger 1971). Since coho salmon e a t  a  wide 
v a r i e t y  o f  food i tems i n c l u d i n g  zooplankton and benth ic  inver tebra tes  the  d i e t s  
o f  coho and these r e s i d e n t  f i s h  species w i l l  over lap t o  some degree. 

CONCLUSIONS 

The Ind ian  Lake system i s  s u i t a b l e  f o r  r e a r i n g  coho salmon par r .  The o v e r a l l  
p r o d u c t i v i t y  o f  the  Ind ian  Lake system i s  g rea ter  than t h a t  of Osprey Lake. 
Competit ion f o r  space and food between r e a r i n g  coho and the  r e s i d e n t  f i s h  
species, i s  a n t i c i p a t e d  t o  be minimal. Some predat ion  o f  coho by char can be 
expected. 

The coho f r y  stocked i n  Osprey Lake were he ld  i n  r e a r i n g  pens u n t i l  15 Ju l y .  
Th i s  l a t e  s tock ing  date enabled the coho t o  grow t o  an average s i z e  o f  47 m 
f o r k  l eng th  (1.26 g) and a1 so enabled the  standing crop of zooplankton t o  bloom 
n a t u r a l l y  f o l l o w i n g  low w i n t e r  zooplankton l e v e l s .  I t  was f e l t  t h a t  coho fry 
w i t h  a  l eng th  o f  45 mm o r  l a r g e r  had a  b e t t e r  chance of avo id ing  predat ion  by 
the  Do1 l y  Varden char than newly-emerged f r y  (Crone and Koenings 1975). A1 so 
i t  was be l ieved the l a r g e r  coho would be b e t t e r  able t o  compete f o r  food w i t h  
the  res iden t  f i s h .  Any coho s tock ing  program i n  the  Ind ian  Lake system should 
f o l  low t h i s  midsummer re lease s t ra tegy .  

The l imnology o f  the l a k e  should be c l o s e l y  monitored t o  determine the  opt imal 
t ime t o  p l a n t  coho f ry.  I n  p a r t i c u l a r ,  the  zooplankton composit ion, dens i ty  , 
and biomass should be we l l  understood. Recent work done i n  Hidden Lake, Alaska 
found t h a t  t he  peak zooplankton biomass occurred approximately s i x  weeks l a t e r  
than the  peak dens i ty  (Gary B. Kyle, March 14, 1980. Memo: Zooplankton data 
analys is ,  ADF&G, F i she r ies  Rehab i l i t a t i on ,  Enhancement, and Development D iv i s ion ,  



Soldotna, Alaska).  The optimum f r y  re lease might bes t  be synchronized w i t h  
peak biomass r a t h e r  than peak densi ty .  Fur ther  study, as requ i red  by 
ADF&G p o l i c y ,  w i l l  i nvo l ve  i n v e s t i g a t i o n  o f  t he  pr imary p r o d u c t i v i t y  of the  
system. This  inc ludes mon i to r ing  the vo lumetr ic  carbon densi ty ,  ch lo rophy l l  
"A", and i n t e n s i v e  water chemistry and d isso lved  n u t r i e n t  sampling. I t  i s  
suggested t h a t  t he  s tock ing  dens i ty  o f  coho salmon f r y  i n  t he  Ind ian  Lake sys- 
tem should be r e l a t i v e l y  low, 1,700 t o  2,300 f r y  per  sur face hectare. Coho 
s tock ing  dens i ty  i n  Osprey Lake was approximately 2,470 f r y  per  sur face hectare. 
The optimum s tock ing  dens i ty  i s  one t h a t  produces the l a r g e s t  number of y e a r l i n g  
smolt (Crone and Koenings 1975). The t ransformat ion from p a r r  t o  smol t i s  
be l ieved t o  be s i ze  dependent. The th resho ld  s i z e  i s  approximately 75 mn by 
October, f o r  coho salmon i n  the L i t t l e  P o r t  Walter area, southern Baranof Is land,  
Alaska (Crone and Koenings 1975). I t  i s  no t  be l ieved t h a t  there  i s  any s u r v i v a l  
advantage f o r  coho which spend a  secwd  year  i n  f r e s h  water p r i o r  t o  smolt ing. 
I n  add i t i on ,  i f  a  l a r g e  number o f  coho remain i n  f r e s h  water f o r  a  second year  
the  zooplankton and benth ic  inver tebra tes  a re  unable t o  recover t o  t h e i r  normal 
dens i ty .  Subsequently, t he  growth o f  the o l d e r  coho i s  slow and some might  s t i l l  
no t  reach the  th resho ld  s i z e  f o r  srnolt ing. During t h i s  t ime the  coho are sub jec t  
t o  add? t i o n a l  year (s )  o f  f reshwater  morta l  i t y .  

The a v a i l a b l e  coho r e a r i n g  area i n  Ind ian  Lake i s  28,607,500 m3 and the  est imated 
r e a r i n g  area i n  Second Lake i s  924,600 m3, assuming a  maximum r e a r i n g  depth of 
15 m. Based on minnow t rapp ing  o f  t he  coho released i n  F i r s t  Lake, the  maximum 
r e a r i n g  depth i s  approximately 5 m; thus the a v a i l a b l e  r e a r i n g  area i s  approx i -  
mately 73 m3. Add i t i ona l  r e a r i n g  area i s  a v a i l a b l e  i n  Long and Ind ian  R ivers  
which t o t a l  approximately 3,100 m i n  leng th .  A p ropo r t i on  o f  the  coho re leased 
i n  Osprey Lake moved o u t  o f  t he  l ake  i n t o  the o u t l e t  stream, b u t  t he  growth r a t e  
of these stream-rearing coho was slower than t h a t  o f  t he  lake- rear ing  coho 

Stock ing o f  coho i n  t he  Ind ian  Lake system should n o t  be done annua l ly .  Restock- 
i n g  the  system w i t h  coho should be done on l y  a f t e r  t h e  secondary producers have 
reached the  pre-stock ing l e v e l  o f  abundance. A t  a  s tock ing  dens i t y  o f  2,000 f r y  
per surface hectare, approximately 475,000 coho can be re leased i n t o  t he  Ind ian  
Lake system. If the  fry-to-smol t (year1 i n g )  su rv i va l  i s  40% and the  marine sur-  
v i v a l  i s  5% approximately 9,500 coho salmon w i l l  r e t u r n  t o  c o n t r i b u t e  t o  spor t ,  
commercial, and subsistence harvests.  

A l a k e  s tock ing  program i n  t he  Ind ian  Lake system would probably b e n e f i t  from an 
accompanying l a k e  f e r t i l i z a t i o n  program. F e r t i l i z a t i o n  w i t h  n i t r ogen  and phos- 
phorus might  increase the  zooplankton dens i ty .  If s u f f i c i e n t  numbers o f  zooplank- 
ton a re  a v a i l a b l e  t h e r e a r i n g  coho w i l l  r es ide  p r i m a r i l y  i n  t h e  l i m n e t i c  area o f  
t he  lake,  thus reducing i n t e r s p e c i f i c  compet i t ion  w i t h  the  f o u r  r e s i d e n t  species. 
Add i t i on  of n u t r i e n t s  t o  t h e  system should be done on a  p e r i o d i c  bas is  throughout 
the  summer months. P re -ex i s t i ng  water q u a l i t y ,  chemistry,  and n u t r i e n t  l e v e l s  
should be w e l l  understood along w i t h  t he  dens i ty ,  biomass, and species composi- 
t i o n  of pr imary,  secondary, and t e r t i a r y  producers. There should be s t rong e v i -  
dence t h a t  t h e  n u t r i e n t ( s )  added t o  t h e  system a re  i n  f a c t  l i m i t i n g  f a c t o r s  i n  
f i s h  product ion.  

A t  p resent  t he re  a re  no sure methods t o  accura te ly  p r e d i c t  t he  outcome o f  a  l a k e  
s tock ing  o r  f e r t i l i z a t i o n  program. Th i s  i s  due t o  t he  complex i ty  of t h e  l a c u s t r i n e  
environment; t h e  d i f f i c u l t y  i n  assessing a11 i t s  phys ica l ,  chemical, and b i o l o g i c a l  



cha rac t e r i s t i c s ;  and the unknown re la t ionships  of these fac to rs  with f i s h  
production. The sampl ing program reported here provides ins ight  i n to  the 
ecology of the Indian Lake system and improves the l ikelihood t h a t  proper 
decisions can be made during a coho salmon stocking program. 

SUMMARY 

1. This study examines population cha rac t e r i s t i c s  of res ident  Dolly Varden 
char, kokanee, threespined st ickleback,  and coastrange sculpin in the 
Indian Lake system, Southeastern Alaska, during the  summer of 1979. Dolly 
Varden char were the t a rge t  species. 

2. To determine t he  abundance, movement, and spat ia l  d i s t r ibu t ion  of char in 
each lake and r i v e r ,  a t o t a l  of 15,911 char were captured of which 10,019 
were marked and released i n  June, 5,900 were examined f o r  marks in August, 
and 1,731 were recaptured. A t o t a l  of 200 kokanee, 12,353 st icklebacks,  and 
1,403 sculpin were a l so  captured f o r  mark and recapture abundance estima- 
t ion.  

3. During recapture sampling i n  August a t o t a l  of 1,829 char and 70 kokanee 
were k i l l ed  from throughout the  Indian Lake system t o  determine age ( o t o l i t h ) ,  
length,  weight, sex, and gonad condition. 

4.  The abundance of char i n  F i r s t  Lake was estimated t o  be 73 w i t h  a confidence 
interval  of 62 t o  96 ( a t  the 95% confidence level ) .  The combined abundance 
of char i n  Second Lake, Long River, each half of Indian bake, and Indian 
River was estimated t o  be 40,364 -t 3,006 ( a t  the 95% confidence 1 eve1 ) . 

5. There was considerable movement of char w i t h i n  and between each lake and 
r ive r .  An estimated 12.9% of the char i n  a pa r t i cu l a r  lake o r  stream i n  
June had moved i n to  another lake o r  stream by August. 

6. In Second and Indian Lakes most char resided near the  bottom a t  a l l  depths. 
A small pelagic population of char might e x i s t .  

7. The smal les t  char sampled was 58 mm in length and the l a rge s t  was 556 mm. 
The char ranged in age from I t o  XIV. 

8. Char aged I ,  11, and I11 resided primarily i n  the  r i ve r s  of l i t t o r a l  zones 
of lakes.  Larger, older char were captured a t  a11 depths. 

9. The sex r a t i o  of char i n  each lake and r i ve r  was 1 : l .  

10. The growth r a t e  of male char was s ign i f i can t ly  higher than t h a t  of females. 
There was no difference in growth by sex f o r  immature char. The slower 
growth of females i s  probably due t o  spawning s t r e s s .  

11. The majority of char were mature a t  age V .  Char spawned both annually and 
l e s s  frequently once sexual maturity was reached. The probabi l i ty  of 
annual spawning f o r  females was g rea te r  than t h a t  f o r  males. The mean 
fecundity of a sample of e igh t  char was 117 eggs. 



12. The char were found t o  consume a wide v a r i e t y  of food i tems w i t h  benth ic  
inver tebra tes  comprising the  bu l k  o f  the  d i e t .  Chironomids ( l a rvae  and 
pupae) were t h e  most common food item. D i e t  d i v e r s i t y  was lowest  f o r  char 
sampled f rom t h e  benth ic  zones and h ighest  f o r  char from the  stream and 
1 i t t o r a l  zones. 

13. St ick lebacks and scu lp in  were captured most commonly i n  t raps  s e t  on t h e  
bottom o f  lakes a t  depths down t o  30 m. Kokanee were captured most f r e -  
quent ly  i n  shore-based f yke  nets o r  i n  f l o a t i n g  g i l l  nets. 

14. F i r s t  Lake i s  eutrophic,  w i t h  a h igh  COM l e v e l ,  a  shallow thermocl ine and 
euphotic zone, and r e l a t i v e l y  h igh  zooplankton dens i ty .  Second and June 
Lakes are  o l i go t roph ic ,  r e c e i v i n g  c o l d  s i l t - l a d e n  g l a c i a l  water f rom August 
t o  November. Zooplankton dens i ty  i n  F i r s t  Lake averaged 14,090 organisms/m3 
from June t o  August and i n  I nd ian  Lake 2,521 organisms/m3. The sur face o f  
F i r s t  Lake averaged 4 O C  warmer than the  surface o f  Ind ian  Lake. 

15. The o v e r a l l  p r o d u c t i v i t y  o f  t h e  Ind ian  Lake system i s  g rea ter  than t h a t  o f  
t h e  Osprey Lake system, another Southeastern Alaska l a k e  system which has 
had a successful coho salmon l a k e  s tock ing  program. 

16. Based on the  1 imnological  and i ch thyo log i ca l  data c o l l e c t e d  and on the  
comparison of t he  Ind ian  Lake system w i t h  the  Osprey Lake system, use o f  
t h e  Ind ian  Lake system as a na tu ra l  r e a r i n g  area f o r  coho salmon appears 
feas ib le .  

17. The greates t  compet i t ion f o r  space and food between int roduced r e a r i n g  
coho and the  f o u r  res iden t  species o f  f i s h  i s  expected t o  be i n  the  streams 
and 1 i t t o r a l  zones o f  the  lakes. 

18. The est imated r e a r i n g  area a v a i l a b l e  f o r  coho salmon, assuming a maximum 
r e a r i n g  depth o f  15 m, i s  924,600 m3 i n  Second Lake and 28,607,500 m3 i n  
Ind ian  Lake. 

19. A midsummer s tock ing  of advanced coho fry ( l a r g e r  than 45 mm) a t  a s tock ing  
dens i t y  o f  from 1,700 t o  2,300 f ry /hec tare  i s  recommended i n i t i a l l y .  

20. A l a r g e  scale coho s tock ing  program i n  t h e  Ind ian  Lake system would prob- 
ab l y  b e n e f i t  f rom an associated l a k e  f e r t i l  i z a t i o n  program. 
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Appendix A. Flow cha r t  f o r  d i s i n f e c t i o n 1  and preserva t ion  o f  salmon roe b a i t .  

Procure roe from mature b u t  n o t  r i p e  salmon 

t 
c u t  i n t o  3 cm x 3 cm pieces 

4 
d i s i n f e c t  eggs by soaking i n  5% Betadine 

s o l u t i o n  fo r  15 minutes 

G 
remove eggs from Betadine s o l u t i o n  and d r a i n  

rub  eggs w i t h  a  generous amount of Borax 
(approximate ly  1 kg Borax per  5 kg eggs) 

t 
p lace Boraxed eggs i n  sandwich bags 

s t o r e  f rozen  u n t i l  use 

D i  s i  n f e c t i o n  procedure recommended by A1 D i  d i e r  , Regional Path01 ogi  s t ,  ADF&G, 
FRED D iv i s ion ,  Juneau. 



Appendix B. Data form used f o r  i c h t h y o l o g i c a l  sampling i n  t he  Ind ian  Lake system. A l l  e n t r i e s  were coded 
numerical ly .  

--P 1 

Jnar ~d L A ~ E  3 r'.rTEfl DATA Fofifli 
14 7({ 



Appendix C. Comparison o f  d i f f e r e n t  mark and recapture popu la t ion  est imates o f  Do1 l y  Varden char i n  the 
Ind ian  Lake system1. 

Number 
Lake/ Number Examined Number Chapman- 

Stream Marked f o r  Marks Recaptured2 Schnabel3 Peterson Schaefer Junge 
(M) (C) (R) 

Second Lake 1,504 1,637 66 5 1,979 3,701 - 1,977 
(1,857-2,118) (3,431 -3,995) 

Long R iver  6 33 738 4 3 3,610 10,648 - 8,837 
(2,866-4,876) (8,068-1 5,021 ) 

I n l e t  end of 4,299 2,694 61 8 9,648 18,721 - 15,892 
Ind ian  Lake (9,133-10,224) (1  7,320-20,277) 

O u t l e t  end o f  3,376 1,914 380 9,188 16,974 - 10,805 
$ Ind ian  Lake (8,597-9,866) (1 5,378-1 8,802) 
fn 
I 

I nd ian  R iver  199 360 2 1 845 3,282 - 3,211 
(567-1,657) (2,239-5,511) 

Combined 25 ,2704 53,3265 40,722 
10,011 7,357 1,727 42 ,6326 37,525 (37,635-439809) 
10,011 7,357 2,169 33, 9487 

A l l  est imates r e f e r  t o  t h e  number o f  char  present  i n  t he  l a k e  o r  stream a t  i n i t i a l  sampling (June 1979). 
2 Number recaptured f rom the  l a k e  o r  stream i n  which they had been marked. 

3 Computed f rom marking run  data. 

Summing Schnabel est imates. 

Sunrning Peterson est imates. 

Est imate based on combined M, C, and R. 

Est imate based on t o t a l  M, C, and R. 
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