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I NTRGDUCTI ON 

In the past f ive years, additions have been made t o  our detailed knowledge 
of factors influencing survival of salmon in fresh water. In th i s  report 
resul ts  of various investigations are briefly summarized. 

RESULTS OF INVESTIGATIONS AND TECHNIQUES D E V E L O P E D  

Two of the most important needs of salmon eggs in a natural stream are 
adequate seepage velocity and h i g h  dissolved oxygen levels. This has been 
shown by Wickett, (1954, 1958), Allerdice e t  a1 . (1958), and Warren (1958), 
and others. Highest survival and most robust f ry are attained a t  high seepage 
velocities and high dissolved oxygen levels. 

Knowing t h i s ,  these questions are  posed: ( 1  ) what governs water veloci- 
t i e s  and oxygen levels in natural streams? ( 2 )  how can we quantitatively 
measure these variables,  and (3 )  can we improve what we might find deficient.  

A number of more recent papers on intragravel flow are an extension and 
expansion of Bjornerud's work (1 949). B jornerud discussed a mathematical 
approach to  the solution of boundary condition and to the description of under- 
flow in r ivers .  Vaux ( in  press) investigated the effect  of stream profile 
curvature on direction of interchange between surface streamwater and intra-  
gravel water. Vaux l a t e r  (1961 ) presented solutions of the boundary value 
problem ( the boundary i s  that  between the free flowing stream and gravel bed). 
Sheridan ( in  press) demonstrated that  dissolved oxygen levels decrease with 
depth in a streambed and that  probably in most southeast Alaska streams ground- 
water does not contribute to  high dissolved oxygen levels. McNeil ( in  press) 
presents variation in dissolved oxygen levels from stream to  stream and from 
place to  place within one stream. 

As a resu l t  of these works and those by Wickett, Pollard, and Cooper, we 
may cancl ude : 

(1 ) High dissolved oxygen levels and high seepage veloci t ies  are necessary 
for  high survival of salmon eggs. 

(2)  Major source of water containing high dissolved oxygen content i s  
the surface of the stream. The water i s  aerated a t  the surface, 
goes down into the gravel, i s  relieved of oxygen by streambed 
organisms and organic matter and reappears in the surface t o  be 
reaerated. Magnitude and frequency of interchange depends on 
stream gradient, i r regular i t ies  in streambed and permeability of 
streambed material s .  

(3 )  Since one of the limiting factors t o  a high ra te  of interchange i s  
permeability of the streambed, i t  follows that  addition of f ine sand 
and s i l t  will be detrimental t o  survival and, conversely removal will 
be beneficial. Art i f ic ial  la teral  flow spawning channels (Jones 



Creek, Mil 1 Creek, Robertson Creek, Indian Creek, e t c . )  a r e  constructed on 
t h i s  principle.. 

Now tha t  we know the reasons fo r  interchange, how may we measure these 
variables? For t h i s ,  techniques have been developed and a r e  ready t o  be 
used as  management tools .  

Dissolved oxygen levels .  Wickett pioneered the use of perforated metal pipes 
driven in to  the streambed t o  obtain water samples. These were a l so  used by 
other agencie3 unti 1 the Fisheries Research I n s t i t u t e  (FRI) devdloped p l a s t i c  
standpipes f o r  use in a study of the e f f ec t s  of logging a t  Hol l is ,  Alaska. 
P las t i c  standpipes a r e  l i g h t ,  cheap, portable,  and ea s i l y  handled (McNeil , 
in p ress ) .  Intragravel dissolved oxygen values of any stream or number of 
streams may be determined i n  a shor t  time using t h i s  technique. 

Seepage. Four or more west coast  f i she r i e s  agencies have developed 
techniques f o r  determining seepage ve loc i t i e s  through the gravel. The FRI used 
the Shichter s a l t  well electrode method. The Fisheries Research Board of Canada 
developed a dye ext inct ion method and the  U.S. Fish and Wildlife Service and 
the International  Paci f ic  Salmon Fisheries Commission have both used an e lec t ro -  
l y t e  ext inct ion method. 

None of these methods completely s a t i s f y  the c r i t e r i a  of accuracy, port- 
a b i l i t y ,  and a b i l i t y  t o  obtain a large  number of measurements i n  a shor t  time. 

Some workers have t r i e d  t o  subs t i t u t e  permeability measurements, made by 
lowering the head in a standpipe and timing accret ion of water t o  original  
l eve l ,  f o r  seepage veloci ty  measurements, b u t  these methods too need refinement. 

Permeabil i  ty  a nd gravel composition. A1 though i t  i s  d i f f i c u l t  t o  measure per- 
meability in s i t u ,  i t  i s  easy t o  determine permeability of streambed gravels 
by placing a sample of gravel in a permeameter. The main objection t o  t h i s  
method i s  t ha t  the  gravel sample i s  disturbed;  compaction and arrangement of 
pa r t i c les  and voids i s  no longer the same upon removal. 

Actually, engineers have, f o r  some years ,  demonstrated the re la t ionship  
between permeabi 1 i  ty  of gravel and amount of f i ne  pa r t i c l e s  i n  the sample. 
Since t h i s  i s  a well known re la t ionship  i t  i s  apparent t ha t  sand and s i l t  f r e e  
gravel w i  11 usual ly  be more permeable. 

The FRI has developed a method of sampling and a sampler which enable us 
t o  assess the amount of f i ne s  in  spawning gravels and t o  make comparisons of 
spawning gravels on t h i s  basis from stream t o  stream and within one stream 
(FRI Circular  #120, 1960, McNeil and Ahnell ) .  

Survival and abundance of embryos in the  gravel. A modification of the hydrau- 
l i c  egg digging apparatus f i r s t  used by Mathisen in 1955 (discussed in FRI 
Circular  #126, McNei 1 1960) i s  used by a number of agencies on the coast  t o  
estimate the survival and abundance of salmon embryos a t  d i f f e r en t  stages of 
development. The equipment and method a r e  pas t  the developmental s tage  and 
are  a useful management too l .  



Thus, i t  i s  apparent that  the tools are now a t  hand with which to  measure 
the two most important environmental variables in the production of salmon in 
freshwater. I t  seems that  the next step i s  t o  obtain extensive measures of 
the environment, and the survival of salmon eggs in relation to  spawning 
escapements. Then the potential for  environmental improvement will be under- 
stood and can be undertaken i f  necessary. 



BIBLIOGRAPHY 

Alderdice,  D . F . ,  W.F. Wickett ,  and J.R. B r e t t .  1958. Some e f f e c t s  of 
temporary exposure t o  low d isso lved  oxygen l e v e l s  on P a c i f i c  salmon 
eggs. Jour .  Fish.  Res. Bd. of Canada, Vol. 15,  No. 2 ,  229-248. 

Benson, Norman G .  1953. The importance of ground water  t o  t r o u t  populat ions 
i n  t h e  Pigeon River,  Michigan. Trans. 18th No. Amer. Wildl. Conf., pp. 
269-281. ' 

Bjorenrud, E . K .  1949. Prel iminary r e p o r t  on underflow of r i v e r s .  Unpublished 
manuscript ,  F i she r i e s  Research I n s t i t u t e ,  Univers i ty  of  Washington. 

Burgner, Robert L. 1958. A s tudy of  f l u c t u a t i o n s  i n  abundance, growth, and 
su rv iva l  i n  t h e  e a r l y  l i f e  s t ages  of t h e  red salmon Oncorhynchus nerka 
(Wal baum) , of t h e  Wood River Lakes, Br i s to l  Bay, Alaska. PhD t h e s i s ,  
Univers i ty  of  Washington, S e a t t l e .  200 pp. 

Chambers, J ,S. ,  G . H .  Al len ,  and R.T. Pressy. 1955. Annual r e p o r t  f o r  1955. 
Submitted t o  U.S. Corps of Engineers by Washington S t a t e  Department of 
F i s h e r i e s ,  Contract  No. DA-35026-Eng. 20572. 

Cooper, A . C .  1959. Discussion on t h e  e f f e c t s  of  s i l t  on surv iva l  of salmon 
eggs and l a rvae .  Proceedings of t h e  F i f t h  Symposium P a c i f i c  Northwest, 
on S i l t a t i o n ,  i t s  Sources and Ef fec t s  on t h e  Aquatic Environment. Dept. 
of Heal th,  Education, and Welfare,  U.S. Publ ic  Health Serv ice ,  Water Supply 
and Pol 1 u t i  on Control Program, Por t land ,  Oregon, pp. 18-22. 

Hunter, J.G. 1959. Survival  and production of pink and chum salmon i n  a 
coas t a l  stream. Jour .  Fish. Res. Brd. Canada, Vol. 16 ,  No. 6 ,  pp. 835- 
886. 

James, George A.  1956. The physical e f f e c t  of logging on salmon streams i n  
sou theas t  Alaska. Alaska Fores t  Research Center ,  U.S. Fores t  Se rv i ce ,  
S t a t i o n  Paper No. 5 ,  49 pp. 

Mathisen, O . A .  1955. S tudies  on t h e  spawning biology of t h e  red salmon, 
Oncorhynchus nerka (Wal baum) , i n  B r i s t o l  Bay, Alaska w i t h  spec i a l  r e f -  
e rence  t o  t h e  e f f e c t  of a l t e r e d  sex r a t i o s .  PhD t h e s i s ,  Univers i ty  of 
Washington, S e a t t l e ,  285 pp. 

McNeil, W.J. Var ia t ions  in  t h e  d isso lved  oxygen content  of i n t r ag rave l  water  
i n  fou r  spawning s treams of sou theas t  Alaska. Fish and Wi ld l i f e  Se rv i ce ,  
Speci a1 S c i e n t i f i c  Report, i n  p r e s s .  

Muskat, Morris. 1937. The flow of  homogenous f l u i d s  through porous media. 
McGraw-Hill Book Co., New York. 

O'Conner, D . G . ,  Dobbins, W . E .  Mechanism of  r e a e r a t i o n  i n  na tura l  s t reams.  
Am. Soc. of  Civ. Eng. 82, p a r t  6 ,  No. 1115. 

Po l l a rd ,  R.A.  1955. Measuring seepage through salmon spawning grave ls .  
Jour .  Fish. Res. Brd. Canada, 12 ,  9 ,  pp. 706-741. 



BIBLIOGRAPHY (Continued) 

Royce, W.F. 1959. Breeding habi t s  of lake t r o u t  i n  New York. U.S. Fish and 
Wild l i fe  Service ,  Fish. Bu l l . ,  Vol. 52, No. 59, pp. 59-76. On the  possi- 
b i l i t i e s  of improving salmon spawning a reas .  Trans. 24th No. h e r .  Wildl. 
Conf., pp. 356-366. 

Scheidegger, A . E .  1957. The physics of flow through porous media. Univer- 
s i t y  of .Toronto Press ,  London. 

Sch l i t ch ing ,  H .  1955. Boundary l aye r  theory. Pergamon Press ,  New York. 

Sheridan, W .  L .  Water flow through a salmon spawning r i f f l e  in  Indian Creek, 
southeastern Alaska. United S t a t e s  Department of the  I n t e r i o r .  Special 
S c i e n t i f i c  Report - Fisher ies .  In press .  

S l i c h t e r ,  C.S. 1899. Theoret ical  i nves t iga t ions  of t h e  motion of ground- 
waters .  U.S. Geological Survy, 19th Annual Report. 

Vaux, W.G.  - Interchange of stream and in t ragravel  water in  a salmon spawning 
r i f f l e .  U.S. Fish and Wild l i fe  Service ,  Special S c i e n t i f i c  Report. In 
press .  

Warren, C . E .  1959. The influence of dissolved oxygen upon the  s u r v i v a l ,  
development, growth, a c t i v i t y ,  and movements of freshwater  f i s h e s .  
U.S. Publ. Health Service - NIHR, Grant RG-4352-Progress Report Sept.  
1 , 1955 t o  Aug. 31, 1959. 

Wickett ,  W.P. 1954. The oxygen supply t o  salmon eggs in  spawning beds. 
Jour.  F i s h .  Res. Bd. Canada, Vol. 11,  No. 6 ,  pp. 933-953. Review of 
c e r t a i n  environmental f a c t o r s  a f f e c t i n g  t h e  production of pink and chum 
salmon. Jour.  Fish. Res. Bd. Canada, Vol. 15, No. 5 ,  pp. 1103-1126. 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 


	INTRODUCTION
	RESULTS OF INVESTIGATIONS AND TECHNIQUES DEVELOPED
	BIBLIOGRAPHY

