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ABSTRACT 

The generation of a comprehensive salmon hatchery program (public 
and private) i n  Alaska necessi ta tes  implementation of certain controls t o  
maintain genetic integrity of local  indigenous s tocks .  Controls achieved 
by identification and classification of potential hatchery donor s tock,  
environmental matching through categorization of stream-types , and 
coordination with an  appropriate genetic policy a re  deemed essent ia l .  
Prince William Sound pink salmon s tocks (Oncorhynchus qorbuscha 
Walbaum) (within and among systems) were separated to some extent 
by  length-weight cri teria,  however, greater refinement of separations 
was accomplished with s tarch gel electrophoresis. Thirty-seven sub- 
populations of even-year pink salmon were reduced, by Roger's coefficient 
of genetic similarity, to seven stock types .  Several protein variants were 
observed in  this study which had never previously been observed in  pink 
salmon. 



INTRODUCTION 

In 1974 the State of Alaska signed into law an  a c t  authorizing the 
operation of private, non-profit hatcheries.  These hatcheries a r e  t o  b e  
operated without adversely affecting natural s tocks of f ish in  the State 
and under a policy of management which allows reasonable segregation 
of returning hatchery-reared salmon from naturally occurring s tocks.  
Alaska State Law, Statute 16.10.445 (1974) s t a t e s  that  the  Alaska Depart- 
ment of Fish and Game (ADF&G) sha l l  approve the source and number of salmon 
eggs t o  b e  taken from selected donor brood stock and, where feasible ,  sal-  
mon eggs utilized by a hatchery operator sha l l  f irst  be  taken from stocks 
native to  the area in which the hatchery is located and then, upon approval 
by the ADF&G, from other a reas  as necessary.  The term "stock" i n  this  
paper shal l  refer t o  a group of genetically closely related individuals i n  
a spec ies  hence,  a variety (Gray 1967) . 

At this writing, the  State  of Alaska and private non-profit groups 
a re  deeply committed to  the construction, operation, and maintenance of 
hatcheries.  The ultimate objective is t o  reverse a long-term trend of 
declining salmon production in  Alaska (Hunt 1976). State of Alaska policy 
is that  hatcheries will b e  constructed on streams having depressed or no 
salmon runs,  hence,  selection of donor brood stock having similar or match- 
ing genetic characterist ics (according t o  the  present s t a t e  of the  art) is of 
considerable importance in  maintaining integrity of various local  demes . 

In regard t o  locating hatcheries on systems having no salmon runs 
(due to  mechanical or velocity barriers), I assumed, with reference to  work 
done by Wisby and Hasler (1 954) , that  salmon imprint on certain,  but unde- 
termined water chemistry attributes of t h e  natal  stream. I found that  c lass i -  
fication of streams by chemical attributes is possible  using discriminatory 
analysis  (project i n  progress). Therefore, I hypothesized that  the  871 
recognized streams in  Prince William Sound could b e  c lass i f ied into per- 
haps 20 stream-types which, in  turn, may generally reflect pink salmon 
genetic variation. Stream class i f icat ion,  however, is being conducted 
under a separate project and the above s ta ted hypothesis cannot be 
addressed a t  this time. 

Pink salmon s tocks in  Prince William Sound exhibit striking differ- 
ences  in spawning distribution between even- and odd-year populations. 
A s  described by Noerenberg (1 9 63) , during even-years (1 9 72, 19 74, 19 76, 
etc.) 72 t o  77% of the pink salmon spawn in  the intertidal reaches of streams 
and about 25% spawn farther upstream i n  t he  lower freshwater reaches .  By 
contrast ,  35 t o  5 7% of odd-year populations spawn intertidally and the 
remainder spawn in  the far upstream reaches .  Within even- and odd-year 
populations, there are further breakdowns by time of run, e .  g . , early,  



middle, and la te .  Thus, for any stream, strength and timing of particular 
runs a re  dependent upon in-stream environmental factors which effect 
survival and development from egg to  pre-emergent fry and subsequent 
ocean survival. The 2 year l ife cycle  of pink salmon prevents even- and 
odd-year stocks from interbreeding (extremely remote probability/occurrence 
of 3-year old pink salmon, Scott and Crossman 19 73). Thus, even- and 
odd-year stocks constitute virtually separate  genetic l ines . 

This research was initiated in  July 1976 and was designed t o  iden- 
tify potential pink salmon donor s tocks for present and future hatcheries 
within Prince William Sound. Only early and la te  run pink salmon were 
collected. The middle run was omitted to  prevent possible sampling error 
due to  varying stream-life (Helle 19 70) . Stocks were separated using 
length and/or weight relations (Mottley 1941; Helle 1970) and enzyme 
analyses  by horizontal starch gel electrophoresis (Utter et a1 . 19 74; May 
and Utter 1974; Seeb e t  a l .  1975; Milner and Utter 1976). 

MATERLALS AND METHODS 

Initially, 51 bright, ocean migrant, male and female pink salmon 
(stock(s) unknown) from a commercial catch in  Shelter Bay, Prince William 
Sound were measured and weighed (Figure 1). Snout to  fork (SF) and mid- 
eye t o  fork (MEF) lengths were measured with a caliper to the nearest 
millimeter and regressions established. Weight was measured with a 
spring sca l e  to the nearest 25 grams. Length-weight relationships were 
established. Length of both sexes  were compared with spawning s tocks in  
pre-selected streams (Figure 1). Weights of females were used a s  a standard 
of comparison t o  possibly detect  change in  weight of spawning stocks in  the 
pre-selected streams. 

Subsequently, MEF and mid-eye to  posterior end of hypural plate 
(MEHP) were measured from known stocks (27 males,  38 females) and 
conversion from latter to  former was calculated. This relationship was 
established because the caudal fin of females,  primarily, is usually worn 
t o  a s tub during redd digging activit ies.  

Sixteen target streams were selected about Prince William Sound. 
Stream selection was based on past  escapement records and relative dis tance 
from each other. Spawning pink salmon were captured in these  streams with 
beach se ine  and dip nets .  Fish were separated into intertidal and freshwater 
spawners,  males and females,  and early run and l a t e  run. Upon capture 
the salmon were killed by striking the snout with a club. MEF lengths were 
taken except when the caudal fin was worn to  a s tub,  whereon MEHP measure- 



F i g .  1 .  Location of the  16 streams and commercial catch (She l t e r  Bay) from which samples of 
pink salmon were obtained f o r  stock separa t ion  purposes, Prince lfli 11 iam Sound, 
Alaska, 197G. 



ments were recorded and later converted to  MEF. Weight of each speci- 
ment was recorded. Data were analyzed by standard s tat is t ical  methods. 

Killed salmon were placed on a portable table (on-site) whereon 
muscle (a 2 c m  x 2 cm x 6 cm block from between the caudal fin and lateral  
l ine) ,  liver (minus the gal l  bladder), and eyes were removed with a sharp, 
small bladed knife and curve-tip forceps. Tissues from individual f ish 
were placed in  small plastic bags with appropriate labe ls ,  then placed 
immediately into an insulated cooler refrigerated with "Blue ice"  . All 
individual t i ssue  bags from a designated stream section were placed 
together in  a large plast ic  bag, a l s o  appropriately labeled. The objective 
was to  obtain a minimum sample (randomly selected) of 40 fish per stream 
section (i. e .  , 40 intertidal, 40 freshwater) . After collection of salmon 
length-weight data and t i ssue  samples from a stream, the t i ssues  were 
transported by skiff t o  the awaiting ADF&G research vesse l  MONTAGUE, 
where they were placed in a freezer which held the t i ssues  a t  -18 OC. 
After sampling the circuit of 16 streams, the t i ssues  were transferred from 
the R/V MONTAGUE to  a plasma freezer (-35 OC) a t  the  ADF&G laboratory 
in Cordova. When a l l  samples had been collected (from 1,507 salmon rep- 
resenting 37 sub-populations) , they were placed in small insulated "Wet- 
Lok" boxes packed with dry ice  and shipped via commercial airline to  
Pacific Fisheries Research, Seattle for electrophoretic analysis.  

Starch gel electrophoresis, following the method described by May 
(1975), was used to  separate the variant enzyme types. Following electro- 
phoresis,  the starch gels were stained for specific enzymes and scored for 
the frequency of variants. 

Initially the fish t issues were screened for variation a t  approximately 
35 genetic loci coding for 35 specific enzymes (Table 1).  However, certain 
enzymes, especially those from the  l iver,  are  highly unstable and lose  
activity within a short period of time. Since a period of 3-4 months elapsed 
between collection and analysis ,  the resolution on some of the more 
unstable enzymes was too poor to  be  of use .  As  a result ,  this report is 
based on data from 20 loci,  10 of which were polymorphic (Table 2) . 

Allele frequencies and their 95% confidence intervals were calcu- 
lated for each of the 10 polymorphic loci in  each of the sub-populations. 
To facilitate analysis of this large quantity of information, a similarity 
index between each sub-population and every other sub-population was 
computed. Rogers ' Average Similarity Index (Rogers 19 72) was chos en for 
i t s  relative e a s e  of calculation and widespread use .  The coefficient of 
genetic similarity is defined a s  



Table 1. A list of the enzymes, abbreviation, and t issues initially 
screened for variation. 

Enzyme 

A1 coho1 dehydrogenase 

Aspartate aminotransferase 

Creatine kinase 

Esterase 

Alpha-glycerophosphate 

Glucose-6-phosphate dehydrogenase 

I soc i t r a t e  dehydrogenase 

Lactate dehydrogenase 

Ma1 a t e  dehydrogenase 

Malic enzyme 

6-phosphogl uconate dehydrogenase 

Phosphoglucomutase 

Phosphoglucose isomerase 

Phosphomannose isomerase 

Sorbi to1 dehydrogenase 

Tetrazol i u m  oxidase 

Beta glucuronidase dehydrogenase 

Di aphorase 

Gl utathion reductase 

1/ Abbreviation- 

ADH 

AAT 1 ,  2 
AAT 3 

CK 1 ,  2 

EST 

AGP 

G6P 

I D H  

LDH 1 - 4 
LDH 5 

MDH 1 , 2 
PlDH 3 ,  4 

ME 

6PG 

PGM 

PSI 1 - 3 

PM I 

SDH 1 ,  2 

TO 

BGD 

DIA 

G R  

Tissue 

Liver 

muscle 
eY e 

muscle 

Li ver 

muscle 

1 i ver 

1 i ver 

muscle 
eY e 

1 i ver 
muscle 

rnuscl e 

1 i ver 

muscle 

muscle 

eY e 

1 i ver 

1 i ver 

muscle 

1 i ver 

1 i ver 

L/ Since different genes may code for the same product, each is given a 
numerical identifier which follows the abbreviation, i . e. , LDH 5 is 
the fifth locus coding for lactate dehydrogenase. 



Table 2. A l i s t  of 10 polymorphic loci  on which the e lec t rophoret ic  
data contained within t h i s  study a r e  based. 

Enzyme 

A1 pha-glycerophosphate dehydrogenase 

Phosphogl ucomutase 

Malate dehydrogenase A 

Ma1 a t e  dehydrogenase B 

Aspartate aminotransferase 3 

Lactate dehydrogenase 4 

Phosphogl ucose i somerase 1 

Phosphoglucose isomerase 3 

6-phosphogluconate dehydrogenase 

Ma1 i c  enzyme 



where L is t h e  number of loc i ,  Ai is t h e  number of alleles at t he  i th  l ocus ,  
and Pijx and P i j j  a r e  t he  frequency of the  J t h  allele a t  the  i th locus  in  
population x a n  y ,  respect ively .  This index ranges from a va lue  of 1 for 
ident ica l  populations t o  0 for t hose  with no shared a l l e l e s .  These calcu- 
la ted  indices  were u sed  i n  conjunction with standard numerical taxonomic 
techniques  (Sneath and Sokal  1973) t o  generate a dendrogram, or family 
t r e e ,  relat ing sub-populations by t h e  unweighted average l inkage method 
(UALM) . This method was  u sed  by Allendorf (1975) t o  clarify the  ambiguous 
re la t ionships  of 38 s tee lhead  s tocks  i n  Washington Sta te .  A full  d i scuss ion  
of t h e s e  clustering techniques can  b e  found in  Sneath and Sokal (1973). 

RESULTS 

A comparison of MEF and SF lengths  for males  and females ,  revealed 
a s ignif icant  difference between s lopes  of t he  two regress ions  (Steel  and 
Torrie 1960) : F = 5.6  (1, 98); P<0.02 (Figure 2) which indicated that  the  
d i s t ance  between the  snout t o  mid-eye was  greater  i n  males than females 
when MEF lengths  were t he  same.  To convert female SF length (mm) t o  MEF 
length (mm) u s e  regression y = a. + a l x  or ;'= 5.5892 + 0.9311 x; r = 0.9931; 
Syax  = 2.3809; So = 8.1389; S1 = 0.0157; where y = MEF; x = SF; Syex  = t h e  
standard error of es t imate  of y on x; So = t h e  standard error of t he  regress ion 
coefficient  ao; and S1 = the  standard error of t he  regression coefficient  a 1  . 
Conversion of male SF length (mm) t o  MEF length (mm) is performed us ing 
regress ion y '=  25.6321 + 0.8785 x ;  r = 0.9931; Syex = 2.9667; So = 7.6395; 
S1 =0 .0148 .  

Figure 3 depic ts  the  regression l i ne  and confidence band (weight, 
g .  on MEF length ,  mm) for commercially caught female pink salmon u sed  
as a s tandard of comparison. Converting male and female MEHP t o  MEF 
lengths  (mm) implied no difference between s lopes  of t h e  two regressions:  
F = 0.0008 (1, 61); P> 0.99. To convert male MEHP (mm) t o  MEF (mm) u s e  
A y = -0.4692 + 1.0741 x; r = 0.9941; Sy,, = 3.2402; So = 10.3629; S1 = 0.0234. 
Conversion of female MEHP (mm) t o  MEF (mm) is performed using 9 = - 1 .7044 
+ 1.0762 x ;  r = 0.9932; Sy., = 2.5973; So = 9.7148; S1 = 0.0211.  The com- 

A bined regression (male and female) t o  convert MEHP is : y = -0.0029 + 1.072 7x; 
r = 0.9945; SyeX = 2.8538; So = 6.5161; S1 = 0.0144 (Figure 4).  

Figures 5 and 6 present  MEF length (mm) by s e x  for all samples  
collected and Figures 7 and 8 depic t  weights (g) for most of t h e  samples .  
Black bars  in  the  figures indicate  the  95% confidence interval  for t he  mean. 
S ta t i s t i ca l  s ignif icance is indicated by the  amount of ver t ica l  overlap.  
Non-overlapping black bars  of similar  s i z e  indicate  near certainty tha t  
samples  a r e  significantly different .  The white bar  a t  e i ther  s i d e  of t h e  
mean is one standard deviat ion.  As shown in  t h e s e  f igures ,  t h i s  standard 



Snout to fork length (cm) 

F i g .  2 .  R e g r e s s i o n  l i n e s  compa r ing  mid-eye  t o  f o r k  l e n g t h  and  s n o u t  t o  f o r k  
l e n g t h  o f  p i n k  sa lmon c o m m e r c i a l l y  c a u g h t  i n  She1 t e r  6 a y ,  P r i n c e  
W i l l i a m  Sound ,  1976.  



Length (cm) 

Fig. 3. Regression l i n e  and confidence interval  f o r  female pink 
salmon commercially caught in Shel ter  Bay, Prince William 
Sound July 23, 1976. This sample of f i sh  was used as a 
standard of comparison ( i n  t h i s  example, against  female 
pink salmon obtained from Humpback Creek July 26 ,  August 
1 1 ,  and September 2, 1976). 



Mid-eye to fork length (cml 

Fig. 4. Regression line converting mid-eyelhypural plate length to mid-eyelfork length 
of male and female pink salmon commercially caught at She1 ter Bay, Prince 
William Sound, 1976. 
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Fig. 7 .  Total l i v e  weight of Prince William Sound male pink salmon compared by 
s tream, time and area ( I  = i n t e r t i d a l ,  U = upstream, c . f .  = commercial 
f i s h e r y ) ,  1976. 
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of comparison was of limited value. For example, comparison by analysis  
of variance of length and weight of t he  standard females t o  those  of t h e  
July 2 6 ,  19 76 Humpback Creek female sample show non-significant differ- 
ences ( i . e . ,  for length,  F = 2.95 (1, 62); P = 0.09 and for weight, F = 0.06 
(1, 62); P = 0.81). Although no significant difference in  length was observed 
between the female standard and the August 11, 1976 Humpback Creek 
female sample (F = 3.28 (1, 70); P = 0.07),  a highly significant difference 
in weights for that  date  was obtained (F = 90.85 (1, 70); P < 0  . O X ) .  These 
data imply that  the  same sub-population of f ish  were,  by August 11, i n  t he  
a c t  of advanced spawning a s  reflected by their lower weight. 

Use  of the female standard data  was of no value in  other ins tances .  
For example, a comparison of lengths for early (July 26 and August 11) and 
la te  runs (September 2) t o  Humpback Creek yielded no significant difference. 
Early run length comparisons yielded P = 0.09 and 0.0 7, respectively,  a s  
provided in  the  previous paragraph, and l a t e  run length comparisons yielded 
F = 3.04 (1, 74) ; P = 0.0 9.  Weights, however, were significantly lower 
than the female standard on August 11 (P < 0.01) and on September 2 (F = 57.31 
(1, 74); P < 0 .0 1) . If stream-life factors were not known, these  data could 
b e  erroneously interpreted a s  indicating one undifferentiated spawning popu- 
lation. 

More meaningful results  were obtained by comparing within-stream 
variation. For example, lengths of male and female Humpback Creek pink 
salmon (by sex) revealed no significant differences on the dates  July 26 and 
August 11: (F = 0.03 (1, 44); P = 0.86 and F = 0.06 (1, 32); P = 0.81, res- 
pectively).  However, significant decreases  in  weight for males (F = 14.40 
(1, 44); P C0.01) and for females (F =51 .69  (1,  32); P <0.01) byAugust 11 
indicated that  t he  early run was nearly spawned-out. 

By September 2 ,  1976 a significant increase in  length was observed 
for females (F = 8.97 (1, 44); P <0.01) and a non-significant increase in 
length was observed for males (F = 4.08 (1 , 33); P = 0 .06) when compared 
with the  August 11 samples. During th i s  same period (August 11 to  September 
2) a significant increase in female weight was observed (F = 5.44 (1, 44); 
P = 0.02),  but male weight did not increase significantly (F = 2.36 (1, 33); 
P = 0.14). These observations implied that  the la te  run had entered the 
stream. Figures 5 ,  6 ,  7,  and 8 present the Humpback Creek data .  

Similarly, early run males in  Hartney Creek were significantly smaller 
that  l a t e  run males (F = 10.30 (1, 42) ; P < 0.0 1) , but early run females were 
not significantly smaller than la te  run females (F = 3.98 (1, 45); P = 0.055). 
Figures 5 and 6 show these  data.  

A s  shown i n  Figures 5 and 6 average length of f i sh  was observed to  
increase with time in some streams (e .g . ,  Humpback Creek),  decrease in 



others (e.g . , Koppen Creek) and remain essentially constant i n  still 
others (e  .g . , Lagoon Creek) . In Koppen Creek, early and l a t e  run inter- 
t idal  males could be  separated on the  bas i s  of length (F = 9.30 (1,  56); 
P < 0.0 1) , but other separations were not significant in  systems exemplified. 
In Lagoon Creek where early and la te  runs of males and females could not 
be  separated by length (F = 0 . 7 1  (3, 78); P =0 .55  a n d F = 0 . 2 7  (3, 74); 
P = 0.85, respectively), electrophoretic analyses  revealed separations 
(Figure 9 ) .  

A four-way factorial analysis of variance ( see  Table 3) using the  
data  summarized i n  Figures 5 and 6 yielded highly significant differences 
in length between streams (F = 10.5 (15, 1506); P < 0.001) and between 
the sexes  (F = 2 5 .9 (1 , 150 6) ; P < 0 . O O  1) . There were no significant differ- 
ences between intertidal and upstream spawners (F = 0.0 13 (1 , 150 6); P = 
0.9 1) , or between early and la te  spawners (F = 3.0 (1, 1506); P = 0.08). 

The two-way interaction of stream and sex  was not significant (F = 
1 .0 8 (1 5 ,  150 6) ; P = 0.3  7) , but a number of other two and three-way inter- 
actions were significant. For example, the stream-time interaction was 
highly significant (F = 4.8 (8,  1506); P < 0.001). Depending on the stream, 
either the early or the la te  run often consisted of larger fish.  However, 
averaged over a l l  streams, early and la te  fish did not differ i n  s i ze .  Similar 
interpretations can be applied t o  other significant two and three-way inter- 
actions.  The four-way interaction was not significant (F = 4.4 (4, 150 6); 
P = 0.26). 

Electrophoretic ana lyses ,  however, exhibited some positive results.  
These data suggest that individual streams may b e  inhabited by sub-populations 
with little or no straying between them (Table 4 and Table 4a). In some 
streams there a re  genetic differences between early and l a t e  spawners a s  
well a s  differences between intertidal and upstream spawners. Differences 
between early and la te  spawners are illustrated by the Humpback Creek 
intertidal spawners which were originally sampled on July 26, 19 76 and 
again on September 2 ,  19 76. The July samples contained the fas t  variant 
form of alpha-glycerophosphate dehydrogenas e (AGP) a t  a frequency of .2435 
(95% C.I. = + ,0972) while the September sample contained the same vari- 
ant a t  a frequency of .0 731 (95% C .I. = 2 .05 75) . Even minor straying 
would tend t o  homogenize gene frequencies in  a few generations, suggest- 
ing that there a re  two temporally isolated sub-populations in Humpback 
Creek. This suggestion is further supported by the relatively low Rogers ' 
similarity of .978 between the two sub-populations (Table 5).  

Differences between upstream and intertidal spawners are  illustrated 
by July 27, 1976 upstream and August 24, 1976 intertidal runs t o  Lagoon 
Creek where AGP gene frequencies were .050 (95% C .I. = i .049) and .213 
(95% C .I. = f .09 1) , respectively. Figures 9 and 10 i l lustrate the differences 



Fig. 9 .  Alpha-glycerophosphate dehydrogenase gene frequencies of Prince Willaim Sound pink salmon enclosed 
by 95 percent confidence i n t e rva l s ,  compared by stream, time and area ( I  = i n t e r t i da l  ; U = upstream). 
Rocky Creek (Roc) I 8-30 and Hartney Creek (Har) I 9-10 both contain two var iant  forms of the enzyme. 
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Table 3 .  Results of analysis  of variance of mid-eye to  fork length data 
of Prince William Sound pink salmon. 

Sum of Mean Signif. 
Source of Variation Squares .DF Square F of. F 

Main Effects 
Stream 
S ex 
Area 
Time 

2-Way Interactions 
Stream Sex 
Stream Area 
Stream Time 
S ex Area 
Sex Time 
Area Time 

3-Way Interactions 35.203 2 1 1.676 1 .431  0.093 
Stream Sex Area 6.835 7 0 .976 0.834 0.561 
Stream Sex Time 10.503 8 1 . 3 1 3  1 . I 2 1  0.360 
Stream Area Time 13.011 5 2.602 2.222 0.049 
Sex Area Time 0 .621  1 0.621 0 .531 0.478 

4- Way Interactions 6.168 4 1 .542 1 .317  0 .266 
Stream Sex Area T i m e  6.168 4 1.542 1 .317 0.266 

Explained 387.766 76 5.102 4.357 < 0.001 

Residual 1763.601 1506 1 .171 

Total 2151.367 1582 1.360 



Table 4. Measured gene frequencies and confidence intervals for alpha-glycerophosphate dehydrogenase, 
phosphoglucomutase, malate dehydrogenase A,  malate dehydrogenase B ,  and aspartate amino- 
transferase. 

Date I n t e r t i d a l /  
Loca t i on  (1976)  Upstream N AGP ~ S E V P G I I  2SE NDHA 2SE MDHB 2SE AAT3 2SE 

Cons tan t ine  8-30 I 40 . I 2 5  .074 -000 . 000 .013 .025 . I 5 0  .080 
Cons tan t ine  8-02 I 4 0 "158 .084 .000 .013 .025 ,000 ,143 .084 
Cons tan t ine  8-02 U 40 .200 .089 .000 ,000 . 000 . I 5 3  .085 
Cons tan t ine  8-30 U 40 . I 7 5  .0849 ,000 . 000 .000 

Rocky 8- 30 I 40 . I 3 8  ,077 .000 .025 .035 .013 -025 .244 .097 
.013 .025 

Rocky 8-30 U 4 0 .213 .091 .000 .025 .035 .000 .238 .096 
.013 .025 .013 .025 

I 

P 
Z i  11 eseno f f  8-1 3 I 40 .244 .097 .013 .025 .025 .035 .000 .098 ,066 

CD .013 .025 .013 .025 ,013  .025 
I 

Ili I 1 a r d  8-25 I 40 . I 7 5  .085 .000 .013 .025 .013 .025 . 042 .058 
.025 ,035 

01 sen 8-23 I 40 "205  .091 .000 .054 "053 .013 .025 . I 0 0  .067 
.013 .025 

01 sen 7-1 9 I 4.0 -129 .076 .000 .026 .036 .026 -036 . I 8 9  .091 
01 sen 8-23 U 40 " 1 8 8  .087 .013 .024 .025 .035 .200 .096 
01 sen 7-19 U 40 . I 5 0  .080 ,000 . 000 . 000 . I 7 5  .085 

Cannery 8- 26 I 76 . I 2 7  .054 .007 .013 -007 .013 .000 . I 2 9  .057 

Koppen 7-22 I 40 .205 .091 .013 .025 .013 .025 .038 .042 .205 .091 
,025 .035 

KO p  pen 8-23 I 4 0 . I 3 8  .077 .000 .000 .013 .025 - 1  75 .085 
Koppen 7-22 U 40 . I 1 3  .071 .000 .013 ,025  .025 .035 . I 6 3  -082 

.025 .035 

(Continued) 



Table 4. Measured gene frequencies and confidence intervals for alpha-glycerophosphate dehydrogenase, 
phosphoglucomutase, malate dehydrogenase A,  malate dehydrogenase £3, and aspartate amino- 
trans ferase (continued) . 

Date I n t e r t i d a l /  
Loca t i on  (1976) Upstream N A G P  ~ s E ~ / P G M  2SE MDHA 2SE MDHB 2SE AAT3 2SE 

Koppen 8-23 U 40 . I33  ,077 .000 . 000 .025 .035 .213 .091 
.013 .925 

Larson 8- 30 I 40 -200 .089 .000 .013 .025 .013 .025 .088 .097 

Duck 8-25 I 39 .218 .093 -000 .090 .065 .000 . I76  .088 

Hartney 8-09 I 4 0 .213 .091 .000 . 000 .000 .225 .093 
.013 .025 

Har tney 9-1 0 I 5 1 .221 .081 .000 .058 .046 .010 .019 . I 5 3  .073 
I .010 .019 

bJ 
0 

I 
Erb 7-31 I 4 0 .205 .091 .000 . 000 .000 . I18  .074 
Erb 7-31 U 40 .238 ,095 .000 .013 .025 "025 .035 
Erb 8- 28 U 40 . I88  .087 .013 .025 .013 .025 .250 .097 
Erb 8- 28 I 4 0 .238 .095 ,025 .035 .025 .035 .000 ,141 .079 

M i  nk 
Mink 
Mink 
M i  n k 

Swanson 
Swanson 

Lagoon 
Lagoon 
Lagoon 
Lagoon 

(Continued) 



Table 4 .  Measured gene frequencies and confidence intervals for alpha-glycerophosphate dehydrogenase, 
phosphoglucomutase , malate dehydrogenase A, malate dehydrogenase B ,  and aspartate amino- 
transferase (continued) . 

Date I n t e r t i d a l /  
L o c a t i o n  (1 976) Upstream N AGP ~ s E ~ P G M  2SE FIDHA 2SE MDHB 2SE AAT3 2SE 

Humpback 9-02 I 4 1 .073 .058 .000 ,037 .041 .012 .024 . I 5 9  .081 
.012 .024 

Humpback 7- 26 I 40 .244 .097 .013 .025 "01  3 .025 . I 4 5  .011 

Plus or minus two standard errors encloses a 95 percent confidence interval (2SE) . Groups with non- 
overlapping confidence intervals are  genetically distinguishable from one another. 



Table 4a. Measured gene frequencies and confidence intervals for l ac ta te  dehydrogenase 4 ,  phosphoglucose 
isomerase 1, malic enzyme, and phosphoglucose isomerase 3. 

Date I n t e r t i d a l /  
(1976) Upstream N Z S E ~  P G I l  2SE L o c a t i o n  

Cons tan t i  ne 
Cons tan t ine  

Cons tan t ine  
Cons tan t ine  

Rocky 
Rocky 

I Z i  11 e s e n o f f  
PO 
PO ili 1 1 a r d  
I 

01 sen 
01 sen 

01 sen 
01 sen 

Cannery 

Koppen 

Koppen 
Koppen 
Koppen 

(Continued) 



Table 4a. Measured gene frequencies and confidence intervals for lactate  dehydrogenase 4,  phosphoglucose 
isomerase 1 ,  malic enzyme, and phosphoglucose isomerase 3 (continued). 

Date I n t e r t i d a l /  
L o c a t i o n  (1976) Upstream N 

Larsen 8- 30 I 40 

Duck 8-25 I 3 9 

Har tney 8-09 I 4 0 
Har tney 9-1 0 I 51 

Erb 7-31 I 4 0 

Erb 7-31 U 4 0 
I 

N 
Ch) 

I 
Erb 8-28 U 4 0 
Erb 8- 28 I 4 0 

Mink 8-27 I 40 

Mink 7-31 U 4 0 
I\l i n k 7-31 I 42 
Mink 8-27 U 3 9 

Swanson 8- 27 I 3 9 
Swanson 7-30 I 2 1 

Lagoon 8- 24 I 40 
Lagoon 7-27 I 39 

(Continued) 



Table 4a. Measured gene frequencies and confidence intervals for l ac ta te  dehydrogenase 4,  phosphoglucose 
isomerase 1 , malic enzyme, and phosphoglucose isomerase 3 (continued) . 

Date I n t e r t i d a l /  
L o c a t i o n  (1976) Upstream N LDH4 ~ S E ~ P G I ~  2SE 6PG 2SE 2SE PG13 2SE 

Lagoon 8-24 U 40 . 000 .013 .025 

Lagoon 7-27 U 40 .000 ,025 .035 .038 .042 -000  
Humpback 9-02 I 4 1 .000 .012 .024 .085 .062 .000 
Humpback 7-26 I 40 .013 .025 -038 .042 . I 3 1  .078 

1/ Plus or minus two standard errors encloses  95  percent confidence interval (2SE). Groups with non- 
overlapping confidence intervals are  genetically distinguishable from one another. 



Table 5.  Genetic similarity matrix based on gene frequencies a t  20 loci using Rogers' coefficient of 
genetic similarity among 3 7 populations of pink sa lmon l l .  

1 Hum I 9/2 
2 Swa I 7/30 
3 Swa I 8/27 
4 Min U 8/27 
5 lili n I 7/31 
6 rlin U 7/31 
7 Plin I 8 /28  
8 Har I 9/10 
9 Har I 8 /09 

10 Duc I 8 /25 
11 Lar I 8 /30 
12 Can I 8 /26 
1 3  Plil I 8 /25  
14 Z i l  I 8 /13  
16 Roc U 8 /30 
16 Roc I 8 /30 
17 Hum I 7/26 

I 
1 8  Lag U 7/27 

N 19 Lay U 8/24 
20 Lag I 7/27 

1 21 L a g I 8 / 2 4  
22 Erb I 8 /28  
23 Erb ti 8 /28 
24 Erb U 7/31 
25 Erb I 7/31 
26 Kop U 8 /23  
27 Kop U 7/22 
28 Kop I 8 /23 
29 Kop I 7/22 
30 01s U 7/19 
31 01s U 8 / 2 3  
32 01s I 7/19 
33 01s I 8 /23 
34 Con U 8/30 
35 Con U 8/02 
36 Con I 8/02 
37 Con I 8 /30 

1/ A l l  of these  values  were between 0.900 and 1.000; therefore to  increase the readability of this table  
only the l a s t  two digits are presented. Thus, 77 indicates a coefficient of 0.9 77 ,  
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Fig. 10. Genetic s imi la r i ty  dendrogram of Prince William Sound pink salnion 
based on t h e  unwei ghted average 1 i nkage method ana1,ysi s of Rogers ' 
genetic s imi la r i ty  coef f i c ien t s .  



between sub-populations and Table 6 presents  a list of variant  enzymes 
previously unseen  i n  pink salmon. A s  expected,  no significant  gene 
frequency differences were found between s e x e s  in the  37 sub-populations . 

Electrophoretic ana lys i s  support within-stream variat ion of length- 
weight da ta  when significant  differences a r e  observed . For example,  the  
differences between t he  early and l a t e  runs t o  Humpback Creek a r e  shown 
i n  Figure 11 by comparing length and alpha-glycerophosphate dehydrogenase 
(AGP) gene frequencies.  Similarly, ear ly  and l a t e  runs of males t o  Hartney 
Creek differed significantly in  length (P <0.01) and the  l a t e  run contained 
a variant  form of AGP which was  not observed in the  early run (Figure 12) .  

Electrophoretic ana lys i s  support within group length comparisons t o  
some extent .  For example,  i n  comparing grouped lengths by ana lys i s  of 
var iance  with t h e  same groups found i n  Figure 10 ,  lengths of Group 1 
("Hum I 9/2" ; " Min U 7/31 ") males did not differ s ignficantly (F = 0.02 
(1, 40); P = 0.89) but females  did (F = 5.78 (1 ,  37); P = 0.02).  Group 3 
length did not  d i f fer  s ignificantly for  males or  females (F = 2.49 (3, 86); 
P = 0.07 and F = 0.38 (3 ,  77); P = 0.77,  respectively) . Group 6 males did 
not differ s ignificantly i n  length (F = 1.20 (2 ,  75); P = 0.31), but  females 
did (F = 10.36 (2 ,  39); P < 0.01) . Conversely,  Group 7 males differed sig-  
nif icantly in  length (F = 5.3 1 ( 2 ,  78) ; P < 0.0 1) , whereas females  d id  not 
(F = 1.78 (2 ,  36); P = 0.18). 

Electrophoretic ana lys i s  support between-stream differences on  paired 
comparisons,  but not group comparisons.  For example,  t h e  grand means and 
their  95% confidence intervals  for male lengths  i n  Groups 1, 3 ,  and 6 (refer 
t o  Figure 10) were respectively:  461.83 2 17.22; 461.54 & 12.73,  and 477.63 
+ 15.74. No significant  difference i n  length was  found (e .g . ,  comparing 
c roups  3 and 6 ,  t = 1.57; df = 1.66,  P = 0 . 1 2 ) .  The grand means and their  
95% confidence intervals  for female lengths i n  Groups 3 and 7 were ,  res-  
pectively: 475.79 5 9.60 and 486.95 f 12.18; t h e s e  did not differ signifi- 
cant ly  (t = 1 .35; df = 11 8 ,  P = 0.18) . Paired comparisons of lengths between 
Groups 1 and 3 ,  however, revealed significant  d i f ferences .  When male and 
female lengths  of "Hum I 9/2" and " Min I 8/2 7" (Figure 10) were compared 
(by s ex ) ,  they  differed significantly ( i . e . ,  for males F = 6.20 (1 ,  40); P <0.02;  
for females F = 9.8 7 (1,  37) ; P < 0.0 1; only female length differed significantly 
when "Hum I 9/2" and "Har I 9/10" were compared (F = 15.14 (1, 60); P <0.01) ,  
but male lengths  d id  not (F = 0 .18 (1 , 2 8) ; P = 0 .67) . Again, comparison of 
lengths between "Hum I 9/2" and "Swa I 8/27" ind ica tes  tha t  s ignificant  
differences a r e  observed between females (F = 12 ,3  3 (1, 40) ; P < 0.0 1) , but 
not males (F = 0 . 1 5  (1, 37); P = 0.70). 

Since  spawning salmon were captured by round-hauling a visually-  
est imated sample  (about 50),  an  unbiased s e x  rat io should have been obtained. 



Table 6 .  Previously unseen protein variants  in pink salmon observed 
from Prince William Sound, Alaska stocks.  - 11 

Enzyme 

LDH4 

AGP 

MDH3 

ME 

PGM 

PGI 3 

Relative Mobility 

125 

50 

8 5 

115 

7 0 

90 

I /  The common mobility i s  defined as 100; therefore ,  a r e l a t i ve  - 
mobility of 125 indicates  t ha t  the var iant  protein migrates 25 
percent f a s t e r  than the common type and vice versa. 



female A.G.P 

Fig. 1 1 .  Mid-eye t o  *fork lengths and t o t a l  1 i ve  weights of Humpback Creek 
pink salmon compared t o  gene frequencies  of alpha-glycerophos- 
phate dehydrogenase ( A G P )  by t ime,  197G. 
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Chi-square analysis of data indicated that males significantly outnumbered 
females, about 1 .77  to  1 , except during the la te  upstream run when no sig- 
nificant difference was exhibited. Table 7 presents the findings. 

DISCUSSION 

The u s e  of length/weight data for identifying sub-populations within 
and between systems has limited applicability. While clear separations can 
b e  made in  certain instances,  (e.g., Humpback Cr.) , real genetic variation 
can a lso  be  obscured (e.g. ,  Lagoon Cr.) . The interesting result of this  type 
of analysis is that real differences in size-stream-timing-area relationships 
do  exist  (within stated probability levels) in the relatively small geographic 
area of Prince William Sound. When highly significant length data are  com- 
pared with electrophoretic analysis ,  the two forms of investigation are shown 
to  b e  mutually supportive a s  shown in  Figures 11 and 1 2 ,  Certain enzymes, 
by virtue of their polymorphism, are  more useful than others in disclosing 
genetic differences. These differences are displayed a s  biochemical vari- 
ation upon staining gels following electrophoresis. Alpha-glycerophosphate 
dehydrogenase (AGP) is highly polymorphic and reliably resolvable, hence, 
i t  is a useful locus in characterizing populations. As  exhibited in Figure 9 ,  
there is no overlap between several of the confidence intervals, indicating 
significant differences a t  the 95% level. Not only a re  there differences 
between sample stream s i t e s ,  but for some s i tes  the AGP frequencies varied 
with time suggesting temporal separation of sub-populations from the same 
s i te .  This evidence supports the contention that not a l l  of the streams con- 
tain single panmictic uni ts ,  but some are  composed of genetically identifiable 
sub-populations that may vary both spatially and temporally. 

Low frequency protein variants are  a l so  useful in  characterizing 
populations when significant differences are  observed . For example, both 
Lagoon Creek intertidal samples showed MDH-B variation (althaugh not 
significant) while the up stream (freshwater) samples were monomorphic for 
the common protein type. Both Erb Creek upstream samples showed MDH-B 
variation, while neither intertidal sample showed any. The same held true 
for Rocky Creek upstream and intertidal in which the two sites showed differ- 
ing (although not significant) rare variants for AGP, MDH-A, and MDH-B. 
These results support the hypothesis that many of the  streams may have 
spatially isolated sub-populations , The results a l s o  indicate that larger 
sample s izes  a re  necessary (i. e .  , n = 100 rather than 40) . 

If each stream actually contained a freely interbreeding panmictic 
unit, the similarity indices (Table 5) between samples from the  same streams 
should a l l  be  relatively high, while the indices between samples from differ- 
ent streams should be lower. This would lead to a clustering effect in which 



Table 7. Chi-square analyses of partitioned-run s e x  ratios of spawning 
pink salmon captured from 16 streams in Prince William Sound, 
Alaska during 1976.  

1/ Test- n Males n Females N x2 P 

I. Early intertidal 278 102 380 80.59 < 0 . 0 0 1  

11. Early upstream 185 96 281 27.56 < 0.001 

111. Late intertidal 322 245 567 10.19 < 0 . 0 0 1  

IV. Late upstream 134 145 2 79 0.36 0.549 

d 9 Total 

Early intertidal 2 78 102 30 8 

Early upstream 185 96 281 

Total 463 198 661 

d ? Total 

Late intertidal 

Late upstream 

Total 



Table 7. Chi-square analyses  of partitioned-run s e x  ratios of spawning 
pink salmon captured from 16  streams in Prince William Sound, 
Alaska during 19 76 (continued) . 

d ? Total 

Early intertidal 
and upstream 463 198 661 

VII 
Late intertidal 

and upstream 45 6 390 846 

Total 919 588 1,507 

x2 = 39.97; P <0.001 

1/ Tests I t o  IV are single classification; V t o  VII are two-way classification 
for independence. Yates' correction for continuity is applied t o  a l l  t e s t s .  



a l l  samples from the  same stream would be on the  same branch of the  
dendrogram (Figure 10) a t  a high similarity value. This is not the  c a s e ,  
however, No obvious clustering is observable, a result  directly pre- 
dictable from the  diverse intrastream gene  frequencies. 

The relationships of the sub-populations in Figure 10 reflect a l l  the  
accumulated frequency differences of a l l  the  protein variants.  These rela- 
tionships may b e  patterned by factors such a s  geographic isolation,  historic 
patterns of glaciation, and random drift. Whatever the cause ,  the  similari- 
ties among natural populations outlined in  Table 5 and Figure 10,  may be 
used a s  parameters in managing the  above-listed s tocks.  

The unequal sex ratio displaying numerical male dominance for three 
of the  four partitioned run segments,  appears t o  b e  a population density and/or 
behavioral attribute rather than a sampling artifact. Kirkwood (1962) des- 
cribes spawning behavior of pink and chum salmon a t  Olsen Creek, Prince 
William Sound, Alaska in  which two or more males,  one dominant, attend 
a ripe female. Helle e t  a l .  (1964) indicates that  stream-life of pink salmon 
a t  Olsen Creek, Prince William Sound, Alaska, ranged from 2 1  days  during 
the early run to  5 days i n  the  la te  run. The significant difference in  s e x  
ratio between early and la te  runs quantified in  Chi-square comparisons 
(Table 7) may b e  related to  the  observations of Kirkwood and Helle e t  a l .  

I do  not know whether the sex ratios observed i n  partitioned run seg- 
ments a r e  valid or whether a more balanced sex  ratio was masked by stream- 
l i fe  factors.  For example, spent or partially spent males,  perhaps dominant 
during early and l a t e  intertidal and early upstream runs , may subsequently 
assume a subordinate role i n  spawning act ivi t ies .  

I fee l  that  the  information and knowledge gained i n  this  study may 
prove useful in maintaining genetic integrity of hatchery donor s tocks and 
isolating other populations a s  wild stock preserves.  
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