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GENETIC VARIANTS OF PROTEINS IN CHUM AND CHINOOK SALMON 

FROM THE BERING SEA AND THI YUKON AND KUSKOKWIM RIVERS: 

REPORT OF ANALYSES OF 1976 COLLECTIONS 

by Fred M. Utter* 

This report sunmarizes the results of a biochemical genetic 

study of chum and chinook salmon based on collections made during 

the surmrer of 1976 from the Arctic-Yukon-Kuskokwim (AYK} area of 

Alaska and the Bering Sea by personnel of the Alaska Department of 

Fish and Game and the National Marine Fisheries Service. The pur

pose of these collections was to determine the feasibility of using 

frequencies of genetic variants of proteins to estimate the 

proportion of fish taken in the Japanese Fisheries of the Bering Sea 

that originated in Alaskan drainages. 

Two major conditions had to be met for this approach to be useful 

in answering this question. First, different frequencies of genetic 

variants had to exist between major areas contributing to this 

fishery; second, reliable estimates of these differences had to be 

available. The study presently remains incomplete largely because 

it was not possible to collect samples from Asiatic populations that 

were potentially contributing to the Bering Sea fishery. The second 

major condition (i.e. having reliable estimates of frequencies of 

genetic variants from major contri.buting areas) was therefore not met. 

I have proceeded with this report in spite of this significant 

deficiency because of a limited amount of data - available through 

the Russian and Japanese literature - which can be used in conjunction 
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with the data collected here, These data pertain to variants of a 

single bi ochemi cal sys tern which occur in about 10% of the chum 

salmon from Japanese and Russian populations that have been examined, 

but which have not been detected to date in chum salmon from the Yukon 

or Kuskokwim drainages. 

The remainder of the report will be organized under the following 

sections: Analysis of Alaskan and Bering Sea Chum Salmom Collections; 

Analysis of Alaskan and Bering Sea Chinook Salmon Collections; Esti

mates of the Proportion of Alaskan and Asiatic Chum Salmon in the 

Bering Sea Fishery, and Conclusions and Recommendations. The 

interested reader is referred to Utter, Hodgins and Allendorf (1974) 

and Allendorf and Utter (1978) for complementary descriptive 

accounts of the rationale, methodology, historical perspective, major 

current problems and applications, and future directions in fisheries 

research and management of genetic variants of proteins detected by 

electrophoretic methods. 

ANALYSIS OF ALASKAN AND BERING SEA CHUM SALMON COLLECTIONS 

Biochemical genetic data were taken from 14 collections of chum 

salmon from the Yukon and Kuskokwim drainages and from 17 Bering Sea 

stations of the Japanese vessel Riasu Maru (Figure 1). Twenty bio

chemical systems (reflecting over 30 loci) were analyzed for genetic 

variants through starch gel electrophoresis and specific staining 

methods carried out on extracts of muscle, liver, heart and eye. 

Geneti.c variants were detected at seven loci. The frequencies of 

these variants (.Table l) are incomplete for many of the collections 
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because of either the loss of enzyme activity during collection, 

shipping or storage, or the inability to sample a tissue where that 

particular protein was expressed. 

Fluctuations of allelic frequencies for most of the genetic loci 

appear to be random either among different sampling areas of the 

Yukon River or between Yukon and Kuskokwim collections. There are two 

exceptions to this apparent randomness. The frequencies for the 

common allele of PMI of the three Kuskokwim collections are lower than 

any of the Yukon collections. The differences become highly 

significant when the data for each drainage are pooled 

(l2=12.74(1 df),p(.001): thus the PMI locus may be useful in some 

instances for identifying the proportion of chum salmon destined for 

one or the other of these two major drainages. The second exception 

concerns the considerably lower frequency of the common 6PGD allele (names 

of abbreviated enzymes are given in Table l & 2) in the Sheenjek 

collection than is seen in any other collection; the relatively large 

size of thi.s particular sample strengthens the possibility that this 

group of fish may be identifiable within the Yukon system through this 

locus (sampling areas of both chum and chinook collections are 

identified in Figure 1). 

The chum salmon data from the Bering Sea collections are somewhat 

different from the data for the Alaskan samples. Most of the fre

quencies for AAT-3 exceed those recorded in the Yukon or Kuskokwim 

samples suggesting either that these frequencies reflect untested 

Alaskan populations (including the si.x collections of this study from 

which no AAT-3 data could be obtained) or fish originating elsewhere. 
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Vari.ants of MDH-3 als.o appear in the Beri:ng Sea data but are completely 

lacking i:n the AYK collections.; thi.s difference will be discussed 

later in greater detail. 

ANALYSIS OF ALASKAN AND BERING SEA 
CHINOOK SALMON COLLECTIONS 

The methods involved in the analysis of the chinook salmon 

populations parallel those applied to chum salmon. The total number 

of polyJOOrphic loci exceeded that observed in chum salmon. However, 

the limited nuni>er of collections coupled with the numerous protein 

systems in many collections that did not provide reliable data 

significantly reduces the possibility of observing trends among the 

AYK collections, or making comparisons between AYK and Bering Sea 

samples (Table 2). There are no obvious differences between the 

Kuskokwim and Yukon drainages based on the minimal data where compari

sons are possible. Data points of possible interest within areas 

concern the comparisons for MOH and lDH frequencies between the 

Ellll10nak and the Saleha collections; it is impossible. to determine from 

two points whether these differences reflect major population units 

or merely indicate isolated local variation. 

The chinook salmon from the Bering Sea collections - like chum 

salmon - differ in some respects from their Alaskan counterparts. 

Indeed, most of the individual loci - where two or more data points 

are available for each set of collections - appear to differ in 

comparisons of Bering Sea and AYK data. PMI frequencies are generally 

lower and T0-1, MDH-3, AAT-3 and IDH frequencies tend to be higher in 

Berfng Sea samples. These differences are large enough to be useful 
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if the minimal AYK data are an accurate reflection of AYK populations 

in general and if reliable baseline data can also be obtained from 

Asiatic populations. 

ESTIMATES OF THE PROPORTION OF ALASKAN A~m ASIATIC 
CHUM SALMON IN TUE BERING SEA FISHERY 

Although no collections of Asiatic samples were made for either 

species in the present study, reports are available for Asiatic chum 

salmon concerning frequencies of some of the protein variants 

examined here (Numachi, 1972; Altukhov, 1975; Seeb and Grant, 1976). 

One genetic system - MDH-·3 - is of particular interest because 

variants were absent in the Alaskan populations that were sampled, but 

were present in Asian populations and in some of the Bering Sea 

safll)les. The Asian populations closest to the Bering Sea were sampled 

by Altukhov (1975) who collected MDH-3 data from about 3,000 chum 

salmon from six streams on Sakhalin Island and the Kurile Islands 

over a three year period (1969-1971). He reported an average frequency 

for the co1TJJ10n MDH-3 allele of about .95. If it is assumed that .95 

and 1.0 are the average frequencies for the conman allele of MDH-3 in 

Bering Sea chum salmon originating from Asian and Alaskan streams 

respectively, then the proportion (P) of Asiatic or AYK fish in a 

Bering Sea collection can be estimated by: 

p = ( Equation I) ----------
Fayk Fas 

wnere Fb represents the frequency of the common MDH-3 allele in a 

particular group of Bering Sea fis.h, Fas (=.95) the average frequency 
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in Asi·an populations, and Fay1c (.=1.0} the average frequency in AYK 

populations. 

A plot of the locations, and starting and terminal dates of a 

series of sets made between mid-June and early July of 1976 by the 

Riasu Maru (.Figure 1} reveals an interesting trend when the frequencies 

of the MDH-3 variants are condensed into b~o pools (sets 24-36 and 

37-42 respectively). These data (sunmarized in Table 3) indicate 

that MDH-3 variants are present only in the early - more southern -

collections, and that the differences in the frequencies of MDH-3 

variants are significant between these two pools of collections. The 

frequencies of MDH-·3 variants in the two groups and the combined data 

of all collections indicate respective proportions of AYK fish of .74, 

1.00 and .82 when the pooled data are inserted in Equation I. An 

alternate solution to the proportion of AYK fish in the Bering Sea 

collections us.ing these pooled frequencies of MDH-3 variants was made 

with the assi~tance of James Seeb through a gene counting method 

developed by George Milner of the NWAFC (manuscript in preparation); 

this procedure indicated similar frequencies for the first, second 

and combined groupings of .76 (_+.15}, 1.0 and .84 (+.11) respectively; - -
parenthetical figures are 95% confidence limits. These analyses all 

indicate that significant heterogeneity exists among these collections, 

and that these analytical procedures are capable of generating consis

tent and reliable answers if adequate baseline data are available. 

Such data are presently minimal and probably insufficient, but an 

extension of sampling to include a broader number of populations 

(particularly Asian) can overcome these insufficiencies. 
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CONCLUSIONS AND RECOMMENDATIONS 

This fnvestfgation indicates that the collection of biochemical 

genetic data-coupled with the appli'cation of methods developed for the 

analysis of genetic data from heterogeneous collections - are a useful 

process for defining population units of chum and chinook salmon 

involved in Bering Sea fisheries, and for analyzing the interactions 

of these units. The incompleteness of the present data do not negate 

their value; they provide an essential point of departure for future 

investigations that did not previously exist as well as containing 

valuable intrinsic information. I will outline below where I think 

we are, and where I think we have to go to obtain reliable sets of 

baseli'ne data for both species that can be confidently applied to data 

from mixtures of populations sampled in the Bering Sea. 

The existing data are incomplete both geographically and 

temporaly. It has been pointed out above that it is impossible to 

define the boundaries in time or space of population units detected 

from significant differences of genetic variants between single 

collections. An ideal set of data for a particular year should 

therefore contain samples collected from differently timed segments of 

major runs from a representative array of spawning areas within major 

river systems in order to adequately define the genetic structure 

of a particular species. It is probably impractical or impossible to 

obtain such complete data in a single season from such vast and remote 

drainages as the Yukon River. Fortunately, gene frequencies observed 

at a particular time and place tend to persist between generations 

and among year classes (if year classes overlap) if population sizes 
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are relatively large (say 25 or mores.pawning pairs). Therefore, 

data collected in one year can usually be compared with data of other 

years and locations. This cumulative attribute means that the data 

base can be gradually butlt and - once established - can persist for 

a reasonably long duration (provided that exogenous stocks do not 

become established through massive introductions of artificially 

cultured individuals). 

Different levels of genetic variation are required to answer 

different questions. The degree of genetic variation between two 

natural populations usually varies directly with the amount of time 

that has elapsed since these populations shared a common gene pool. 

This genetic separation is often (but not always) reflected in the 

amount of geographic distance that separates two populations. The 

above generalities are probably reflected in the differences that 

distinguish the Bering Sea and AYK collections of both species. It 

is therefore important to know if geographic boundaries coincide with 

major population units. The differences observed in MDH-3 variation 

of chum salmon may very well reflect such a coincidence, however, more 

northern Asiatic (and possibly American) populations must be examined 

to determine the geographic limits of this variation. It is clear 

that Asiatic collections of both species are a requirement before this 

methodology can be properly implemented as a management tool for 

estimating the proportion of AYK fish in Bering Sea fisheries. The 

present Alaskan data, though minimal, are probably suitable for this 

purpose providing the differences of AYK and Bering Sea data are 

indeed a reflection of differences of Asiatic populations. 
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The present data are very li:rnited wi.th regard to their useful

ness for describing population unfts and allocating proportions of 

mixed fis·heri es within the AYK area. It was observed above that the 

consistencies of differences of frequencies of PMI variants in 

Kuskokwim and Yukon collections were probably useful for identifica

tion of at least some runs destined for one or the other of these 

drainages in areas where only these drainages are represented. All 

other differences either within or between these areas are too 

geographically erratic or too isolated to be useful for management 

purposes at this time. 

I recommend that the following general steps be taken to increase 

the data base from the level provided by this investigation, to a 

cumulative level of knowledge that is sufficient to permit the use of 

biochemical genetic data as a reliable tool for the support of 

American interests in Bering Sea fisheries of chum and chinook salmon: 

(1) Obtain collections of Asiatic salmon from at least three 

geographically divergent areas which are known to contribute 

to the Bering Sea fishery; repeat for two or more years. 

(2) Sample major contributing AYK drainages for at least two 

consecutive years in adequate detail to permit approximate 

definition of geographical and temporal population units. 
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Area 

Tuk2!L 
Emmonak 

II 

II 

Anvik 

Date 
Maturity Collected 

Adult 7-14-761 
II 7-17-76; 
II 7-28-76 I 

"Cs>Y I 

Genetic system 

jJ y IDH 
N AAT-3 -100 75 . 95 50 LDH-1 

I I ; 
30 .596 I .432 .482 .086 0 • '/53 

I 
44 .·::~ .534 .409 .OST 0 ~835 
28 .463 • 463 I : .802 .074i 0 
40 • 378 .351 .554 • 067j . 027 .832 

Toklat II (F) /100 ~609 .323 .o~~i ~ , • 7-19 
Delta Juvenile (F) 10-26-76 i 26 i .650 .. " II 11-03-76 ! 40 .474 .526 D : D I • 742 
Saleha I 

I ! • 707 Adult (S) 26 .596 .365 .039i 0 
Juvenile (S) 47 .500 : . 790 

-~;81 ~ I 

Scheenjek Adult (F) 83 .474 .401 .531 I• 738 

·Kuskokwim 
Adult (S) 6-29-76 25 .467 

i 
" 7-01-761 56 .427 • 479 .083 1 .Oll ;. 774 

" 7-12-76 I 25 .625 .675 .250 .07510 

Bering Sea 
I 

Station 24 Adult 6-17-76 i 37 .676 .676 .216 .108 0 1.000 
25 6-18-76: 40 .649 .705 .244 • 051, Q I • 859 

I . 
27 6-19-76 i 40 • 559 .513 .372 .103, .012 : .872 
28 6-20-76 ! 27 .615 .463 .463 • 074 : 0 : . 871 
29 6-21-76 I 28 .625 .577 • 346 .077;0 · .857 
30 6-22-76 ! 40 .677 .438 .438 .040: 0 : .912 

; 

.02s;. oso: .886 I 31 6-23-76: 22 .690 .500 .425 
32 6-24-76 ; 12 .708 .292 .625 .083i O - .958 
33 6-25-76 ; 40 .650 -- 1- : • 925 

6-26-76: 34 40 , .463 .413 .100: .024, .850 ! 
36 I 6-28-76; 21 .633 j. 429 : .452 .048 : .071 ( .904 ! 
37 , 6-29-76 1 19 .656 6°0 I ' i .368 : .526 .10 I l .947 I 
38 : 6-30-76 12 .850 ; • 389 : . 444 .167j0 , .8331 
39 " i 7-02-76 · 30 .672 ! • 466 '. • 466 • 068 . 0 i . 900 i 
40 II '. 7-03-76 . 34 .683 ; .603 ; .324, .059 ' .014j .897 i 
41 II 7-04-76 25 .652 !.40S : .S47j.048 0 !.958 
42 11 7-05-76 38 .710 ; • 389 i . 556 i • 042 . • 0131 · 868 j 

l 

PMI 6PGD AGP-3 MDH-3 

I 
.862 .950 , .900 1.000 
.966 .977 I .886 1.000 
.929 . 954 ! .904 1.000 
.925 .975 1--- 1.000 
.900 .960 I 1.000 

.909 .974 1.000 

.963 .962 1.000 

.917 • 939 I 1.000 

.907 .870 1.000 

.840 • 960 I .980 1.000 

.843 .955 I .890 1.000 

.826 ' .950 ; .960 1. ODO 
i 

I 
.919 .946 ! .932 .973 
.936 .674 I .951 .987 

1.000 . 937 .905 .987 
.942 .965 1.000 
.944 . .946 .982 
.950 : .875 1.000 
.932 ! 1.000 

' f .958 .958 :1.000 i 

.913 .988 : .963 .950 
' .925 .9sa l .975 .988 

.976 -- .976 
.868 .973 ; .973 1.000 

1.000 ; .958 1.000 
.900 : .957 i .967 1.000 
.941 : .956 j .941 1.000 
.958 : l.Ooo I .980 1.000 
.972 ; .931,.921 1.000 

Table 1. Freqllf~ncies of co;;ni.on alleles of six. protein syste:ns (e.nd eac:1 of four allel<.:is 
of the IDH sy:::te-:i) of collections of chur:t salmon from the Yu!..;on and I:udw\wim drainages 
and the Bering Sea. 

1/ abbr<?viations indicate the foD.m·ring enzynes: AAT- aspartate a.r:iinotransfora$e; 
ID:i - isoci trate dchydrogen:1.se; LD!! - lactate deh~•d;.•ogenase; ?J-il - phospl.;!.01.13.nnose 
iso:::ierase; 6PDif - 6-phosµho6luconate dehydrogenase; AG? - alph,, r:lyceror,'.1-:>:.!)hate 
dehydrozenase; J.iD:! - malate dehydrogenase. 

y -- indicates no data available 

JI (S) and (F) indicate fall- or s1unmer-run fish. 
' 1 ma.TJ.l!lu:n m,Mbe;- of 1· ndi· vi· dtt"ls an"l zed data f ' f · d · · 1 , '1 t ~ !JI .. " --.r ; o-· el'ler l .n· iv::.c ua.1.s are re.:. cc ea 

in some instances. 
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Genetic System 

Date 
Ny -PMI 

y 
Area Maturity Collected T0-1 · --MDH-3----MT-3- MT-1 ---- IDH ·· : T0-2 - PEP GPT 

Yukon 
Et:llllonak Adult 44 .909 1.000 1.000 .939 .989 .977 

Saleha .. 06-09-76 30 .957 .977 .950 • 569 1.000 -- 1.000 

Saleha Juvenile 10-08-77 43 1.000 .965 .942 • 636 ~ .930 . .988 .988 

Kuskokw.im 

Adult 05-17-";6 48 .913 .977 1.000 • 974 • 932 .939 

" 06-21-76 40 .975 1:000 .929 

Bering Sea 

Stat.ion 24 Adult (See table 1)29 .983 1.000 1.000· .889 1.000 .966 1.000 

25 " 20 .825 1.000 1.000 .929 1.000 .950 1.000 

27-29 " 21 .881 .952 1.000 .881 1.000 1.000 • 929 1.000 . 

30 " 38 .882 1.000 .750 1.000 1.000 .921 1.000 

31-33 - " 31 .839 1.000 1.000 . 974 .984 .886 1.000 

34,37-42 " 25 .920 1.000 .960 .820 1.000 . 900 1.000 

T.<tbln 2. Frequencies of corrr,on alleles of nine protein systems of collections of chinook 
sal.:ton from the Yukon and Y.uskokwir:.1 drain:?.ges and the Bering Sea. 

1/ abbreviations of enzymes r.ot included in Table 1 are: TO - tetrazolimn oridase; 
PI:!> - peptidase; GPT - gluta:nic-~:rruvate transa.-:ri.nase. 

y ma.::dmum nllr:lber of individuals analyzed. 
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Table 3. Contingency tab.le comp.ari:ng observed and (in parentheses} 
expected frequenctes· of MDH.-3 alleles in two groups of Bering Sea 
co 11 ecti'ons· of chum salmon, assumi"ng random distribution of MDH-3 
variation in all collections. 

Vari ant MDH-3 CoflJTlOn MDH-3 All MDH-3 
Alleles Alleles Alleles 

Stations 24 - 36 9 (6. 18) 685 (687.82) 694 

Stations 37 - 42 0 { 2. 81) 316 {313.19) 316 

All Stations 9 1001 1010 

Chi Square= 4.13 {1 d.f.), P = .04 
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Figure I. Locations of fresh water and Bering Sea collections of chum and chinook salmon. 
Nunt>ers in Bering Sea indicate stations of Riasu Maru; see Table J for exact da . 
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