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FI was not calculated due to HI being greater than HS. If HS is 

the level of heterozygosity that would be found in a subpopulation 

undergoing random mating and HI is greater than HS' then this implies 

a deviation from random mating within individuals of the subpopulations. 

Different F-statistics were observed in different groups at the LDH­

3 locus when the subpopulations were grouped into those found in 

Trempealeau and those found in Jackson County. In group.:B, FI and 

could not be calculated due to an excessive HI value. GroupFHI 
C, Jackson County stream sections, indicated random breeding with 

the subpopulations. 

At the IDH-4 locus, different values of heterozygosity and 

F-statistics were evident compared to the LDH-3 locus. Selection 

pressure at either locus could account for the divergence. If each 

locus was affected by its own selection pressure, then similar values 

of heterozygosity and F-statistics would not be expected. In group 

C at the IDH-4 locus, high FHI and FI values indicate the combined 

effects of nonrandom mating within subpopulations and to random genetic 

drift among subpopulations. The higher H values and F-statistics 

of group C compared to the lower values in group B proved an estimate 

of the divergence between the two subpopulations. 
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Table 16. Allele frequencies and F-statistics calculated from the observed 
phenotypes. Group A includes all samples in Jackson and 
Trempealeau Counties. Group B samples are from Trempealeau 
County and Group C samples are from Jackson County. 

Stream LDH-3 IDH-4 
Section N Statistics (100) (200) 

A. 1NT 15 .56 .73 
2NJ 8 .56 .81 
3NJ 29 .75 .76 
4NJ 41 .87 . .74 
5ST 16 .50 .47 
6SJ 25 .38 .52 
7SJ 27 .37 .44 

HI .4585 .2214 

HS .4384 .4410 

HT .4900 .4999 

F1S -­ .4979 

FST .1053 .1178 

FIT .0647 .5571 

B. 1NT 15 .56 .73 
5ST 16 .50 .47 

HI .6000 .4150 

HS .4964 .4462 

HT .4982 .4800 

FIS -­ .0699 

FST .0036 .0704 

FIT -­ .1354 

C. 2NJ 8 .56 .81 
3NJ 29 .75 .76 
4NJ 41 .87 .74 
6SJ 25 .38 .52 
7SJ 27 .37 .44 

HI .4020 .1440 

HS .4062 .4098 

HT .4852 .6540 

FIS .0103 .6486 

FST .1944 .3730 

FIT . 1714 .7798 

(--) Indicates the HI > H ' Thus, the F-Statistics could not be calculated.S 
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DISCUSSION 

Hardy-Weinburg Eguilibrium 

The principle hypothesis of this study is that fish from each 

stream section represent a subpopulation of a larger population in 

the Beef River. The subpopulations that form locally interbreeding 

groups of trout are often called local populations. The word population 

will be used in this discussion in the sense of a local population. 

In order for the Hardy-Weinburg equilibrium to be valid, one 

must assume that random breeding occurs, there are no mutations, 

no selection, no migration, and a large population size are qualities 

of that particular population. It would be unreasonable to assume 

that a population has these qualities in the natural environment 

or an artificial environment such as a hatchery. In the seven populations 

~xamined for LDH-3. IDH-3.4 and H6PD. only at LDH-3 did all populations 

conform to the expectation, assuming Hardy-Weinburg equilibrium 

(Table 3). Fixation for IDH-3(lOO) occurred in stream sections 2NJ 

and 3NJ (Table 4). Populations originating in the upper headwaters 

of the Beef River. namely 4NJ and 7SJ. deviated from Hardy-Weinb~rg 

at all loci except LDH-3. Among the upper headwater populations. 

the deviation at IDH-4 resulted from an excess of the null allele 

greater than the expectation from the allelic frequencies (Table 5). 

Random mating implies that the alleles at any locus will acquire 

random association into genotypes in accordance with the Hardy-Weinburg 

equilibrium. This is not true when linkage is suspect. The alleles 
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at one locus may not be in random association in gametes with the 

alleles at the other locus. IDH-3,4 indicated this phenomenon by 

deviating from the expected equilibrium calculated from the expansion 

of the multinomial. To solve the effect of linkage, by treating 

the duplicate loci as separate loci, linkage equilibrium will be 

avoided (Ingel, Personal Communication). 

Population Identification 

Beef River brook trout population. Extensive research has been 

done on population identification in salmonids through the use of 

electrophoresis. Allendorf et ale (1976) interpreted a total absence 

of heterozygotes at the LDH-l locus, along with a significant correlation 

between creative phosphate kinase allelic frequency and body size, 

as evidence of two genetically isolated populations of brown trout 

in a lake in Sweden. Stoneking (1981) used allelic frequency data 

to suggest subspecific differences between northern and southern 

brook trout of the eastern United States. Northcote et ale (1970) 

found significant differences between LDH allelic frequencies of 

rainbow trout sampled above and below a water fallon a British Columbia 

stream. Significant differences for lens protein loci for brook 

trout collections both within and between selected Pennsylvania streams 

has been reported by Eckroat (1971). 

The Beef River study indicated statistically significant differences 

(p < .05) at the LDH-3 and IDH-4 loci. Genetic divergence occurred 
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between comparisons of North and South Forks in Jackson County at 

IDH-4 (Table 13). Homogeneity was evident between samples in Trempealeau 

County regardless of North or South Fork division. Cluster analysis 

with IDH-4 indicated a discrete cluster with populations lNT, 5ST, 

and 6ST (Figure 9). 

At the lDH-3 locus a distinct North-South division was seen 

in cluster analysis (Figure 8). The Osceola Hatchery population 

formed a primary cluster with 3NJ and secondarily with lNT and 2NT. 

Population 4NJ and the St. Croix Hatchery were the most genetically 

distinct populations at both lDH-3 and IDH-4. Station 4NT is the 

farthest upstream population and represents the most isolated wild 

population in the study. 

Three successive serial samples, approximately 1.6 km apart, 

were taken from the North Fork in order to determine the extent of 

within-stream variation. The variation was used to determine the 

microgeographic genetic distinctions among the wild brook trout of 

the Beef River. Genetic distinctness was evident in population 4NJ 

(Tabl ell). Eckroat (1971) i ndi cated that geographi c di stances of 

274-732 meters might serve as an isolating barrier between brook 

trout populations. If this distance is an effective isolating barrier, 

then populations 2NJ and 3NJ deviate with the isolation hypothesis 

in this stream system. 

Hatchery brook trout populations. Homogeneity tests between 

hatchery populations and wild populations produced varying results. 

There was a distinct genetic divergence among the stream sections 
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of the Beef River. The model assumed that three forces acted upon 

the genetics of trout in the Beef River: migration, genetic drift, 

and natural selection. 

Difficulties arise when trying to estimate the effect of natural 

select~on on individual loci. The question is still in debate as 

to whether allelic variation is caused by natural selection or the 

variation is selectively natural (Aspinwall 1974; Johnson 1978; 

Templeton 1980). Allendorf et ale (1981) noted that if selection had 

a strong influence on a particular locus, the controversy about the 

importance of natural selection would have been solved y~ars ago. 

Under the neutrality model, the F-statistics should show uniformity 

between loci (Table 16). The results indicated divergence between 

loci, and thus the possibility exists that each locus was affected 

by its own selection pressure. Since natural selection cannot be 

measured, it will not be considered in the present model. 

Migration and genetic drift remain as the dominant forces determining 

genetic divergence. The effects of genetic drift and migration are 

related to stream position (Table 15). The FIT in group C (Jackson 

County) was large, indicating a high degree of inbreeding due to 

the combined effects of nonrandom mating within the populations and 

to random genetic drift among the populations. The FIT value in 

group B ,(Trempealeau County) approached zero which indicates random 

mating and genetic drift are not factors in determining the genetic 

divergence. This result is in agreement with Hardy-Weinberg calculations 

for the two stream sections (Table 3, 5). If natural selection is 
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stating that substantial numbers of young-of-the-year brook trout 

in Lawrence Creek, Wisconsin, have been found to dispers~ over the 

entire stream in both upstream and downstream directions. The homogeneous 

populations found at sampling sites lNT, 5ST, and 6SJ, are hypothesized 

to be a result of stocking. 

Crosses between genetically distinct populations are known to 

produce an excess of heterozygotes. Direct evidence of interbreeding 

is not available from this study. The North Fork has been stocked 

primarily with brown trout, whereas brook trout have been stocked 

in the South Fork (Table 2). Hybridization between brown and brook 

trout has been recorded in Wisconsin (Braush et al. 1973), but it 

is a rare occurrence. Homogeneity between heavi ly stocked st ream 

sections indicates a possible ecological/behavior interaction between 

the hatchery trout and wild trout. The interaction may lead to the 

breakdown of previously existing reproductive barriers between natural 

populations (Calaprice 1969; Ryman and Stahl 1981). The result could 

be a loss of genetic characteristics that have evolved in the local 

population. 

Drainage position. The spatial distribution of alleles at LDH-3 

and IDH-4, respectively, are illustrated in Figs. 8 and 9. At the 

IDH-4 locus a gradual increase of allelic frequency with the gradual 

decrease in frequency of another has been correlated with drainage 

position (Table 14). Koehn et al. (1971) noted that certain clines 

in allelic frequencies may result from selective features in the 
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environment. Clines can also result from the migration coupled with 

founder effects at the extremes of the environmental gradient (Hartl 

1980). The clinal pattern seen at IDH-4 may be attributed to the 

founder effect or genetic drift, and maintained by restricted gene 

flow. This phenomenon would increase in incidence toward the upper 

headwaters. 

Krueger 1979 noted that variation at LDH-3 seemed to reflect 

stocking history rather than a geographical relationship. Homogeneity 

does exist in the heavily stocked stream sections, but the effects 

of selection may influence genetic divergence in the upper headwater 

populations (Figure 8). Evidence that LDH genetic systems of trout 

respond to selective pressure has been observed (Northcote et al. 

1970; Huzyk and Tsuyuki 1974; Tsuyuki and Williscroft 1977). Identifica­

tion of environmental heterogeneity can be speculated between forks 

of the Beef River from the observed genetic divergence at LDH-3. 

This speculation is made with the absence of any known environmental 

variance between the North and South Fork. 

[col ogi cal and behavi or interact ions between the hatchery and 

wild trout. Density levels in hatchery ponds are hundreds of times 

those found in natural environment. Due to lack of environmental 

heterogeneity, artificial feeding regimes, and fluidity of population 

movements withi n the hatchery, the format i on of hi erarchi es is vi rtua lly 

impossible (Champman 1966). This leads to an inferior competitive 

ability with the native trout during stocking. Wild trout are known 

to form social hierarchies which may be a cause as well as a result 
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of position stability in its environment (Jenkins 1975). The author 

states that if a limited area is suitable for territorial defense, 

the result will be aggregation with no particular spatial attachment. 

The differences in aggressiveness according to size will lead to 

defense of these. areas by the largest, most aggressive fish. The 

smaller fish will move to a more desirable area. This may be the 

situation regarding the less aggressive hatchery trout. The physical 

features of a particular stream section will dictate the degree of 

aggressiveness. More available habitat could conceivably reduce 

the interaction between introduced and native trout and m~ lessen 

the degree of emrnigration. Habitat improvement of instream and bank 

cover in areas of heavy stocking may lessen the movement of hatchery 

stocked fish. 

Management Recommendations 

The identification of breeding units by measuring the degree 

of gene flow in a river drainage can aid in the overall management 

of a fish population. The findings of this study indicate definite 

genetic divergence between North and South Forks of the Beef River. 

Significant differences within forks identified local breeding units. 

The possibility exists of managing brook trout streams on a stream 

section to stream section basis. 

If the loci examined in this study reflect the overall genetic 

character of the brook trout, then the St. Croix hatchery trout may 

be ill-prepared to survive in the natural environment. Researct,Y'/ 
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in genetic improvement of fish has shown promising results (Moav 

1978; Moring 1982). Moring (1978) noted that the benefit/cost ratio 

of stocking rainbow trout could be increased through the selection 

of more efficient stocks. The author stated that the most commonly 

stocked rainbow trout strain exhibited significantly higher downstream 

movement out of the recreational fishing area. Stream improvem~nt, 

particularly in stream sections designated class II or III, would 

decrease emmigration and possibly lessen the potential for interbreeding 

between hatchery and native brook trout. 

No direct evidence for interbreeding between wild and hatchery 

trout was observed. The Trempealeau-Jackson County line serves as 

a boundary between stocked and unstocked waters. This does not mean 

that stocked fish do not move into unstocked waters or vice versa. 

Evidence for genetic divergence between the St. Croix hatchery and 

wild trout signifies a need for the preservation of preexisting native 

gene pools in the Beef River. 
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