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Abstract 

Harbat-Leterrier A., R. Guyomard, F. Krieg. Aquat. Liring Resour., 1989, 2, 215-223. 

Introgression between introduced domesticated stocks and natural populations of brown trout was 
investigatcd by protein electrophoresis in thrce hlcditerrancan rivers. From each river, one undisturbed 
site and one, closcly locatcd, yearly stocked site were samplcd. Comparison of the elcctrophorctic 
variation observed in samples from the undisturbed sites with that in the introduced hatchery strains 
rcvcalcd several specifically "domestic" variants. The genetic control of these variants was demonstrat- 
ed by breeding experiments. The samples collected from the stocked sites showed introgression rates 
ranging from approximately O to 40%. The genotype frequencies obscrved in these samples suggested 
that no reproductive barrier exists between introduced and native stocks and that they form random 
mating populations. 

Key~ords : Electrophoresis, Salmo trutta, h'ïcditerranean population, restocking, introgression. 

Introgression entre souches domestiques introduites et populations locales mediterraniennes de truite 
commune (Salmo trutta I..). 

Une étude électrophorftique dc la structure génétique de populations naturelles dans lesquelles sont 
régulièrement introduits des stocks de pisciculiure a été entreprise dans trois rivières méditerranéennes. 
Sur chacune d'ellcs, un site non repeuplé et, à proximiti de celui-ci, un site repcuplk chaque année 
ont été choisis. La comparaison des variations éIectrophorétiqucs observées dans les échantillons 
provenant des sites non repeuplés avec cellcs qui ont été trouvées dans les souches domestiques utilisées 
pour le repeuplement a permis de dffinir plusieurs allèles caractéristiques des souches domestiques. Le 
déterminisme génétique de ces variations électrophorétiques a été démontré par des croisements 
expérimentaux. Les échantillons prélevés dans les secteurs repeuplés révélent des taux d'introgression 
variant de O B 40% environ. Les fréquences génotypiques observées suggércnt que les individus 
autochtones et introduits constituent une population panmictique hybride et qu'il n'existe aucun 
isolcment reproducteur cntrc cux. 

Mots-clés : Électrophorèse, Salmo trutta, populations méditerranéennes, repeuplement, introgression. 
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Iiybridization is widespread in fish, especially in 
freshwatcr spccics (Schwartz, 1972). Several charac- 
teristics of fish may cxplain thcir ability to hybridize: 
cxternal fertilization, absence or wcakncss of cthologi- 
cal reproductive barriers and susccptibility to sccon- 
dary contacts between recently evolved forms 
(Campton, 1987). hlany salmonid taxa (species, 
subspecies. . .) may have differcntiated rcccntly dur- 
ing the quaternary era, when alternating glacial and 
warm periods considerably modified the geographic 
distribution of tcmpcratc spccics. In the prcscnt days, 
these forms may maintain thcir gcnctic intcgrity only 
whcn thcy inhabit separate hydrographic basins. 

IIurnan transfers of salmonid stocks into water- 
sheds naturally inhabited by conspecific or congeneric 
populations have become frcquent in recent dccades. 
Such introductions offcr the opportunity to analyse 
the cxtent and the nature of gene flow bctwccn diffc- 
rentiated populations. 

In brown trout (Salmo trutta L.), a substantial 
arnount of genetic divergence has accumulated 
between hlediterranean and Atlantic populations 
(Krieg and Guyomard, 1985). The degrcc of divcr- 
gence between these two groups is comparable to 
that found bctwecn spccies or subspecies of North- 
Amcrican salmonids (Loudcnslagcr and Gall, 1980; 
Smith, 1981; Stoneking et al., 1981). Al1 domesticated 
brown trout stocks analyscd clcarly originatcd from 
the Atlantic "subspecies" (Krieg and Guyomard, 
1985). Thcsc populations possess alleles which have 
ncvcr bccn found in virgin hicditerranean popula- 
tions. The persistence of domesticated individuals 
arnong wild hlediterranean stock and thcir contribu- 
tion to the natural reproduction can be easily dctcctcd 
with thesc diagnostic allclcs. 

In this paper, \ve report an electrophoretic analysis 
of populations samplcd from sitcs which have bccn 
continuously stocked over more than tcn ycars. Our 
rcsults suggest that therc is no reproductive barricr 
to genetic exchange between introduced domesticated 
and native hlcditcrrancan populations. 

hlatings for the gene segregation analysis 

Five full-sib matings wcrc pcrformcd with diffcrcnt 
pairs of parents issucd from hatchcry strains (Guyo- 
mard and Krieg, 1983). In addition, a cross between 
a domcsticatcd strain and a natural Breton strain 
(Elorn rivcr) was pcrformcd. The allcle frequencies 
observed in the Elorn population were described in 
Krieg and Guyomard (1985). Contrary to thc hatch- 
ery strains, this population shows a high frcqucncy 
of Ldh-5 (105); 10 males and 10 females of each 

origin wcrc matcd in this cxpcrimcnt. The four prog- 
enies from this cross and the five full-sib families were 
reared to  10 months and then analysed electrophoreti- 
cally. 

Wild and hatchery samples for the study of stocking 
effects 

Three rivers were chosen in the hiediterranean area 
(jig. 1): the Coulomp (tributary of the Var), the Luech 
(tributary of the Cczc) and hlaurcillas (tributary of 
the Tech). In the upper watcrshed of each rivcr, two 
sitcs were selected, 5 to lOkm apart, one unstocked 
and the other stockcd with introduced fish each year. 
The stocking effort for each site is given in table 1. 
From the stocked site, age O+ and older fish (tcrmed 
adults in the text) were collected. The two hatchery 
strains uscd for stocking the thrce sites were also 
analyzed (table 1). 

Elcctrophoretic methods 

Tissue extract preparation, electrophorctic tech- 
niques and staining procedures are described by 
Guyomard and Kricg (1983) and Krieg and Guyo- 
mard (1985). Nomenclature of loci and alleles follows 
the general recommendations proposed by Allendorf 
and Utter (1979). 

Gene segrcgation statistics and principal cornponent 
analysis 

The symbols and statistics uscd for the gcnc scgre- 
gation analyses are derived from hlather (1951) and 
dctailcd by May et al. (1979) and Taggart and Fergu- 
son (1983). Conformity of obscrved genotypic distri- 
butions to IIardy-Weinberg expcctations in wild and 
domesticated samples were tested by chi-square analy- 
sis. Gamctic phase desequilibrium (D) bctwccn pairs 
of loci were cstimatcd using the maximum likelihood 
method of Hill (1974) and tested against the nul1 
hypothesis, D=O (IIill, 1974). 

Each samplc was subjected to principal component 
analysis (PCA) using loci as characters. PCA was 
choscn bccausc it pcrmits us to treat the charactcrs 
as quantitative variables. No more than two alleles 
pcr locus were found in al1 cases, except Fum-(1,2), 
and three character States could be considercd: 1, 0.5 
and O for gcnotypes 100/100, 100/a and ala rcspcc- 
tivcly (100 dcsignating the common allele). For each 
rivcr, the fishcs from thc wild sample and the hatchcry 
strain were taken as informative individuals and those 
from the stockcd site as supplemental individuals. 
Dctails on I'CA are given by Lebart et al. (1985). 

Aquat. Living Resour. 



Introgression in brown trout 

Figure 1. - Sampling locations for brown trout populations analysed. Sample numbers are the same as in table 1. 

Table 1. - Location and main characteristics of the sample sites (sample numbers are the same as in figure 1). 

Site 
Stocking 

(al yolk sac stage) 
liatchery Sample sile 

strain used Adult ( l +  s) Fry (O+) 

Le Coulomp (No. 1) no - 20 
La ~ e r n a r d e  (NO. 2 j  

La Pudissine (No. 5) 
Le Luech (N;. 6) . 

Upper hIaureillas (No. 3) . - 
Lower Maureillas (NO. 4) 

ZOO0 fry/km for 
6 years (April-May) 

no 
5,000 fry,'km for 

20 years (Febmary-Xlarch) 

Roquebillière 

- 
La Canourgue 

2,000 fry/km for 
6 years (Febmary-March) La Canourgue 

Roquebillière (llatchery strain) 20 
La Canourgue (Hatchery strain) 20 

Gene segregation 

We analysed 37 single and 71 joint segregations 
in the five full-sib families (table 2). Thrce single 
segregations deviated significantly from the expected 
mendelian proportions; these dcviations wcre not con- 
sistently observed at a single locus and therefore pro- 
bably occurrcd by chance. Two non-random joint 
segregations (between hldh-2 and hldh-3,4 and 
between h i - 2  and Sdh-1) were also observed. No 
double heterozygous genotypes were observed at the 
isoloci (duplicated loci which have not diverged), Aat- 
(1,2), Cpk-(1,2), and hldh-(3,4) and therefore the 
existence of tetrasomic inheritance at these loci could 
not be tested. Gene segregation at Ldh-5 was analyscd 
in the cross between the Breton stock and the hat- 

chery strain; no significant deviation from the expect- 
ed proportions was detected (table 3). 

Electrophoretic variation in domesticated and wild san i  
plcs 

Products of 47 loci were examined in the domesti- 
cated strains and wild samples collected from the 
undisturbed sites and 17 of them were polymorphic 
(table 4). Allele frequencies at isoloci could not be 
determined directly from the observed genotypcs. We 
assumed that both Fum-1 and 2 were variable bccause 
they have several common alleles in some populations 
(Krieg and Guyomard, 1985; Guyomard, unpublished 
data). In contrast, variations observed at other isoloci 
(Aat-1 and 2, Cpk 1 and 2, hldh-3 and 4) were 
consistent with the assumption that one of the isoloci 

Vol. 2. ne 4 - 1989 



218 tl. Barbat-Leterrier et al. 

Table î. - Single (along the diagonal) and joint (off the diagonal) at Fum-(1,2), Fdp-1, hldh-2, Pgi-2, h i - 2  and Tfn. 
segegations. Each individual block includes the number of families This sample also came from a native population 
(ieft) and the number of individuals analysed per progeny (right). which bas hybridizcd a domesticatcd stock. 
* p < 0.05. The position of individuals along the first two princi- 

pal component axes illustrates these conclusions well 

MALE 
(fis. 2). Within each of these smaples, no departure 
from Hardy-Weinberg expectations and gametic 
phase desequilibrium between pairs of loci was 
observed. 

Analysis of samples collected in socked sites 

Only the most discriminating loci between hatchery 
and wild samples were analysed in samplcs from 
stocked areas (table 5). Allele frequency changes due 
to survival of hatchery fish and hybridization should 
affect al1 the loci at which significant allele frequency 
differences exist between hatchery and wild stocks. 
hloreover, because stocking and hybridization would 
be recent events, these changes should be proportional 
to the allele frequency differences between the hat- 
chery strain and the native population. Defining fn, 
fr and jd as the allele frequencies in the native, stocked 
and domesticated samples respectively, and r as the 
proportion of domesticated genes in a sample, then, 
r=(fr- fn)/( fd-fn). We expcct r not to differ sub- 
stantially from one locus to another. This scemed to 

Table 3. - Gene segregation at Mh-5 in the four groups from a cross between a hatchery strain and a natural Breton population. N: 
number of parents use& n: number of offspring analysed. 

Mh-5 (105) frequencies observed in parents 
9 Elorn J Elorn 9 Iiatchery J llatchery 
(N = 10) (N = 9) (N= 10) (N = 10) 

O. 70 0.63 0.05 0.00 
Mh-5 (105) frequencies observed in progenies 

Q Elorn x J  Elorn Q Elorn x J Ilatch. Q Ilatch x J Elorn 9 Ilatch x J  Ilatch. 
(n = 50) (n = 50) (n = 50) (n = 50) 

0.67 10.661 0.37 [0.35] 0.41 [0.31] 0.05 [0.025] 

[ ] : Expeaed frequencies assuming equal contribution of each parent. Chi-squares were not significant in the four cases. 

was fixcd; then, al1 variation was assigned to Aat- 
1, Cpk-1 and hldh-3. The hatchcry samples were 
genetically very similar and differed significantly only 
at Pmi-2. The Coulomp and upper hlaureillas sam- 
ples, which are 350 km apart, had significant allele 
frequcncy differenccs at two loci (Me-2 and Cpk-3) 
only, but exhibited substantial genetic differentiation 
from the domesticated stocks. 12 alleles found at 
apprcciable frequencies (>0.10) in the hatchery 
strains [Aat-1 (130), Aat-4 (65). Agp-2 (50), Cpk-1 
(125), Fdp-1 ( lm),  Fum-1,2 (130) and (140). Ldh- 
5 (100), hldh-2 (200), hldh-3 (73, Prni-2 (105) and 
Tfn ( lm)]  were not observed in Coulomp and upper 
hlaureillas. These findings indicate that thcsc two 
populations have not hybridiircd historically with 
domesticated stocks. The Pudissine sample was cle- 
arly differentiated from the two hatchery stocks al 
seven loci (Aat-4, Cpk-1, Fdp-1, Ldh-5, hldh-2, hldh- 
3 and Pgi-2) and from the two other native samplcs 

be the case for age 0' fish and adult samples collected 
in lower hlaureillas and Bernarde sites, except at 
h i - 2  (table 5). These samples were genetically more 
variable than the corresponding native populations. 
This is clcarly shown by the principal component 
analyses (fig. 3 a, b, c). The two loiver hlaureillas 
polygons clçarly ovcrlapped the domcsticatcd and 
upper hlaureillas spaces. In contrast, the adult 
Bernarde space only slightly extends towards the 
domesticated strriin while the age 0' fish sample 
coincides with the hatchery polygon. The abnormal 
values observed at h i - 2  in the Bernarde sample 
(table 5) could result from sampling errors, allele 
frequency variations over generations in the hatchery 
strain, or natural occurrence of h i - 2  (105) in the 
Bernarde population. 

Significant deviations from Ilardy-Weinberg expec- 
talions and gametic phase desequilibrium (table 6) 
between pairs of loci also support our conclusions of 
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Table 4. - Allele frequencies in the samples analysed in this study. 

Bernarde Luech Lower 
Locus Allele Coul. Pud. U. hlau. Xfaurei1las Roq. Can. 

Aat-1 

Aat-4 

AgP-2 

Cpk-1 

Cpk-3 

Fdp l  

Fum-1. 2* 

Mh-5 

Xfdh-2 

hfdh-3 

Me-2 

Pgi-2 

Pgi-3 

h i - 2  

Sdh- 1 

Tfn 

Fry Adults 

1.00 1 .OO 
o. 00 o. 00 
1.00 1.00 
0.00 o. 00 
1.00 1 .OO 
0.00 0.00 
1.00 0.55 0.95 0.97 
0.00 0.45 0.05 0.03 
0.00 0.97 0.16 1.00 
1.00 0.03 0.84 0.00 
0.00 0.70 0.13 1.00 
1.00 0.30 0.87 0.00 
1.00 0.68 0.96 0.62 
0.00 0.16 0.01 0.38 
0.00 0.16 0.03 0.00 
0.00 0.97 0.16 0.00 
1.00 0.03 0.84 1.00 
1.00 0.00 
0.00 1 .O0 
1.00 1.00 
0.00 0.00 
0.37 1.00 
0.63 0.00 
1.00 0.07 
O. 00 0.93 
1 .OO 1 .OO 
o. 00 o. 00 
1.00 0.53 0.87 0.13 
0.00 0.47 0.13 0.87 
1.00 1 .OO 
0.00 0.00 
0.00 0.22 1.00 
1.00 0.78 0.00 

Fry Adults 

1.00 1.00 
0.00 0.00 
1.00 1.00 
0.00 0.00 
0.80 0.75 
0.20 0.25 
0.77 0.73 
0.23 0.27 
0.00 0.00 
0.35 0.28 
0.65 0.72 
0.50 0.72 
0.50 0.28 
1.00 1.00 
0.00 0.00 

0.08 0.00 
0.92 1.00 

1.00 
0.00 

Adults 

Coul.: Coulomp; Pud.: Pudissine; U, Xfau.: Upper hfaureillas; Roq.: Roquebillière; Can: La Canourgue. *: both Fum-1 and 2 were assumed 
to be polymorphic with the same allele frequencies. !ilonomorphic loci are: Aat-1, Adh, Ak. Cpk-2 and 4, Est-1, 2 and 5, Fdp-2, Idh-1, 2, 3 
and 4, Wh-1, 2, 3 and 4, hfdh-l and 4, $le-1. 3 and 4, P-albl and 2. 6 pgdh, Pd-1, Pgn-2, Sdh-2. Sod-1 and 2. 

significant survival and reproduction of hatchery fish 
in Rernarde and hlaureillas sites. Rernarde adults 
appear to be a mixture of native, hatchery and hybri- 
dized individuals, while fry appear to be mainly hat- 
chery fish except for one apparcntly native individual 
(jig. 3 a). Thus, fry have a higher frequency of hat- 
chery genes (table 5). Loiver hlaureillas adults and 
fry also appear to be composed of native, hatchery 
and hybridized individuals (jig. 3 b and c). Adults in 
this case have a higher frequency of hatchery allelcs 
(table 5). 

A contrasting situation is obsewed in the Luech 
sample. First, the principal component analysis 
showed that the two Luech samples, which did not 
significantly differ, are not intermediate betiveen the 
Canourgue strain and Pudissine sample ($g. 3 4 .  
Instead, the Luech population appeared to bc inter- 
mediate between Pudissine and a population inhabit- 
ing the upper watershed of the lot (jig. 1 and 3 4 .  
Ilatchery strains wcre always found fixed or nearly 

fixed for Pgi-2 (100) and Ldh-5 (100) and to possess 
Fum-1,2 (140) in apprcciable frequency (Krieg and 
Guyomard, 1985). The nul1 or  low frequencics of 
these alleles in the Luech sample suggest that stocking 
has generally failed at this site. Thus, the variations 
observed at Fdp-1, Ldh-5 and Mdh-2 in the Luech 
samples probably reflect natural polymorphism. 

DISCUSSION 

The genetic basis of the electrophoretic polymor- 
phisms at al1 the diagnostic loci except Transferrin 
obsewed in this study has been verified with inheri- 
tance studies (Guyomard, 1986). No inheritance data 
ivere available for Tfn, but the genetic interpretation 
of the variations found at this locus led to allelc 
frequencies which ivere consistent with those observed 
at the other loci in hybridized populations. Taggart 
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Figure 2. - Principal cornponeni analysis of hatchery strains and 
aild samples from unstocked sites: diagram of the projection on 
the two first axes plane (abscissa allis = first principal axis; ordinate 
axis = second principal axis). A = La Canourgue; =Roque- 
billière; O = Coulornp; A = Upper hlaureillas; * = Pudissine. n i e  
position of al1 wild individuals is shown and ~ h e n  several are 
projectcd on the sarne point their nurnber is indicated. For the 
hatchery samples. only the srnallest convex polygon bounding the 
sarnple space is shown. 

(1983). For similar rcasons, these data arc not incon- 
sistent. Additional scgrcgation studies arc rcquired to 
determine if thcsc two loci, as well as Prni-2 and Sdh- 
1, are linked. 

The hlaureillas and Coulomp populations are 
gcnetically similar to the native Corsican populations 
(Guyomard and Krieg, 1986), bcing fixcd for Ldh-5 
(105) and Tfn (98) and lacking sevcral allclcs which 
arc frcqucnt in Atlantic and domesticatcd stocks 
(Kricg and Guyomard, 1985). This suggests that a 
genetic entity, subtantially differentiated from the 
Atlantic group (including the hatchery strains), 
inhabits the hleditcrrancan drainages. The standard 
gcnctic distance (Nei, 1975) bctwccn these two groups 
avcragcs 0.10. This value lics within thc range of 
gcnctic distances found bctwccn salmonid subspecies 
(Loudenslager and Gall, 1980; Smilh, 1981; Stoncking 
et al., 1981; Lcary et al., 1987). In contrast, the 
Pudissine and Luech samples are genetically morc 
similar to the Atlantic populations. Additional elec- 
trophoretic studies are required to determine the geo- 
graphic range of the Mcditcrrancan subspecies morc 
accuratcly. 

Evidence of natural introgression bctwccn domcsti- 
catcd and native brown trout was detected in the 
Bcrnarde and lower hlaureillas samples. Age 0' fish 
from the lowcr hlaureillas site appeared to constitutc 
individuals samplcd from a randomly mating popula- 
tion. This finding suggests that thc gcnctic divcrgcnce 
betwecn the Atlantic and hlediterranean subspecies 

Table 5. - lntrogression rates (r) between domesticated strains and aild sarnples at diagnostic loci. 

Bernarde Lower hlaureillas Luech 
Locus Coul. U. hlau. h d .  

Fry Adults Fry Adults Fry Adulis 

Cpk-1 0.00 0.78 0.09 0.00 0.23 0.57 0.00 0.00. O. 00. 
Cpk-3 0.97 0.03 
F d p l  0.00 0.90 0.16 O. 00 0.30 O. 00 O. 60 O. 50 
Fum-1, 2 0.00 1.14" 0.15'. 0.00 0.24" 0.59.. 0.00 0.00' 0.00" 
Mh-5 O. 00 0.97 0.16 O. 00 O. 35 O. 63 O. 00 0.35 0.28 
Pgi-2 0.00 O. 00 O. 00 
Ihii-2 0.00 1.47 0.4 1 0.00 0.26 0.28 
hldh-2 0.00 0.00 0.00 0.66 1.12 
Tfn O. 00 0.26 0.00 0.68 

- 

*: values based on the frequency of Furn-1, 2 (140). **: values based on the frequency of Fum-1, 2 (100). a: the exact values of r are 
negative and reflect natural genetic differences between the unstocked and stocked populations; however, the absence of Cpk-1 (125) indicates 
that there is no hatchery contribution. Values greater than one wuld result from sampling errors, natural genetic differencies between 
unstocked and stocked populations, or allele frequency variations over generations in the hatchery strains. 

and Ferguson (1983) observed a non-random assort- 
ment bctween Aat-1,2 and hldh-2 in both males and 
fcmalcs. WC failed to detcct any cvidcnce of linkage 
bctween these two loci. Thcsc rcsults are not incom- 
patible becausc both Aat-1 and 2 could be poly- 
morphic and only onc of thcm is likely to bc linkcd to 
hldh-2 (Taggart and Fergusson, 1984). \Vc obscrved a 
non-random assortment betwccn hldh-2 and hldh-3,4 
which was not detected by Taggart and Fergusson 

has not resulted in reproductive isolation. This con- 
clusion is consistent with results obtained from expe- 
rimcntal crosscs and electrophorctic studics of sccon- 
dary contact between othcr salmonid spccies or  sub- 
spccies. Reproductive succcss and normal survival 
rates have oftcn bccn reportcd in F1 experimental 
crosscs betwccn spccies or subspecies which arc gene- 
rally gcnctically more divergent than the Altnatic and 
hfcditerranean brown trout subspccies (Chcvassus, 
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kigwe 3. - Principal component analysis of allele frequencies in table 4 of wild and hatchery sarnples. Diagrams depict projections on the 
two first axes. Abscissa and ordinate axes represent first and second principal axes respectively. a: O=Coulomp; U=Bernarde (fr)); 

- La Canourye. c: 0 = Upper = Bernarde (adults); -= KoqucbilliPre. b: 0 = Upper Xlaureillas; II = Lower hlaureillas (fry): -- 
hlaurcillas; O = Lower Xlaureillas (adults); -=La Canourgue. d: O = Pudissine; . = Luech (fry); O = Luech (adults); -=La Can- 
ourgue; * =Lot (sample 7 on fig. 1). The wild indiliduals are shown. When several individuals have the same projection on the plane, their 
number is indicated. For the hatchery samples. only the smallest convex polygon bounding the sarnple space is shown. 

Table 6. - Estimates of linkage desequilibrium (D; Ilill. 1974) 
between diagnostic loci in thc adult Bernarde (above diagonal) and 
adult hlaureillas (below diagonal) samples. 

Locus 
Locus 

Cpk-1. 2 F d p l  Ldh-5 Pmi-2 Tfn 

Cpk-3 0.08** 0.13*** -0.03 0.13*" 
Fdp-1 0.09** 0.02 0.07. 
Mh-5 O.OS* 0.06. 0.12'. 
Pmi-2 0.03 0.03 - 0.04 
Tfn 0. 04 0.16** 0.07 

1979; Blanc and Chevassus, 1979; Ferguson et al., 
1985). Unfortunately, F2 crosses which could dcmon- 
strate conclusivcly a reproductive barrier between 
thesc taxa have not bcen performed. Electrophoretic 
analysis of introgressed natural salmonids popula- 
tions has failed to detcct any rcproductivc barrier for 
genetic distances much higher than 0.10 (Dusack and 
Gall, 1981; Campton and Utter, 1985; Ferguson et 
al., 1985; Gyllenstcn et al., 1985). Lcary et al. (1983) 
reported naturally occurring stcrilc, al1 male, first 

gencration hybrids bettvccn brook trout and bu11 trout 
(Nei's standard distancc =0.37). Genctic incompati- 
bility apparently occurs at highcr values (Ferguson et 
al., 1985). A positive relationship bettieen genetic 
distance and degree of genetic incompatibility has 
bccn also obscrvcd in sunfish (Whitt, 1981; Philipp 
et al., 1983). 

According to these findings, it is unlikely that the 
gametic phasc descquilibrium and deviations from 
IIardy-Weinberg expcctations obscrvcd in adult lotver 
hlaureillas fish indicate a reproductive barrier. 
Rather, they most likely result from the recent admix- 
ture of domesticatcd and native fish (jig. 36). In 
the age 0'  fish from lowcr hlaureillas, the gcnotypc 
frequencies conformed to Hardy-Weinberg cxpccta- 
tions and there was no evidence of gametic phase 
desequilibrium. This suggcsts that the stocking pcr- 
formed during the ycar largcly failcd. 

No or little stocking effects tvere observed in the 
Luech site. Our results from the loiver hlaureillas and 
Bernarde sites and the reports prcviously mentioncd 
have shown clearly that transplantation and stocking 
can modify significantly the genetic structure of native 
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populations for a wide range of salmonid spccies 
and subspecies. Genetic factors alone, therefore, a re  
unlikely to  account for the situation observed in the 
Lucch river. Environmental factors are  the most likcly 
explanations. Such factors a re  numerous and difficult 
t o  identify. In the Bernarde site, the lack of wild fry 
suggested that the release site was not suitable for a 
definitive implantation of the alevins. 

We cannot exclude the possibility that introgrcssion 
may improve the fitness of local populations in some 

circumstances. The effects of stocking on  the biology 
of the wild stocks can only be deduced from field 
studies. Therefore, it is unjustifiable t o  condemn cur- 
rent stocking practiccs simply bccause electrophoretic 
studies show evidcnce of introgression. F rom Our 
present knowledge, we should define by electropho- 
resis a sufficiently large number of native populations 
and protect thcm in situ from any  human intervention. 
These populations could be used in restoration pro- 
grams if this is considered desirable in the future. 
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