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The colonization by both resident and migrating spawner populations of brown trout and the 
characteristics of resident and migrating juveniles derived from the two populations have been 
studied in a brook and its tributary over 4 years. Resident trout spawns mainly in the upstream 
part of the brook and migrating trout in the downstream part. There are density and growth 
variations for the two age classes (0+ and 1 +) ofjuveniles in autumn according to the year and 
the environment. In the brook, the population of0 + fish increases from downstream to upstream 
while the density of other age classes decreases. The migrating juvenile population of the brook 
changes annually and consists mainly of 1s (one summer) individualscorning from the upper part. 
These individuals migrate generally in autumn and winter while young trout produced in the 
middle and downstream parts of the brook migrate mainly in the spring. The emigration process 
of the O +  population decreases markedly from upstream to downstream and appears to be 
independent of the autumn length and sex ratio. In the tributary, most trout are O +  years old, the 
population structure is different, and no migrating fish is observed. The results are discussed and a 
colonization strategy of the brown trout population in this brook is suggested. 

I. INTRODUCTION 

Since 1974, brown trout, Salmo trutta L., populations have been studied in the 
River Scorff in Brittany (Euzenat & Fournel, 1976; Bagliniere, 1979; Bagliniere et 
al., 1979; Nihouarn, 1983). In one of its tributaries, the Kernec brook, some 
observations have shown the presence of a resident population and a migrating 
population coming from the river and spawning in the brook, but the interaction 
between these two populations had never been studied. 

In 1977 a more precise study was begun to examine the influence of each group of 
spawners on the population dynamics. Their characteristics were compared in 
earlier previous reports (Maisse et al., 1987; Bagliniere et al., 1987) which showed 
that (1) the spawners born in the brook stayed there during their entire life-span 
while the migrating trout came back to the river after spawning; (2) the upstream 
activity of migrating spawners was connected mainly with the strong spates; (3) in 
both populations, males were more numerous and younger than the females, the 
1 + females being less well represented in migrating spawners than in the tributary 
adult population which had a slower growth rate; (4) in the brook, 1 + spawners 
were those having the best O+ growth rate; ( 5 )  the reproductive potential of 
migrating spawners could be smaller than that of the tributary spawners. The final 
part of that study is presented here. It shows the distribution of the two compo- 
nents of the population in the tributary during spawning. Furthermore, the 
characteristics of migrating and resident juveniles, with the influence of autumn 
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FIG. I .  Map showing location of Kernec brook and its tributary. 

length and distribution upon their later life, are studied. Although the stock- 
recruitment relationship was not studied, the colonization strategy of trout in the 
brook and its tributary was investigated. 

11. MATERIALS AND METHODS 

The present study was made in Kernec brook (Fig. I), a right bank tributary of the 
downstream part of the River Scorff. This brook has two tributaries, one in the middle part 
(Talascorn brook) and another in the upper part (Kergrenn brook). Kernec brook was 
divided into three large zones (downstream to upstream: A, B, C) whose habitat character- 
istics and those of Talascorn brook have been described (Table 1). 

All trout caught (by electrofishing and by trapping) were measured (fork length). Age 
was determined from scale reading and/or the Petersen method. In migratingjuveniles, age 
classes were designated by cohort from the number of summer seasons, e.g. one summer (1 s) 
included 0 + , 1 and 1 + classes and two summers (2s) 1 + , 2  and 2 + . 

Some fish were killed in the 1s migrating (1983, 1984) and 1 + resident (1984, zone B) 
populations for sex determination. 

Three investigations were carried out: 

1. The distribution of the two components of the trout population during spawning. 
From 1977 to 1980, migrating spawners were tagged with Carlin or Floy-tags to determine 
their most upstream position in the tributary during the spawning period. In 1977-1978 
and 1980-1981, redds were counted and mapped (no. km-') throughout the spawning 
period in zones A and B. 

2. The autumn characteristics of the whole O f  juvenile population. The population of 
O +  juveniles was estimated in autumn by electrofishing (twice using Seber-Le Cren 
method): each year in Talascorn brook (600 m2) and in zones A and B (6736 m2); and in 
small representatives sectors of zone C in 1982 (21 1 m2) and 1983 (312 m2), where the whole 
0 + population was estimated by multiplying the density in sectors by the total water area of 
the zone. 

3. The later stage of O +  juveniles. The later stage of O f  juveniles was checked either by 
electrofishing in autumn or by trapping during their downstream migration in both brooks. 
In 1983 the 0 + juveniles caught in autumn in Kernec brook were marked variously (Table 
11) according to their size (the length of 80 mm was used because the results from previous 
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TABLE 11. Identification by fin-clipping (+) of groups of trout 0 + 
caught by electrofishing in Kernec brook according to autumn fork 

length and distribution 

Fin clipped 
Zone of Length Name of 
catch group (mm) Adipose Right Left group 

ventral ventral 
~ 

A < 80 - + - A inf. 
2 80 - - + Asup. 

B < 80 + + - B inf. 
2 80 + - + B sup. 

C C - - - 

years had shown that the size mode was located between 70 and 80 mm) and location, to 
analyse the influence of these two parameters on their later stage. They were recaptured by 
trapping and electrofishing (May 1984 at the end of migration) in zones A and B. 

Data were analysed by standard statistical methods (x2, Student’s t-test, analysis of 
variance, simple correlation) with 95% confidence limits. 

111. RESULTS 

SPAWNING 
In 1977, spawning began principally in the upper part of zone B with resident 

spawners, as there were no migrating spawners at this period. When the latter 
migrated in the brook, zone A was used first then spawning gradually spread 
upstream. The upper part of zone B and lower part of zone A were the most 
frequented. 

In 1980, spawning began when some migrating spawners were already present in 
the brook. In contrast to 1977, spawning began first in zone A then extended 
upstream. At the end of December the number of redds in zone B (at c. 3 and 4 km 
from the trap) increased, while the number of migrating females remained the 
same. Then, as the number of these females increased, a larger number of redds 
was observed in the downstream part of zone A. 

Most tagged migrating spawners were present in zone A but some of them were 
seen as far as the upstream part of zone B. No tagged fish were observed in the 
downstream part of zone C where spawning grounds are used each year. Through- 
out the period of study, electrofishing surveys were done after strong spates, above 
the trap, along the length of zone A. During these surveys, very few resident 
spawners were observed. 

O +  JUVENILES IN AUTUMN 
The number, density and proportion of 0 + fish increased from zone A (down- 

stream) to zone C (upstream) in Kernec brook (this tendency was very strong in 
some years; about nine-fold in 1982 (Table 111, Fig. 2)). In Talascorn brook, this 
age class was always dominant. Annual variations of density were large in the four 
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FIG. 2. Density (individuals 100 m-’) of trout age classes caught by electrofishing in Kernec (zones A, Band 

C) and Talascorn brooks, 198C1983. 

environments studied: the lowest densities were observed in 1981 and 1982 and the 
highest during 1983. 

Mean length changed according to year and environment (P<O.Ol), it being 
almost always lower in Talascorn brook (Table IV). There were negative 
correlations between density and growth in zone A ( r =  -0.910, P<0.05), zone B 
(r = - 0.890, P< 0.05) and in Talascorn brook (r = -0.978, P < 0-01). 

LATER LIFE STAGE OF O +  JUVENILES 
Density and proportion of 1 + resident fish increased from zone C (upstream) 

where this age class was poorly represented to zone A (downstream) (Table 111, Fig. 
2). Annual density variations of 1 + trout were small and very similar in the four 
zones. Mean length changed according to year, zone and brook (P<0.05, Table 
IV), highest in zone B and lowest in Talascorn brook. There was a negative 
correlation between density and growth only in zone A (r = - 0-955, P <0-05). For 
each cohort, production of 1 + fish was strongly correlated with that of 0 + fish in 
zone A (r=0-957, P<0.02) and in Talascorn brook (r=0.990, P<O-O1), but no 
correlation was observed in zone B. 

No downstream movement of migrating juveniles was observed in Talascorn 
brook during the period of study. The annual number of migrating juveniles in 
Kernec brook varied from 188 to 691 fish (Table 111), most of them (90%) being 
one summer old (length 52-170 mm). The other part of the population was two 
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TABLE IV. Mean length ( f 95% C.L.) of 0 + and 
1 +  trout population caught in autumn in 

Kernec and Talascorn brooks, 1980-1983 

Mean length (mm) 

0+ 1+ 
Zone Year 

KernecA 1980 
1981 
1982 
1983 

KernecB 1980 
1981 
1982 
1983 

KernecC 1982 
1983 

Talascorn 1980 
1981 
1982 
1983 

77( f 1.3) 
81(f 1.4) 
83( f 1.6) 
76( f 1 .O) 
81( f 0.9) 
89( f 1.5) 
82( k 1.2) 
74( f 0.8) 
72( f 2.2) 
78( f 1.3) 
68( f 1.2) 
70( f 1.3) 
74(f3.1) 
69( 1 -6) 

138( f 1.6) 
149( f 2.3) 
149( f 2.6) 
148( k 2.0) 
150( f 3.1) 
163(+3.2) 
159( f 3.4) 
152( f 2.7) 
160( f 0.0) 
145( f 1.1) 
123(f5.1) 
124( f 3.9) 
113(+4.8) 
1 1 1 ( f 5.0) 

TABLE V. Percentage (+95% C.L.) of female trout sampled by 
trapping in migrating 1s population in 1983 and 1984, and in 1 + 
resident population of zone B of Kernec brook by electrofishing in 

1984 

Percentage of females 
Year 

1s migrating population 1 + resident population 

1983 74( 18) 
[ 17/23]* 

1984 52( f 19) 
[ 1 4/27] 

*Numbers of femaleslnumber of females and males in brackets 

summers old (length 1 12-210 mm). Numbers of both age classes varied in the same 
way (no significant correlation). The sex ratio of the 1s population favoured 
females in 1983 and contained equal numbers of males and females in 1984 (Table 
V). Migration of the 1s population took place from September or October to May 
or June according to the year. Migration activity was similar throughout the 4 
years and greatest from March to May [Fig. 3(A)]. There was a significant 
correlation between number of zone B O+ trout and number of 1s migrating 
juveniles (r  = 0.92, P < 0.05, Table 111). No correlation between these two 
parameters was observed for zone A. 
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FIG. 3 .  Monthly evolution of number of migrating Is trout caught by trapping in Kernec brook. (a) Annual 
variation (cumulative percentage) from 1980 to 1984 (0, year 198&81,n=650; 0,1981-82, n =  171; 
A, 1982-83, n=437; A ,  1983-84, n=432). (b) Distribution (in percentage) of different tagging 
groups of O+ trout recaptured by trapping during 1983-84 downstream migration (A group, n = 25; 
B group, n = 54; C group, n =432). 

Of the 2721 O +  trout tagged in autumn, 1273 were recaptured by trapping and 
electrofishing at the 1s or 1 + stage (Table VI). The percentage of recaptured fish 
was higher in the original tagging zone for group A (84%) and for group B (69%) 
than for group C (55%) .  The latter group represented 84% of all the migrating 
juveniles. The percentage and the distribution of Is or 1 + recaptured trout did not 
change for groups A and B in relation with the length of 0 + fish. The sex ratio of 
1 + resident trout recaptured in zone B did not differ significantly from equality 
(P < 0-66, Table V) and was the same for both B sup. and B inf. groups. Whatever 
the tagged group, the bulk downstream migration of 1s trout took place in March. 
However, the migration activity was different according to the tagged group 
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TABLE VI. Distribution (YO) of O+ trout population tagged according their autumn geo- 
graphical location and recaptured at stage 1s  by trapping, or 1 + by electrofishing, in 

zones A and B of Kernec brook 

Tagging group at 0 + stage 

A B C TotalNo. 

Number of O +  500 723 1498* 2721 
tagged trout 

at 1s or 1 + stage (204) (28 1) (788) (1273) 
Zone of recapture 
at 1s or 1 + stage 

% and (number) recaptured 41 39 53 

69/52 21/46 370 
1218 24/48 392 A 84/44 

Trap 1215 1911 1 55/84 511 

B 412 

"Value includes the number of O+ trout estimated in zone C and the number of 0 + trout having escaped 

t ln  the x / y  notation, x = %,within tagginggroup, recaptured at each locality, andy = %,at each recapture 
the electrofishing in zones A and B. 

locality, of fish from each tagging group. 

[ P <  
A and B ran down mainly in spring. 

Fig. 3(b)]. Group C migrated more in autumn and winter while groups 

IV. DISCUSSION 

The results of this study show several main aspects of the colonization strategy of 
trout in the small brook. 

SPAWNING OF MIGRATING AND RESIDENT TROUT 
There is a spatial segregation of two spawner populations in the brook during 

the reproduction period, migrants spawning mainly in the downstream part and 
residents in the upstream part. This can be explained by (a) the presence of suitable 
spawning ground only in the lower and upper reaches of the brook; (b) the 
upstream migration of resident spawners in the brook (Solomon & Templeton, 
1976), such movement being noted each autumn during electrofishing; (c) a late 
upstream movement of migrating females (Bagliniere et al., 1987), most of them 
being ripe and the journey made in the brook before spawning being short. How- 
ever, the degree of segregation can change according to the occurrence of con- 
ditions favourable to the run of migrating spawners. Segregation results in a better 
use of the brook by decreasing competition for spawning grounds. This will lead to 
increase in the fry survival rate which is density-dependent (Chapman, 1966; 
Elliott, 1985). 

RECRUITMENT OF TWO JUVENILE POPULATIONS 
Eighty four percent of 1s migrating juveniles and 42% of 1 + resident trout 

recaptured in zones A and B belonged to group C. However, the percentage of 
recapture of that group was certainly overestimated, while that of the two other 
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FIG. 4. Schematic representation of colonization strategy of brown trout population in a brook and its 
tributary. 

groups was underestimated, because (a) in spite of the efficiency of electrofishing in 
autumn 1983 @Soh), some 0 + trout present in zones A and B were not caught and 
marked; (b) the 0 + fish caught in zone C were not fin-clipped while the fin-clipping 
made on the fish of zones A and B could have decreased their survival rate (Nicola 
& Cordone, 1973; Mears & Hatch, 1976); (c) a loss of tags (estimated at up to 10% 
from data of double marking) and possible errors of mark reading (regeneration of 
fins). However, these considerations are not sufficient to explain the behavioural 
differences according to the geographical origin. 

So, migrating juveniles came principally from the upper part of Kernec brook 
(zone C). As, each year, most of them (> 90Y0) are one summer old, the recruit- 
ment of juveniles to the river is strongly related to successful spawning in the 
upstream reaches which are mainly used by resident spawners. There would 
always be a recruitment of juveniles to the river even if migrating spawners could 
not run upstream in the brook (cf. Huet & Timmermans, 1979). O+ fish produced 
in the upper part of the brook contribute also to the composition of the resident 1 + 
population. This migration of O +  fish from the upper reaches does not appear to 
be dependent on annual conditions, since the total number of 1-year-old migrating 
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and resident trout is always larger than the number of 0 + trout produced in zone A 
and B (Table 111). 

The 0 + trout present in zones A and B are much more sedentary than those of 
zone C. In zone B we observed a significant correlation between the number of Is 
and O +  trout and a higher percentage of recapture by trapping than by electro- 
fishing in zone A. So zone B would contribute more than zone A to river recruit- 
ment. Furthermore, some 0 + coming from that reach colonize the downstream 
part of the brook. For zone A, the percentage of marked O+ trout recaptured in 
zone B was very low. Further, there was a strong correlation between the numbers 
of 0 + and 1 + individuals. Thus, it was demonstrated that there is a stability of the 
trout population as early as 1 year old, especially in this downstream part of the 
brook. 

Emigration processes of O+ trout from spawning or nursery areas to lower 
reaches has been observed previously (Solomon & Templeton, 1976; Libosvarsky, 
1977; Milner et al., 1978, 1979; Mortensen, 1979). The upper part of the brook 
(zone C) had a higher density of 0 + fish than zones A and B, because the habitat is 
very favourable to this age class and unfavourable to the older fish (Bohlin, 1977; 
Bagliniere & Champigneulle, 1982). This segregation decreases possible predation 
(Egglishaw, 1967; Egglishaw & Shackley, 1977). Furthermore, there is a low 
density of secondary species compared to the lower part of brook (BagliniGre, 
1979). At the beginning of autumn and during winter and spring, O+ trout run 
downstream in large numbers to meet the need for larger territories (Allen, 1969; 
Kennedy & Fitzmaurice, 1971; Mortensen, 1977, 1982; Milner et af., 1978). 
During migration, these fish do not find enough free territory. Individuals of the 
same age resident in the lower part have not yet migrated, or will not migrate, 
because they can obtain large enough territories in their brood zone in relation to a 
greater water depth (Otto, 1976; Bagliniere & Champigneulle, 1982). So juveniles 
coming from the head-water area would migrate to the river in large numbers. 

Though growth seems to influence the general process of emigration by the 
presence of new territorial and trophic requirements, there is probably no autumn 
size threshold for migration, as observed in Atlantic salmon, Salrno salar L. (J. L. 
Bagliniere & G. Maisse, unpubl. data). 

The sex ratio in favour of females in migrating juvenile trout obtained in 1983 
seems unusual. This is common among sea trout (Campbell, 1977; Le Cren, 1985) 
but has also been observed amongst brown trout and discussed (Crisp et al., 1984). 
However, the sex ratio changed according to the migration year and did not appear 
to differ between migrating and resident juvenile populations. More data are 
necessary to understand the influence of this feature in the process of emigration in 
relation to age and migratory behaviour (Le Cren, 1985). 

Small numbers of 2s migrating fish suggest little movement or stability of popu- 
lation after the 1 + stage, as observed by Taube (1974), Mense (1979, Solomon & 
Templeton (1976), Milner et al., (1978, 1979) and Harcup et al. (1984). 

INFLUENCE OF TALASCORN BROOK 
During the study period, the population of trout in Talascorn brook was iso- 

lated: no migrating juvenile or spawner was trapped. In the latter case, the absence 
of attraction at spawning time must be related to lack of floods, a necessary con- 
dition for the upstream run of spawners (Baglini6re et al., 1987). The absence ofthe 
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contribution of the brook in juvenile recruitment is also suggested by the strong 
relationship between production of 0 + and 1 + age classes. So Talascorn brook 
could not act as a nursery area. 

V. CONCLUSIONS 

The present work and those of Maisse et al. (1987) and Baglinikre et al. (1987) 
lead to a suggested colonization strategy of the brown trout population in a 
tributary-river system. There are four main aspects: 

1. separation of the resident and migrating populations between different spawn- 
ing areas, the first in the upstream part (zone C and above) and the second in the 
downstream part (zone A), with overlapping of these spawning areas being of 
variable importance in the middle part of the brook (zone B); 

2. recruitment of migrating juveniles to the river is brought about mainly by the 
emigration of O +  trout produced in the head-waters of the brook (zone C and 
above); 0 + trout produced in the three zones contribute to the population of 1 + 
resident spawners in the brook; 

3. some migrating spawners (22%) come from migrating juveniles, mainly after 6 
months for males and 1: years for females, in the river; 

4. almost all the resident spawners do not leave the brook often spawning. 

So Kernec brook is not only a reproduction area for river spawners, as is often 
observed in systems where a tributary feeds a lake or sea (Campbell, 1957, 1971; 
Stuart, 1957; Kennedy & Fitzmaurice, 1971; Keranen el al. 1974; Thorpe, 1974; 
Treasurer, 1976; Craig, 1982; Elliott, 1984,1985). The colonization strategy of 
trout in Kernec brook is nearer to that observed by Campbell (1977) in his study on 
brown and sea trout populations of the R. Tweed. Interaction between resident 
and migrating trout populations can be summarized (Fig. 4) as: juvenile issue from 
migrating spawners become mainly 1 + and older resident spawners; juveniles 
coming from the resident population contribute partially or fully to recruitment of 
migrating juveniles, a lot of them coming back to the brook as migrating spawners, 
and some of them becoming resident spawners. Talascorn brook seems to have no 
influence on this model, although previous observations have shown that this 
brook could contribute to juvenile recruitment to the river when the dynamics of 
the tributary river system were strongly disturbed (drying of head-water areas of 
Kernec brook in 1976). 

This study was carried out under the ‘ INRA-Ministbe de I’Urbanisme et du Logement 
no 2527A ’ convention. Technical assistance was given by H. Peron. Electrofishing 
censuses were done in collaboration with the water bailiff of the West Provincial Delegation 
of the Fishing Superior Council within field teaching in the ‘ Ecole Nationale Superieure 
d’Agronomie de Rennes ’. 
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