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Abstract 

Résumé 

Baglinicrc J.-L., G. Maissc, A. Nihouarn. Ayur~t. Liritzg R ~ . s o I I ~ . ,  IYYI, 4, 161-167. 

The final phase of spawning migration of eight adult male Atlantic salmon, Sulnio solar L., was 
analyscd by radio-tracking in relation to sca agc and size in a spawning tributary of the Kivcr Sélune. 
Four grilse and four multi sea-winter fish, one of which as a previous spawncr, wcrc radio-tagged 
and released. Their fork lcngth ranged from 602 to 882 mm. The daily movcnient in the first two 
days alicr rclcasc and the furthcst upstrcam distance recorded from the trap during the study pcriod 
wcrc independent of fish length. Maximum amplitude of movemcnt obscrvcd ovcr the cntirc study 
period was inversely correlatcd with Icngth. Daily moveinent dccrcascd in al1 males during the 
spawning pcriod and was negatively correlated with the size of fish. Surviving males rcmaincd in the 
vicinity of the spawning grounds after spawning. It was concludcd that the lcngth of male sccrncd ta 
influence its behaviour in the last phase of the spawning migration, enabling a much more successful 
participation of the largcr males in spawning. 

Keywords : Atlantic salmon, Sulmo salar, strcam, migration, rcproduction, bchaviour, radio-tracking. 

Radiopistage du mile  udulte de saumon Atlantique, Salmo salar L., durutzt lu derniC.re phuse de la 
migration de reproduction sur un affluent frayère (Bretagne, France). 

La phase finale de la migration de reproduction de huit mâlcs adultes dc saumon atlantique (Salmo 
salar L.) est Etudiéc par radiopistage en liaison avec la taille et l'âge de mer des poissons sur un 
affluent frayère de la Sélune. Quatre de ces poissons étaient des grilses, Ics quatre autres étaient des 
poissons de plusieurs hivers de mer dont l'un d'entre eux s'était déjà reproduit une première fois. 
Leur taille (longueur fourche) s'échelonnait de 602 à 882 mm. Le taux de déplacement journalier 
durant les deux premiers jours après le relâcher et le point extrême de migration amont enregistré 
durant la période d'étude sont indépendants de la longucur du poisson. L'amplitude maximale des 
mouvcmcnts observés au cours dc ccttc période était correlé négativement avec la longueur. I,e 
déplacement journalier diminuait fortement durant la période de reproduction et était correlé nkgativc- 
ment à la taille du poisson. Après la fraie, Ics mâlcs survivants restaient à proximité dcs frayères. Il 
est conclu de ccttc étude que la taille du saumon adulte mâle semble influencer son comportement 
lors de la dernière phase de sa migration de reproduction, permettant aux grands miles un taux 
beaucoup plus élevk de participation à la rcproduction. 

Mots-clés : Saumon atlantique, Sulmo salur L., rivière, migration, reproduction, comportement, radio- 
nistaee. 
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When adult salmon rcach the river, migration takes 
placc gcncrally in three successive phases: rapid movc- 
ment up5tream for either long or  short distances, thcn 
a long residence period, followed by a short upstrcam 
migration just before spawning (Hawkins and Smith, 
1986; Heggbergct ct ul.. 1988). Numcrous studies have 
bccn carricd out, notably on the first phase, to dcter- 
mine distances and speed of migration (Power and 
MeClcave, 1980; Baril and Gueneau, 19x6; Hawkins 
and Smith, 1986; Heggbergct rt al., 19x8; Laughton, 
1989; Webb, 1989). The reproductive behaviour of 
Atlantic salmon has been well documented (Jones and 
King, 1949; Ueall and Marty, 1983). Howcvcr, the 
third migratory phase corresponding to upstrcam 
movement of the fish towards the spawning zones, 
has hardly bccn studicd, with the exception of work 
carricd out by Heggberget et ul. (1988) and Webb 
and Hawkins (1989). 

Thus we began a radio-tagging study dcscribing the 
final phase of spawning migration of adult salmon in 
the River Oir, a tributary of the River Sélune in 
Normandy. 1:irst observations showed that the 
upstream run took place in late autumn just bcforc 
spawning, inost adults are grilsc mainly in males (65 
to 93% from 1984 to 1990: unpublished data) and 
that both ovulatcd and non-ovulated females were 
caught a t  the trap. A first part of this radio-tracking 
study carried out in 1988 has describcd certain charac- 
teristics of the inigratory and reproductive bchaviour 
of females and concluded that their ripencss did not 
influence thcir bchaviour (Haglinière et rd.. 1990). In 

the second part presented hcre, radio-tracking was 
also uscd to investigate the final phase of spawning 
migration of males and particulary their reproductive 
behaviour and their level of participation in spawning 
in relation to the size and sca agc. 

MATERIAL AND METHODS 

'I'hc cxperiment was carricd out on the Kivcr Oir, 
a right bank tributary of the River Sélune, a river 
in the Armorican Massif (France), between 
14 Dcccmbcr 1989 and 2 January 1990 (,fïg. 1). The 
charactcristics of the cnvironmcnt have bccn dcscri- 
bed by Bagliniére et al. (1988). The tributary is 
19.5 km long with a drainage area of approximately 
85 km2. The spawning zone for salmon is distributed 
ovcr 12.3 km of the main course of the river bctween 
a point 2.2 km upstrcam of the trapping site and Huat 
water miIl dam, which is impassable. The trap is 
located 2.3 km from the confluence with the River 
Sélune. Ilownstrcam from the trap, the River Oir is 
deep and has vcry few sites suitablc for spawning 
(riffles and fast runs). In the spawning zone, the 
average width of the river is 3.5 m and there are 
seven tributaries including Pont Levesque (5.4 km, 
average width 2 m) and La Roche Brooks (3.4 km, 
average width 1.80 in). 

In 1989, thc upstrcam migration of adult salmon 
took place in very late autumn in the River Oir 
(fi. 2) since only one fish was trapped bcforc this 
period (30th April). The characteristics of adult 
salmon released above the trap in the River Oir are 
givcn in talde 1. 

i r e  1. The unter courhe or the Riter Oir shouing liinits of the study area during the 19x9 spawning season. The letters corresponding 
to the cight tracked iÏsh mark the furthcsf po\itionï rccorded during the study pcriod. 
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Table 1. - -  Characteristics of adult salmon released abovc thc trap in the River Oir in 1989. 

- .  -- 

Male Fcmale Total 
-. . 

Fork length Fork length Fork length 
Number Number Number 

(mm) (mm) (mm) 
. . . . . - - 

Grilse 124 65 1 52 640 176 648 
(38.0) (30.1) (37.2) 

Multi-sca-wintcr f ich I I  777 II 785 22 779 
(38.6) (63.9) (52.4) 

Total 135 66 1 63 666 198 663 
(5 1.4) (66.8) 

-. 
(56.7) 

-. -- 
( ) Standard dcviation 

Eight adult malc salmon (5.9% of the 135 fish males 
released abovc the trap; 3.3% of the 124 grilse males 
and 36.4% of the 1 1  multi sea-wintcr males) werc 
trapped at Cerisel water mil1 on 13 and 14 Dcccmbcr 
1989, at the beginning of the period of maximum 
upstream migration in the River Oir ( f ï g .  2). Four of 
the fish wcrc grilx, the others were multi sea-winter 
fish, one of which was a prcvious spawner. Their size 
ranged from 602 to 882 mm fork lcngth (tahlr 2). 
Thc handling protocol used in this study has bccn 
presentcd by Haglinière et al. (1990). After anesthesia, 
a lubricated radio transmittcr was placed in the fish's 
stomach and a 29 cm antcnna was brought out 
through the lower part of the gill. This al1 Look less 
than 1 min. The salmon was then placed in a tank, 
immcrscd in the head bay above the trap, from which 
it could lcavc frccly. Al1 fish were handled, tagged 
released and on the evening of 14 December, the 
radio-transmittcr wcighcd 16 g and was 45 mm long 
and 16 mm wide. Its working lifc was only between 
110 and 150 days as they were used Tor the fcmales 
the previous year. Each tag operated on a diffcrent 
radio frcquency between 48 and 49 MHz. The 
transmitter range was between 0.5 and 1 km depend- 
ing on the terrain. 

Al1 fish studied were subscquently located daily by 
radio-tracking, using two rcadings for cross-checking 
purposes, enabling positions to be deterinined within 
10 m on a 1: 2 000 scale map. Very low water level 
oftcn allowed visual observations from the bank, ena- 
bling a more accurate location oT tagged salmon and 
also the period of spawning activity of females (dig- 
ging redds) could bc rccorded very precisely. 

Males are identificd by the letters A to H and thcir 
daily position was measured in kilometcrs Trom the 
trap. The maximum amplitude of movement was 
cxprcssed by the distance (in km) between the furthest 
positions recorded during the study period. 

All the males were rccorded dead aftcr spawning. 

Water level and tempcrature were recorded con- 
tinuously during the study period at the trap; barome- 
tric pressure and cloud cover were noted daily (,fi. 3). 

The behaviour of fish has been analysed with a 
Factor Analysis (Principal Component Analysis) in 
taking into account the variables presented in the 
tuhle 3 except the location of spawning. 
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Table 2. - Characteristics of the malc Atlantic salmon, Sulmo 
sulur L., adults studicd by radio-iracking in the River Oir. 

- .. ... . --- 
Male Age 

- - . .-- y . .  ..- 
~~~k Date of 

Namc length capture Kivcr Sea 
(mm) 

A 602 14-12 1 1 + 
, R 632 13-12 1 1 + 

C 645 13-12 1 1 + 
D 667 13-12 1 1 + 
E 754 13-12 I 2 2* 
F 755 14-12 2 2 2* 
G 758 14-12 1 2 2* 
H 882 14-12 -- . 

1 2 SM**I 
Figure 2. - The daily number of Atlantic salmon adults caught . - 
by trapping at  Cerisel Mill in the River Oir in 1989. Asterisks * Scale edge eroded. 
mark date of capture of adult male salmon used in this study. ** SM = spawning mark. 
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Figure 3. - Kccord of daily water levcl below thc trap, watcr 
tcmperature, atrnospheric pressure, cloud covcr at thc trap during 
the period 14 1)cccmbcr 1989-2 January 1990 on the River Oir. 

RESULTS 

All the radio-tagged males lcft the head bay abovc 
the trap on the evening of the day of release 
(14 December) o r  the next night sincc al1 except F 
(no localization) werc rccorded outside the hcad bay 
(length of 2.2 km) at distances ranging from 2.64 to 
8.90 km the trap at 9 a.m. the following morning 
(.fk. 4). 

The distance covercd in the first two days following 
departure ranged from 4.37 to 9.61 km, correspond- 
ing to a minimum speed of 2.19 to 4.8 km/day. This 
distance was between 93 and 100% of the total dis- 
tance they migratcd upstream (jïg. 4 and ruhle 3) and 
was correlated positivcly with the furthest upstream 
point of migration (u=O.YY, p<0.01) and the daily 
movement during pre-spawning pcriod (r = 0.76, 
p<0.05) Cfig. 5). The second day after releasc, we 
recordcd a small downstream movement by two fish 
(B, Ci) (),y. 4). During this period, the water temper- 
ature increased from X to 10°C whilc the water level 
rose very slightly (),y. 3). The daily movcmcnt during 
the first two days was not related to sizc o f  the fish 
(.fi. 5). 

December Decernber 

Figure 4. - Daily movernents of eight malc salmoil (A-H) studied 
bcfore, during and arter spawning ( s p o w n i n g  pcriod, t deaih]. 
The lefi side of thc figurc dcpicts movements of grisle malcs. tlic 
risht sidc movcincnt5 of multi seri-winter fish malc. Fish L) spawncd 
in the Pont Levesque Brook whilc al1 others spawned in the Riber 
Oir. 

The furthcst upstream point of migration and the 
day on which it was reached varied and did not 
appear to depend on the size and sea-age of the fish 
( j ï g . 5 ) .  Seven fish, of which three were grilse, 
migratcd in the lower or middlc part of the river, up 
to a distance of between 4.4 and 8.9 km from the 
trap, 1-7 days aftcr release (jïg. 4, tuhle 3). Morcovcr, 
the furthest upstream positions of five fish wcrc vcry 
close together. Only one male grilse (D) ran into a 
tributary (Pont Levesq~ie Brook) whcre it reached a 
maximum distance of 5.57 km from the trap (approx- 
imatively 2 km from the confluence with the river) 
3 days after release ()g. 1 and 4). 

Ovcr the period of study, no clcar relationsliip was 
found bctwcen the daily movement of fish and the 
recorded climatic factors. On the other hand, daily 
movement during prc-spawning period appearcd 
more to depend on the size of male. Three of the 
grilsc (A, B, C) moved upstream and downstream up 
to scvcral kilometers beyond their position recorded 
after the first two days, whereas the other grislc (the 
largest), which migratcd in Pont Levesque Brook, and 
the four Iarger Salmon wcnt little distance beyond 
that position ( f ï g .  4). There was a ncgative correlation 
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Table 3. - Characteristics of movemcnt of the radio-tagged adult male salmon over thc last phase of spawning migration in River Oir 
(date of release frotn trap: 14 December 1989). 

. - 
Daily movcmcnt Furthcst upstream 

Fish 
-. - Movement (km. day - 1) during position - - -. - Maximum 

during the Number amplitude Location 
two first Distancc 

Fork Prc- Spawning days of 
from of 

Identity length days spawning spawning 
period the trap 10 reach movemcnt 

(mm) (km) pcriod (km) this 
position 

FI, ( l)  M2D (') D M P  (') D M S  (') DFM (') NFM (') MAM (') 

A 602 8.00 2.59 0.88 8.00 2 4.62 R. Oir 
R 632 7.25 1.87 0.35 7.82 1 3.38 R. Oir 
C 645 7.90 1.57 0.62 8.28 6 2.34 K. Oir 

Pont 
D 667 5.60 1 .O7 0.30 5.60 3 0.75 Lcvesq ue 

Brook 
E 754 4.37 0.82 0.22 4.37 2 1.24 R. Oir 
F 755 7.66 1.40 0.29 8.22 6 0.64 R. Oir 
G 758 8.19 1.60 0.06 8.90 1 0.71 R. Oir 
H 882 5.87 1 .O7 0.21 5.93 7 0.41 R. Oir 

- 
( l)  Abbreviation of variables used in fig~irc 5. 

Figure 5. - Localization of variables and individuals within the 
plan defined with the factorial axes (1  and 2). The lettcrs corre- 
spond to the eight tracked fish. The variables are in italics: FL: 
fork length; M2D: movemcnt during the first two days; DMP: 
daily movement during pre-spawning pcriod; DMS: daily move- 
mcnt during spawning period; DFM: distance of the furthest 
upstream position of migration; NFM: number of days to reach 
this position; MAM: maximum amplitude of movement. 

FL 

NFM 

between thc s i ~ e  of fish and the maximum amplitude 
of movcment (r = - 0.79, p < 0.02). Furthermore this 
last parameter was correlated with thc daily move- 
ment during prc-spawning period (r = 0.85, p < 0.01) 
vig. 5). 

Spawning bcgan in the lowcr and middle part of 
the basin on 20 Decembcr following an incrcase of 
watcr tcmperature from 7.5 to 10.5"C and a slight 
incrcase of water levcl (29 to 34 cm) (flg. 3). The 
spawning period lasted six days in the River Oir and 
two days in Pont Levesque Brook (fig. 4). During 
this phase, three of the salmon (F, G, H) and the 
largest grilse (D) remained in the same singlc spawn- 
ing arca. Only three fish (D, G ,  H) werc observed 
bcside a female. Thc other grilse movcd sequentially 
to three different spawning areas while the salmon E 
moved slowly downstream from a first spawning arca 
to two others (flg. 4). Over the spawning period, the 
daily movement of males decreased compared with 
the pre-spawning period (table 3). It was correlated 
positively with the daily movement during pre-spawn- 
ing period (r = 0.73, p<0.05) and the maximum 
amplitude of movement (r = 0.83, p < 0.02) and nega- 
tively with the size of fish (r= 0.71, p ~ 0 . 0 5 )  Vig. 5). 

Five males (C, D, E, F, H) were found dead at the 
end of the spawning period (25 and 26 December). 
The three others stayed on spawning grounds after 
spawning and were found dead between 28 December 
1989 and 1st January 1990 (flg. 4). 

I 
I 
I 

.-0.6 
I 

DFM I 
M I D  1 

DISCUSSION 

The migratory behaviour of the study fish before 
reaching the trap is not known. In particular, it is 
not known whether these fish were already present in 
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the lowcr part of the River Oir or  whether they 
ascended this strcam from the River Sélune when the 
conditions of migration became favourable. However, 
in 1989 the final phase of the migration was grcatly 
delayed compared with the ycar 1988 because of a 
prolonged period of low flow and watcr teniperature 
until mid-Decembcr, a pcriod when salmon arc usu- 
ally spawning. Then this migration occurred when the 
temperature increased from 2.5 to 8°C and when the 
water level rose vcry slightly. So this shows the pos- 
sible influence of watcr temperature on salmon migra- 
tion at such a period cvcn if, after a prolongcd pcriod 
of low flow, movement may take place at  flow that 
under circumstances would not have provoked movc- 
ment (Iiellawcll, 1976). Furthermorc, our observa- 
tions show that high flows d o  not always sccm to be 
the single necessary factor to permit entry and a4ccnt 
in the spawning tributary, as rcported by Hawkins 
(1989), Webb (1989) and Webb and Hawkins (1989). 

The migratory behaviour of the eight males trackcd 
in this study was characteri~cd by three features. 

1. A rapid upstream movement no rclatcd to size 
and lasting two days after the release. This can be 
cxplained by the very late timing of the spawning 
migration in 1989. That ycar, about 60% of femalcs 
trapped and released above the trapping site werc 
ripe and scvcn of thern (1 1.1%) had bcgun to spawn 
below the trap. Thus in 1989, most of the adult 
salmon were already in spawning condition, inducing 
possibly greater migratory activity in order to rcach 
the spawning grounds. Furtherrnore, the presence of 
ripe femalcs above the trap before the day of release 
could be a stimulating factor (chemical signals) for 
upstream movement of males above the trap, inde- 
pendcntly of their size (Thioulouse, 1971; Newcombc 
and Hartman, 1973; Fontenelle, 1975; Webb and 
Hawkins, 1989) and water tempcrature (between 8 
and 9°C). 

Moreover the ob5crvation of this rapid upstrcam 
movement allowed the supposition that the effects of 
handling on the migratory bchaviour may be negli- 
gible as reportcd by Solomon and Storeston-West 
(1983). However, in a similar study carricd out on 
two Norvegian rivers, Hcggbcrget et al. (1988) consi- 
dercd that these negative effccts were most pro- 
nounced during the first 5 days after rclcase and that 
they could modify migratory behaviour during this 
period. Nevertheless, no  rejcction of radio transmitter 
or  downstream migration aftcr rclease (considered to 
be a response to  stress by Baril and Gueneau (1986) 
was observed in Our study. 

2. After the first two days, daily movement and 
maximum amplitude of this one was related to the 
sizc of fish. Indeed, Our results show the larger the 
male is, the lower its moving activity, while Webbs 
and Hawkins (1989) observed similar movcments in 
grilse and multi sca-winter salmon. Furthermorc, the 
daily movement decreascd over the spawning pcriod 
in relation to the size of malc. 

In our  study, after an initial rapid upstream move- 
ment, three of the large males stayed in the same 
area. Of the multi sea-winter fish, only fish E movcd 
downstream akcr  the beginning of spawning. This 
difference might be rclated to the fact that, at  this 
timc, male E was infcctcd by the common aquatic 
fungus, Supro/.grzic~ sp. and was becoming physically 
incapacitated. The other large malcs, which were not 
infccted, showed a migratory behaviour similar to 
that of females in 1988 (Baglinière et ul., 1990) in the 
sensc that they did not move between spawning arcas 
once spawning had started. In contrast, sn~aller  gril\c 
did not stay on the same spawning site throughout 
the spawning period by movcd anlong diffcrcnt sites 
ovcr distances of up to 4 km. The aniplitlide of the 
movcmcnt observed in male grilsc is similar to that 
recorded for al1 the males by Webbs and Hawkins 
(1989) in the Girnock Hurn. The streams studicd wcre 
vcry comparable. The behaviour of the largest grilsc, 
D, howcvcr, was very similar to that of the sea-winter 
fish as it staycd on the same spawning site in the 
Pont Levesq~ie Hrook. 

The differences in behaviour observed betwecn thc 
largcr and sinaller males may bc cxplained by intra- 
specific competition for the fcmales (Jones, 1959; 
Thioulouse, 1971; Fontenelle, 1975; Bcall and Marty, 
1983). I n  a spawning group, the establishment of a 
system of dominancc-subordinance is a characteristic 
in salmonid males (Chebanov et al., 1983). The rank 
within the social hierarchy is rclated to the si/c of 
fish, the largcst male being oftcn the dominant fish 
(Jones, 1959; Hartman, 1969; Thioulouse, 1971; 
Kimura, 1972; Fontenclle, 1975; Kccnlcyside and 
Ilupuis, 1988). Furthcrmore, this compctition 
betwccn malcs could be intcnsified in River Oir as the 
sex-ratio was unbalanced in favour of inales (table 1). 

The salmon malcs (F, G ,  H) wcrc almost certainly 
dominant fish not only because of thcir sizc but also 
bccause very few other large males had been rclcased 
above thc trap ( t u h l ~  1). The grilse male D was also 
a dominant fish as it was the largest male of the 
group of fish prcscnt in Pont Lcvcsquc Brook. ln 
contrast, the male grilsc, A, B, C, were probably 
subordinate fish as they wcre amongst the smallcst 
(LI =626 mm) of the male grilse rccorded in the run 
(table 1). It is thcrcfore possible that thcse fish moved 
away from the main spawning area (49 rcdds counted 
on a 1 km length) located in the River in 1989 a t  
8 km on an average from thc trap as a result of 
aggression by the large males. 

In Our study, wc have no dircct evidence for suc- 
cessful spawning of tagged males. However, from 
their study, Wcbbs and Hawkins (1989) suggested 
that a long duration of residence in a short length of 
river may be indicative of successful spawning and 
inversely extensive movements in males might be an  
indicator of a lack of spawning. So in Our study, we 
could presume the salmon (F, C I ,  H) and the grilse D 
would probably have spawned and the other fishes 
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