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The recapture rate and survival of hatchery-reared Atlantic salmon Salmo salar stocked as 1
year-old parr (semi-wild) with that of hatchery-reared Atlantic salmon stocked as 2 year-old
smolts and wild smolts of Atlantic salmon in the northern Baltic Sea were compared. This was
done through tagging experiments carried out in 1986-1988 and 1992. The recapture rate of the
semi-wild groups varied from 1-0 to 13-1%, being similar in 3 tagging years and lower in 1 year
than that of the wild groups (1-7-17-0%). The recapture rate of the semi-wild groups was
similar (in 2 years) or higher (in 2 years) than that of the hatchery-reared groups stocked as
smolts (1-3-6-3%). The survival of semi-wild smolts during the sea migration was as high as
that of wild Atlantic salmon of an equal size and two to three times higher than hatchery-reared
Atlantic salmon stocked as smolts. The survival rate was positively associated with smolt size.
The suitability of hatchery-reared parr and smolts in the management of reduced Atlantic
salmon stocks is compared. © 2006 The Fisheries Society of the British Isles
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INTRODUCTION

Previous studies have shown the survival of wild Atlantic salmon Salmo salar
L. in nature to be superior to that of reared fish (Jonsson et al., 1991, 2003;
Kallio-Nyberg et al., 2004; Saloniemi et al., 2004). Furthermore, captive breed-
ing commonly reduces the spawning success of reared Atlantic salmon and the
adaptation of their offspring to natural environments due to domestication.
Under rearing conditions, Atlantic salmon adapt genetically, morphologically
and behaviourally to aquaculture and simultaneously maladapt to the wild
(Hindar et al., 1991; Cross, 1998). Increased pre-adult aggregation and a
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decreased response to predators are induced by the rearing conditions (Olla
et al., 1998; Einum & Fleming, 2001).

The effect of domestication on fitness-related traits accumulates over an
increasing number of culture generations and over the prolonged rearing period
of an individual (Fleming et al., 1994, 1996). The risk of adverse changes in
natural stocks due to breeding has been reported (Waples, 1990; McGinnity
et al., 2003), and artificial propagation has, therefore, been regarded as only a
temporary solution in the management of natural stocks (Jonsson et al., 1999;
Levin et al., 2001). Increasing fishing pressure due to large-scale smolt releases is
also considered a threat to wild populations (Eriksson & Eriksson, 1993).

Despite their recorded or potential negative effects, however, Atlantic salmon
are commonly stocked in Atlantic rivers to compensate for the reduced produc-
tion of wild smolts, mostly caused by the regulation and damming of rivers for
hydropower purposes (Einum & Fleming, 2001; Fjellheim & Johnsen, 2001). In
the Baltic Sea, a great majority of hatchery-reared Atlantic salmon smolts are
released in compensation for the damming of the rivers, but also partially for
enhancement purposes (Eriksson & Eriksson, 1993). For the latter reason,
Atlantic salmon parr have also been stocked in considerable numbers in some
rivers (Jutila & Pruuki, 1988; Jokikokko & Jutila, 1998, 2004). Although com-
parisons between the survival of hatchery-reared smolts in relation to wild smolts
exist (Jonsson et al., 1991, 2003; Kallio-Nyberg et al., 2004; Saloniemi et al.,
2004), smolts stocked as parr have not been studied to such an extent.

The natural Atlantic salmon stock in the Simojoki River, a northern Finnish
Baltic river, was in danger of dying out in the 1980s and 1990s due to the
overexploitation of Atlantic salmon at sea (Eriksson & Eriksson, 1993;
Romakkaniemi ez al., 2003). This stock has been enhanced by releasing smolts
and stocking parr in empty or sparsely inhabited nursery areas and thus partially
compensating for reduced natural reproduction. To improve knowledge on the
effectiveness of different stocking methods, the results of enhancement releases
carried out in the Simojoki River since the late 1980s were analysed. The survival
of three Carlin-tagged smolt groups that had spent different times in the river
during their juvenile period was compared. Wild smolts had spent their whole
life in the river exposed to natural selection. Two hatchery-reared smolt groups,
stocked as parr or smolts, were subjected to artificial hatchery selection for 1 or 2
years before stocking, respectively. Smolts stocked as parr (here semi-wild
smolts) lived >1 year in the stream before their sea migration, but hatchery-
reared smolts left the river mostly in the spring of their release (Jutila & Pruuki,
1988; Jokikokko & Jutila, 1998). All three groups migrated to the sea at about
the same time. Their survival was compared and the effect of smolt total length
(Lt) on the survival was also analysed.

MATERIALS AND METHODS

STUDY AREA AND SALMON STOCK

The Simojoki River (65° 38’ N; 25° 00’ E) empties into the northern part of the Gulf of
Bothnia (Fig. 1). The water quality has been rated good enough for Atlantic salmon
reproduction, even though forest drainage, peat mining and agriculture cause some
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FiG. 1. The Simojoki River and the location of the rapids used in smolt stocking (1, Isopetédjid Rapids; 2,
Isotaini Rapids). Diagonal bar, the site of the smolt trap at the river mouth.

nutrient loading into the river. Atlantic salmon normally ascend the river up to 110 km
from the sea (Jokikokko & Jutila, 1998). The natural smolt production of Simojoki
Atlantic salmon stock has been low since the 1970s, initially due to heavy sea fishing
(Romakkaniemi et al., 2003) and later also because of the M74 syndrome, a reproductive
disorder of Atlantic salmon (Vuorinen ez al., 1997). In recent years, the natural stock has
strengthened, mostly in response to decreased fishing pressure at sea (Romakkaniemi
et al., 2003), but also due to supportive stocking (Jutila et al., 2003).

All the smolt groups in this study originated from the same Simojoki Atlantic salmon
population. Enhancement releases of Simojoki Atlantic salmon started in the mid-1980s
when the hatchery facilities for parr and smolts were only provisional. The smolts
stocked in 1986 and 1987 and parr stocked in 1986 were stripped from broodfish that
were caught as smolts from the Simojoki River in the late 1970s and raised to adults in
the Guttorp hatchery in south-western Finland in the early part of 1980s. The smolts
released in 1988 and 1992 and parr stocked in 1987, 1988 and 1992 were raised in a new
hatchery on the Simojoki River. The smolts were the progeny of returning spawners
caught at the river mouth 3 years earlier. The adipose and one of the pelvic fins were
removed from the parr before stocking in order to distinguish them from wild and other
reared Atlantic salmon. The classification of fish as smolts in the hatchery in the tagging
phase was based on their silvering.

TAGGING EXPERIMENT

In 1986-1988 and 1992, a total of 5467 Carlin-tagged smolts (semi-wild, hatchery-
reared and wild smolts) were released into the Simojoki River (Table I). The semi-wild
and wild smolts were caught by means of a trap net and were tagged at the trap. Tagging
was carried out during approximately the whole smolt migration period. The trap net was
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TasLE I. Tagged Atlantic salmon smolt releases in 1986-1988 and 1992 and the number

of recaptures. The Isopetdjd Rapids are 11 km and the Isotaini Rapids 47 km above the

smolt trap. Origin: Wild, wild smolt; Reared, hatchery-reared fish, stocked as smolts;
Semi-wild, stocked as parr, tagged during migration at the smolt trap

Site of Number Number Recapature

Origin Tagging site release Date of release released recaptured rate (%)
Wild Smolt trap  Trap 6—-19 June 1986 374 30 8-0
Reared Hatchery Isopetdja 10 June 1986 300 12 4.
Semi-wild Smolt trap  Trap 6-19 June 1986 556 17 3-1
Wild Smolt trap  Trap 7-11 June 1987 179 3 1-7
Reared Hatchery Isopetdja 3 June 1987 298 4 1-3
Semi-wild Smolt trap  Trap 7-11 June 1987 286 3 1-0
Wild Smolt trap  Trap 8—15 June 1988 188 32 17-0
Reared Hatchery Isopetdjd 1 June 1988 984 62 6-3
Semi-wild Smolt trap  Trap 1-7 June 1988 496 65 13-1
Wild Smolt trap  Trap 28 May to 11 574 40 7-0

June 1992
Reared Hatchery Isotaini 26 May to 1 999 34 34

June 1992
Semi-wild Smolt trap  Trap 28 May to 233 14 6-0

12 June 1992

located at the river mouth below the lowest rapids (Fig. 1). The hatchery-reared smolts
were tagged in the hatchery and released during the natural smolt run in May to June
either into the Isotaini Rapids, ¢. 47 km from the sea, or the Isopetdjid Rapids, c¢. 11 km
from the sea. This difference in migration distance was not expected to have any major
effects on the results, because Jokikokko & Mintyniemi (2003) found the distance-
dependent losses to be almost non-existent in the Simojoki smolt migration. The hatchery-
reared smolts were released into the river after the smolt trap had been installed and the
migration of wild smolts had started. The hatchery smolts were usually released in several
batches of ¢. >100 fish over some days.

Smolt trapping started as soon as the spring flood was over and the water level was low
enough to allow the installation of the trap in the river, generally in late May. The water
temperature in the river was <10° C at the beginning of trapping and mainly 15-16° C at
the end. The trap net was equipped with a codend of 8 mm mesh net (bar length) and
wings of 30 mm mesh net. The length of the codend was ¢. 4 m and the diameter ¢. 1-8 m.
The trap net closed about one-third of the river, which was 160-170 m wide at the
trapping site. The trap net was normally inspected at 0800 hours, and on the days of
peak migration for a second time in the afternoon. All smolts were carefully removed
from the codend with a dip-net, anaesthetized (MS-222), their origin checked, Lt (mm)
measured and tagged as described in Carlin (1955). The smolts were then moved to
recover in fresh water in perforated plywood cages, where no mortality of tagged fish was
observed. On the following day, they were released to continue their migration towards
the sea.

All the hatchery-reared smolts in this study were 2 years old, as were 80-90% of the
semi-wild smolts, the rest of which were 3 years old, based on scale samples (Jokikokko &
Jutila, 1998). The wild smolts were mostly 2 or 3 years old. The proportion of 2 year-old
wild smolts was ¢. <40% in 1986-1988 and c. 90% in 1992 (Jokikokko & Jutila, 1998).
Recaptured fish were mainly caught during their sea migration by commercial offshore
and coastal fishing in the second or third year after their release, being ¢. >60 cm Lt
(Salminen et al., 1994; Jutila et al., 2003; Kallio-Nyberg et al., 2004). Recapture data were
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acquired from the Finnish Game and Fisheries Research Institute, and the recoveries
from all Baltic Sea countries were included.

STATISTICAL METHODS

The survival of the tagged groups was compared by considering a returned tag to
indicate the survival of fish. Generalized linear models (GLM) (McCullagh & Nelder,
1989) were applied with survival as a response variable (either 0 or 1), as used by
Saloniemi et al. (2004). The use of proportions led to a binomial distribution, where
the response variable was the number of recaptured fish divided by the number of tagged
fish. The most common choice of link function for binomial data, the logit link, was used.
This means that the value predicted by the linear model, n = a 4+ (B1x; + (X, must be
transformed by 7 = In [7(1 — 7)'], where 7 is the predicted proportion of recaptured
Atlantic salmon. Model parameters «, 8, and (3, are estimated from the data. The logit,
or log odds, link has several advantages over other link functions. When using the logit
link, model parameters can be interpreted directly (McCullagh & Nelder, 1989). For
example, when smolt Lt (e.g. x») increases by 1 mm, the log odds increase by the
coefficient of length given by the model (e.g. (3,), assuming that other variables do not
change. In many cases, interpretation is easier by transforming log odds to odds:
(n) = m(1 — m)~". Length was In-transformed, since the residuals showed that the effect
of fish size was non-linear.

The data were analysed with the SAS statistical package (SAS 8.10) by using the
Genmod procedure with binary distribution, logit link and type 3 tests. The data from
1986 to 1988 and 1992 were treated separately in survival analysis. Other SAS procedures
for the - and y-tests were also used (SAS, 1999).

RESULTS

RECAPTURE RATE

In 1986 a significantly larger proportion of wild than semi-wild Atlantic
salmon were recaptured (Tables I and II). In the other years, the mean recapture
rate of wild Atlantic salmon was also higher than that of semi-wild Atlantic
salmon, but not significantly (Table II). In general, the wild smolts were recap-
tured proportionally more frequently than hatchery-reared smolts in all 4 years,
and the difference was significant in 3 years (Table II). The recapture rate of
semi-wild smolts was significantly greater than that of hatchery-reared smolts in
1988 and 1992, while in the other 2 years it was lower but not significantly
different (Table IT). In all years the hatchery-reared smolts were significantly
larger than wild or semi-wild ones, and the semi-wild smolts were smaller than
wild ones (pair-wise t-tests) (Fig. 2).

TaBLE II. Probability values from pair-wise comparisons of the recapture rates of differ-
ent smolt groups released in 19861988 and 1992 (y*-test). Recapture rates are shown in

Table 1
Compared groups 1986 1987 1988 1992
Wild and semi-wild 0-001 0-560 0-261 0-710
Semi-wild and reared 0-566 0-745 <0-001 0-021
Wild and reared 0-032 0-769 <0-001 <0-001
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Fi1G. 2. Mean = s.p. total length (Lt) of smolt groups released in the Simojoki River in 1986-1988 and
1992. (Sample sizes are given in Table I).

SURVIVAL OF SMOLT GROUPS

There were statistically significant differences in the survival of smolt groups
of different origin (wild, semi-wild and hatchery-reared smolts) released in
1986-1988 (Table III). The pair-wise comparison of odds ratios (OR) for each
of the origin groups (model 1, Table III) showed that the survival of the semi-
wild group was similar to that of the wild groups and twice that of the hatchery-
reared group for a given smolt size (Table 1V). Within all groups the longer
smolts tended to have a higher survival rate (y*-test d.f. = 1, P < 0-001). The
model demonstrated, for example, that the survival of a 164 mm wild smolt was
equal to that of a 167 mm semi-wild smolt and a 217 mm reared smolt (Fig. 3).

TaBLE III. The effect of origin (wild, hatchery-reared and semi-wild) and smolt total
length (In-transformed) on the survival of tagged smolts in the experiments conducted in
1986-1988 (model 1) and 1992 (model 2)

Origin Deviance o
- In It - Log likelihood
Model x d.f. x> Scale x d.f. P
1 19-35%** 2 11-58%*** 1-04 217-76 201 —789-00
2 13-84%** 2 2:72° 0-97 156-58 166 —364-39

Op < 0-10; ** P < 0-01; *** P < 0-001.
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TaBLE IV. Comparison of odds ratios (OR) (95% CL in parentheses) for survival in

different smolt groups (wild, hatchery-reared and semi-wild). The table gives the OR of

the vertical groups when compared with the horizontally listed groups. The values are
based on models 1 and 2 presented in Table III

OR when compared to

Reared Semi-wild
Wild/86-88, model 1 21 (1-5-3-1)*** 1-0 (0-7-1-5)
Semi-wild/86-88 2-1 (1-4-3-1)***
Wild/92, model 2 3-5 (1-8-7-0)*** 1-0 (0-6-1-9)
Semi-wild/92 34 (1-4-8-2)**

** P < 0-01; *** P < 0-001.

Similarly to 1986-1988, the survival of Atlantic salmon was dependent on
their origin in the smolt groups tagged in 1992 (Table III; y*-test, d.f. = 2,
P < 0-01), but smolt Lt had no significant effect on survival in this year (*-test,
d.f. =1, P =0-099). The odds of tag recovery (1-0) were similar for semi-wild
and wild Atlantic salmon, but the semi-wild and wild groups had, respectively,
3-4 and 3-5 times better odds of returning than the hatchery-reared Atlantic
salmon (Table IV).
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Fi. 3. Probability of survival as a function of smolt size according to model 1 (tagging years
1986-1988) presented in Table III. Survival curves are shown separately for: (wild —),
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23890000e>7* ™ smolts.
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DISCUSSION

SIMILARITIES BETWEEN SEMI-WILD AND WILD SMOLTS

The present study demonstrated that hatchery-rearing of Atlantic salmon parr
followed by a 1 or 2 year period in the wild before smoltification produces smolts
that are similar to their wild counterparts with regard to survival during their sea
migration. Atlantic salmon stocked as parr are exposed to the natural environ-
ment, resulting in very close to natural selection (Fjellheim & Johnsen, 2001).
This generally similar juvenile phase may explain why Atlantic salmon stocked
as parr had a similar survival rate to wild fish; they had adapted early in their life
to the natural conditions (Jonsson et al., 1991; Fleming et al., 2000; Johnsson
et al., 2001). The similarity of semi-wild and wild Atlantic salmon extends
further to the adult phase, as they are known, for instance, to ascend their
natal river at the same time (Jokikokko et al., 2004). Competition with wild
parr, however, may decrease the growth and survival of stocked parr in the river
phase, which is also indicated by their smaller smolt size (Jokikokko & Jutila,
2004). Although having a similar survival to wild fish of an equal size, the
observed smaller size of semi-wild smolts probably leads to higher mortality in
the sea (Salminen et al., 1994; Saloniemi et al., 2004).

DIFFERENCES BETWEEN SEMI-WILD AND HATCHERY-
REARED SMOLTS

Atlantic salmon stocked as parr had a significantly higher survival rate than
Atlantic salmon stocked as smolts. Both groups had a similar genetic back-
ground, but the most important reason for the survival difference during the
marine phase was probably that the reared smolts had lived under sheltered
hatchery conditions before tagging and release. Their survival to the smolt stage
may be ¢. 40% compared with the usual 1-2% for wild fish (Jonsson & Fleming,
1993). The situation changes drastically when cultured fish are released into the
wild due to, among other factors, their poorer ability to recognize and escape
predators than wild fish (Olla et al., 1998; Dieperink et al., 2002). Wild fish may
also be better able to respond to changing and sub-optimal natural conditions
(Saloniemi et al., 2004).

The adaptation of stocked parr to life in the wild may have great importance
concerning their later behaviour in relation to predators and prey (Johnsson
et al., 2001), which correlates with survival under natural conditions. Jonsson
et al. (1991) concluded that juvenile experience appears to explain differences in
behaviour observed between hatchery-reared and wild Atlantic salmon. Before
tagging and release the semi-wild fish, but not the hatchery-reared smolts, were
subjected to natural selection for 1 or 2 years before smolting. Thus, the low
recapture rate of hatchery-reared smolts reflects their lower adaptation to nat-
ural conditions than the other groups before recruiting to the fishery. The fishery
also may affect the survival of the groups in various ways due to the different
migration patterns and growth rates of wild and reared Atlantic salmon (Jonsson
et al., 2003; Jutila et al., 2003).
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The different tagging sites and handling of reared smolts should be taken into
account, when interpreting the results. Considerable stress during handling,
transport and stocking (Schreck ez al., 1989; Iversen et al., 1998), which no
longer affected semi-wild smolts in the tagging phase, may have increased the
mortality of hatchery-reared smolt groups soon after stocking, thus lowering
their recapture rate. For example, Iversen et al. (1998, 2004) suspected that
handling and transport prior to release partly caused a low recapture rate and
survival of hatchery-reared Atlantic salmon smolts. A considerable difference in
mortality between wild and reared smolts, however, may exist although they are
handled and tagged similarly (Saloniemi et al., 2004). Carlin tags and handling
during tagging are known to increase mortality, especially in small smolts
(Isaksson & Bergman, 1978; Hansen, 1988). This means that semi-wild smolts
were likely to suffer more due to the tag, so their higher recovery rate compared
to the hatchery-reared fish indicates an even greater difference in survival
between them. The potential harmful effects on parr of removing their pelvic
fin before stocking probably no longer affect the survived semi-wild fish in the
smolt migration phase.

MANAGEMENT IMPLICATIONS

Due to the effective exploitation of Atlantic salmon in the Baltic Sea fishery,
stocking is necessary in many rivers to maintain production, even though it may
also involve ecological and genetic risks for wild populations (Fleming et al.,
2000; Levin et al., 2001; McGinnity et al., 2003). There is also evidence of
domestication without an accompanying loss of natural fitness (Dannewitz
et al., 2004). Fjellheim & Johnsen (2001) approved of stocking to restore
extinct populations because of quicker recolonization and a better opportunity
to control the genetic quality of the fish.

The release of hatchery-reared parr may adversely affect the wild fish living in
the stream, because stocked parr live for >1 years in the same habitats before
smolt migration. Competition between hatchery-reared and wild fish for terri-
tories and food is clear (Einum & Fleming, 1997, 2001; Jokikokko & Jutila,
2004). This ecological perspective is important if stocking is used in rivers where
Atlantic salmon still reproduce naturally. Based on a comprehensive study of
salmonid stocking in Norway, Fjellheim & Johnsen (2001) warned against
increasing fish densities above the river’s carrying capacity, because such
attempts will fail. Stocking with smolts avoids such problems, and the number
of returning fish will increase as more smolts are released (Finstad & Jonsson,
2001). The size of smolts can also be controlled during hatchery rearing and thus,
to some extent, affect their survival, as observed here (Saloniemi ez al., 2004). Sea
cage rearing of wild smolts is also suggested to have considerable potential as a
stock rebuilding tool for Atlantic salmon (Dempson et al., 1999).

Genetic interaction between native and non-native fishes has been suggested to
disrupt the local adaptation (Einum & Fleming, 1997). Long-term genetic con-
sequences of stocking non-native fishes have already appeared in Pacific salmon
Oncorhynchus sp. (Levin et al., 2001) and have also been demonstrated in
Atlantic salmon (McGinnity et al., 2003). In all stocking activities there is a
risk of disturbing the adaptive structure of the stock, although the native stock
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of the river is used. The salmonid stock within a river system may also consist of
genetically distinct populations adapted to local conditions (Pascual & Quinn,
1994). Koljonen (1995), however, observed no genetic differences between wild
and reared Simojoki Atlantic salmon. This indicates that a stocking policy
considering the origin of the stocked fishes and stocking native specimens does
not necessarily represent a genetic risk to the original population.

The reproductive activity of Atlantic salmon stocked as parr may be higher
than those stocked as smolts, because parr have lived in territories and imprinted
on their nursery area, unlike Atlantic salmon stocked as smolts (Hansen et al.,
1989). The early experience with natal environment has been found to increase
the reproductive performance of Atlantic salmon (Fleming er al., 1997).
Imprinting before the smolt migration is important for recognition of the
home site when salmonids return to spawn (Dittman et al., 1996). The smolt
output of stocked parr is distributed over several years (Jokikokko & Jutila,
1998), unlike that of 2 year-old smolts, which mostly migrate to the sea in the
year of release. As a result of stocking with parr, more year classes take part in
spawning in later years, and this increases the effective population size and
decreases the level of inbreeding (Saunders & Schom, 1985).

Variability in the life-history traits of Atlantic salmon has been considered a
means to increase the genetic variation of the local spawning population, which
may be small and isolated. Even in rivers with a viable Atlantic salmon stock,
large variation among smolts and in the sea ages of Atlantic salmon is advanta-
geous for the survival of the Atlantic salmon population, especially if the
exploitation rate is high or extreme environmental conditions cause a loss of
juvenile production in some years (Niemeld, 2004). Stocking is probably only a
temporary solution in safeguarding endangered Atlantic salmon stocks. The role
of fisheries management and different biotope protection and improvement
techniques should be emphasized instead of stocking (Jonsson & Fleming,
1993; Fjellheim & Johnsen, 2001; Romakkaniemi ez al., 2003).

This study was financed by the Finnish Game and Fisheries Research Institute. The
Institute’s Aquaculture Unit produced the parr and smolts and was responsible for
stocking. The Bothnian Bay Fisheries Research Station tagged and trapped the fish
and conducted all the necessary fieldwork during these years. The Institute’s tagging
office organized the collection of tag return data. R. Siddall corrected the English
language of the manuscript. We warmly thank all the persons who participated in the
study for their invaluable help.

References

Carlin, B. (1955). Tagging of salmon smolts in the River Lagan. Report of the Institute of
Freshwater Research, Drottningholm 36, 57-74.

Cross, M. R. (1998). One species with two biologies: Atlantic salmon (Salmo salar) in the
wild and aquaculture. Canadian Journal of Fisheries and Aquatic Sciences 55
(Suppl. 1), 131-144.

Dannewitz, J., Petersson, E., Dahl, J., Prestegaard, T., Lof, A.- C. & Jarvi, T. (2004).
Reproductive success of hatchery-produced and wild-born brown trout in an
experimental stream. Journal of Applied Ecology 41, 355-364.

Dempson, J. B., Pepper, V. A., Furey, G., Bloom, M., Nicholls, T. & Hoskins, G. (1999).
Evaluation of an alternative strategy to enhance salmon populations: cage rearing

© 2006 The Fisheries Society of the British Isles, Journal of Fish Biology 2006, 68, 430442



440 E. JOKIKOKKO ET AL.

wild smolts from Conne River, Newfoundland. ICES Journal of Marine Science
56, 422-432. doi: 10.1006/jmsc.1999.0453

Dieperink, C., Bak, B., Pedersen, L.- F., Pedersen, M. I. & Pedersen, S. (2002). Predation
on Atlantic salmon and sea trout during their first days as postsmolts. Journal of
Fish Biology 61, 848-852. doi: 10.1006/jfbi.2002.2090

Dittman, A. H., Quinn, T. P. & Nevitt, G. A. (1996). Timing of imprinting to natural and
artificial odors by coho salmon (Oncorhynchus kisutch). Canadian Journal of
Fisheries and Aquatic Sciences 53, 434-442.

Einum, S. & Fleming, I. A. (1997). Genetic divergence and interactions in the wild among
native, farmed and hybrid Atlantic salmon. Journal of Fish Biology 50, 634-651.
doi: 10.1006/jfbi.1996.0330

Einum, S. & Fleming, I. A. (2001). Implications of stocking: Ecological interactions
between wild and released Salmonids. Nordic Journal of Freshwater Research 75,
56-70.

Eriksson, T. & Eriksson, L.-O. (1993). The status of wild and hatchery propagated
Swedish salmon stocks after 40 years of hatchery releases in the Baltic rivers.
Fisheries Research 18, 147—-159. doi: 10.1016/0165-7836(93)90045-9

Finstad, B. & Jonsson, N. (2001). Factors influencing the yield of smolt releases in
Norway. Nordic Journal of Freshwater Research 75, 37-55.

Fjellheim, A. & Johnsen, B. O. (2001). Experiences from stocking salmonid fry and
fingerlings in Norway. Nordic Journal of Freshwater Research 75, 20-36.

Fleming, I. A., Jonsson, B. & Gross, M. R. (1994). Phenotypic divergence of sea-ranched,
farmed and wild salmon. Canadian Journal of Fisheries and Aquatic Sciences 51,
2802-2824.

Fleming, I. A., Jonsson, B., Gross, M. R. & Lamberg, A. (1996). An experimental study
of the reproductive behaviour and success of farmed and wild Atlantic salmon
(Salmo salar). Journal of Applied Ecology 33, 893-905.

Fleming, 1. A., Lamberg, A. & Jonsson, B. (1997). Effects of early experience on the
reproductive performance of Atlantic salmon. Behavioral Ecology 8, 470-480.

Fleming, 1. A., Hindar, K., Mjoelnerad, 1. B., Jonsson, B., Balstad, T. & Lamberg, A.
(2000). Lifetime success and interactions of farm salmon invading a native popula-
tion. Proceedings of the Royal Society of London B 267, 1517-1523. doi: 10.1098/
rspb.2000.1173

Hansen, L. P. (1988). Effects of Carlin tagging and fin clipping on survival of Atlantic
salmon (Salmo salar L.) released as smolts. Aquaculture 70, 391-394. doi: 10.1016/
0044-8486(88)90122-6

Hansen, L. P., Jonsson, B. & Andersen, R. (1989). Salmon ranching experiments in the
River Imsa: is homing dependent in sequential imprinting of the smolt? In
Proceedings of Salmonid Migration and Distribution Symposium (Brannon, E. &
Jonsson, B., eds), pp. 19-29. Seattle, WA: University of Washington.

Hindar, K., Ryman, N. & Utter, F. (1991). Genetic effects of cultured fish on natural fish
populations. Canadian Journal of Fisheries and Aquatic Sciences 48, 945-957.

Isaksson, A. & Bergman, P. K. (1978). An evaluation of two tagging methods and
survival rates of different age and treatment groups of hatchery-reared Atlantic
salmon smolts. Journal of Agricultural Research in Iceland 10, 74-99.

Iversen, M., Finstad, B. & Nilssen, K. (1998). Recovery from loading and transport stress
in Atlantic salmon (Salmo salar L.) smolts. Aquaculture 168, 387-394.
doi: 10.1016/S0044-8486(98)00364-0

Iversen, M., Finstad, B., McKinley, R. S., Eliassen, R. A., Carlsen, K. T. & Evjen, T.
(2004). Stress responses in Atlantic salmon (Salmo salar L.) smolts during commer-
cial well boat transports, and effects on survival after transfer to sea. Aquaculture
243, 373-382. doi: 10.1016/j.aquaculture.2004.10.019

Johnsson, J. 1., Hojesjo, J. & Fleming, I. A. (2001). Behavioural and heart rate responses
to predation risk in wild and domesticated Atlantic salmon. Canadian Journal of
Fisheries and Aquatic Sciences 58, 788—794.

© 2006 The Fisheries Society of the British Isles, Journal of Fish Biology 2006, 68, 430-442



SURVIVAL OF SEMI-WILD BALTIC SALMON 441

Jokikokko, E. & Jutila, E. (1998). The effects of stocking with salmon parr, Salmo salar,
on the smolt production in the River Simojoki, Northern Finland. In Stocking and
Introduction of Fish (Cowx, 1. G., ed.), pp. 35-45. Oxford: Fishing News Books.

Jokikokko, E. & Jutila, E. (2004). Divergence in smolt production from the stocking of
l-summer-old and 1-year-old Atlantic salmon parr in a northern Baltic river.
Journal of Applied Ichthyology 20, 511-516.

Jokikokko, E. & Miéntyniemi, S. (2003). The survival of stocked Atlantic salmon smolts
during sea run and the timing of migration in the river Simojoki, northern
Finland. Aquaculture 219, 431-444. doi: 10.1016/S0044-8486(02)00582-3

Jokikokko, E., Kallio-Nyberg, I. & Jutila, E. (2004). The timing, sex and age composi-
tion of the wild and reared Atlantic salmon ascending the Simojoki River,
northern Finland. Journal of Applied Ichthyology 20, 37-42.

Jonsson, B. & Fleming, I. A. (1993). Enhancement of wild populations. In Human Impact
on Self-recruiting Populations (Sundnes, G., ed.), pp. 209-238. Trondheim: Royal
Norwegian Society of Sciences and Letter Foundation, Tapir Publishers.

Jonsson, B., Jonsson, N. & Hansen, L. P. (1991). Differences in life history and migratory
behaviour between wild and hatchery-reared Atlantic salmon in nature.
Aquaculture 98, 69-78. doi: 10.1016/0044-8486(91)90372-E

Jonsson, B., Waples, R. S. & Friedland, K. D. (1999). Extinction considerations for
diadromous fishes. ICES Journal of Marine Science 56, 405-409. doi: 10.1006/
jmsc.1999.0483

Jonsson, N., Jonsson, B. & Hansen, L. P. (2003). The marine survival and growth of wild
and hatchery-reared Atlantic salmon. Journal of Applied Ecology 40, 900-911.

Jutila, E. & Pruuki, V. (1988). The enhancement of the salmon stocks in the Simojoki and
Tornionjoki Rivers by stocking parr in the rapids. Aqua Fennica 18, 93-99.

Jutila, E., Jokikokko, E., Kallio-Nyberg, I., Saloniemi, I. & Pasanen, P. (2003).
Differences in sea migration between wild and reared Atlantic salmon (Salmo
salar L.) in the Baltic Sea. Fisheries Research 60, 333-343. doi: 10.1016/S0165-
7836(02)000169-8

Kallio-Nyberg, 1., Jutila, E., Saloniemi, I. & Jokikokko, E. (2004). Association between
environmental factors, smolt size and the survival of wild and reared Atlantic
salmon from the Simojoki River in the Baltic Sea. Journal of Fish Biology 65,
122-134. doi: 10.1111/5.1095-8649.2004.00435.x

Koljonen, M.-L. (1995). Distinguishing between resident and migrating Atlantic salmon
(Salmo salar) stocks by genetic stock composition analysis. Canadian Journal of
Fisheries and Aquatic Sciences 52, 665—-674.

Levin, P. S., Zabel, R. W. & Williams, J. G. (2001). The road to extinction is paved with
good intentions: negative association of fish hatcheries with threatened salmon.
Proceedings of the Royal Society of London B 268, 1153-1158. doi: 10.1098/
rspb.2001.1634

McCullagh, P. & Nelder, J. A. (1989). Generalized Linear Models. London: Chapman &
Hall.

McGinnity, P., Prodohl, P., Ferguson, A., Hynes, R., O Maoiléidigh, N., Baker, N.,
Cotter, D., O’Hea, B., Cooke, D., Rogan, G., Taggart, J. & Cross, T. (2003).
Fitness reduction and potential extinction of wild populations of Atlantic salmon,
Salmo salar, as a result of interactions with escaped farm salmon. Proceedings of
Royal Society of London B 270, 998—-1008. doi: 10.1098/rspb.2003.2520

Niemeld, E. (2004). Variation in the yearly and seasonal abundance of juvenile Atlantic
salmon in a long-term monitoring programme. (Academic Dissertation,
University of Oulu.) Acta Universitas Ouluensis A 415. http: herkules.oulu.fi/
isbn9514273702/

Olla, B. L., Davis, M. W. & Ryer, C. H. (1998). Understanding how the hatchery
environment represses or promotes the development of behavioural survival skills.
Bulletin of Marine Science 62, 531-550

Pascual, M. A. & Quinn, T. P. (1994). Geographical patterns of straying of fall chinook
salmon, Oncorhynchus tshawytscha (Walbaum), from Columbia River (USA)
hatcheries. Aquaculture and Fisheries Management 25 (Suppl. 29), 17-30.

© 2006 The Fisheries Society of the British Isles, Journal of Fish Biology 2006, 68, 430442



442 E. JOKIKOKKO ET AL.

Romakkaniemi, A., Perd, 1., Karlsson, L., Jutila, E., Carlsson, U. & Pakarinen, T.
(2003). Development of wild Atlantic salmon stocks in the rivers of the northern
Baltic Sea in response to management measures. ICES Journal of Marine Science
60, 329-342. doi: 10.1016/S1054-3139(03)00020-1

Salminen, M., Kuikka, S. & Erkamo, E. (1994). Divergence in the feeding migration of
Baltic salmon (Sa/mo salar L.); the significance of smolt size. Nordic Journal of
Freshwater Research 69, 32-42.

Saloniemi, 1., Jokikokko, E., Kallio-Nyberg, 1., Jutila, E. & Pasanen, P. (2004). Survival
of reared and wild Atlantic salmon smolts: size matters more in bad years. ICES
Journal of Marine Science 61, 782—787. doi: 10.1016/j.icesjms.2004.03.032

SAS (1999). SAS/STAT User’s Guide. Version 8. Cary, NC: SAS Institute Inc.

Saunders, R. & Schom, C. (1985). Importance of the variation in life history parameters
of Atlantic salmon. Canadian Journal of Fisheries and Aquatic Sciences 42,
615-618.

Schreck, C. B., Solazzi, M. F., Johnson, S. L. & Nickelson, T. E. (1989). Transportation
stress affects performance of Coho salmon, Oncorhynchus kisutch. Aquaculture 82,
15-20. doi: 10.1016/0044-8486(89)90391-8

Vuorinen, P. J., Paasivirta, J., Keindnen, M., Koistinen, J., Rantio, T., Hy6tyldinen, T. &
Welling, L. (1997). The M74 syndrome of Baltic salmon (Salmo salar) and
organochlorine concentration in the muscle of female salmon. Chemosphere 34,
1151-1166.

Waples, R. S. (1990). Conservation genetics of Pacific salmon. II. Effective population
size and the rate of loss of genetic variability. Journal of Heredity 81, 267-276.

© 2006 The Fisheries Society of the British Isles, Journal of Fish Biology 2006, 68, 430-442



