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Abstract

It has been hypothesized that the absence of breeding competition, resulting from artificial 
spawning technique, would result in sea-ranched trout and salmon developing less pronounced 
secondary sexual characteristics such as the kype, adipose fin, nose and lower jaw, but would 
result in increased fecundity. A comparative analysis of certain traits of sexually mature, male 
and female, wild and sea-ranched sea trout (from the River Dalälven) has revealed the following 
associations: (!) Wild males had longer bodies but the size of their secondary sexual 
characteristics, when compensated for body size, did not differ from those of the sea-ranched 
fish. A canonical discriminant analysis (CDA) revealed a significant difference between wild 
and sea-ranched trout, with high loadings found for body weight, size of the adipose fin and 
lower jaw, when all values were adjusted for body length. (2) There was no difference in body 
length between wild and sea-ranched females. Wild females, on average, had longer noses. Both 
categories of females produced about the same number and size of eggs. Wild females ovulated 
about one week before the sea-ranched ones did. A CDA revealed a significant difference 
between wild and sea-ranched females, with a high loading for nose size when adjusted for body 
length. Our analyses thus show in a limited way that the secondary sexual characteristics of both 
wild males and females were more pronounced than those of the sea-ranched fish. This finding 
accords with the hypothesis prediction. However, there was no significant difference between 
the primary sexual characteristics of the two categories of females. This contradicts the 
hypothesis. The observed weak response to artificial spawning could be due to (1) genetic 
introgression in nature, (2) wild individuals have been stripped and used for artificial breeding, 
(3) the two strains have been isolated for too short a period of time.

Introduction
Mariculture and the restoration of natural salmo- 
nid populations in Europe and North America 
during recent years have increased to such extent 
that the numbers of escaped, or deliberately re­
leased, farmed fish approaches or even exceeds 
the number of naturally produced, wild individu­
als in certain localities (Maitland 1989, Lund et al. 
1991; cf. Gausen and Moen 1991). There is now 
concern that such fish farming will result in an 
evolutionary divergence of the farmed strains 
away from their wild phenotypic norms (e.g. Flem­

ing and Gross 1992), and that, furthermore, inter­
actions will occur in nature between farmed and 
wild stocks in respect to diseases, parasites, behav­
ioural ecology and genetics (Saunders 1991). Eco­
logical concern has been mainly focused on how 
the elimination of distinctive gene pools by the 
breaking down of isolation mechanisms between 
stocks, will result eventually in a possible reduc­
tion in the Darwinian fitness of the wild stock, due 
to continuous introgression of non-indigenous 
genes, or gene combinations (e.g. Altuhkov 1981).

In contrast to conditions in the wild, sea-ranch­
ing involves raising eggs and fry in hatcheries,
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with subsequent release of the smolts into the sea, 
where they stay for one or more years. After that 
time, the surviving adults return to their site of 
release, and form the brood stock for the next 
generation. This regime will almost certainly exert 
a selection pressure for new phenotypes capable of 
succeeding in this new environment, as well as 
relaxing selection for traits that were previously 
advantageous in the wild. This divergence of the 
farmed from the wild fish will probably result in 
the former becoming an inferior stock under natu­
ral conditions (Fleming and Gross 1992).

Another possible effect of sea-ranching is due 
to the absence of breeding competition resulting 
from artificial spawning. Hence, selection on com­
petitive ability and elaborate secondary sexual 
traits, such as the relative size of the kype, nose, 
lower jaw, adipose fin, and body size will be 
relaxed for both males and females.

The aim of this study was to discover whether, 
after six generations, hatchery reared sea-ranched 
trout (Salmo trutta L), having been exposed to 
different sexual selection pressure, due to the 
absence of breeding competition, manifested any 
changes in either their body size, primary or 
secondary sexual characteristics, compared to wild 
conspecifics from the same original genetic stock.

Material and Methods
The study was carried out during October and 
November in 1991 at the Fishery Research Station 
at Älvkarleby, central Sweden. The research sta­
tion is situated on the River Dalälven, which flows 
into the Baltic Sea. Seven kilometres upstream of 
the estuary, anandromous fish are hindered from 
continuing their natural migration by a hydro 
electrical power plant and dam. Baltic salmon 
(Salmo salar) and sea trout migrating upstream are 
caught by using a trap in a fish ladder. The fish is 
then transported, without being handled, via a 
pipe-line system to a big storage tank (130 m3) 
placed in a sorting hall where they are kept and 
eventually used for artificial breeding. Sea trout 
migrate upstream from May to October each year. 
All the sea trout caught during any week (i.e. the

arrival date) are marked with an unique combina­
tion of dots tattooed beneath the pelvic fins. These 
marks are noted later when the fish is used for 
breeding, which can be some months later. Each 
week the maturity of the females are checked and 
if they have ovulated they are stripped. The date of 
stripping, thus ovultaion, is noted.

Two categories of sea trout are today present in 
the River Dalälven, both of which are descendents 
of the native population that existed prior the 
construction of the dam in 1915. The first category 
is a strict cultivated strain, which was established 
in 1967. A large number of adults were caught at 
the Fishery Research Station and used for artificial 
breeding and cultivation. The offspring of these 
fish were marked by cutting off the left pelvic fin 
on their release. After the start of the ‘sea-ranched’ 
group only fin-clipped trout have been used as 
parents. The second category is mainly wild con- 
specifics from the River Dalälven. They are iden­
tified on having both pelvic fins intact. The fish in 
this group are also to some extent decented from 
sea-ranched parents spawning in nature and stray- 
ers from other rivers. Furthermore, they could be 
decedents from two introduced strains in the river. 
Those strains are originating from the River Weich­
sel (northern Poland) and from the River Klar­
älven (southern Sweden). However, according to 
unpublished records of the fish used for artificial 
breeding at Älvkarleby, the numbers of smolts of 
these two strains released have never accounted 
for more than 10% of the total number of trout 
smolts originating from the River Dalälven. It 
should be noted that farmed sea trout have also 
been released into the river at Älvkarleby long 
before 1967 (since 1872), but then mainly as fry, 
or one-summer parr, and without being marked. 
Nevertheless, all the unmarked brown trout will be 
referred to as the “wild” group.

In this study we measured morphological char­
acters on the 134 males (109 sea-ranched and 25 
wild) and the 145 females (109 sea-ranched and 36 
wild) caugth in the fish-trap in 1991. Measure­
ments included body weight, total length, the post­
orbital to caudal peduncle length (POCP) and the 
sizes of the following secondary sexual character­
istics viz., kype, nose, jaw and adipose fin (Fig. 1).
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Fig. 1. The morphological traits recorded for each fish: 
(1) post-orbital-caudal-peduncle-length (POCP), (2) 
adipose fin length, (3) nose length, (4) height of kype 
(note the difference in structure between the skulls of 
males and females), (5) jaw length.

The kype data for the females were not analysed 
statistically, because it is not a pronounced char­
acter in females (Fig. 1). To estimate the age of the 
fish 5-10 scales were sampled from each male. It 
proved possible to establish the age of 113 males. 
Each female was weighed before and after strip­
ping, and the volume their eggs was estimated. 
The number of eggs produced by each female was 
estimated from the egg volume and from the 
number of eggs needed to fill a 25 cm scale (i.e. the 
Brofeldt-scale, Edwards 1978). At time for artifi­
cial spawning, the tattoed dots, assigning the arriv­
al date, could only be read for 77% of the males and 
59% of the females.

Comparison of the data for the wild and the sea- 
ranched groups of trout was made in two different 
ways. Firstly, by using Bonferonni’s method pair­
wise comparisons were made for each variable 
(the two sexes were treated separately), both for 
the raw data and for the relative values compensat­
ed for POCP. The residuals from multiplicative 
regressions (y=a*xb; x being the POCP, y the trait 
and a,b constants) were used as relative values. 
Secondly, a canonical discriminant analysis was

carried out on the relative values for some of the 
measured traits (weight, jaw, adipose fin, kype and 
nose). All tests were two-tailed and all analyses 
were made using SAS statistical software.

Results

Males
Wild males were on average about 4.5 cm longer 
than sea-ranched ones (Table 1). In consequence, 
wild males also were heavier, had longer noses and 
jaws, larger kypes and adipose fins. No differences 
were found in ages, arrival dates, or condition 
index values (Table 1). The two groups did not

Table 1. Comparison of different traits of adult male 
sea trout from wild and sea-ranched strains from the 
River Dalälven. The values presented here are original 
values (POCP=Post-orbital-caudal-peduncle-length; 
N=sample size; W=wild strain; S=sea-ranched strain).

Variable Strain N mean+SD P

Total length W 25 78.3+7.38 <0.005
(cm) S 109 73.8+6.44

POCP W 25 65.0+6.20
<0.005

(cm) S 109 61.2+5.37

Weight W 25 5.92+1.40
<0.01

(kg) S 109 5.11 + 1.36

Nose length W 25 7.78+0.97
<0.005(cm) S 109 7.19+0.88

Jaw length 
(cm)

W
S

25
108

7.72+0.88
7.10+0.81 <0.001

Kype height W 25 2.43+0.48
<0.05(cm) S 109 2.22+0.36

Adipose 
fin length (cm)

W
S

20
92

7.36+0.83
6.68+0.69 <0.001

Condition W 25 20.7+2.27
NSindex S 109 21.1+2.17

Age W 21 4.3+0.80
NS(years) S 90 4.1+0.66

Arrival date W 20 33.4+4.73
(week no.) S 83 33.6+3.98 NS
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Table 2. Comparison of different traits of adult male 
sea trout of wild and of sea-ranched origin, using 
values adjusted multiplicatively for post-orbital- 
caudal-peduncle-length (N=sample size; W=wild 
strain, S=sea-ranched strain).

Variable Strain N mean+SD P

Weight W 25 -0.16+0.67
NS

S 109 0.05+0.50

Nose W 25 0.10+0.62
NSlength S 109 -0.01+0.60

Jaw W 25 0.11+0.47
NSlength S 108 0.00+0.43

Kype W 25 0.05+0.38
NSheight S 109 0.01+0.29

Adipose fin W 20 0.17+0.56
NSlength S 92 0.00+0.50

Can 2

Can1

Fig. 2. The first two axes of a canonical discriminant 
analysis based on the residuals of five secondary sexual 
characteristics of male sea trout after multiplicative 
value adjustment for post-orbital-caudal-peduncle- 
length. The first axis had expecially high positive 
loadings for the relative size of the adipose fin and the 
lower jaw and high negative loading for relative body 
weight. The second axis had expecially high positive 
loading for the relative size of the nose. Circles indicate 
wild males, dots incicate sea-ranched males. Squared 
Mahalanobis distance between classes=0.909, F=2.87, 
T<0.019.

differ in regard to the relative sizes of any of the 
measured traits (Table 2). When the relative valu­
es for five of the measured traits were subjected to 
canonical discriminant analysis, the wild and the 
sea-ranched males were found fo differ signifi­
cantly (Fig. 2). The first canonical axis explained 
more than 95% of the overall variation and re­
vealed an especially high negative loading for 
relative body weight and a high positive loading 
for the relative sizes of the adipose fin and the 
lower jaw.

Females
Wild and sea-ranched females did not differ sig­
nificantly in any of the measured traits except in 
nose size; wild females had, on average, longer 
noses than sea-ranched ones (Table 3). The rela­
tionships were the same for the relative measure­
ments (Table 4). The mean arrival dates of the two 
groups did not differ significantly, but the wild 
females, on average, ovulated about one week 
earlier than the sea-ranched females (Table 3). 
When the relative values of the four measured 
traits were subjected to canonical discriminant 
analysis, the wild and sea-ranched females dif­
fered significantly (Fig. 3). The first canonical 
axis explained more than 97% of the overall 
variation and revealed an especially high positive 
loading for the relative size of the nose.

Discussion
For salmonids it has been suggested that breeding 
competition is important in the evolution of body 
size and primary and secondary sexual characters 
in males, as well as of the females (e.g. van den 
Berghe and Gross 1989, Fleming and Gross 1989, 
Järvi 1990, Fleming and Gross 1992). Differences 
in the selection mechanisms for choosing mates 
during artificial spawning and during natural 
spawning may result in morphological and behav­
ioural differences arising between sea-ranched 
and wild offspring. Due to the absence of breeding 
competition, sea-ranched males and females may 
develop less pronounced secondary sexual charac-
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Table 3. Comparison of different traits of adult female 
sea-trout from wild and sea-ranched strains from the 
River Dalälven (POCP=Post-orbital-caudal-peduncle- 
length; N=sample size; W=wild strain, S=sea-ranched 
strain).

Variable Strain N mean+SD P

Total length W 36 71.6+4.54 NS
(cm) S 109 71.7+4.85

POCP W 36 61.0+3.66 NS
(cm) S 109 61.3+4.22

Weight before W 36 4.73+0.97 NS
stripping (kg) S 109 4.63+1.01

Weight after W 36 3.94+0.82 NS
stripping (kg) S 109 3.86+0.85

Weight of all W 36 0.79+0.20 NS
eggs (kg) S 109 0.78+0.24

Nose length W 36 5.67+0.83 <0.001
(cm) S 109 5.23+0.58

Jaw length W 36 5.43+0.60 NS
(cm) S 109 5.27+0.52

Adipose fin W 34 5.12+0.48 NS
lenght (cm) S 95 5.18+0.61

Estimated W 36 6346.6+1564.6 NS
number of eggs S 98 6402.1+1218.9

Diameter W 36 0.570+0.021 NS
of eggs (cm) S 98 0.567+0.022

Total volume W 36 1.01+0.23 NS
of eggs (L) S 98 0.98+0.26

Condition W 36 18.6+2.06 NS
index S 109 18.0+2.02

Arrival date W 17 35.8+2.43 NS
(week no.) S 68 34.9+3.69

Date of W 36 290.3+6.30 <0.001
ovulation s 109 298.0+8.97

ters, such as the kype, adipose fin, nose and lower 
jaw, but show an increased fecundity (Fleming and 
Gross 1989). Few studies have examined the re­
productive behaviour and reproductive success of 
sea trout and the relation of these factors to mor-

Table 4. Comparison of different traits of adult female 
sea trout of wild and sea-ranched origin, using values 
adjusted multiplicatively for post-orbital-caudal- 
peduncle-length (N=sample size; W=wild strain, S=sea- 
ranched strain).

Variable Strain N mean+SD P

Weight W 36 0.06+0.43
NS

S 109 -0.09+0.41

Weight of W 36 0.04+0.11
NS

all eggs S 109 0.01+0.17

Nose W 36 0.37+0.69 <0.001
length S 109 -0.08+0.50

Jaw W 36 0.10+0.44
NS

length S 109 0.00+0.36

Adipose W 34 -0.01+0.39
NS

fin length S 95 0.02+0.50

Can 2

Fig. 3. The first two axes of a canonical discriminant 
analysis based on the residuals of four secondary 
sexual characteristics of female sea trout after multi­
plicative value adjustment for post-orbital-caudal- 
peduncle-length. The first axis had execially high 
positive loadings for the relative size of the nose. The 
second axis had high negative loading for the relative 
weight. Circles indicate wild females, dots indicate 
sea-ranched females. Squared Mahalanobis distance 
between classes=0.647, F=3.95, P<0.005.
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phological traits. It is therefore difficult satisfac­
torily to outline the implications of the differences 
between the wild and the sea-ranched strain, that 
we have found from a canonical discriminant 
analysis of the data.

Fleming and Gross (1992) showed that sea- 
ranched male coho salmon (Oncorhyncus kisutch), 
despite investing more in primary sexual charac­
teristics (expressed as testes size), exhibited less 
spawning activity, were generally less active and 
y«ere less aggressive than wild males. In stream 
tank experiments, Petersson and Järvi (unpub­
lished data) have studied the reproductive behav­
iour of wild and sea-ranched trout. Amongst other 
associations there was a strong correlation be­
tween male reproductive success, the relative size 
of his adipose fin and social rank. Adipose fin size 
had a high loading on the first canonical axis in our 
present study, suggesting that sexual selection for 
a large-sized adipose fin in males diminished in 
the course of artificial breeding. The weight of 
wild males, adjusted for body length, tended to be 
relatively less than of sea-ranched males, suggest­
ing that wild males were on average more “stream­
lined”. Body shape is generally supposed to be 
under conflicting selection pressures in teleost 
fishes (e.g. Riddell and Leggett 1981, Taylor and 
McPhail 1985a, Swain and Holtby 1989). The 
optimal body shape for burst and for sustained 
modes of swimming differs. A deep body confers 
superior burst-swimming performance, whereas a 
fusiform or “streamlined” shape is superior for 
sustained swimming (Webb 1978, Taylor and 
McPhail 1985b). Studies on juvenile coho salmon 
(Swain et al. 1991) and on adult female coho 
salmon (Fleming and Gross 1989), have shown 
that body shapes of sea-ranched strains were more 
streamlined and those of wild strains were deeper- 
bodied, suggesting that the former were better 
adapted to sustained swimming and the latter burst 
swimming. However, among female coho salmon, 
there was a negative relationship between sea- 
migration distance and body depth (Fleming and 
Gross 1989). Hence, assuming that the migration 
patterns of wild and sea-ranched trout in the sea are 
identical, it seems reasonable to predict that wild 
sea trout should be more deeper-bodied, while sea-

ranched ones should be streamlined. The results of 
the present study do not support this prediction.

Sea-ranched, female coho salmon had smaller 
kypes, body depths and body lengths compared to 
wild females (Fleming and Gross 1989). In the 
present study, the sea-ranched females, on aver­
age, had relatively shorter noses than the wild 
females. Because the definition of kype size in the 
coho salmon study corresponds with the definition 
of nose length in our study, there is therefore a 
concordance between the results of the two stud­
ies, i.e. sea-ranched females of both species showed 
less pronounced secondary sexual characteristics. 
Female coho salmon allocate more energy re­
sources to their primary sexual characteristics by 
producing larger eggs (Fleming and Gross 1989). 
We found no such difference between the wild and 
the sea-ranched females. However, the wild, fe­
male sea trout ovulated one week earlier than the 
sea-ranched ones. This implies that the ovulation 
of sea-ranched females is physiologically inhibit­
ed due an unintentional selection favouring de­
layed ovulation during the artificial breeding proc­
ess.

We found differences between the wild and the 
sea-ranched trout in the River Dalälven, and these 
were valid for both sexes. Nevertheless, the differ­
ences are not of such a kind, or magnitude, that 
differences in any single character could be used 
to separate the two strains. There are several 
possible reasons for this. (1) The two strains of 
trout are most likely interbreeding in the field, i.e. 
the gene pool of the sea-ranched strain dilutes that 
of the wild. This process is most likely sped up 
because the sea-ranched population outnumbers 
the wild one. (2) Since 1986, unmarked sea-ranched 
trout have been stripped and used for artificial 
breeding, i.e. in part, the wild, unmarked popu­
lation has been subject to the same kind of selec­
tive pressures as the sea-ranched one. This fact, 
together with the one previously mentioned, makes 
it difficult to separate differences due to genetic 
causes and environmental ones (cf. Swain et al. 
1991 ). (3) The sea-ranched strain was established 
in 1965, which means that inbreeding in that strain 
has been going on for about six generations (gen­
eration time = 4.5 years). Depending on the selec-
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tion pressure operating on the specific quantitative 
character and the heritability of the character, six 
generations may be too few to lead to manifest 
differences in specific characters between the wild 
and the sea-ranched strains. However, Fleming 
and Gross (1992) have reported differences in the 
reproductive behaviour of wild and of fourth 
generation, hatchery-reared, sea-ranched, coho 
salmon. In general, the response to sexual selec­
tion pressure by the sea-ranched, coho salmon 
would seem to be stronger than by the sea trout. 
This applies to differences in the development of 
both primary and secondary characteristics. One 
reason for this discrepancy between coho salmon 
and sea trout is probably due to the fact that the 
former only reproduce once during its lifetime (i.e. 
semelparous, cf. Schaffer (1974)) and the latter 
several times (i.e. iteroparous, Mills (1971)). In 
semelparous species, during natural spawning, 
competition is more intens than in iteroparous 
ones, and, hence, selection for secondary sexual 
characteristics is more pronounced in coho salmon 
than in sea-trout.

The circumstantial, evidence presented in this 
study, indicates that differences between wild and 
sea-ranched trout in their natural and sexual selec­
tion patterns have been manifested in different 
reproductive traits, such as secondary sexual char­
acters and date of ovulation.
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Fish otoliths usually grow by continuous deposi­
tion of increments or daily increments. Recently 
Umezawa and Tsukamoto (1991) reported that 
under prolonged starvation and/or low tempera­
ture in the laboratory the otoliths of Japanese eel, 
Anguilla japonica, grew peculiarly without depo­
sition of apparent increments. They categorized 
this kind of otolith structure as B-type structure 
and believed that occurrence of this structure 
could be the reason for very low rate of increment 
deposition in some cases. B-type structure was 
also found in perch maintained in the laboratory, 
as reported in this paper.

Perch (fork length 11.9-18.1 cm) were collect­
ed from the Trawsfynydd Lake in North Wales, 
U.K., using a seine net during April-July 1987. 
Twenty-six healthy fish were selected and trans­
ported back to the laboratory. They were reared in 
3 600-L tanks: 9 fish were held under constant light 
and a constant temperature of 22 °C, 9 fish under 
constant light and diel temperatures of 25 °C and 
22 °C for 14 and 10 h respectively, and 8 fish under 
a diel photoperiod of 14 h light and 10 h dark 
period at a constant temperature of 22 °C. Oxygen 
was provided to each tank through bubbling air. As 
none of the fish ate provided food (live fly larvae 
and earthworms), it was assumed that no feeding 
took place. To mark the otoliths the fish were 
injected with tetracycline at a dose of 100 mg 
tetracycline per kg fish weight 5 d after acclima­
tization to the experimental conditions. The fish

under the diel photoperiod were sampled 15 d after 
the injection, while fish under the constant light 
died in 3-13 days following the injection. Otoliths 
(sagittae) were removed and cleaned. Excess ma­
terial was removed through grinding from both 
sides of each otolith to produce a thin section, 
which was studied using a light microscope.

Tetracycline administration introduced a clear 
fluorescent mark in the otoliths, which showed 
growth under any one of the three regimes despite 
no food intake. However, the marginal region of 
the otolith formed during the experimental period 
did not contain apparent increments, while the 
region formed during the pre-experimental period 
(in the wild) exhibited distinct increments (Figs. 
1A-B).

This kind of peculiar otolith growth (B-type 
structure) may be more than of academic interest. 
Formation of B-type structure alternately with 
deposition of daily increments, if this could hap­
pen, will cause underestimation of increment depo­
sition rate.

B-type structure, noted in some of laboratory- 
reared fish, has often coincided with tetracycline 
administration. Campana ( 1983) reported that some 
starry flounder, Platichthys stellatus, stopped in­
crement deposition at various times after tetracy­
cline injection. Hettler (1984) failed to observe 
any increments beyond the fluorescent band after 
immersion of larvae of spot, Leiostomus xanthu- 
rus, and pinfish, Lagodon rhomboïdes, in tetracy-
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Fig. 1. A ground oto­
lith section of a perch 
reared at constant tem­
perature and constant 
light in the laboratory. 
The fish was injected 
with tetracycline and 
died 13 days after­
wards. Scale Bar = 70 
(pm). (A) Viewing un­
der ultraviolet light, 
showing the fluorescent 
band introduced by the 
tetracycline injection. 
(B) Viewing under the 
bright field illumina­
tion. No evident incre­
ments, but wrinkled 
structures are visible 
after the fluorescent 
band, while clear incre­
ments are present be­
fore it.

cline solution. The increments deposited in most 
otoliths of juvenile black rockfish, Sebastes 
melanops, were very faint after injection with 
tetracycline (Yoklavich andBoehlert 1987). Tetra­
cycline was also administered to the Japanese eel, 
the otoliths of which exhibited B-type structure 
(Umezawa and Tsukamoto 1991 ). It appears possi­
ble that cessation of increment deposition is par­
tially associated with administration of tetra­
cycline, which, as an antibiotic drug, is able to 
affect the normal growth of hard tissues. When 
tetracycline was used to temporarily mark bones 
of dog and rat (Harris 1960) and goldfish (Koba- 
yashi et al. 1964), both authors found that it could 
produce partial inhibition of mineralization in 
hard tissues. However, tetracycline alone can not, 
at least in most cases, cause cessation of increment 
deposition. Tetracycline has been well used as a 
marker to validate daily increments (see the re­
view by Campana and Neilson 1985). When feed­

ing was sufficient at high temperature, daily incre­
ment deposition was maintained in the otoliths of 
Japanses eel (Umezawa and Tsukamoto 1991 ) and 
milkfish (Tzeng and Yu 1992). Furthermore, cessa­
tion of increment deposition has also been report­
ed in some laboratory-reared fish which had not 
received tetracycline treatment (Laroche et al. 
1982, Hehler 1984).

The perch probably suffered severe stress in the 
laboratory, as they did not even attempt to eat. The 
fish died shortly after being reared under the 
constant light condition, suggesting that constant 
light caused additional stress. The stress, along 
with the administration of tetracycline, may ad­
versely affect the mechanism for increment depo­
sition in these fish, causing the production of B- 
type otolith structure.
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Predation by the Noble Crayfish, Astacus astacus (L.), on 
Emerging Fry of Sea Trout, Salmo trutta (L.)
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In many water systems, crayfish and trout may live 
sympatrically. In those water systems, the cray­
fish may interact with the trout population directly 
or indirectly. For example, the noble crayfish, 
Astacus astacus (L.) and the signal crayfish, Paci- 
fastacus leniusculus (Dana) are opportunistic 
omnivores, feeding on living plants and animals as 
well as on detritus, and readily feeding on benthic 
invertebrates (Abrahamson 1966, Mason 1975). 
Thus, crayfish may act as food competitors to 
young trout. Furthermore, the influence of cray­
fish on aquatic vegetation can be considerable 
(Abrahamson 1966, Hogger 1988), which may 
lead to an alteration of growing areas of fish 
juveniles. Thereby the vulnerability of small fish 
to other predators can also be increased by evicting 
them from shelters and causing increased activity 
(Rahel and Stein 1988). Crayfish may also have a

direct effect on a trout population by predation on 
eggs and/or younger stages of juveniles.

Sea trout, Salmo trutta (L.), generally spawn 
from October to December. Embryonic develop­
ment and hatching of the fry take place inside the 
gravel of the spawning grounds. After hatching fry 
stay inside the gravel for one to three weeks until 
their yolk sac is mostly completely resorbed, and 
then emerge from the gravel. This is a period full 
of risk for the fry. They have to reach the water 
surface to fill their swimbladder with air, to hide, 
to begin to swim, to exogenously feed and to 
establish a territory. All these adaptations make 
them very vulnerable (Elliott 1989). On Gotland, 
a Swedish island of the Baltic Sea, the emergence 
of the fry generally coincides with the warming-up 
of the stream water (Rubin in prep.), which is 
probably the period during which crayfish begin to
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Fig. 1. Design of the experiment. 
Compartments No. 1, 6, 11 and 16 
are controls without crayfish. Com­
partments No. 1, 5, 9 and 13 are 
compartments where the water sup­
ply came as a waterfall.

Outlet

search for food more actively after the winter 
starvation. If crayfish have a direct effect on trout 
populations, then it should be evident at this 
particular time.

The aim of the presented experiment was to 
study in the laboratory the possible predation of 
the noble crayfish on sea trout eggs and fry during 
the incubation period in the gravel and the short 
period of the emergence of the trout juveniles.

The experiment was run from 18.03.93 to 
17.05.93 at the Ar laboratory of the Institute of 
System Ecology, Stockholm University, located 
on the north part of Gotland (58°N, 19°E), Swe­
den. Unfiltered freshwater was obtained from Lake 
Bästeträsk, a large lake located just 100 m from the 
laboratory. Four plastic aquaria were placed one 
above the other (200 x 40 cm). Each aquarium was 
divided into four parts by a plastic net of 2 mm 
mesh size. Thus 16 different compartments (40 x 
50 cm) were obtained. A layer of 8 cm of clean 
gravel (geometrical mean diameter: 23.9 mm) was 
deposited on the bottom of each aquarium to 
constitute the “streambed-’. This gravel composi­
tion corresponded to the usual Gotlandic sea trout 
spawning ground substrate, which is known to 
give high survival for both trout eggs and emerg­
ing fry (Rubin in prep.). Freshwater was added in

the first compartment of the upper aquarium. 
Water then flowed through all the compartments, 
falling from one aquarium to the next lower one 
(Fig. 1). The waterfall created turbulence in the 
first compartment of each aquarium. Then water 
became gradually more laminar in the other com­
partments. Water temperature ranged from 2.4 °C 
in the beginning of the experiment to 16.0 °C at the 
end (Fig. 2). Light was supplied from fluorescent 
tubes above each aquaria. The light was regulated 
in order to obtain natural photoperiod during the 
study (from 10 h of light in the beginning of the 
experiment to 14 h at the end).

One adult A. astacus female was placed inside 
each test compartment, except in four compart­
ments which were used as controls. The control 
compartments were positioned regularly along the 
experimental installation (Fig. 1). Thus in total 12 
crayfish were used whose mean total length was 
9.8 ± 0.5 cm (range: 9.2-10.4 cm). Each compart­
ment was equipped with a claypipe as shelter for 
the crayfish and with a cluster of Chara fragilisa an 
algae that is readily eaten by crayfish. A total of 
150 fertilized eggs of sea trout were placed 8 cm 
inside the gravel in the middle of each compart­
ment. These eggs came from 13 females (range: 
54-78 cm in total length) caught in Arân and Ireån.
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Putting the eggs 
in place

Hatching period First
emergence

19-31 Mars 1-30 April 1-17 May
Fig. 2. Water temperature 
during the experimental pe­
riod.

Females were stripped during the spawning season 
and the eggs were kept at the Ar hatchery. Before 
stocking the compartments with eggs, all the eggs 
from the different females were mixed together, 
and then divided into different batches. Thus, the 
same biological material was found in each com­
partment. In the control compartments, sea trout 
eggs were also placed above the gravel, inside a 
perforate plastic box, through which water could 
flow but from which fry could not escape. By 
checking the egg-to-fry survival in these boxes, 
the variation of the water surface quality could be 
detected and time of hatching determined. In total 
2,750 eggs were used. The stage of development 
reached by the eggs was determined at least three 
times a week. Indication of possible crayfish dig­
ging was also checked at the same time, and 
crayfish activity was observed for 10 min at least 
2 hours after full darkness. Hatching of the eggs 
took place between 01.04.93 and 15.04.93. The 
first emerging fry were observed on the 06.05.93. 
The experiment was ended the 17.05.93 (Fig. 2). 
The number of remaining alive fry was then deter­
mined in each compartment.

No signs of crayfish digging activity (displaced 
stones, holes in the gravel, digging crayfish) was 
observed. Thus, no predation by crayfish on the 
trout eggs probably occurred. But after the emer­

gence of the fry, crayfish were observed after the 
light had been turned off moving outside the 
shelter and chasing fry. It was observed that some 
crayfish had eaten a lot of the char a algae but there 
was no correlation as to the degree of predation on 
fry. The mean number of fry found in the control 
compartments was 101 ± 59 and only 32 ± 38 in the 
compartments with crayfish (Table 1). This reduc­
tion in the number of fry in the compartments with 
crayfish was significant (Mann-Whitney U-test, 
Z=-2.18, P<0.05, N=16). On average 68.6 ± 37.9% 
of the emerging fry disappeared in the compart­
ment with crayfish. At the end of the experiment, 
fry had not started to feed exogenously, thus food 
competition between crayfish and fry could not 
have been a cause of increased fry mortality. 
Therefore, since the presence of crayfish was the 
only difference between the test and the control 
compartments, the disappearance of fry had to be 
attributed to crayfish predation. In the compart­
ments where the water came as a waterfall, signifi­
cantly more fry were found at the end of the 
experiment (Mann-Whitney U-Test, Z=-2.50, 
7’<0.05, N=16). This variation may be explained 
either by a higher egg-to-fry survival due to a local 
increase of the interstitial dissolved oxygen con­
centration caused by the waterfall or by a distur­
bance of the crayfish due to the water turbulence.
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Table 1. Estimation of the Noble crayfish predation on sea trout fry. WF is a compartment with a waterfall.

A

Control in the waterbox 
without crayfish

1 (WF;
Compartment No. 

i 6 (WF) 11 16

N of fry 86 49 59 104
N of dead eggs 0 0 27 25
% survival 100 100 68.6 80.6
N of alive fry found 107 142 138 15

B

Experiment 2 3
Compartment No.

4 5 (WF) 7 8 9 (WF) 10 12 13 (WF) 14 15

N of alive fry found 1 0 2 86 46 3 102 26 6 84 23 1
Expected N of fry 

without predation 101 101 101 101 101 101 101 101 101 101 101 101
% predation 99.0 100 98.0 14.8 54.4 97.0 0.0 74.2 94.0 16.8 77.2 99.0

Some damaged but alive fry were found only in 
compartments with a waterfall (compartment 9 
and 13). The damage appeared as a parallel wound 
on both sides of the fry, generally between the 
dorsal and the caudal fin, clearly caused by the 
crayfish chelae. Fry were probably caught by the 
crayfish and could escape but were wounded.

In nature crayfish may avoid the most streamy 
parts of rivers. Westman et al. (1986) showed that 
no crayfish were found in the “swiftest rapids” in 
a Finnish river. On the contrary trout are generally 
located in more streamy areas, although fry seem 
to chose calmer parts in shallow areas (Fleggenes 
1988). Flence, it could be argued that interactions 
between the two species may be low under normal 
natural environmental conditions. But if both spe­
cies are forced to use the same habitat, for instance 
if the water flow is reduced, then the impact of the 
crayfish predation may be important, although 
probably not as high as observed in the present 
laboratory experiment. As a matter of fact, in 
nature crayfish have more feeding choices and fry 
have more space to escape and more shelter to

hide. Nevertheless, crayfish are used to hunt at 
night, that is to say during the period when fry are 
the most vulnerable to predators. Efficiency of this 
predation in nature is not at present computable 
now from our existing knowledge. Probably the 
substrate composition, the water temperature and 
the water velocity are important factors effecting 
the efficiency of the crayfish predation. In nature 
crayfish predation on trout fry has never been 
demonstrated. Flowever, it may be because it has 
never been studied. Thus, the present experiment 
shows that investigations under natural conditions 
should be performed before introducing new cray­
fish populations in streams where vulnerable trout 
populations exist. For example, crayfish were 
introduced in the River Svartån (Southern part of 
Sweden), a stream previously known to possess an 
important trout population. After some years, the 
crayfish population increased enormously and the 
trout population declined to the level of extinction. 
One explanation of this drastic decline of the trout 
population is that crayfish predated on fry of the 
trout (T. Järvi, pers. comm.).
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