




















































































































54 Roar Kristoffersen

a dense whitefish (Coregonus lavaretus) popu­
lation after a massive stock reduction (Amundsen 
and Kristoffersen 1990).

Reduced abundances were demonstrated for 
Salmincola sp. and Philonema sp. during the 
Arctic charr rearing period in brackish water. 
Knudsen (1991) reported a natural infection of 
about 20% of Salmincola sp. in Lake Takvatn. 
It seems that Salmincola sp. has a poor tolerance 
for increased salinities since the prevalence was 
as low as 8.9% after about one month. The adult 
stage of the related species Salmincola califor- 
niensis may survive for up to one year under 
natural freshwater conditions (Bailey et al. 1989).

The reason for the decreasing abundance of 
Philonema sp. seen simultaneously in both charr 
batches was probably that many females matured 
and left the fish during the autumn 1989. It takes 
about four years from the time larvae of P. 
oncorhynchi (probably the species in Takvatn) 
enter the fish host via copepods until the females 
mature (Platzer and Adams 1967). At that time, 
the nematodes are gravid with first-stage larvae, 
and leave its host. When outside, they burst rap­
idly and liberate many thousands of larvae.

In charr caught in April 1989 the cestode 
Cyathocephalus truncatus was encountered in 
the June sample only. This pattern could be ex­
pected since Vik (1958) reported a longevity of 
this species of up to 55 days in its salmonid host. 
However, the occurrence of infection in two fish 
after 11 months in rearing was unexpected and 
indicates that some infections persist longer.

The prevalence and mean intensity of 
Eubothrium salvelini was relatively similar in 
all the current charr samples and also similar to 
the infection levels found in the lake (Skogsholm 
1990, Knudsen 1991). Thus, the longevity of this 
species was not significantly influenced by the 
increased salinity. Smith (1973) reported that E. 
salvelini may remain in the fish host for 24-26 
months. Several studies have shown that Eu- 
bothrium-infections give deleterious effects in 
salmonid hosts, such as reduced growth and 
stamina (Boyce 1979, Bristow and Berland 
1991), lowered condition index (Hoffman et al. 
1986), and poorer hypoosmoregulatory per­
formance (Boyce and Clarke 1983).

Digeneans of the genus Crepidostomum may 
survive for about one year in the intestine of the 
fish host (Thomas 1958, Awachie 1968). This 
corresponds well with the present results, and 
the conclusion regarding these species is thus 
similar to that for E. salvelini. The same might 
also be said about the cestode Proteocephalus 
sp. since no decreasing trend was seen with time.

Both of the Diphyllobothrium species 
(Henricson 1977, Halvorsen and Andersen 1984, 
Kristoffersen 1993) and the nematode C.farionis 
(Giæver et al. 1991) may persist in charr for 
many years. The results from the present study 
did not give any clear indications of increased 
mortality rates during the rearing of the fish in 
brackish water. Furthermore, the age-specific 
densities of these species estimated in the 1988 
catches after more than one year in rearing were 
comparable with those recorded in the lake in 
1987/88 by Knudsen (1991).

The present results show i) that parasite abun­
dances were not very much reduced after more 
than one year in culture in brackish water, and 
ii) after several years of intensive fishing the 
parasite infections in the Takvatn charr were still 
considerable. This can not be neglected when 
commercial rearing of the funnel trap catches 
is considered. It may be argued that almost every 
parasite is removed when the fish are gutted, and 
therefore product quality is unaffected. The only 
parasites to occasionally enter muscle tissue are 
Diphyllobothrium spp. (D. dendriticum in par­
ticular). On the other hand, the growth capacity 
and general condition of the fish is questionable, 
especially since about 50% -of the charr main­
tained Eubothrium-iniections for a considerable 
time in rearing. Further, the reputation for qual­
ity of the product could be compromised.

Setting an upper limit of acceptable number of 
parasites for commercial rearing is always de­
batable. With an arbitrary level of 20 parasites/ 
fish, only about 33% or 29,700 of the 90,000 
charr caught in June 1988 would pass. The corre­
sponding numbers for the catches from April 
1989 would be 64%, or 25,600 out of the total 
40,000 individuals. The conclusion is that it is 
preferable to catch the youngest fish possible, as 
early as possible in the year before ice breakup.
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NOTES AND COMMENTS
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Teno and Näätämö River systems are subarctic 
drainages which flow through northern Finland 
and Norway to the Barents Sea. In both drainages 
anadromous Atlantic salmon (Salmo salar) is the 
most predominant fish species with coexisting 
brown trout (Salmo trutta). Brown trout has dif­
ferent life history types, but their geographic 
distribution is unclear. Presently, only few popu­
lations are known to contain anadromous, sea- 
run brown trout. Preliminary studies of brown 
trout in Teno have suggested that the life his­
tory of an individual can be flexible, varying 
between stream residency and anadromy 
(Erkinaro and Niemelä, pers. comm.).

Atlantic salmon and brown trout are known 
to hybridize in nature with varying frequencies 
(Table 2 and references therein), but the reasons 
for this and also the factors generally affecting 
hybridization are not yet fully understood. Here 
we report hybridization between Atlantic salmon 
and brown trout in two subarctic rivers draining 
to the Barents Sea, and discuss the possible rea­
sons affecting the hybridization. Our aim was 
also to distinguish first-generation hybrids from

backcross hybrids. In addition, we give some 
regional comparisons of hybrid frequencies, and 
provide further evidence for the view that fac­
tors promoting hybridization may be very local.

Atlantic salmon and brown trout were sam­
pled during 1986, 1987 and 1991 (samples 8, 
18, 21) from four locations in River Näätämö 
and 26 locations in the River Teno drainage (Fig. 
1, Table 1). Seven of the rivers (locations 7, 8, 
9, 18, 20, 21, 24) do not have suitable grounds 
for spawning of anadromous Atlantic salmon, 
but other sampling locations are situated on 
known or possible spawning rivers. Juvenile fish 
were caught by electrofishing and adults by 
gillnetting. Most of the fish were juveniles but 
81 Atlantic salmon and 20 anadromous brown 
trout adults were also captured. The fish were 
identified visually as being Atlantic salmon 
(A=1541) or brown trout (A=483). Whole juve­
niles and tissue samples from adult fish were 
stored at -20 °C for up to two months and after­
wards at -75 °C until analysed. Horizontal starch 
gel electrophoresis was performed on skeletal 
muscle, liver, and eye extracts as described by
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50 km

Fig. 1. Location of river systems and sampling sites. Numbers refer to Table 1.

Vuorinen and Berg (1989). The following 15 
enzymes were assayed from all specimens (en­
zyme nomenclature no. in parenthesis): aspartate 
aminotransferase (2.6.1.1), alcohol dehydro­
genase (1.1.1.1), creatine kinase (2.7.3.2), 
esterase (3.1.1.-), glucose-6-phosphate isomerase 
(5.3.1.9), glycerol-3-phosphate dehydrogenase 
(1.1.1.8), L-iditol dehydrogenase (1.1.1.14), 
NADP+-dependent isocitrate dehydrogenase 
(1.1.1.42), lactate dehydrogenase (1.1.1.27), 
malate dehydrogenase (1.1.1.37), NADP+-de- 
pendent malic enzyme (1.1.1.40), phospho- 
gluconate dehydrogenase (1.1.1.42), phospho- 
glucomutase (5.4.2.2), superoxide dismutase 
(1.15.1.1), and xanthine dehydrogenase

(1.1.1.204). Four samples which were exclu­
sively (8, 18,21) or predominantly (20) of brown 
trout, were analyzed for four additional enzymes 
to increase the probability of recognizing 
introgressive hybridization. The supplementary 
enzymes were diaphorase (1.8.1.4), fumarate 
hydratase (4.2.1.2.), hexokinase (2.7.1.1) and 
mannose-6-phosphate isomerase (5.3.1.8). The 
number of loci studied was consequently 36 or 
40. Of these enzymes, the following five have 
shown to be diagnostic in the identification of 
Atlantic salmon, brown trout, and their Ft hy­
brids: glucose-6-phosphate isomerase, NADP+- 
dependent malic enzyme, phosphoglucomutase, 
superoxide dismutase, and xanthine dehydro-

5
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Table 1. Distribution of brown trout x Atlantic salmon hybrids within Teno and Näätämö river 
systems. Sampling locations with code 1-4 belong to Näätämö and 5-30 to Teno river system, 
respectively. Symbols L and U refer to lower and upper parts of the rivers. Percentage of 
mature precocious Atlantic salmon males was calculated from the total number of juveniles of 
Atlantic salmon sampled per tributary. If sex ratio is 1:1, maximum percentage should be 
50%. Observations on the anadromy of brown trout were classified to groups as follows: P = 
present, observations on sea trout migrating or spawning or smolts, A = absent, physical 
restrictions, N = not direct observations on anadromy, but may be present.

Sampling location Percentage 
of precocious
S. salar males

Anadromous
S. trutta 
(P/A/N)

Number of 
individuals studied 
S. salar S. trutta

Number of 
hybrids

1 Näätämö L 0 P 54 17
2 Nuortijoki 4 P 47 58 1
3 Näätämö, Opukas 0 N 67
4 Näätämö U 3 P 61 1
5 Teno, Angeli - P 8
6 Vuomajoki 3 N 66 1
7 Kuoddoveäijoki 5 N 60
8 Kuoldnajoki - N 39
9 Luomusjoki 17 N 60 4 1

10 Akujoki 11 N 63 14
11 Outakoski - P 14 6
12 Teno 4 2 P 66
13 Nil and Nuvvus 2 N 56 10
14 Utsjoki U 20 P 56 3
15 Kevojoki 8 P 104 10
16 Tsarsjoki U 10 P 83 14
17 Tsarsjoki L 2 P 41 2
18 Paddajoki - P 89
19 Kuoppilasjoki 5 P 57 15
20 Yläseitikko 5 N 62 93
21 Tsieskuljoki - A 66
22 Utsjoki L 1 P 75
23 Teno, Karnjarga 0 P 36
24 Vidgaveädji 2 A 44 7
25 Teno 29 4 P 53
26 Vetsijoki L 0 P 53
27 Vetsijoki U 8 P 61
28 Pulmankijärvi - P 62 21
29 Skiihpajoki - N 58 3
30 Ylä-Pulmankijoki 6 P 72 8 1

Average 6 % Total 1,540 481 3

genäse (Crozier 1984, Vuorinen and Piironen 
1984).

From a total of 2,024 fish, three Atlantic 
salmon x brown trout hybrids were detected by

electrophoresis. All hybrids were classified as 
most probable F] hybrids. One hydrid was from 
a tributary to River Näätämö and two from sepa­
rate tributaries to River Teno. The proportion of
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Table 2. Comparison of naturally occurring hybrids between brown trout and Atlantic salmon among regions. 
Excluding cases from North America and River Grönån, the hybridization averaged 0.38 % among European 
regions (89 hybrids or backcrosses in a total of 23,136, notice that the samples of the study f are included in e). 
Studies b, e, f, g, i, and 1 give probably underestimates for hybridization because only one of the parent 
species was analyzed.

Number of 
hybrids and/or 
backcrosses

Number of 
individuals
studied

Percentage
hybrids

Samples taken 
(E=eggs, J=juveniles, 
S=smolts, A=adults)

Location Reference

0 1,066 0 E/J Norway a)
1 1,500 0.07 J Scandinavia b)
3 3,200 0.09 S British Isles c)
3 2,024 0.15 A/J Finland and Norway d)

28 9,166 0.3 A British Isles e)
17 4,431 0.4 A British Isles f)

8 2,057 0.4 J Ireland g)
12 922 0.9* A/S/J Canada h)
34 3,389 1.0 J British Isles i)

8 559 1.4 J England j)
1 56 1.8* J Canada k)
4 175 2.3 J Spain 1)

37 792 4.7* J Canada m)
44 332 13.3 J Sweden n)

Asterisk in percentage indicates that hybrization estimate is for location where brown trout are not indig­
enous.

References: a) Heggberget et al. (1988), b) Gunnar Ståhl, personal communication in Verspoor (1988), c) 
Solomon and Child (1978), d) this study, e) Solomon and Child (1978), f) Payne et al. (1972), g) Crozier 
(1984), h) Verspoor (1988), i) Jordan and Verspoor (1993), j) Hurrell and Price (1991), k) Beland et al. 
(1981), 1) Garcia de Léaniz and Verspoor (1989), m) McGowan and Davidson (1992) and n) Jansson et al. (1991).

hybrids was 0.15%, or 0.1% in Teno and 0.3% 
in Näätämö correspondingly. Among tributaries 
the proportion of hybrids varied from 0% to 1.6% 
(Table 1). Hybrid frequencies in the Rivers Teno 
and Näätämö were quite similar to the value of 
0.61% from other European river systems 
(pooled data from studies a, b, c, e, g, i, j and 1 
in Table 2). If the exceptionally high frequency 
of 13% in the Swedish River Grönån is excluded, 
the hybrid frequency for Europe decreases down 
to 0.41%. In River Grönån the impact of hatch­
ery-reared fish cannot be totally ruled out 
(Jansson et al. 1991), although the authors as­
sert that the hybrids were of natural origin. Based 
on this possible impact of hatchery-reared fish, 
we excluded River Grönån from following com­
parisons of hybrid frequencies.

A variety of ecological mechanisms can in­
fluence the frequency of natural hybridization 
(see Hammar et al. 1991 and references therein). 
Hybrid frequency comparisons between po­
pulations and geographical regions may pro­
vide new information on these factors. The 
pooled frequency for Scandinavia (including this 
study) is significantly lower than for the rest of 
Europe (t=284.9, df=°°, P<0.001). The same 
conclusions are drawn also by comparing the 
confidence intervals based on Poisson distribu­
tion of the frequencies. For 99% probability the 
confidence intervals were obtained from the sta­
tistical tables of Diem and Lentner (1970) if 
AÿclOl, where N is the sample size and f is the 
average hybrid frequency. If Nf >101 the confi­
dence intervals were calculated as follows: the
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lower limit is ( 1.288 - (Nf)05)2 and the upper limit 
(1.288 +(/V/+l )05)2. The confidence intervals for 
Scandinavia (0.015-0.27%) and for the rest of 
Europe (0.34-0.60%) do not overlap. The same 
conclusions are obtained even if the hybrid fre­
quencies are weighted by sample size.

Verspoor (1988) reported that the hybrid fre­
quency for North America is significantly higher 
than for Europe. He suggests that this difference 
could be a consequence of the late introduction 
of brown trout to North America, compared to 
the long-time sympatry of the species in Europe. 
McGowan and Davidson (1992) present further 
data on hybrid frequencies for North America 
and doubt the inferences made by Verspoor 
(1988). Based on Table 2, the 99% confidence 
intervals for hybrid frequencies in Europe (0.28- 
0.50%) and Canada (1.9-4.0%) do not overlap 
if River Grönån is excluded. The finding made 
by Verspoor (1988) is further supported by the 
weighted hybrid frequencies, since the confi­
dence intervals are 1.2-3.3% for Canadian po­
pulations and 0.20-1.7% for European popu­
lations.

The hybrid frequencies in Table 2 were ob­
tained from different age-groups, which may 
reduce the reliability of our comparisons. It is 
possible, for example, that the viability of hy­
brids is lower than that of parental species, so 
that the proportion of hybrids among adults or 
smolts may be lower than among juveniles.

The main mechanism segregating Atlantic 
salmon and brown trout may be the difference 
in their spawning time (Heggberget et al. 1988). 
But neither temporal nor physical factors or habi­
tat selection did segregate the spawners of the 
two species completely (Heggberget et al. 1988). 
In the Rivers Teno and Näätämö the spawning 
of Atlantic salmon and brown trout extends 
through four to five weeks during September and 
October, but it is not known whether there is tem­
poral segregation in their spawning times.

One of the most evident causes for inter­
specific hybridization is environmental pertur­
bation, e.g. construction of habitats, transplan­
tation of stocks, and introduction of new species 
(Campton 1987; Verspoor 1988; Vuorinen 
1988).The Teno and Näätämö River systems have

both been in their natural condition with fish­
ing being the only prominent human activity. But 
recently, ever increasing fish farming has become 
a threat, and some Atlantic salmon escapees have 
been recognized in River Teno since the sam­
pling for this study was completed.

In non-disturbed environments the most im­
portant causes promoting hybridization may be 
local factors. In the Rivers Teno and Näätämö 
these could include precocious maturation to­
gether with high age of smoltification, biased 
sex ratio, and coexistence of different life- 
history types of salmon and trout on the same 
spawning grounds. Garcia de Léaniz and 
Verspoor (1989) found 2.3% hybrids among At­
lantic salmon parr from Spanish rivers. One of 
the factors to explain this high frequency was 
that almost all salmon males became preco­
ciously mature. McGowan and Davidson (1992) 
reported from Newfoundland, based on mtDNA 
analysis, that the direction of hybridization is 
solely unidirectional, Atlantic salmon males fer­
tilizing brown trout females.

These observations support the view that pre­
cocious maturation of Atlantic salmon males 
have impact on incidence of hybrids. Percent­
age of precocious males in Atlantic salmon sam­
ple from Rivers Teno and Näätämö varied from 
0% to 20%, and among locations with hybrids 
occurring the frequency of precocious males was 
4-17% from the total number of sampled juve­
niles of Atlantic salmon (Table 1).

All hybrids were found in tributaries where 
anadromous brown trout most probably coexists 
with Atlantic salmon. Females of anadromous 
brown trout are known to be four times more 
numerous than males in River Teno (Niemelä 
and McComas 1986). According to subarctic 
conditions, the age at smoltification is 5-7 years 
for brown trout (Niemelä and McComas 1986) 
and 3-6 years for Atlantic salmon within the 
Teno water system. Sexual maturation before 
smoltification can increase the probability of 
hybridization, especially, if precocious males are 
able to maturate in successive years. Presently 
there is a lack of evidence of multiple matu­
rations among juveniles of Atlantic salmon.
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The relationship between these specific fac­
tors and hybridization needs further studies. It 
is suggested that the incidence of hybrids within 
the Rivers Teno and Näätämö should be moni­
tored with non-invasive methods, e.g. using adi­
pose fin or blood samples and diagnostic pro­
tein loci or DNA markers. More detailed infor­
mation on brown trout life-history and within 
water course migrations should be collected. 
Precocious maturation frequencies of Atlantic 
salmon are based on small sample sizes per tribu­
tary, and to get more reliable estimates, more 
individuals should be studied.
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During the past five to six decades anadromous 
species of salmon and trout have been artificially 
reared and released in nature to such a extent 
that the number of artificially reared fish may 
now approach, or even exceed the number of the 
naturally spawned (wild) fish in certain places. 
There is concern that such a practice will result 
in the developmental and evolutionary diver­
gence of the reared strain away from the wild 
phenotypic norm (e.g., Fleming and Gross 1992), 
and that interactions will occur in the wild be­
tween the reared and the wild stocks in respect 
of diseases, parasites, behaviour and genetics 
(Saunders 1991). The rearing procedure prob­
ably involves selection for new phenotypes ca­
pable of succeeding in this new environment. 
Selection for traits previously advantageous in 
the wild may also be relaxed. This will result in 
a divergence of reared fish from their wild 
conspecifics and will probably render the former 
inferior under natural condition (e.g. Fleming 
and Gross 1992, Petersson and Järvi 1993).

The shape of the fish body is generally sup­
posed to be subject to conflicting selectional pres­
sures (e.g. Riddell and Leggett 1981, Taylor and 
McPhail 1985a, Fleming and Gross 1989, Swain 
and Holtby 1989, Swain et al. 1991). For exam­
ple, the most adaptive shapes for burst and for 
sustained modes of swimming are different 
(Webb 1978, Taylor and McPhail 1985b). Burst

swimming requires “thrust,” which is maxim­
ised by increased depth in each propulsive ele­
ment (such as body height, caudal-peduncle 
depth, and median fin sizes). Such a body shape 
is superior because it facilitates escape from 
predators and confers an advantage in intra­
specific interactions. A fusiform body shape, on 
the other hand, is superior for sustained swim­
ming. In nature, the frequency of intraspecific 
interactions probably is lower than in a hatch­
ery, but a hatchery contains no predators. Salmon 
live in running water, both in nature and in 
hatcheries, but the water speed may be greater 
and more variable in nature.

Many studies on dominance and agonistic be­
haviour in salmonid fishes have indicated that 
sea-ranched populations are more aggressive and 
more often attain dominance than their wild 
counterparts (e.g., Fenderson et al. 1968, Moyle 
1969, Swain and Riddell 1990). However, game 
theory predicts the opposite: at extremely high 
densities (such those occurring in hatcheries) 
there should be a strong selection pressure for 
less aggressive individuals, because the number 
of interactions with conspecifics would make it 
almost impossible to maintain territories (cf. 
Doyle and Talbot 1986, see also Fenderson and 
Carpenter 1971 for discussion of crowding ef­
fects). Selection experiment carried out by 
Ruzzante and Doyle (1991, 1993) suggest that
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there is a negative correlation between growth 
and aggressiveness in food-rich environments, 
individuals having high grow rate show lower 
levels of aggressiveness than those growing 
slower. Ruzzante (1994) concluded that indirect 
selection on agonistic behaviour as a result of 
direct selection on growth will be significant if 
selection is conducted under competitive condi­
tions that promote aggressive interactions, and 
will be positive or negative depending on 
whether food is limited or available in excess. 
Although those later mentioned studies do not 
discussion body form, rather body size, they in­
dicate that there are no absolute relations be­
tween aggressiveness and morphological vari­
ables. It is, however, reasonable to suggest that 
if selection for aggressiveness associates with the 
body shape, a more robust (deeper) body shape 
of the more aggressive population (probably the 
sea-ranched one) is to be expected. However, as 
noted above, there are also selectional pressures 
that may lead to streamlining of the body of sea- 
ranched fish.

In a previous study, we showed that the body 
morphology of wild and sea-ranched adult sea 
trout, Salmo trutta (L.), differs (Petersson and 
Järvi 1993). In the present study we compared 
parr (0+) of these two types of sea trout using 
fish with a common genetic origin.

The study was made in 1992 at the Fishery 
Research Station at Älvkarleby, in central Swe­
den. The research station is situated on the River 
Dalälven that flows out into the Baltic Sea. 
Diadromous fishes are hindered from following 
their natural migration routes, due to the hydro­
electrical power plant at Älvkarleby. Adult 
salmon and sea trout migrating upstream are 
caught by using a catching case (an underwater 
trap with a vertically movable base) and trans­
ported to a sorting hall, where they are kept and 
used for artificial breeding.

Two strains originating from the River 
Dalälven occur in the river today. One strain was 
established in 1965 when a large number of these 
fish were caught and used for artificial breeding 
and cultivation. The released offspring of these 
fish were marked by cutting the left pelvic fin. 
This strain is designed the “sea-ranched” strain.

The other strain is a mixed one, consisting of 
all sea trout that have both their pelvic fins in­
tact. Since 1986 this strain has also been used 
for artificial breeding and their offspring re­
leased, without being marked. In addition, this 
strain has most likely been diluted by the sea- 
ranched strain during the course of spawning in 
nature and by sea trout from other rivers intro­
duced to River Dalälven. These other strains 
originate from the River Weichel (Poland) and 
the River Klarälven (southern Sweden). The 
numbers of offspring of these two introduced 
strains released have never made up more than 
ten perceant of the strain originating from the 
River Dalälven itself. All artificially reared fish 
have been released as smolts (2+). It should be 
noted that other artificially reared sea trout had 
been released into the river long before 1965 
(since 1872 in fact), but then mainly as fry or as 
one-year old parr and without being marked. 
Nevertheless, the offspring of all the unmarked 
sea trout studied will be referred to as the “wild” 
strain. In addition, electrophores has been car­
ried out in 1989 on the offspring to marked and 
unmarked parent fish (H. Jansson, pers. comm.). 
Eight loci were investigated, and significant dif­
ferences in gene frequencies between the two 
strains were found for four loci. Whether this 
difference were due to a genetic divergence be­
tween the two strains or were an effect of the 
relative small sample size (the fish were sample 
from the offspring of 25-30 parent pairs). 
Jansson’s study was initially conducted to sur­
vey for alleles from the River Weichel strain, but 
any influence from this foreign strain could not 
be demonstrated.

In this study we used 100 fish, 50 wild and 
50 sea-ranched, for the morphological measure­
ment. Both wild and the sea-ranched fish were a 
mixture of offspring from several parent pairs 
(31 wild and 94 sea-ranched pairs, respectively). 
All parent fish were stripped for eggs and milt, 
and the fertilised eggs and the hatched juveniles 
were raised in the hatchery under the same con­
ditions. Each fish used in this study was weighed, 
and total length, body depth and width, and 
length of bases of the dorsal, anal and adipose 
fins measured (Fig. 1). After that, each fish was
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Fig. 1. Measurements made 
on juvenile sea trout 
(.Salmo trutta). 1) Total 
length, 2) length of dorsal 
fin, 3) length of adipose fin, 
4) length of anal fin, 5) 
depth, and 6) width (meas­
ured as the distance from 
the centre of the cross to the 
corresponding spot on the 
other side of the fish).

dissected for sex determination and the heart 
removed, and weighed. The comparisons be­
tween the two strains were made as follows. First, 
the means for all variables were compared us­
ing Bonferonni’s method (Table 1). Second, ho- 
mogenety-of-slopes (HOS) for variables on body 
size of sexes within strains were compared. No 
significant differences could be demonstrated. 
Thereafter, an analysis of covariance (ANCOVA) 
between sexes within strains was made for each 
variable on body size. No significant differences 
were found, thus the sexes within strains were 
pooled in the subsequent analyses. Third, a HOS 
of strains was made for each variable on body 
size. If the strains showed no difference in slopes 
for a variable, an ANCOVA was calculated (see 
Table 2). In all cases multiplicative regressions 
(y=a • xb, x being the body size, y the trait and a, 
b constants) have been used. Residuals from 
separate within-group multiplicative regressions 
were used in a canonical discriminant analysis. 
This analysis, however, did not demonstrated any 
overall differences between the two strains.

On average the sea-ranched fish were larger 
than the wild ones (Table 1), despite being of 
the same age and given the same amount of food 
per total mass of fish in each rearing contain­
ment. This probably reflects the fact that sea- 
ranched fish have been selected for fast growth. 
Because the hatchery is a risk free environment, 
individuals that have a high feeding rate might 
be superior in a hatchery environment. In na­

ture an extraordinarily high growth rate might 
be disadvantageous, because such individuals 
will be obliged to search very intensively for 
food, which might lead to more intra- and 
interspecific interactions and a to higher risk of 
exposure to predators (cf. Bennett and Houston 
1989). The two strains had significant different 
slopes for two variables, body depth and base 
length of the anal fin (Table 2). In both cases 
the wild strain had a steeper slope than the sea- 
ranched one. Because the regression lines cross 
each other in both cases, this might indicate that 
the wild strain will have a greater body depth 
and larger anal fin when obtaining the same size 
as the sea-ranched one. Alternatively, these ef­
fects might be due to ontogenetic changes in 
allometric growth, i.e. the wild strain will look 
like the sea-ranched one when it develops to a 
larger size. Further studies have to be done to 
investigate these questions. Finally, the wild 
strain had a larger body width than the sea- 
ranched one (Table 2), and this effect is con­
stant throughout all investigated body sizes. This 
means that wild fish had a more ”cylindrical” 
body shape. However, whether this is related to 
swimming performance is unclear.

Swain et al. (1991) found both genetic and 
environmental differences between wild and sea- 
ranched juveniles of coho salmon (Oncorhynchus 
kisutch). In their study, the wild-reared fish 
tended to have relatively longer and deeper 
heads, relatively shorter midbody lengths, rela-
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Table 1. Comparison of different morphological traits of male and female 
sea trout (Salmo trutta) parr (0+) raised in the hatchery, but having parents 
of wild or sea-ranched origin. Sample size; Sea-ranched females=25, sea- 
ranched males=25, wild females=27, and wild males=23. The mean values 
designated by the same letter did not differ significantly at the P<0.05-level 
according to Bonferonni’s multiple comparison method.

Variable Origin/Sex Mean ± SD

Depth (mm) Sea-ranched females 25.728 ± 4.200 a
Sea-ranched males 25.136 ± 3.596 a
Wild females 21.389 ± 4.191 b
Wild males 20.435 ± 4.481 b

Width (mm) Sea-ranched females 14.588 ± 2.602 a
Sea-ranched males 14.036 ± 2.052 a
Wild females 12.470 ± 2.401 ab
Wild males 11.839 ± 2.653 b

Heart (Wet weight, g) Sea-ranched females 0.040 ± 0.019 a
Sea-ranched males 0.036 ± 0.015 a
Wild females 0.024 ± 0.011 b
Wild males 0.022 ± 0.012 b

Body weight (g) Sea-ranched females 25.694 ± 12.112 a
Sea-ranched males 22.823 ± 9.007 a
Wild females 15.226 ± 7.496 b
Wild males 13.899 ± 7.243 b

Body length (mm) Sea-ranched females 128.360 ± 19.451 a
Sea-ranched males 123.840 ± 14.812 a
Wild females 106.185 ± 17.079 b
Wild males 103.217 ± 17.772 b

Adipose fin (mm) Sea-ranched females 4.592 ± 0.495 a
Sea-ranched males 4.636 ± 0.588 a
Wild females 3.996 ± 0.533 b
Wild males 4.148 ± 0.935 ab

Dorsal fin (mm) Sea-ranched females 15.576 ± 2.263 a
Sea-ranched males 15.676 ± 1.980 a
Wild females 13.415 ± 2.178 b
Wild males 12.817 ± 2.455 b

Anal fin (mm) Sea-ranched females 10.876 ± 1.439 a
Sea-ranched males 10.612 ± 1.474 a
Wild females 9.137 ± 1.756 b
Wild males 8.943 ± 1.608 b
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Table 2. Differences between strains (of wild or sea-ranched origin) of sea trout (Salmo trutta) in regressions 
of different morphological measurements on body size (i.e. body length, except for heart wet weight were 
x=body weight). In all cases a multiplicative regression have been used. First a homogeneity-of-slope analy­
sis (HOS) was performed, if this analysis did not reveal any significant difference, an analysis of covariance 
was performed. The corresponding F-value (for ANCOVA f-value) and level of significance are indicated, NS 
means that neither analysis revealed any significant difference between the two strains.

Variable Origin Regression Analysis F/t P

Depth (mm) Sea-ranched
Wild

0.132 • x1'232
0.068 ' x1087

HOS 4.67 <0.035

Width (mm) Sea-ranched
Wild

0.064 ' x1119
0.040 ' x1'229

ANCOVA 3.69 <0.001

Heart (Wet weight, g) Sea-ranched 0.0018 • x0943
NS

Wild 0.0017 • x0955

Body weight (g) Sea-ranched
Wild

(5.58T0-6) ' X3 '47 
(4.1 IT O'6) ' x3-222

ANCOVA 3.51 <0.001

Adipose fin (mm) Sea-ranched 0.263 • x0-592
NS

Wild 0.357 • x0521

Dorsal fin (mm) Sea-ranched
Wild

0.217 • x0-884
0.126 • x0999

NS

Anal fin (mm) Sea-ranched
Wild

0.228 • x0-796
0.078 • x1022

HOS 3.97 <0.050

lively deeper bodies, and relatively larger me­
dian fins than the sea-ranched fish did. These 
results are somewhat in accordance with ours, 
but our main conclusion have to be similar to 
theirs: the rearing environment probably affect 
the body shape of the fish more than the possi­
ble differences in genetics. Morphological 
plasticity in salmonids has been demonstrated in 
several studies (e.g. Currens et al. 1989, Beacham 
1990). The largest difference between the two 
strains of the sea trout is growth rate, but no 
conclusions can be drawn concerning aggressive­
ness. In order to investigate this a closer exami­
nation of the effect of domestication on behav­

iour has to be done. If the aim is to restore, or 
maintain, a wild population, then the main con­
cern must be to study just how hatchery-rearing 
should be done so as to result in fish that are as 
close to wild populations as possible.
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year yr degrees of freedom df
month mo expected value E
week wk intercept

logarithm (specify base)
a
log

Weights and Measures minute (angular) 1

centimeter cm not significant NS
gram g percent %
kilogram kg probability P
kilometer km probability of type I Pa
liter (exception to SI) L error (false rejection of
meter m null hypothesis)
Spell out hectare and tonne.



probability of type II Pß
error (false acceptance of 
null hypothesis) 

radian rad
sample size N
second (angular) 
standard deviation SD
standard error SE
variance V or var

Physics and Chemistry
all atomic symbols 
alternating current AC
ampere A
becquerel Bq
candela cd
chemical acronyms listed in 

Webster’s dictionaries 
(DDT, EDTA, etc.)

coulomb C
dextro d

direct current DC
electron volt eV
equivalent eq
farad F
gray Gy
hertz Hz
hydrogen ion activity pH

(negative log of) 
joule J
levo L

lumen lm
lux lx
molar M
mole mol
newton N
normal N
ohm Q
ortho o

para p
pascal Pa
per mille (per thousand) %o
siemens S
tesla T
trishydroxymethyl- 
aminomethane tris
volt V
watt W
weber Wb

General (some are restricted)
compass directions (maps
and coordinates): east E

north N
south S
west W

et alii et al
et cetera etc.
filial generation F
for example e.g.,
international unit IU
months (tables, figures):

first three letters 
(Feb, Jun, etc.) 

ploidy n
sex (tables, figures, hybrid 

crosses): female $
male $

that is i.e.,

Word List
The spelling of the following 
words is frequently inconsisten 
in submitted manuscripts. We 
prefer that authors adhere to the 
Journal’s house style for these 
commonly used terms:

age-class (n.) 
age-group (n.) 
aquaculture (n.)
Arctic char (n.) 
brackish water (n.) 
brackish-water (adj.) 
chi-square (n., adj.) 
cold water (n.) 
cold-water (adj.) 
deep sea (n.) 
deep-sea (adj.) 
deep water (n.) 
deepwater (adj.) 
freshwater (n., adj.) 
fresh water (n.) 
groundwater (n., adj.) 
hard water (n.) 
hardwater (adj.) 
headwater (n., adj.) 
lake water (n., adj.) 
meltwater (n., adj.) 
open water (n.) 
open-water (adj.) 
percent (n.) 
salt water (n.) 
saltwater (adj.) 
sea-run (adj.) 
seawater (n., adj.) 
shallow water (n.) 
shallow-water (adj.) 
short term (n.) 
size-class (n.) 
snowmelt (n.) 
soft water (n.) 
softwater (adj.) 
tidewater (n., adj.) 
f-test (n., adj.) 
warm water (n.) 
warmwater (adj.) 
year-class (n.) 
young-of-the-year (n., adj.)
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