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Abstract

The Tana river, in northern Norway has the largest wild Atlantic salmon stock in the world. Each summer more than 1 million
smolts, representing nearly 20% of the total number of Atlantic salmon smolts produced annually in Norwegian rivers, descend
through the large estuary of this river. Several marine fishes feed in the estuary during the summer months, and because the
descending smolts are suitable prey, predation by these species was expected to be significant for the survival of the smolts.

In 2000 (mid-June to early August), nearly 500 cod (Gadus morhua L.), saithe (Pollachius virens L.), whiting (Merlangius
merlangus), haddock (Melanogrammus aeglefinus) and sea trout (Salmo trutta) were caught by hand jigging and troll fishing in
the estuary and inner part of the Tana fjord before, during and after the smolt run. Based on analyses of the fish stomach contents,
lesser sandeel (Ammodytes marinus) was found to be the dominant prey, while no remains of Atlantic salmon, including otoliths,
were found. We conclude that neither marine fishes nor anadromous trout are significant predators on salmon smolts in the
estuary and inner fjord, probably due to a large abundance of lesser sandeel. Sandeel may thus be a key factor for the status of
the Tana river as one of the world best Atlantic salmon rivers, by reducing the high smolt and post-smolt mortality as observed
in several other estuaries and fjords.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Predation by fish is the major cause of predation
mortality of fishes in many marine boreal ecosystems
(Bax, 1998). Studies of growth and survival suggest that
growth-mediated predation is the dominant source of
recruitment variability within populations (Friedland
et al., 2000). The main mortality on Atlantic salmon
smolts is believed to occur from entry into the estuary
through to and during the first months of the post-
smolt stage (Hansen and Quinn, 1998). Survival from
smolts to mature fish varies considerably between pop-
ulations, from less than 5% (Hansen and Quinn, 1998)
to 30-40% (Crozier and Kennedy, 1993).

Whereas few fish have been identified as important
predators on salmon smolts, marine species such as cod
(Gadus morhua L.) and saithe (Pollachius virens L.)

did prey heavily on Carlin-tagged smolts in the estuar-
ies of two rivers (Surna and Orkla) in mid-Norway. The
predators appeared to aggregate in the estuaries and fed
on salmon smolts that left the river mouth, resulting in a
mortality of up to 24.8% in these small, restricted areas
(Hvidsten and Mgkkelgjerd, 1987; Hvidsten and Lund,
1988). Cod and saithe, and piscivorous birds such as
gannets (Morus bassanus), mergansers (Mergus spp.)
and cormorants (Phalacrocorax carbo) have also been
observed to consume post-smolts during their migra-
tion from the rivers to the oceans (Hvidsten and Lund,
1988; Feltham, 1990, 1995; Dieperink et al., 2002;
Montevecchi et al., 2002).

The Tana river in northern Norway is the most pro-
ductive Atlantic salmon river in western Europe, and
>150t of salmon are caught in the river each year
(Svenning et al., 2005). For some weeks each summer,
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Fig. 1. Map of the Tana river estuary and fjord showing the area where the fish sampling — by hand jigging (A) and troll fishing (B) — was

conducted 20 June—11 August 2000.
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Table 1
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Number of fish caught for stomach analysis in the Tana estuary/fjord from 20 June (week 25) to 11 August (week 32) 2000

No. of fish caught in the weeks

No. of stomachs with contents (total)

25-28 29-32 Total
Cod G. morhua 107 103 210 138
Haddock M. aeglefinus 29 92 121 89
Saithe P. virens 8 60 68 26
Whiting M. merlangus 7 33 40 20
Cusk B. brosme 1 0 1 0
Flounder P. flesus 0 1 1 0
Sea trout S. trutta 0 56 56 44
Total 152 345 497 317

probably more than a million salmon smolts descend
through the estuary, representing about 20% of the
total number of smolts produced annually in Norwe-
gian rivers (Svenning et al., 2005). A study of the
effect of a potentially serious predator, the goosander
(Mergus merganser) showed that their predation on
salmon smolts in the Tana estuary was very low in
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1981 and 2000 (Svenning et al., 2005). Their diet was
instead dominated by lesser sandeel (Ammodytes mari-
nus) which was very abundant in the estuary during the
whole summer, including during the seaward migration
of salmon smolts through the estuary.

While goosanders are thus probably ruled out as
important predators of salmon smolt in the Tana river,
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Fig. 2. Length frequency distribution of fish caught in the Tana estuary/fjord between 20 June and 11 August 2000.
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there remain several species of potential fish preda-
tors which are present in the estuary. These include
cod, saithe, haddock (Melanogrammus aeglefinus),
whiting (Merlangius merlangus) and sea trout (Salmo
trutta) (Hvidsten and Mgkkelgjerd, 1987; Grgnvik and
Klemetsen, 1987; Jiang and Jgrgensen, 1996; Tem-
ming et al., 2004). For these predators, Atlantic salmon
smolts of 25-30 g would presumably be ideal prey.

This study addresses the predation on salmon smolts
by these species in the Tana estuary, taking into con-
sideration their size and the role sandeels play as an
alternative prey.

2. Materials and methods

The Tana river in Finnmark, North Norway, is
partly a border river between Finland and Norway
(Fig. 1). It is a large river with mean average dis-
charge at 163m>s~! and with a maximum as high
as 2740m>s~! in late May (Niemeli et al., 2001).
According to earlier tagging experiments, the main
smolt run in the river is between 15 June and 25 July
(Svenning et al., 2005).

In the lower part of the river especially, sand is the
main bottom substrate, and large sand banks domi-
nate the inner 2-3km of the fjord and the estuary.
The estuary is shallow (0-3 m), but is bisected by a
deeper (2-3 m) channel formed by the river (Fig. 1).
The large sand banks are excellent habitats for sandeels
(Ammodytes spp.). In 2000, the main descent of the
smolts through the estuary was estimated to be in the
first 2 weeks of July (Svenning et al., 2005).

To determine levels of fish predation in the estuary
on Atlantic salmon smolts descending the river, preda-
tory fish were sampled by hand jigging or trolling from
a small (5 m) open boat in the estuary and the inner part
of the fjord from 20 June to 11 August 2000 (Fig. 1).
Each fishing effort was quantified according to number
of fishermen and time spent fishing. Samples were col-
lected over 32 days, covering the whole day and night
periods, and all the tidal phases.

All captured fish were weighed (£0.5 g), and their
(standard) length measured (0.5 mm). The stomachs
were opened in the laboratory under a stereo micro-
scope, and food items were identified to the lowest
possible taxon. The degree of fullness and % volume
of the different food items were estimated for each

sample. When possible, the lengths of all prey fish
were measured. Free otoliths were identified to species
using Hirkonen (1986) and a reference otolith collec-
tion. The frequencies of occurrence of prey species or
prey groups were estimated in order to describe the
diet width of the predator species. The % volumes of
prey species and prey groups were estimated to quantify
each category’s contribution to the diet. Empty stom-
achs were excluded from this estimation.

3. Results
3.1. Fish capture

A total of 497 fishes, from seven species, were
caught between 20 June and 11 August in the
Tana estuary/fjord (Table 1). Their lengths varied
from 20 to 65cm, with a dominance of individ-
uals between 25 and 45cm (Fig. 2). Cod (42.3%
by number) and haddock (24.3%) dominated, but
saithe (13.7%), sea trout (11.3%) and whiting (8.0%)
was also frequently captured. Only one flounder
Platichthys flesus and one cusk Brosme brosme were
caught.
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Fig. 3. Number of fish caught per person per hour in the Tana estu-
ary/fjord between 20 June (week 25) and 11 August (week 32) in
2000. The estimated peak of out-migration of Atlantic salmon smolts
in 2000 is marked with an arrow.
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Catch per unit effort (CPUE) increased from less
than 1 fish per hour in June/July to 15 fish per hour
in late July/August (Fig. 3). The increase in CPUE
was significantly positively correlated to date of cap-
ture for cod (r2=0.56, p=0.001), haddock (+*=0.47,
p=0.003) and sea trout (r2 =0.33, p=0.025), but not
for saithe (72 =0.18, p=0.22) and whiting (+*>=0.13,
p=0.29).

3.2. Diet

From the 497 fish, 452 stomachs (91%) were
analyzed, and of those 317 (70%) contained food
remains (Table 1). The frequency of empty stom-
achs varied from 13% in haddock to 50% in whit-
ing. Fish prey was found in approximately 95%
of the stomachs that contained food remains; for
cod (88.4%), whiting (95.0%), saithe (76.9%) and

Cod

Whiting

Saithe

Sea trout

sea trout (100%), while only 12.4% of the had-
dock stomachs contained fish remains. By volume,
fish constituted only 9.8% of the haddock stom-
ach contents, in contrast to 76% (in saithe) to
100% (in sea trout) for the other four fish species
(Fig. 4A).

Six prey fish species were found in the fish stomachs,
and among these lesser sandeel dominated (Fig. 4B).
No remains of Atlantic salmon were found in any of the
analyzed fish stomachs. In the cod stomachs, sandeel
made up 80.1% by mass, herring 3.6%, capelin 2.7%,
flounder 7.5%, saithe 1% and haddock 5.1%. In saithe
only sandeels (94.0% by mass) and cod (6.0%) were
found, while haddock and whiting had been eating
sandeels (84.4% and 92.6%, respectively), and herring
(15.6%) and capelin (7.4%), respectively. In the sea
trout stomachs, sandeels were the only prey species
found.
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Fig. 4. The stomach contents of fish sampled in the Tana estuary/fjord between 20 June and 11 August 2000, in groups (A) and in fish species

(B).
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Of the prey fish that could be measured precisely
(n=369), the lesser sandeel ranged from 3.5 to 18.2 cm
(mean 13.2 cm, n=330), flounders from 2.5 to 16.2cm
(mean 9.8 cm, n=13), herring from 6.7 to 18.1cm
(mean 13.2 cm, n=14), haddock from 12.0 to 21.7 cm
(mean 16.9cm, n=4), saithe from 13.6 to 13.9cm
(mean 13.8 cm, n=2) and capelin from 8 to 13.5cm
(10.4cm, n=6).

Although lesser sandeel strongly dominated as prey,
their size varied strongly between the predatory fishes.
The mean size of sandeels consumed was around 13 cm
(i.e. 1 year old) in cod, sea trout and whiting, and 7.6 cm
(young-of-the-year) in saithe (Fig. 5). The size of the
prey fish (sandeels) increased with the size of the cod
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Fig. 5. Length of sandeels found in stomachs of fish sampled in the
Tana estuary/fjord between 20 June and 11 August 2000.

(p=0.002) and sea trout (p =0.001), while no such cor-
relation was found for haddock, saithe and whiting
(p>0.05 for all species) (Fig. 6). Individual cod, sea
trout and whiting with body lengths below 40 cm, had,
however, consumed sandeels up to 17-18 cm.

4. Discussion

Previously registered salmon smolt runs in the Tana
river were between 15 June and 25 July (Svenning et
al., 2005; Davidsen et al., 2005). Catches of smolts in
trawls made between the estuary and the mouth of the
Tana fjord by the Norwegian Marine Research Insti-
tute on 5-22 July 2000 indicated a peak run through
the estuary during the first week of July (Svenning et
al., 2005). Thus, our sampling of predatory fish in the
estuary, between 20 June and 11 August 2000, most
probably covered the main smolt run.

Fish predators have a prominent ontogenetic change
in diet from a predominance of invertebrates in small
individuals to a predominance of fish in larger fish. The
proportion of fish in the cod diet often increases in fish
longer than 40 cm, and cod may swallow fish prey that
are up to 55% of their own length (Pedersen and Pope,
2003). The preferred prey mass is estimated to be about
2-4% of the cod predator mass (Nilssen et al., 1994).
During the period 1974-1981, the mean length of more
than 11000 salmon smolts from the Tana river var-
ied between 16.2 and 16.8 cm, and their mean weight
between 31 and 35 g (Svenning unpublished). Thus the
Tana salmon smolt would be expected to be a preferred
prey of a cod weighing 1-2kg or being 40-55 cm in
length, and even cod as short as 35 cm may prey on
smolts (Hvidsten and Mgkkelgjerd, 1987).

Although more than 450 stomachs of cod, saithe,
whiting, haddock and sea trout were examined during
the main smolt run in the Tana river, no salmon smolts
or otoliths from salmon smolts were found among any
of the stomach contents. Based on earlier studies in
the rivers Orkla and Surna in central Norway, where
saithe and cod were important predators on salmon
smolts (Hvidsten and Mgkkelgjerd, 1987; Hvidsten and
Lund, 1988), this result was unexpected. All preda-
tor fish species in the Tana estuary, except saithe, had
consumed prey fish within the size range of the Tana
smolts, and, based on the numbers of fish caught and
the frequency of prey fish per predator, cod and sea
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Fig. 6. Relationship between size of fish sampled in the Tana estuary/fjord between 20 June and 11 August 2000, and length of sandeels found

in the fish stomachs.

trout were potentially the greatest predator risk for the
descending salmon smolts. No sea trout was however
caught before 15 July, and the species was thus proba-
bly unimportant as an estuarine salmon smolt predator,
at least in this year.

Based on the near total dominance in the diet of
most of the fish predators, the abundance of lesser
sandeel in the Tana estuary is probably large compared
to most other Norwegian coastal areas. This large con-
centration of sandeels in the Tana estuary, their high
nutritional value (22-29kJg~! dry weight, Hislop et
al., 1991), their size and their slender body form makes
sandeels very attractive and vulnerable as prey. The
dominance of sandeels in the diet of the thousands of
male goosanders in the Tana estuary, with a correspond-
ing absence of salmon smolt in their diet (Svenning et
al., 2005), further emphasizes the importance of this

local sandeel stock in the Tana ecosystem. A simi-
lar but slightly lower dominance of locally abundant
sandeels in the diet of fish predators during the sum-
mer was observed at a coastal bank in south-western
Norway (Hgines et al., 1995). Whereas lesser sandeel
is probably the most abundant fish species in the North
Sea (Daan et al., 1990), and an important prey species
for many fish, seabirds and marine mammals (Furness,
2002), the species is evidently only locally important
in the Norwegian and Barents Seas where capelin and
herring are the dominant planktivores and prey species
(Sakshaug et al., 1994; Barrett, 2002; Skjoldal, 2004).
Smolt survival may be substantially increased by avoid-
ing predation in estuaries and fjords, as documented by
the experiments in the Surna river by Gunnergd et al.
(1988) and Heggberget et al. (1991). In experiments
with groups of two-winter-old smolts released into the
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river, the fjord outside or the open sea, the recapture rate
as mature salmon increased from 1.2% after release in
the river to 4.2% after release in the open sea (Gunnergd
etal., 1988; Heggberget et al., 1991). In the Surna estu-
ary and fjord, cod and saithe were important predators
(Hvidsten and Mgkkelgjerd, 1987), and these experi-
ments indicated that their predation on salmon smolts
was a substantial mortality factor.

As observed in other localities, piscivorous fish
may congregate to feed on smolts during their
migration (Meacham and Clark, 1979; Hvidsten and
Mgkkelgjerd, 1987; Hvidsten and Lund, 1988), how-
ever, the CPUE of potential smolt predators in the Tana
estuary and inner fjord increased considerably in the
period after the main smolt run. Likewise, a similar
increase was observed in the goosander aggregation
from June to August—September, culminating with up
to 25 000-30 000 birds in the estuary 1-2 months after
the smolt run (Svenning et al., 2005), indicating that
Atlantic salmon smolts are not the main basis for the
aggregation of either goosanders or marine piscivorous
fish species in the estuary. While the large and as yet
unexploited population of lesser sandeel in the Tana
estuary thus attracts large numbers of fish and avian
predators, they may also act as an important factor con-
tributing to the status of the Tana river as one of the most
important salmon rivers of the world.

The apparent low predation pressure on the salmon
smolts in the estuary may, however, be very fragile,
as any reduction of the sandeel population may force
these large numbers of bird and fish predators to feed
on alternative prey species, including salmon smolts.
Alternatively, they may simply leave the inner fjord
area to seek food elsewhere along the coast. A repeat
of our study in years when the sandeel population is low
throughout the summer would possibly indicate which
of these hypotheses is correct.
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