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Introduction

Great losses as a result of predation after release of reared
salmonidcs is an international problem, as ean be seen from
various publieations on the subjeet (for instanee Elson 1962,
Fraser 1974, Kanayama & Tuge 1968, Larsson & Larsson 1975,
Piggins 1958, Thompson & Tufts 1967). For thc salmon smolt
planting in Sweden, the model of thc Baltie Salmon population
of thc reared stock prediets a first-year mortality of about
85 % (Larsson 1975 and 1974). The major mortality factor is
here indubitably the immediate post-release predation. This
eertainly holds truc for the situation in thc river Luleälven
in the northern part of Sweden.

About 550 000 hatehery reared salmon smolt and 60 000 sea trout
smolt are released cvcry year at the hydro-eleetrie power plant
at Boden, some 40 km upstreamsthe river mouth. An attempt to
estimate the cxtent of thc irr~ediate post-release predation
was done in 1974. Burbot (Lota lota) has been found to be thc
most important predator in this river, and a gathering of
burbot to the plaee of release oeeurs. The investigation was
therefor foeused upon this speeies.
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Methods

Burbots were caught in two different areas cf the outlet basin
of the power plant. Area 1 situatedc10se to the releasing
plaee of the smolt, and area 2 about 50 m downstream in the
"mouth" of the outlet basin(see fig. 1). The traps in area 2
were in use from May 22 to Oetober 8, and the wire cages used
in area 1 from May 27 to June 7. The traps in area 2 are
norma11y used for the eatching of spawning migrating salmon,
and this fishing started on the 10th of June this year. In this
ease only the numbcr of burbot was counted without estimation
of weight.

Larger speeimen of burbot eould enter the outlet basin til
the 4th of June. After that date the spaee between the traps
was eloeed with net, allowing only sma11er burbot to pass.

In the period of May 28 - June 7 an intensive investigation of
the stomach eontent of burbot was undertaken. The burbot were
eut open irrmediately after the examining ofthe traps and
cages, and the number of salmon smo1t and other identifiable
species was eounted. The wcight of thc burbots was estimated
with the significans of thc approximation within the range of

. 1 hektogram. Scveral eontrolweighing were made to cheek the
signifieans of the estimations.

A number of burbot and also pike (Eßox Zueius) were eaught
with pole nct and eommon fishing methods during this period.

Results

Totally 4 935 burbot were caught from May 22 to October 8,
weighing about 7 000 kg. The result of the burbot catehing is
given in table 1.

Most of the burbot "..,ere caught in trap no 1 (area 2), indieating
that the burbot were entering the outlet basin from the relati­
ve1y ealm part of thc river. Trap no 2 in the middle of the
swift eurrent u1so had the lowest catching rate (fig. 1).

Table 1 has been divided into periods in order to show the
correlation bctwcen the gathering of burbot and the release
of smolt. In 1974, the release of smo1t occurred during the
period of May 20 - June 12. During this period the cateh in
trap no ~. was about 43 burbot/cxamining, compared to only
about 5 burbot/exam. beforc thcfirst oeeasion of release and
about 20 burbot/cxam. Iater in thc suwmer.
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Table 1: The catehes of burbot at the hydro-electric power
plant at Boden, river Lu1eti1ven, 1974.

j

8
3

23

14
7

5
41
23
19

I

1
no. .
burbot/exam.

0.9

i.

I
I332.3

II 17.5
! 2770.0 II: 598.5

xx I
i I

I ""'ight

I Tot. kg !1'1can weight
!

361

127
74

260
156

1121

16

i Trap no 1, 16/5-20/5' 4 20
I _"- 22/5-15/6 I 42 1731
I _11_ 17/6-30/6 I' 17 399
I _"- 1/7-22/7. 21 393

I

!Trap m 2, 17/6-30/6 I 15
I _"_ 1/7-22/7 I 24
I i

I Trap no 3, 17/6-30/6 I 19
I -"- 1(7-22(7 I 21
I I

IHcthod of Ine. I00.
cateh and time exa..TU.l burbot

IHire enge (area 1) 1
I 27/5-7/6

•
•

! Fishing 29/5
I
I Pole net 27/5-4/6 - I

I

8

14

4935

I 14.0 1.0

! 1.56

•
•

x On1y for the exam. 18/6 and 19/6, 70 burbot.
xx Ca1culated frau the rnean v:eight of 1. 5 kg•

A further convineing support for the hypothesis of the gathering
of burbot as a resu1t of burbots being attracted by the re1eased
smo1t, is given in a eomparison between thc dai1y eateh of bur­
bot in trap no 1 and the days of release for the smolt (see fig •
2). There i8 a strong correlation between the day of release
and an inerease in the number of burbot per examining. After the
first release of smo1t, the peak of burbot/exam. occur8 two days
1ater. After that, however, the "burbot peak" is closer to the·
re1easing day, indieating that the burbot are gathering outside
the out1ct basin (probab1y in the ealmer parts of the rivcr) to
entcr the basin when smolt are released.

Thc result of thc stomaeh analysis i8 given in tab1e. 2. Thc
mean number of smo1t/burbot is 2.1 in area 1 and 0.7 in area 2.
Burbot caught in area 2 are entering the basin, while burbot
caught in area 1 already in thc basin havc had the opportunity
to prey upon new1y released smolt.'



•
I

I
•

4

Table 2: Stomach ~nalysis of burbot caught' during the period
of May 28 - June 6 1974 in river Luleälven.

no. no. 00. % stornachs 00. srrolt 00. srrolt 00. other
burbot srrolt other spp. with grolt Per burrot per kg buri:x:)t spp/buri:x:)t

Area 1 275 I 566 90 69 % I 2.06 2.5 0.33 I
I

Area 2 949 674 544 42 % I 0.71 0.5 0.57

Total 1224 1240 634 48 % 1.01 0.8 0.52

The size of the burbot is not positively correlated to the
number of smolt eaten. The number of smolt/burbot was cornpared
between burbot weighing 0.5 kg or less and 1.5 kg and more for
burbot caught in area 1 on the 28th,' 29th and 30th of May.
The mean nUIT~er of smolt/burbot was 3.2 for the 0.5-and-less
category, and 2.9 for the 1.5-and-more category.

The length of the consumed smolt was not measured. 'In order to
detect any selectivity of the burbot for smaller or larger prey,
a comparison between the length distribution of all tagged smolt
found in burbot stomaehs (57), and the length distribution of
all tagged smolt released in the river Luleälven this year was,
done. The meanlength of tagged smolt found in stomaehs is 17.0 cm,
and forall tagged smolt 18.0 cm. The difference is significant
(0.01 p 0.001), indicating a preference for smaller prey,

maybe on a relative basis.

At the 7th of June, 455 340 salmon smolt had been released.
28 285 of these were tagged, or about 6.2 %. Of the 1 240 salmen
smolt found in burbet stomachs during the same period, ,49 were
tagged, or about 4 %. This indicates that burbot do not prefer
tagged fish •

Discussion

The high predatory dependent mortality is of course influenced
by many factors, both on the "predator side" and on the "prey
side". .
In river Luleälven there is a gathering of burbot to the place
or area of release. This could either be caused by a natural
migration being cut off by the dam building, or be caused by
the burbot being attracted to the supply of prey easy to catch.
The latter explanation is supported by the fact that there is
a correlation bet\-lcen "the increase of number of burbot/exam.
and the day of release (fig. 2). Furthermorc it has been found
for reany predatory species to switch from wild prey to reared
prey of the same species as soon as the reared prey has been
introduced (i.e. Thompson & Tufts 1967).
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The concentration of burbot seems to be restricted to the area
close to the outlet basin. A group of tagged salmon smolt was
released,about 5 km downstreams the power plant in 1973, and
this group show a clearly significant increase in survival as
compared with controlgroups released in the basin.

Observations of the predatory behaviour of burbot in a strearn
tank indicates that thcy are slow predators, hunting from what
one might call "ambush behind its own cryptic colouration" r
usually lying on the bottom waiting for the prey to corne close
enough (Jacobsson & Järvi 1976). The burbot observed in the
outlet basin showed a different behaviour. These burbot were
actively hunting, swimming around in the current, chasing the

,prcy. This indieates adaptations to the rather specific situa­
tion in the releasing area of this river.

Salmon smolt have furthermore to cope with other, predators on
their downstream migration. Pike is known to be an irnportant
predator in this river and in rnany other rivers. Salmon smolt
'seem, however, to have an innate avoidanee reaetion to pike or
pike-like predators, but no reaetion to predators like burbot
(Jacobsson & Järvi 1976). This hasof course consequenees in
the vulncrability of salmon smolt in eneounters with burbot.

Reared salmon smolt are totally incxperienced with fish preda­
tors when rcleased. In interactions with a pike" the genetieally
based avoidanee reaetion may hclp a rcared smolt.to escape
predation evcn in the first encounter. Laeking such areaction
towards a burbot, rcleased salmon smolt are a fairly easy prey
for a buibot.

Thc lack of predator experienee is an important factor in the
predator-prey relation between salmon smolt and burbot, as ean
be seen frem experiments with predator avoidance eonditioning
(Larsson 1977). Reared salmen smolt conditioned to avoid a
burbot show a signifieantly inereased survival compared to
eontrol smolt.

Similar results have been obtained by giving coho salmon fry
(Patten 1977) or soekeys salmon fry (Ginetz & Larkin 1976)
experience with a natural predator, or by conditioning young
of chum salmon to models of predators {Kanayama & Tuge 196B}.
These findings further emphasize the importance of predator
experienee.

,Avoidanee conditioning is useful in a ease when the predator
is of a"burbot type". A salmon smolt for instance, will survive
a eonfrontation with a burbot by avoiding thc very nearncss of
the predator. This ean also be obtained with a eonditioning
proecdure. The avoidanee reaetion established with conditioning
does not nceessarily mean that thc salmon smolt have obtained
an adequate reaetion towards a burbot, but will help the smolt
to survive the first encounter with such a predator. With other
prcdaters like pike er the eommon loon (Gavia immer) a eondi­
tioning preeedure is quitc incffeetive and may even bc harmful
(Fraser 1974).

In order to get an idea of the total extent of predation within
the outlet basin, the number of burbot has to be estimated.
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More than2 000 burbot were caught during the smolt release
period when burbot had free access to the basin. Nearly 400
burbot were caught in a limited area in the basin with very
simple means. A total catch of about 4 000 burbot per year
seem to have very little influence on the population (burbot
were caught 1975 and 1976 as well). On the basis of this, one
can estimate the number of burbot within the area to be at
least 10 000. With the minimum frequency of smolt per burbot
- 0".7 - and assuming that the predation rate is constant
throughout the period of smolt release, the total amount of
smolt being taken by predators will. be 10 000 x 0.7 x 25 =
175 000 smolt. This is really minimum figures and the actual
number is very probably much higher •

. Considering the fact that the salmon smolt have several kilo­
meters of migration in the river with many other predators
it is obvious that the predation is of such importance that
it prcbably is determining the result of salmon smolt planting
in many Swedish rivers.



7

References

ELSON, P.F.

FRASER, J.M.

1962. Predator-prey relationships between fish-
eating birds and Atlantic salmon. .
BulZetin No: 133 Fiaheries Research Board of
Canada

1974. An attempt to train hatchery-reared Brook
Trout to avoid predation by Common Loon.
Trans. Amer. Fish. 80a. No:4, 1974

•,

•

GINETZ, R.M. & LARKIN, P.A. 1976. Factors affecting rainbow trout
(SaZmo gairdneri) predation on migrant fry of
sockeye salmon (Oncol'hynchus nerka) •
J. Fish. Res. Board Can. 33: 19-24

JACOBSSON, S. & JÄRVI, T. 1976. Antipredator behaviour 9f 2 year
old hatchcry rcared Atlantic salmon (Salmo saZar).
and a dcscription of thc predatory behaviour of
burbot (Lota tota).
ZooZogisk Revy nr 3, 1976

KANAYAMA, Y. & TUGE, H. 1968. The use in fisheries of (elaborated)
defensive conditioned reflex in young Chum Salmon.
Probl. of Ichtyol. No 6: 834-83?

LARSSON, H-O. 1977. Evaluation of characters within different ­
stocks of salmon and sea trout, and the influence
of different factors on .the result of plantings ­
based on tagging experiments.
STU-report 76-4659, 1977

LARSSON, H-O & LARSSON, P-O. 1975. Predation on hatchery reared
smolt after release in the River Lu1e 1974.
S~edish Salmon Research Institute - Repo~t ~/1975

LARSSON, P-O. 1974. Carlin's model of the Baltic salmon popula­
tion. A recalculation with up-to-date,base data.
ICES, C.M. 1974/M:27 Anadr. Catadr. Fish Cmttae

LARSSON, P-o. 1975. En modell av östersjöns population av odlad
lax.
Swediah Salmon Reaearch Institute - Report 4/1975

. PATTEN, B.G. 1977. Body size and learned avoidance as factors
affecting predation on Coho Salmon (Oncorhynohus
kisutch)fry by Torrent Sculpin (Cottus rhotheus).
Fishery Bulletin Vol 75 No. 2: 457-459, 1977

PIGGINS, D.J. 1958. Investigation on predators of salmon smolts
and parr.
Salmon Res. Tr. IreZand 5:5

THO?1PSON, R.B. & TUFTS, D.F. 1967. Predation by Dolly Varden and
Northern Squawfish on hatchery-reared Sockeye Salmon
in Lake Wenatchee, Washington.
Trans. Amer. Fish. Soa~ 96 (4): 424-427



--

()CJ
Traps

-- -
--

,­
I

I
I

I
I

I
I

arefa
2,

I
I
I
I
I
I
I,
I
\
\ ,

:::::....-----=-= -=::---- ....:.-- ~.=:-::::::....-:::.::=::====----

Outlet basin

ponds

---=:
---~-

-

Outlet
fr m then

~I re easing

~\ '\
~t Areal,

t.:..-J\ 1 "

I -~-L_.-J.'~-----=-::-=~~ponds ~ , - -

----
Fig. 1. Map over the area at the hydro-electric power plant at Boden,river Lu1eälven.
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Fig. 2. Catch of burbot and release of salmon smo1t at, Boden, river I.uleälven, 1974.


