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Abstract

Capelin is usually considered to be a one-time spawner in fisheries management, aithough it has
long been known that, in particular, female fish may survive the immediate stress associated with
. the spawning process. Long-term survivability and growth of post-spawning capelin have,

. however, been difficuit to quantify. Here, we address these questions using an experimental
approach. Live post-spawning capelin have been successfully held under laboratory conditions
for one year at the Norwegian Institute of Fisheries and Aquaculture. Sexually mature fish were
sampled at the spawning sites in April 1997 and subjected to a controlled environment in the
laboratory until they regenerated fully tipe gonads in May 1998. The preliminary report outlines
the survivability and growth potential of post-spawning capelin on a seasonal basis. Results show
that both male and female fish display rapid growth dunng autumn and winter. Further, almost 60
% of female fish have an innate capacity to survive spawning and regenerate gonads the
following year. Thus, given favourable conditions, female capelin may survive to spawn a second
time and, thereby, contribute significantly to the spawmng stock.
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Introduction

Capelin (Mallotus villosus) is well known as the pelagic key-species in the North-Atlantic and in
the Barents Sea both with respect to its ecological importance as prey and, commercially, as a
(potential) resource for the fishing industry. The Barents Sea capelin has exhibited enormous
fluctuations in stock size which have been ascribed to heavy fisheries pressure (Hopkins and
Nilssen 1991), environmental changes and, recently, probably due to the predation of herring
(Clupea harengus) on capelin larvae (Gjpseter 1995). We refer to Templeman (1948), Jangaard
(1974), Vilhjalmsson (1994), and Gjgszter (1995) for comprehenswe accounts of the general
ecology and fisheries biology of capelin.

Spawning capelin are subjected to heavy predation from other fish species, birds and marine
mammals, and the spawning process itself is often accompanied by mass mortality due to
physiological stress. However, it has long been recognized that, in particular, female fish may
survive spawning but fisheries management still treat capelin as a one-time spawner since long-
term survivability and growth of post-spawning fish have been difficult to assess (Vilhjilmsson
1994). Here, we address these questions using an experimental approach.

Materials and methods

Live capelin were captured during one week in late April 1997 using shore seine at the spawning

~ sites in the inner-most part (Loddbukta) of the Balsfjord fiord system (69°N, 19°E), northemn
Norway. The Balsfjord capelin are beach spawners and the spawning site'is characterized by -
gravel and a small freshwater runoff on the beach. Immediately following sampling; fish were put
_mto an appr0x1mately 0.7 m® net pen at sea close to the spawning site. The sampled fish showed
no signs of external i mjunes and they were all at the peak of their reproductive ¢ycle. This was
ev1dent from the fully developed secondary sexual characters displayed by male fish (Templeman
|1948) and the depos1ted egg clusters which could be found attached to the nettmg of the. pen

.On May 6th 1997 the ﬁsh wereé transported by car in tanks with oxygenated seawater to the
=experlmental fac111t1f:s at the Aquaculture Research Station in Tromsg (lautude 70°N). At the
arrival 684 live capelin, 529 male and 155 female fish, were placed in a 0.5 m*square in-door
tank with green walls (Table 1). On June 23rd 1997, the fish were tranferred to an approximately
7 m® circular and green-walled out-door tank. Fish were held in the out-door tank until the -
termination of the study on May 4th 1998.

Behavioural observations were made occasionally. Moribund and dead fish were collected and
dated from May 6th 1997 and onward as they occurred and frozen (- 25 degC) for subsequent
analyses. Dead fish were analysed with respect to total body length (0.1 cm), total body weight
(0.1 g), sex, weight of gonads (0.01 g), and age from otolith readings. Further, the fish were
examined macroscopically for external injuries. On days June 23rd 1997, September 8th 1997,
November 11th 1997, January 9th 1998, March 9th 1998, and May 4th 1998, fish were given a
light anaesthesia (benzocain: 25 ppm) and subjected to the same analyses as those performed on
dead specimens apart from age and gonadal status. The sex of live fish was determined from
external characters which were particularly conspicuous during summer and spring. Some fish
were also tagged individually with FTF-69 fingerling tags (Floy Tag & Manufacturing). Handling
and tagging procedures of anaesthetised fish were accomplished successfully and the fish usually
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recovered within 30 min. On April 6th 1998 (five females)-and May 4th 1998 (all) fish were
sacrificed for age determination and -analyses of gonads (including maturity stage, fecundity and
egg size). The body weight (BW)-body length (BL) relationship of live capelin (male and female
fish combined) was investigated using average body sizes (Table 1) and the power-curve
regression: BW:= aBL’, where a is the regression constant and b is the regression coefficient

' (Wcatherley and Gill:'1987). -

' During the entire laboratory penod (i. e. May 6th 1997 - May 4th 1998) fish were fed

commercial dry food (T. Skretting AS: Nutra Svev™). The pelieted food (1.5-2.0 mm) was
suspended in the water column and it was provided daily and in excess using an automatic food
disperser. Fish were subjected to full strength unfiltered seawater (water exchange rate: minimum
301 per min), ambient temperatures (monitored daily), and, when held out-doors, the natural light
regime (Fig. 1). A constant and dim artificial light. was applied when fish were held in-doors,
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Figure 1. Temperature profile for the entire laboratory period. The open and filled rectangles iﬁdicate_ periods of
midnight sun (May 18th - July 23rd) and darkness (November 23rd - January 19th) cortesponding to latitude 70°N.

Comprehenswe data analyses and statistical tests (including individual gfowth'perft')nnance;
comparisons of dead vs live fish, age composition, and gonadal development) will be givenin a
forthcoming paper (Chnsuansen et al. in prep.).

Results

Behavioural observations

The stocking density of capelin with regard to biomass corresponded to about 8 - 12 kg fish per

"~ m"in the in-door tank. The density was assumed not to cause any crowding stress to capelin since

another schooling species, the Arctic charr (Salmonidae: Salvelinus alpinus), of similar body.size
as thut of capelin, thrives at stocking densities well above 20 kg fish per m’ (Christiansen et al.
1992). However, although capelin fed readily on dry food, behavioural observations suggested
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that fish were distressed, e. g. schooling was. absent or indistinet, male fish swam more actively
'than females and they were often seen colhdmg with the walls of the in-door tank. .-

From June 23rd 1997 and onward the out-door tank provided the ﬁsh W1th a larger body of
water, ameliorated the rearing conditions in general and minimized the incidence of collisions ,
with the tank wall. Immediately after transfer to the larger tank, the capelin formed a tight schtg)ol
and exhibited feeding-excursions exploring the entire tank volume. Fish that lost contact with the
school were often seen to succumb within a few days-time. Schooling behaviour was maintained
l.ll'ltll the terrmnatlon of the study desplte the decreasing number of fish. L

Sumvablhtv and sex—ratto

The?numbers and propomons of surviving capelin with time are shown in Table 1 and Fig. 2, .
respectively. There was a striking difference between male and female fish both with respect to
the magnitude and pattern of survivability. The proportion of male survivors displayed an_
exponential decrease with time (Fig. 2). Further, the majority of male fish did not die dunng the
first period of confinement (30.4 % from May 6th 1997 to June 23rd 1997) but rather in the -
subsequent summer months (84.2 % from June 23rd 1997 to September 8th 1997) (Table 1).:
During autumn, winter, and spring, male fish mortality was gradual and relatively low (Fig. 2).
Only about 1.5 % of the male capelin survived the entire laboratory period. By contrast, the -
proportion of surviving female capelin declined gradually and in an aimost linear fashion (Fig. 2).
Thus, 56.8 % of the females survived from May 6th 1997 until spring the following year (i. €.
March 9th 1998). In late spring 1998, however, female mortality increased markedly (67.0 %
from March 9th to May 4th) resulting in an overall surv1vab1l1ty of 18.7 % since the start of the
study on May 6th 1997 (Table 1). ; .

100

_®mMale DOFsmale |

80 |
80 1
40T -

20 1

SURVIVORS (% from May-97)

"Il \J'

MAY-87 JUN SEP NOV JAN MAR MAY-98
. - MONTH

o Ftcrure 2 Proportlons of live male and female Mallotus villosus. The initial values of 100 % correspond to 529 male
and 155 female fish, : : o

'leferences in survwabxllty between male and female fish are . reflected in the sex-ratio (Fig. 3).
On May 6th 1997, the sex-ratio was skewed in favour of male fish {77 %). The sex-ratio reached
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parity in summer, and at the termination of the study on May 4th 1998 the picture was reversed
with females constituting about 78 % of the fish.
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Flcurc 3. Sex—ratlos of live male and female Maﬂatus villosus.

Incidence of external injuries

- Categories of external injuries displayed by dead capelin are shown in Fig. 4. Male (N = 161) and
female (N = 24) fish were collected during the first period of the study.(May 6th. 1997 - June 23rd
1997). Certain types of severe injuries were strongly linked to sex. Thus, injured, often dlsrupted
yaws (especially the mandible) predominated male capelin (83.9 %) whereas injuries to'the skin
and fins appeared to be a trait of female fish (37.5 %). Few male fish had died from no obvious

Causes.

Examinations of live capelin on June 23rd 1997 suggested that most fish were injured before they
were transferred to the larger tank. Thus, very few capelin (dead or alive) showed signs of
injuries from September 8th 1997 and onward. However, a few hours of intense sunlight pnmo
March 1998 caused sunburns in capelin. This became evident from two paraliel stripes of '
inflamed skin which developed laterally and dorsally in all fish. Fish were, thereafter, protected
from du'ect exposure to the sun using a shade cloth above the tank. _
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Figure 4. External injuries displayed by dead post-spawning Ma!lotus wl!asus Male (N = 161) and female (N 24)
fish were collected from May 6th 1997 to June 23rd 1997. '

Age composition

__ fPrelmunary otolith readings of capelin collected from May 6th 1997 to June 23rd 1997 (N = 185,
Table 1) revealed that 91.4 % (n= 169} of the fish were two years of age: Otoliths were difficult
to 1nterpret for the remammg specimens (n = 16) but suggested an age of three years. Thus, in

‘capelin presumed to be older than two years, male 'and female fish constltuted about 6 8 %
(11:161) and 20.8 % (5: 24) respectlvely : : :

Growth

The average body size of growmg male and female capelin is shown in Table I and the
corresponding body weight-body length relationship is shown in Fig.'5. The growth of male:and
female fish differed markedly. Female fish gradually gained weight until: sprmg the following’
year and on March 9th 1998, their body weight had increased almost fivefold since June 23rd"
1997 (Table 1). Although the initial body weight of male fish (9.4 g) twice exceeded that of -
females (4.8 g), males did not gain weight during summer. This resulted in female fish being
slightly heavier (9.1 g) than males (8.6 g) on September 8th 1997.

However, male fish grew rapidly during autumn and winter, and, on November 17th 1997,

* female fish were outgrown by some 20 %. Subsequently, male fish maintained the lead in body
weight (Table 1). In both male and female fish, body weight peaked in spring 1998 followed by a
slight decrease on May 4th 1998 (Table 1). In contrast to body weight, male and female fish
increased in body length throughout the study with male fish being consistently longer than
females (Table 1 and Fig. 5).
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Table 1. Number and body size of live male and female Mallotus villosus. Body sizes are given as arithmetic means
and SD indicates the standard deviation. N is the number of fish investigated at given dates.

Date N-Male | Body Length, | Body Weight, | N-Female | Body Length, | Body Weight,
] em (+-SD) g(+-SD) | 1 em (+-SD) g (+/-SD)
MAY 06th 1097 | 529 ' ' 155 | .
JUN 23rd 1997° 368 12.7 (0.53) 9.4 (1.8) 131 10.9 (0.65) 48 (1.4)
SEP 08th 19977 58 13.1 (0.71) 8.6 (2.7 111 12.6 (0.82) 9.1(2.4)
NOV 17th 19972 | 21 [ 14.7(0.93) 19.8 (3.9 107 13.6 (0.76) 159 (2.7)
JAN 00th 1998 | . 19 16.0 (0.81) 283400 | 96 14.8 (0.69) 194 (3.0)
|MAR 09¢h 1998* | 12 16.3 (0.70) 323400 | 8 - | 153(0.78) 23.1 (40)
MAY 04th 1998° 8 17.00.56) | 30725 |- 29 154 (0.85) 222(3.8)

1y In-door tank (0.5 m’); 2) Out-door tank {7 m’)

The body weight {(BW) of an average capelin could be derived from body length- (BW) using the
equation: BW = 0.00008 BL*” (Fig. 5). Although the body weight-body length relationship does
not distinguish between neither male and female fish, nor season, it still suggests that the overall
growth of capelin is rapid and highly allometric, i. e. the regression coefficient b (= 4.579)
deviates considerably from that of cubic growth (b = 3).
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Figure 5. Body weight-body length relationship of live male and female Malfotus villosus during the period June
_23rd 1997 - May 4th 1998 The relationship is based upon the average values given in Table 1. .

Rt:generatlon of the female z_onad

Capelin were captured at the spawning sites in late April 1997, and it was obvious that female
fish were about to spawn. This was supported by the fact that small amounts of residual eggs .
were found in the body cavity of fish which had died in the subsequent weeks of confinement
{May 6th 1997 - June 23rd 1997).
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"The gonado-somatic indices (GSI = ratio of roe weight to body weight) of dead and sacrificed
fish are shown in Fig. 6. The first visible sign of roe was registered on December 13th 1997, The
GSI increased exponentially from February 1998 (day 55) and onward resulting in an average
GSl.of about 25 % by the end of the study on May 4th 1998. The GSI of sacrificed fish (i. e.
April 6th 1998 and May 4th 1998) ﬁtted closely with the’ GSI—pattern exhibited by dead fish. (Flg.
6).

Preliminary exa:mnatlons of male and female capehn sacnfieed on May 4th 1998 revealed that :
all fish were in their last stages of maturity. Thus, male fish displayed fully developed spawning
ndges and the gonads had reached maturity stages VII and VIII (spent). Female fish, on the other
hand, were plump of appearance and the gonads were found to be of stages V and VL Further;
from findings of residual eggs and microscopic examinations of the gonad, it was conclusively
eestablished that female fish had spawned the prevmus year, i. e. spring 1997 (K G. Forberg, pers.
-comm Chnstlansen et al. in prep ). : :
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Figure 6. Roe content’ (expressed as gonado-somatic index) of dead and sacrificed Mallotus wﬂosus Note the
increasing number of dead ﬁsh from day 90 {medio March) and ohward. :

Discussion

First of all, it should be recognized that this report is. preliminary and data have not yet been
subjected to comprehensive analyses and statistical tests. Further, a laboratory study ("in vitro™),
with optimal feeding conditions and no predation, makes direct comparisons with in situ, studles
dlfﬁcult {Gjesaeter et al 1995 Vxlhjalmsson and Jonsson 1996)

On the other hand, ablotlc parameters and dletary COl'ldlthIlS can be mampulated and contmlled
in the laboratory and the causality and potential of biological processes estimated with a hxgh
degree of certainty. Thus, laboratory experiments and observations in sifu are by no means
opposed but supplementary (Christiansen 1998). Very few studies have been conducted on




Christiansen JS & Siikavuopio SI: Survival and growth of post-spawning capelin, - . o . ICES CM 1998/CC: 8

captive capelin and, to our knowledge, this is the first. long-term investigation of the survivability
and growth potcntlal of post spawning fish. - '

'The-spawnmg‘stock of the Balsfjord capelm. is mainly composed of two year old male and female
fish (Nyholmen and Hopkins 1988). At the time of capture in April 1997, the sex-ratic was in .

- favour-of male fish (Fig.:3), which is in agreement with several other studies where male fish are
seen to: dominate the spawning grounds (Nyholmen and Hopkins 1988; Vilhjalmsson 1994,
Vilhjalmsson and Jénsson 1996). Repeated spawners have been noted but it has been difficult to
quantify post-spawning suvivability and growth.

Although a substantial proportion of female fish survived spawning until spring the following
year (Fig.:2), circumstantial evidence suggests that the survwablhty of captive capelin may be -
underestimated. -

In a study by Podznyakov (1959), 75 post-spawning capelin were held in confinement and fed
natural zooplankton at the experimental facilities of Murmansk Marine Biological Institute. Fish
were held in 0.2 - 2.4 m® aquariums with running seawater (5.8 - 12.4 degC) for about three
months starting on June 18th 1958. By September 18th all fish had died due to mechanical
injuries to the yaw (about 77 %), skin and fins (about 13 %) and of unknown causes (about 10

. %). However, no.information is given regarding sex-related injuries. Our examination of dead
fish cooperate in large with that of Podznyakov (1959) but the types of external injuries were
found to be strongly linked to sex (Fig. 4). Yaw injuries of male fish can be ascribed to either sex
differences in strength and/or structure of the yaw-bone or, more likely, to the behaviour and
swimming activity displayed by male fish as was seen prior to the transfer of fish into the larger
tank on June 23rd 1997. Injured yaws usually lead to death within weeks. Further, in salmonid
fish, the skin of male fish grows thicker than that of females during sexual maturation
(Christiansen et al. 1991 and references therein). This trait also applies to capelin (Templeman
1948). Therefore, approaching the spawning season, the skin of female capelin would be more
susceptible to e. g. sampling and handling procedures as well as to direct sun exposure compared
with that of male fish. -

Consequently, disrupted yaws may account for the high mortality of male fish during summer
1997 (Fig: 2), and sunburns may explain the increased mortality of female fish during spring .
1998 (Figs. 2 and 6). Thus, improper rearing conditions rather than phys1olog1ca1 disabilities -
were the major causes of mortality in this study. In other words, the "in vitro” sumva’mhty of
capelin and in particular that of male fish, are deemed to be highly underestimated. '

. Capelin growth is mghly allometric (Flg 5). This supports the view that an \ isometric b-value
should not be used uncritically when estimating the "condition factor” for capelin (Nyholmen and
Hopkins 1988). It is of interest to note the correlation (or lack of it) between ambient temperature
and capelin growth (Figs. 1 and 5). Thus, male fish did not gain weight during summer as _
temperature increased and displayed rapid growth as temperature declined. Female fish, on the
other hand, grew at a steady pace irrespective of temperature. When temperature was at its lowest
in spring 1998, the body weight of male and female fish peaked and the growth of the female
gonad increased exponentially (Table 1; Figs. 1 and 6).
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Assuming that capelin does spawn repeatedly one would expect that the spawning stock-is. -
composed of two or more year classes. This was clearly not the case for the Balsfjord capelin,;
and about 90 % of the spawners were assigned to the 1995 year class. A recent study on the
‘Canadian beach-spawning capelin demonstrates:that the time of peak spawning correlates with
fish'size and temperature (Carscadden et al. 1997).. Thus, larger body sizes and higher:
temperatures promote an early spawning. One could, therefore, speculate that the older and, thus,
larger second-time spawners spawn:at an-earlier time than the smaller first-time spawners.
‘Consequently, the occurrence of first-time and second-time spawners maybe separated in time.
This might explain the dominance of one year class in the spawning stock at a given time of :
samplmg

Planned laboratory studies comprise feedtng behaviour: and food mtake growth relatlonsh1ps of
juvenile and adult capelin at the individual level. The main questions to be addressed are: .

* How much and how often does fish feed?

. What 1s the magmtude of compensatory growth responses" i

. What is the magmtude of post—prandlal metabollsrn (1 e. starvmg vs feedmg ﬁsh)'?
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