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Preface

Due to a decrease in the easteﬁ Baltic cod stock in the beginning of the 1990s the Ministry of
Agriculture and Fisheries initiated a project in 1992 with the purpose of develOping’ a breeding method leading
to a large-scale production of Baltic cod larvae.

The p@ose was to increase the future natural cod population in the Baltic Sea by a restocking with
larvae. The project was based on a collaboration between the Ministry of Agriculture and Fish.eries, the
‘Organization of Danish Fishermen’ coordinated by the Danish Institute for Fishen'es research.

The project was intended to last for 2 years, but the trial. peﬁod was extended to 3 years. It was
initiated in May 1992 by the establishment of a plant in @stre Flak 4, Nekso, Bornholm. The plant consists
of an outdoor semi-intensive pfoduction deparnnent and an indoor reclircula.tion (?) production department.
The design of the production plant has been elaborated in accofd_a_nce with the current methods of semi-inten-
sive and intensive rearing of marine fish spawn. The theoretical production capacity of the sexﬁi-intensive
department is about 60,000 larvae, and that of the intensive department about 100,000 larvae, in both cases |
of the size of 3cm. |

Findings from 1992 proving. that the collection of ;:od eggs is difficult led to an agreement with the
Fishery Laboratory of Bornholm in 1993 aiming at buildigg up a recirculation plant for breeding fish. Until
summer 1993 the running of the plant was performed by the Fishery Laboratory of EMOM whereupon the
running was taken over'by the Danish Institute for Fisheries Research. During the years 1993 and 1994 the
plant has been delivering cod eggs for tﬁe breeding experiments.

The aim of this paper 1s to give a summary of the findings and results m the years 1992, 1993 and
1994, |

Philip S. Prince

The Danish Institute for Fisheries Research, Hirtshals







1. Breeding 1992

In this year the intention was to start the feeding experiments in both the semi-intensive
and the intensive productibn department. Due to the late start of the project in the end of May it
was impossible to initiate the actual feeding experiments as the temperatures in the plant were too
high. In the beginm'né of June, for instance, when the first hatching 'experiments with cod eggs
were carried out the temperature m the semi-inten-sive department had become as high as 18° C
which was the minimum temperature registered in the project period. until 17 August. The
rrxa'ximurn temperature'in the period was 24° C.

Ihthe trial period the Royal Veterinary and Agricultural High School of Denmark took
part in'the prOJect superwsmg the health of the cod eggs and the larvae. It was found that cod eggs
from the Baltic Sea have got a low toleratlon to high temperatures At12°Canda salinity of 16
~ %o the hatching per cent was 20. Eggs that were irrcubated at 16° C'and 20° C in 16%. seawater
did not hatch at all. Temperature toleration experiments with Baltic cod larvae exhibited a
mortality rate of 100 % within 5 days at 16° C and at a salinity of 16%o. (Bueh.mamr, K. et al,
1992). Experiménts with North Sea cod eggs have all 'shown that at .an_incubation temperature of
12° C the eggs will be lost before the end of the_blaste stage (Thomeen, B.M,, 1981).

In the beginning of June the temperature in the intensive feeding experiment plant was 16° C, and -
the maximum temperature registered in the experiment period was 25° C. For that reason it was
also impossible to carry out feeding experiments in this piant.

| From the outset of the project it had been the rntention'that the breeding fish should be
‘. stripped in the ﬁeld to collect eggs for the hatching experiments. It tl.rmed out, however, to be
impossible to collect eggs in a quantity relevant for production. Baltic cod are batch spawners, and
each individual spawns within a period of about 3 months. For that reason it is most difficult to

catch females with a large quantity of eggs in a maturation state ready to be stripped. Furthermore,




the diﬂiculfies were increased by the fact that the cod catches were rather poor this year (Prince
P, 1993)

Due to all this only a few hatching experiments were carried out, in the majority of which
the egg quality was vefy poor. In most cases the mortality rate of the eggs was very high - up to
100 %. The fertilization rate was mostly below 30%.

During the project a considerable quantity of eggs with an erroneous cell division were
found which may Be one of the causes of the high mortality rate. These egg batches primarily
éﬂginated from spawners landed by fishermen whereafter the s/tripping took place at the quay. The
large number of deformities may well be due to the fact that the spawners were dead before being -
landed, the eggs being exposed to a‘ lack of oxygen and/or excessive heat during the transportation
that took place in th‘é'.summe‘r heat.

In alj it was difficult fo handle the éggs in the summer heat and to avoid temperature
raising (Prince, P., 1993).

 The hatching of the eggs was carried out in 15-16%o seawater pumped up from a depth
of 70 metres. The hatchery is the only breeding system attached to a refrigerating plant. The
system has been described by P. Prince in 1993. Even though the plant was cooled it was
impossible to maintain anything like a fairly stable range of température. The lowest temperature
measured was 4.5° C and the highest one 10.5° C. In certain hatching experiments a temperature
fluctuation of X° was measured from the start of the incubation (?) period to the hatching.»It is
mosf likely that the temperature fluctuations in the hatchery have had a negative influence the on
hatching results.

In the group of newly hatched umbilical sac larvae individuals with epithelium damages
were found in a frequency of 18-35%. It is conjectured that these damages v.were caused by mecha-

nical manipulation of the larvae such as turbulence in the hatching cylinders. In certain cases
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lordosis and scoliosis were found in a frequency of up to 20%. In all probability such diseases are
caused by the presence of destructive agents in the eggs due to unsatisfactéry conditions during
‘the development of the eggs or to bad oxygen conditions in the hatching cylinders (Buchmann, K.
. etal.,, 1992). Certain lérvae batches exhibited frequencies of 25% or more of fungoid growth or
bacteria infections. It was impossible, however, to prove that the infections wére lethal,

To preclude that the hatching procedure should be influenced by _suc_h potentially negative
factors it was decided that the hatching of the eggs should be carried out in thé feeding experiment
blant in 1993.--The tanks of the plant that contain 600 1 each take in water in the bottom
* promoting the feasiblility of changing the water rapidly without furthering turbulence - especially‘
~ because the eggs float in the surface. In accordance with the programme a quantitative and

qualitative monitoring of the zooplankton that was being led into the plant was carried out in the
- semi-intensive production plant éiming at testing the production potential of the method. The
theoretical yielding potential was 20 kg of zooplankton based on net weight when dry (Rasmussen,
K., Brun,l., 1992). The actual yielding potential was 5 kg of zooplankton based on net weight
when dry (Prince, P., 1993). The difference between the theoretical and the actual yielding
- potential was mainly due to the fact that the drumfilter was only in operation 25% of the time due
toa clogging up with filamentous algae.

| * After the trial period in 1992 it was found that it would be necessary to procure a large,
stable deliv.ery of high-quality fertilized eggs by establishing a stock of breeding fish to accomplish
a large scale production of spawn. To go through with the actual feeding experiments it would be
‘necessary to connect a refrigerating plant to the intensive prodliction plant. To go through with
the feeding experiments in the semi-intensive plant it would be necessary to have disposal of high-
quality, newly hafched larvae as early as in April to avoid temperature problems.

The hatchery which is a copy of a hatchery at the West Coast which has successfully
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hatched Nordsg cod eggs did not fulfil the expectations. The fact that a large quantity of the larvae
had epithelium damages and also lordosis and scoliosis (Buchmahn,K., Larsen, S.L., Dalsgaard,
L, 1993) is indicative of an exposure to too much turbulence dpring the incubation phase, and also
of the fact that the environmental conditions in the hatching cylinders had not been satisfactory.
Experiments with Nordsa cod eggs have proven that they are most vulnerable to physical influence
like turbulence, especially in the beginning of the incubation period, which leads to a high mortality
rate (Rollefsen, G. 197?), (Rollefsen, G., 1932). It is not uniikely that Baltic cod eggs are even
xﬁore vulnerable to physical influence like turbulence. Partly they develop at a high depth in which
the physical influence is quite limited, and partly their chorion is thinner than that of the North Sea
cod eggs, 3,34 - 4,79 um and 6-9 um respectively, ( Nissling, A., Westin, L., 1991) due to an
adaption to the physical conditions in terms of buoyancy and a low salinity level. North Sea cod
eggs develop in the surface water in which they are exposed to turbulence to a much greater extent |

due to the influence of the wind.

2. Breeding 1993

The actual feeding experiments in the intensive and semi-intensive plants were set on foot
in 1993.

The semi-intensive plant.

The feeding experiments in 1992 had been unsuccessful parﬂy because the first eggs were
spaWned 15 April. Accordingly the first larvae for the experiments were not hatched until around
1 May when the temperature in the semi-intensive plant was already 10-12° C. For that reason it
W_a_ls obviously impossible to produce spawn at the size of 3-5-cm within the proper range of
temperature tolerance for the larvae. Cod larvae must be hatched 1 April at the latest as otherwise

it will not be possible to produce fingerlings before the temperature in the plant reaches 20° C ,
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that is in the middle/end of May (Rasmussen, K., Brun, L. 1_993)

Asin .19.93 the first eggsvwere épawned 15 April and in 1994 1 May it follows that the
semi-intensive breeding technique is unsuitable for the production of Baltic cod larvae due to the
facf that it is impossible to adjust the temperature in the semi-intensive plant. |

The quanfitative and qualitative monitoring of the zooplankton led into the plant was
carried on for thg rest of the season. It was found that the quantity prbduced was about 50% of
the quantityhof 1992. The zooplankton, howevér, was of a very high quality and possibly suitéble
r;.ls first-feed in the intensive plant (Rasmussen, K., Brun, 1., 1993).

2.1 Breedigg fish stocks

In the autumn of 1992 the Fishery Laboratory of Bornholm, the ‘Danish Fishermans
Organization’ and the Danish Institute for Fisheries Research collaborgted in désigniﬁg a plant for
a stéck of breeding fish to produce eggs for the experimehts. The financing and construction of
the plant was attended to by the Fishery Laboratory of Bomhélm along with the daily
administration and running until the middle Qf June whereafter the administration and running was
taken over by the Danish Institute for Fisheries Research.

Thé plant has been constructed as a recirculation plant consisting of:

3 breeding tanks each at the éize of 8m?
A sedimentation tank |

An immersed biofilter unit

An eddy separator

A pump swamp + a pump

A charcoalfilter

An oxygeﬁ tower.

A pressure tank




The size of the plant is 98m? in all. It ﬁas been erected in a cold-storage room, and the
cooling of the water is performed by a regulation of the air temperature. An egg gatherer
consisting of a plankton ﬁetbag the size of 100 | immersed in a vessel of the same size has been
attached too each tank.

In the spawning period the leachate from the three breeding fish tanks is drained off from
the surface through egg gatherers collecting the eggs in bags.

The fish were caught in February by nets off Snogebzk at é depth of 10-20 m, landed in
t.anks with water and transferred to the tanks in the plant which had previously been filled with
natural seaWater from the Baltic 'Sea with a salinity of 7-8%.o. |
2.2___ Physical parameters in the breeding fish plant
Salinity

In the period between 1 March and the middle of April the salinity in the plant was
increased from 7-8%o to 20%e.. As fungoid growth was sometimes found in the eggs the salinity
was increased to 22%o in June to see whether this may rectify the problem. However, no difference
could be observed. The salinity was measured by a model YSI 33.

The resalting was carried out gradually by adding a supply of syntetic salt (LW -

‘Marinemix) to the eddy separator.




Fig. 1» Sﬁlinity, breeding fish plant 1993 in the period 1.03 - 22.07.
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- The great ’number of fluctuations in fig1 §vere caused by periodic suppiies bf largé quantities of
14%o Dstersg water pumped up from a depth of about 70 m and l.anded by "Ji éns Vaver". After
each supply the readjustment of the salinity would go on for _sotne' time.
Ammonia
The ammonia _conteht in the breeding fish plant during the trial period appears in fig 2.
The measurings show the concentration of total ammonia, ‘ﬂand' were carried out by a
Merck An;monium Test Kit. The measurings were carried out in the water from the e_ddy separa-
toré that is the leachate frqm the breeding fish. The test méthod is not a scientific one, but is often
used for aqua culture purposes as it is an excellent indicator. The toxicity of total ammonia
depends on the quantity of non-ionized ammonia in the water. The level of concentration depends
on the temperature, but even more on the pH value. The higher the temperatﬁr‘e and the pH value

the higher the concentration of non-ionized ammonia.




FISH - NH3+H20 = NH40H = NH4+ OH-
Non-ionized - toxic ionized - non toxic
dependent on pH value

*

Fig. 2 Ammonia, breeding fish plant in the perfod 01.04 - 22.07
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At 8° C and a pH value of 7.8 the content of NH3 is 0.994% (Piper, R.G. et al, 1982)
which means that 1 mg/l total ammonia corresponds to a concentration of NH3 of 0,00994 ppm.
It has been found that a NH3 conc‘entratiovn of 0.0125 ppm leads to growth‘reductioﬁs and
ﬁlrthennore to damages of the gill epithelium,_ the kidneys and the liver in trout (Piper, R.G. et al,
1982). On.the other hand it has been found (Alderson, R., 1979) that growth reduction did not
oceur in sole when expoéed to 16° C, 33%. salt water and a concentration of 0.045 ‘mg NH31
during 42 days. Likewise, turbbt exhibited no sign of growth reduction when exposed to the same
conditions at a concentration of 0,14 mg NH3/1 in period of 11 days.
It appears in fig. 2 that the concentration of total ammonia was at its highest on 22- 23

April as the concentration level was 1 mg/l corresponding to a content.of 0,00994 ppm NH3




which is close to the level pfoven to be damaging to troﬁt’. In the rest of the period -the
concentration level was between 0.2 - 0.4 ppm which corresponds to 0.00 1988 - 0.0040241 ppm
'The upper toleréﬁce level for Baltic cod .and eggs is'unknown, but for the rest of the
season the concentration level was very much beloviv the level damaging to trout.
Temperature |
The tefnperature fluctuations duﬂng the spawning season api:ear in fig. 3. The
fempérature was measured by a YSI Model 57 oximeter. |

Fig.3 Temperature, breeding fish plant in the period 01.03 - 22.07

14

12 1

Grader C.

LR RN EEaRRRETRURERIRIRRR RIS T T T T T T T T T T, LR E R R R RNl R R RN RRREIEERIRIARAL] T T T T

1.8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127 134. 141
i Dag

The figure shows that the temperature had been fluctuating betwe;en 7-9° C until the beginning of
Juné, whereafter it was lowered to a stable level of 5-6° C until the end of the spawning season.
- The high temperature level in the period March to Jﬁne was due to th e fact that the cold-storing
room in w_hich the plant had béen placed was not running in this period, but was partly substituted
by cooling through an open door from a cold-storing room that was running next to it. Thus the‘

cooling has neither been efficient nor constant. During June the cooling of the very room was




initiated and the temperature lowered to a level of 5-6° C which is identical to that in the spawning
banks in The Baltic Sea (Bagge, O., pers.comm.).
Oxygen

The oxygen conditions in the plant during the trial period appear in fig 4. The oxygen _
content lingers between 7-10 mg/l with an average content of SImg/I, a level which is satisfying.
The oxygen level was measured by a YSI Model 57 oximeter.

Under normal circumstances the need for oxygen of trout is 8 mg/l the minimum level

being Sml/l (Christensen, N.O., 1980). Salmonids are among the fish species that have the greatest

need for oxygen.

Fig. 4 Oxygen level in the period 01.03 - 22.07, breeding fish group 2
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pH values
The pH values during the trial period, fig 5, lingered between 7.8 - 8.0, pH values a little

lower than those m the feeding plants and the pH value in the upper water layers of the Baltic Sea
that was measured to be 8.2 during the trial period. Seawater of 33%o has got a pH value of 7.9
(Alderson, R, 1,979) ‘

| The difference between the pH-Qalues in the breeding fish plant and the feeding plant may
be explained by the use of different ‘r_neasuring methods. The pH values in the breeding fish plant |
Were measured with pH-indicator strips and those in the feeding plant with a pH-meter, Knick
Portmass 751. |

Fig. 5 pH values, breeding fish plant in the period 01.04 - 22.07

14

12 +

10

PH vardi

1 7 13 19 25 31 37 43 49 S§ 61 67 73 79 85 91 97 103 109
Dag ‘

11




2.3 _ The spawning biol f the breeding fish
Quantity of spawned eggs

The egg gatherers of each of the three groups were emptied onc'e'a day, and the daily
quantity of each group was measured in ml. The length of the day in the plant was adjusted by a
timer according to the natural length of the day of the season. The quantity of eggs produced by
the 3 breeding fish groups is shown in fig 6 |

Fig 6.1 - Daily quantity of eggs in the spawning period. Breeding fish group 1
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‘ Fig 6.2 Daily quantity of eggs in the spawning period. Breeding fish group 2
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Fig. 6.3 Daily quantity of eggs in the spawning period. Breeding fish group 3 -
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Intotal 37870 1 eggs were spawned by group 1 in a season of 97 days corresponding to

9,008,800 eggs for the whole group or 1,035 1 eggs = 248,000 eggs per one kg female cod the
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average weight of each ihdividual being 2.180 kg. The group consisted of 11 females and 7 males
in total in the end of the spawning period. 1 female died in the period.

Group 2 spawned 38,720 | eggs in total in a season of 76 days corresponding to
9,292,800 eggs or 0.990 | eggs = 23 7,600 eggs per one kg female cod the average weight of each
individual being 2,600 kg. The group consisted of 15 females and 13 males in total at the end of
the spawning period. 1 female died in the period.

Ina séason of 94 days group 3 deﬁvered 30,625 1 eggs in total, in all 7,350,000 eggs or
6;640’1 = 153,600 eggs per one kg femaie cod the average Weight of each individual being 2.500
kg. The group consisted of 19 fema]és' and 5 malé§ in tofal at the ér;d .:Ec'):f the spawning period. I
female died during fhe ?eriod. N |

‘As regards group 1 the spawning peaked twice, once in the first half of the period and
once in the second, at the end of April and of June respectively; the first peak a little bigger than
the second. As regards the 2 other groups the spawning only peaked once in the first half of the
period, in the middle of May. Furthermore the spawning period of group 2 was about 20 days

, shqrter than that of the other.

| | It has been claimed (Muller, A., Bagge, 0., 1984) that the natﬁral spawning stock in the
Bornholm Basin spawns from March :to June w1th a peak in May. Furthermore a refefence is given
to an other survey (Kandler, 1938) in which th‘e‘ pfesence of two spawning péaks w;s observed,
one in Junel and one in September. Finally the pbﬁsibility that there are two species of cod is being
; discussed: a western one that is an early spawner, and an éastern one that spawns later in the
season. It is imp‘ossible to tell whether the groups consist of a mixture of the species, the eastern
and tﬁe westeﬁ ones mixed in group 1, and the western one being predominant in group 2 and 3 -

especially in group 2 in which the spawning season was shorter.
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It has Been calculated (Botros van Gurgis, 1962) by ascertaining the weight of the roe
before the spawning that a western Baltic cod of 2.700 kg contains 790,000 of eggs per kg while
a 'quth Sea cod of the same size contains 728,000 eggs per kg. It has been found that the
spawning quantity of a North Sea cod of 2.800 kg spawning in captivity was 964,285 eggs-per kg
or 370 Vkg female cod. The spawﬁing period lasted for 50 days, and the fish spawned 17 times
in all (Kjesbu, O.S., 1989) In both surveys the scienﬁsts found that there was a positive correlation
between the size of the breeding fish and the quantity of spawned eggs.
| A breeding group of North Sea cod consisting of 50 females and 50 males spawn for a
period of 75 days while a single female of 6 kg spawns for about 50-60 days (McVey, J.P., 1991).
The sbawning season in 1993 of the bréeding cod at Bornholm was a little longer in group 1 and
3 than it would normally Be expected from a group of breeding fish consisting of North Sea cod.

‘No positive correlatioﬁ, however, was found between the size of the breeding fish and
the quantity of eggs. Group 1 m which the average weight was smallest (2.180 kg) delivered the
largest quantity of eggs compared to the quy weight.

- Fertilization per cent

The daily fertilization per cent of each breeding fish group was measured during a period
of 2 months until the end of the spawning season. A daily sample of 5 ml or abo.ut 1,200 eggs was
taken from the eggs that were collected from the three batches.

A part of the sarﬂple, about 200-300 eggs, was taken out and examiﬁed in a stereo
micrbscope. Only fertilized eggs with a normal cell division wefe registered as useful for further
investigétion;The roe had pteviously been fixed in a nﬁxture of glacial acetic acid and 8%o distilled
water. The mixture colduré the cell surface dark brown which makes it much easier to distinguish
fertilized and unfertilized eggs from each other. At the same time it becomes easier to see whether

the cell division of the fertilized eggs is normal. The assessment of the eggs was performed in
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accordance with the description by Eyjolfur Friogeirsson of the development of cod eggs (Frio-
geirsson, E., 1978). The eggs that \;;/ere examined were found to be within the interval between
the two-cell division stage and the morula stage.

Fig 7 shows the daily fertilization per cent of the eggs from the three breeding fish
| groups.

Fig. 7.1 Daily fertilization per cent in the spawning period. Breeding fish group 1.
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_ ‘Fig. 7.2 Daily fertilization per cent in the spawning period. Breeding fish group 2.
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~ Fig. 7.3 Daily fertilization per cent in the spawning period. Breeding fish group 3.
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As seen in the figure the fertilization per cent varies from day to day between about 90%

to 0%. The average fertilization per cents are 30% for group 1, 44% for group 2 and 40% for
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group 3 respectively.

In this Survey the fertilization per cent did not depend on the number of males. In group
3 'in which there was the Smallest number of males (5) and females (19) the secoﬁd best
fertilization per cent was found (40%).

It is possible that high and fluctuating tempemtmes lingering between 6-10° C in the first
two thirds of the trial peﬁod may have influenced the results negatively. Stress may also be the
cause of poor fertilization per cents and of unequal spawning rhythms rgsuifing in an excessive
keepmg back of the eggs in the ovaries, the roe growing over mature leading to a decrease in the
fertilization abilify *a(jésﬁu, 0.S., 1989), (Holm, J.C., 1991).

24 Feeding eipeﬁment§ 1993
| | Due to the fact that in 1992 the hat;:hing of cod eggs in the hatchery hiad been rather
unsuccessﬁnl the feeding experiment plant was used for the hatching of the eggs in 1993 as weﬂ
as for the actual feeding. The plant consists of the following eleménts and has got a volume of
18m3 in all: |

A sand filter 1.5 1;13

A bio-screen unit; 1 eddy separator 0.6 m?, 2 immersed screens each at the size of 1,2 m?

A refrigerating unit + cooling storage unit (pump swamp)

A UV-sterilizer

Oxygen tower

10 conical feeding tanks each the size of 600 1

An eddy separator

The advantage of incubéting the eggs in the feeding plant is tﬁat a large quantity of eggs
ma); be incubated at the same time - up to 500 ml or 1‘20,000 eggs in each tank. Besides, the

turbulence in the tanks is insignificant.-Water is added along the walls of the tanks near the bottom .
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and circles up to thevoutlet which is placed close to the surface. Hereby the eggs are pushed
around in the tanks very carefully without being exposed to turbulence - even at a high waterflow -
to secure.optimum oxygen conditions. During all the hatéhing experiments the oxygen saturation
level was between 80-95%. The disadvantage of this hatching method is that it is impossiblelto
carry out any kind of efficient collection of dead eggs as the tanks are of a depth of about 1 m. For
that reason it is impossible to estimate the precise amount of deceased eggs.

Due to the great volume of the tanks it is also impossible to estimate the amount of newly
ﬁatched larvae as they do not disperse homogenously. A homogenous dispersal of the larvae in
a tank of 600 1 would demand that they were being exposed to powerful tufbulence. Cod larvae
are very sensitivé to changes in the physical conditions (Thorsen, B.M., 1981). |

The strategy for the feeding experiments was to offer the cod larvae a wide range of feed
to make it as ﬁkely as possible that their neéd for nourishment would be met, as the needs of Baltic
cod larvae in terms of food are unknown. |
For the purpose of the feeding expériments the algae thdomonas sp., Isocrysis galbana; Paulova
lutheri and Skeletonema costatum were produced and used as feed from day 1. Several scientists
have proven that cod larvae incept phyto t)lankton immediately after the hatching (Homme, J.M.,
- 1991), (Eliertsen, B. et al, 1976), (Meeren, T. van Der, 1991), (Eilertsen, H.C., 1992), (Tilseth,
S. ef al, 1987), (Pedersen, T. et al, 1989), (Tilseth, S., 1990).

Polyunsaturates are essential to the survival and growth of marine fish larvae. The two
polyﬁnsaturates 20:5 (n-3) and 22: (n-3) are particularly important (Wantable, T. et al 1983), and
constitute up to .42.0~- 50.5% of the content of polar lipids in cod larvae (Pedersen, T. et al,
1989).

| Marine phyto plankton ha; a high content of polyunsaturates, and for that reason it is

rather suitable for the purpose of nourishment for marine fish larvae either as food in itself or as
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an enrichment for other food organisms as for instance rotifers and Artemia as the céntent of the
essential polyunsaturates in these orgaﬁisms is hereby enlarged (Watanabe, T. et al, 1983),
(Lubzens, E., 1987).

North Sea cod larvae have been successfully fed with algae and also rotifers and Artemia
enriched by algae. (Iiusé, J. et al, 1983). By using a similar diet (Howell, B. R., 1984) a survival
level of 10% until the metamorphosis was obtained whereafter the mortality rate was insigrliﬁcant.

It has been proven, however, that in breeding experiments with turbot, plaice and flo-
l;nder the use of prey produced in laboratories will often lead to a pigmentation defect in a certain
percentage of the fish. By adding a certain quantity of natural zooplankton, however, this problem -
is can be avoided in the breeding of ﬂounder,(Seikali, T., 1985)

Algae as well as rotifers, Acartia tonsa and Artemia were used for the feeding
experiments.

The production of the algae was carried out in an air-conditioned room at 16° C in plastic
Bags at the size of 30 1. The Algae were given light to by a lighting plant with 40 fluorescent tubes.
The attenuation water for the cultures was seawater from the breeding experiment plant which had
been filter-sterilized and resalted . The water was acclimatized in the air-conditioned room béfore
the at‘tenuaﬁon. The enrichment of the algae was performed directly in the algae bags. -

The production of rotifers was carried out in 6 conical tanks at the size of 300 1 at 25°
. C in 22%. filter-sterilized, resa]ted sea water. The rotifers in production belonged to the S - type
whiéh is the smaller one of the two main types, the adult size bging 100-200 pum. The adult size
of the other type is 130-340 um. Due to its smallness the smaller type is most suited as a start diet
for small marine fish larvae (Fukusho, K., 1989). The enrichment was carried out by an addition
of the algae Rhodomonas and Isocrysis in a quantity of 50 l/day/tank plus of a commercial

enrichment product, Culture Selco according to the prescriptions of the company. The enrichment
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of the rotifers was carried out every sixth hour day and night.

Before starting the feeding with the rotifers they were filtered through a standard 60

umfilter. It soon appeared, however, that the procedure was unsuitable for filtration of large

quantities of organisms as thefilter would clog up due to the presence of large quantities of
suspended particles of algae in the water from the production tanks. For that reason a cylindrical
back pressure filter of 30 1 was constructed (fig 8).

Fig. 8 Cylindrical back pressure filter

Water
out Filter sterilised
Water
60 um

Plankton filter

The advantage of this filter is the presence of a very large filter surface. Besides, the

continuous addition of filter-sterilized water creates a rotation of the filtrate which leads to an

effective straining off of secondary material. The water in the tank in which thefilter is immersed

creates a counterpressure that brings about a careful filtration of the rotifers.
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After the filtration the rotifers were tapped into 5 1 bottles and transferred to the eddy
separators to be acclimatized before the feeding.

The Artemia eggs were hatched in 4 conical tanks of 300 | at 25°C in 35%o sterile-
screened, resalted seawater. Before the hatching of the eggs which lasted for 24 hours under the
existing circumstances the eggs were opened, that is the outer part of the two shells was removed.
The procedure is carried out in the following way:

1. Hydrogenation of the cysts.

2. Treatment in a hypochlorite solution.

3. Washing oﬁ and deactivation of chlorine residues. -

4. Hatching.

The technitﬁié has been described in detail elsewhere (McVey, I.P.,1983).

The advantage of opening .the eggs before the hatching is that the hatching per cent is
increased as it becomes eas;ier for the nauplius larvae to break through the shells. At the same time
fhe treatment with hypochlorité disinfects the cysts (Campton, D.E., 1989).

After the hatching the nauplius larvae were filtered through a 125 xm screen along the
lines of the principles described in fig 8. The screen, however, was a commercial standard product.

The acclimatization of the newly hatched_ nauplius larvae was carried out in conical tanks
of 1 | immersed in the eddy sepafator with a fresh air supply. In that way it was possible to store
them for up to 24 hoursin a concentrlation of 15,000 nauplius la;vae/nﬂ. Previous experiments
hévé proven that nauplius larvae can be stored in that way at 0-4° C in 48 hours with ;/ery little

‘energetic loss (McVey, J.P., 1983). |

In the later stages of the feeding experiments the newly hatched nauplius larvae were

enn'ched for either 24 or 48 hours depending on the desired size. The enrichment was carried out

with Super Celco (commercial product) and the algae Isocrysis and Rhodomonas.
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Acartia tonsa eggs v?ere produced in HQI in Charlottenlund, preserved and sent to
Bornholm where the eggs were hatched in conical tanks of 11 with a fresh air supply. The hatching
was carried out in 16%o resalted seawater at 20°C. The nauplius larvae were acclimatized in the
same way as the Artemia nauplius larvae and besides fed with Rhodomonas.

In the period between 18 April and 30 June a quantity of 4,045,000 fertilized eggs with
a normal cell division had been incubated in the feeding experiment plant at the time pf measuring.
In this period it was obseﬁed that the hatching success wés fluctuating to a considerable extent.
in certain egg batches the mortality rate was ciose to 100 %, in other it was quite small as only
a very small amount of dead eggs were obsewéd at the bottom. Swedish surveys with Baltic Cod |
also prove that the quality of the eggs varies (Pickova, J. et al, 1992). Apaﬁ from the varying
hatching pcr cents it was characteristic that the worse the hatching results the more fungoid
‘ grpwth could be found in the batches. In certain egg batches in which a high hatching pef cent was
found no fungoid growth could be obsefved at all. It seems that fungoid growth arose secondarily
when the eggs were of a poor quaﬁty. As an effort to prevent fungoid growth a few egg batches
were dipped in oxytetracycline without any visible effect. |

| In the previous yéar it had been found that fungoid growth may be prevented by a raise
of the saﬁnity level (Buchmann, K. et al, 1992). For that reason the'eggs were incubated in 20-40
% resalted seawater. The water in the tanks of the plant was 14%o Baltic seawater pumped up
from a depth of about 70 m. The resalting was performed with Instant Ocean (synthetlc salt), the
samé kind pf salt that was used for the resalting .of the water for the production of prey. The
| salinity in the plant was like that of the breeding fish plant except for pﬁnor variations.

Apparently the choice of salinity did not affect the quantity of fungoid growth, but it has

beg:n found that the spermatozda mobility in Baltic cod is at its best at 20-26%. (Westin, L. et al,

1991). From that point of view the choice of strategy seems to be correct.




On the basis of a feeding schedule for the feeding of sea bass larvae the distribution of

prey was performed along the following lines:

Larval age - Number of rotifers/ Number of Artemia
days l/day ‘ ' V/day
1-3 days ' - 1000
4-6 days .~ 2000
. 7-9 days | 3000
10-11 days .. 4000
12-13 days 7000 - = 400 newly hatched -
| 14-17 days 9000 1250-1750 newly hatched.
18-20days - 4000 - - “- ~2000-3000 newly hatched
21-24 days » 2500 n.h.+1500 enriched |
24-30 days . . 17000-9000 enriched.

Besides algae of the types Isocrysis, Skeletonema and Paulova were added in a quantity .
of up to 5 I/day. In the rotifer phase an addition of up to 1000 pieces of Acartia/l/day was carried
out too. The.addiﬁon of algae went on from day 1 and 3 and 14 days ahead. In some experiments
less food than presc.ribed in the schedule was added, in others more. The teinperature was kept
between 5.5-6.5° C in some of the experiments; in other the temperature was heightened from 5.5°
C to 8.5° C duning the feeciing‘ éxperiménts in a‘ peﬁdd of 8 days starting at thé umbilical sac
absdrption phase. The experiments were brought to an end after a max of 2 weeks except for the
last batches. In all the experiments.only a few larvae or none at all weré alive after a period of 2
weeks.

* In the last experiment session which was initiated 30 June and lasted until 10 August 192

cod fingerlings at a size of 30-40 mm were produced out of 7 batches. The pigmentation of the
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cod was normal and there were no visible skeleton deformities. The temperature scheme had been

as follows: 30 of Juhe - 7 of July: - 6.5°C

8 of July - 17 of July: 7.5°C
19 of July - 3 of August: 8.5°C
4 of August - 10 of August: 10.0°C

- In the,sanie period the salinity was lowered from 22%o to 13%.

In the period between 27 May and 19 June the total ammonia content lingered between
6.2—0.5 rﬂg/l. From the 19 .Tune to 10 Auguét it lingered bet§veen 0.1-0.3 mg/l. During thé whole |
‘ trial period the pH value was 8.3-8.4. | |

It is impossible to explain why the hatching results.v'aried aé much as they did and why
the larval survi;/al rate was so low. In the feeding experiment period it was noticeable that the
larval mortality arose as early as day 1, and that after 10-12 days only a very small. number of '
larvae were still aﬁve. Normally the first dangerous stage will be expected to set in about the time
of the first feeding and the next one at the time of the metamdrphosis (Thorisson, K., 1992). In -
the present experiment the larvae ﬁvillingly incepted food. Afterthe fourth day the first larvae with
food in the stomach could be observed. But as most of them died before 10-12 days they‘ never
reached the metamorphosis stage. The larvae that grew oldef than 12 days frequently exhibitedl
a peculiar pattern of behaviour. The larvae tried to reach the surface whilé turning on their own
axis, this was done in a frenzy of energy. After an activity phase like that the larvae returned to
passivity falling down through the water column whereafter the attempt to reach the surface would
be reﬁeated. Frequenfly this pattefn would be repeated séveral tiﬁles ‘and would ’alwayé end by _a
passive remaining at the bottom of the tank. There was no doubt that these larvae weré ét the
point of expiring. Furthermorg, the larvae grew very dark with very little or no food at all in the

intestinal canal. The reason for this behaviour pattern that was called the death pirouette by the
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staﬂ’ of the plant is unknown.
3. Breeding 1994

In 1994 the intention was to combine the two breeding. methods, the semi-intensive and |
the intensive ones by ﬁsing the filtration technique of the first one to collect natural zooplanktén
from the sea and use this for the feeding experiments ‘with the cod larvae in a protectéd
environment in the intensive plant to exclude the possibility of malnutrition as the cause of the
larval mortality. Natural zooplankton which is the normal diet of the larvae in their natural growtﬁ
érea should be the most nutritious digt; On the other hand it is not known whefher the diversity
of the species or the content of essential substances in the zooplankton close to the coast is similar

to that of the zooplankton in the growth areas.

fish was implemented. In group A the average weight was 2.4 kg, and in group B it was 3.3 kg.
For thaf reason it appeared that they were of 2 diﬂ'erent years.

To elucidate whether the size of the eggs depends on the time of spawning or on the size -
of the breeding fish determinations of the dry-matter percentages and diameter measurements were
carried out during the spawning period.

To examine whether a corr_elation between the hatching per cent and the content of
‘certain environmental poisons coﬁld be found samples were taken out from evéry single egg batch
in the experiment for further analyses later on. The analyses comprehended 9 PCB-congenes and
also DDD, DDE and DDT |
3.1 __The breeding fish stocks

In 1§94 the breedﬁg fish plant was improved by an enlargement of the bio-screen unit
of 3 m’. As in 1993 the fish for the experiments were caught off Snogebzk in February. This time

the catching was performed with long lines at a depth of 10-20 m. The cod were placed in tanks
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with seawater and transferred to the tanks in the plant that were filled with 7-8%o seawater from

the Baltic Sea.

3.2 Physical parameters in the breeding fish plant
-Salinity

Fig9 Salinity, breeding fish plant 01.03 - 15.07 1994
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In a period of 2 months the salinity wﬁs raised from 7-8%o to 16-17%o.. It had been proven

by expériments the previous year that fungoid growth could to be avoided at a sélinity of 22%o and

that the nu;nber of attacks would be varying. For that reason it was decided that the work should

be carried out at a salinity natural to the Baltic cod. The buoyancy. of the Baltic cod eggs varies

the ideal salinity for Baltic cod being 12.3-16.9%0 depending partly on thé qualifies of the single
breeding fish that spawns the eggs and partly on the number of the batch (Nissling, A., 1991).

The reséltmg was done by adding Instant Ocean (synthetic salt).
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~ The salinity level was relatively constant in the trial period. Smaller fluctuations are due
to a current replacement of some of the water in the plant. The water used for the substitution was
14%o Baltic Sea water bumped up from a depth of about 70 m. |
Ammonia |
The ammonia content in the breeding fish plant is shown in fig. 10, and was measured in
the same way as in the previous year.

Fig. 10 Ammonia, breeding fish plant 01.03-15.07 1994
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It appears that the concentration level is consid_erably lower that in the previous year- 0-

0.2 mg/l with an average belqw 0.1 mg/l. This is partly due to an enlargement of the bio-screen

capacity and partly to the fact that thefilters had been inoculated with Nitrosomas and Nitrobacter

 bacteria the main capacity of which being the ability to convert érn‘monia and nitrite into nitrate.
Temperature - < o

In fig. 11 the temperature fluctuations during the season are marked. The temperature

was kept between 5.5-6.5°C with a single period of 7° C in a few days. Thus the temperature was
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much more constant and the level much more ideal than in the previous year. This was due to the

fact that the cooling system was working in the whole}pe'riod..

Fig. 11 Temperature, breeding fish plant 01.03 - 15.07, 1994
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Oxygen

The oxygen level in the plant in the trial period appears in fig 12 the level being about 7-9

mg/l, an oxygen content that must be considered satisfactory.

Fig. 12 Oxygen content in the water 01.03-15.07, breeding fish plant, 1994
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pH values

The pH value in the trial period which can be seen in ﬁg 13 was about 8 as in the previous

year.

Fig. 13 pH values, breeding fish plant 01.03-15.07, 1994
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33 he awning biol f he breeding fish

Egg production
The breeding fish were divided into two groups for the experiments. In group A the

average werght was 2.4 kg, and in group B it was 3.3 kg. The amount of eggs spawned by the two

groups is marked in fig 14.
Fig 14.1 Daily amount of eggs in the spawning‘périod. Breeding fish group A

(14 females, 11 males)
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Fig. 14.2 Daily amount of eggs in the spawning perlod Breedmg fish group B
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56,425 1. of eggs in total were spawned by group A in a period of about 90 days which
corresponds to 13,542,000 eggs or 1.881 | eggs = 451,400 eggs pr kg female. The group consisted
of 14 females and 11 males at the end of the spawning season. No females died in the period.

By group B 65,751 1 eggs were spawned in a period of about 90 days which corresponds
to 15,780,000 eggs or 2.481 1 eggs = 595,440 eggs pr kg female. The group consisted of 8
females and 8 males at the end of the spawning season. One female died 6 July, that is the amount
of eggs pr kg female is actually a little smaller than calculated

In both groups the spawning peaked slightly in the first part of the spawning period. It
has been observed (Kjesbu, O.S:, 1989) that the spawning peaked in the last half of the spawning
season for a single North Sea cod.

In 1994 the correlation betvveen the size-of the breeding fish and-the amount of eggs that
was spawned vvas positive as previously found to be the case in both North Sea- and Baltic cod.
The amount of spawned eggs pr kg female was much higher in 1994 than in 1993.

The amount of spawned eggs must not be seen as an exact estimation of what can be |
yielded by a Baltic cod at the size of 2.4 kg and 3.3 kg respectlvely, but as an average as the size
of the breeding fish was not homogenous. For instance, the weight of the smallest fish in group
A was 1.292 kg and that of the biggest one 3.354 kg, and in group B the weight of the smallest
fish was 1.804 kg and that of the biggest one 4.583 kg.

The feniliaation per cent |

The fertilization per cent was measured every day from the start of the spawning period
1 May to 15 July. The method m use was the same as in the previous year. It appears in ﬁg 15 that
despiteth fctha he per cent vris somehat he difeenc from dayt0 dayis much smale
than in the previous yeai"; In group A the biggest variations can be found at the erid of the season,

and in group B in the beginning aﬁdthe end of the season. The average fertilization per cent for

32



the whole season was 79 % for group A and 72 % for group B, an average much higher than in
the previous year. |
The improvement‘ of the results from 1993 to 1994 is probably due to the handling of the

fish at the catching. In:the first year they were 'caught by nets, and in the sécond they were hooked
by the staff of the project who we;e most careful with the treatment of the‘ fish. For instance the
lahding of the fish was carried out very slowly to avoid an exposure o.f the. fish to sudden
variations of pressUre..'Another improvement was that the physical.pa'ravmeters in the plant were
rhuch more stable a1\1d favourable in 1994. The temperature qdnditions in particular had not been
optimum in 1993 as they had been too'high, whereas in 1994 they were close to the optimum, 5.5- |
6.5°C. |

- It is worth noticing that in 1993 ihé spawning season was instituted 15 April While in
1994 it wés instituted 1 May, 15 days later. The raise in temperature may well be the cause of an
acceleration of the time of the season the fish speediné up the spawning possibly leading to'a

deterioration of the egg quality.




Fig. 151  Daily fertilization level in the spawning period. Breeding fish group A
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Egg diameter and determination of dry-matter content in relation to time of year

and size of breeding fish

The egg diameter was measured by a measuring ocular with 25 units = 1 mm.
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controlled oven at 57.5°C

The determination of the dry-matter content was performed in a ME thermostatically

+ 0.1° C for 24 hours.

In fig 16 the relation between egg diameter and time of spawning can be seen. Each point

is based on an average of 20 measurings. |
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The figure indicates that the egg diameter remains constant during the spawning season,
and that the correlation between egg diameter and size of breeding fish is positive. In group A it
the average diameter is 1.65 mm while in group B it is 1.72 mm. The presence of some variation
between the points in the figure may well be explained by the fact that the two breeding fish
groups were not homogenous in terms of size of the females.

It has been found (Kjesbu, O.S., 1989) that in North Sea cod the egg diameter varies
according to the time of fhe‘ season with a peak in the first third of the season with a diameter of
1.38 mm decreasing to a size of 1.26 mm in the end of it. The eggs were spawned by a female of
4.2 kg. Beside vadaﬁom according to time of season it was found that the egg di;clmeter was much
smallér than that of the Baltic cod eggs despite the size of the fish. A size vvariation of 1.16 - 1.60

mm fas béen found in North Sea cod eggs collected in the field (Hislaj, JR.G. et al, 1987).
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Data on egg dry-matter content for the eggs are presented in fig 17. The tendency that

weight compared to time of season is lineary reappears. Furthermore, the fig indicates a positive

cbrrelation_ between egg diameter and dry-matter content.
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The dry-matter content in groﬁp A is about 0.100 mg, and in group B about 0 120 mg.
North Sea cod eggs at the size of 1.4 mm havé’ got a dry-matter cbntent 0f 0.110 mg (Knutsen,
‘G.M. et al 1985) and are thus heavier than Baltic cod eggs compared to size of diameter. The
explanation of this is the adaption of the Baltic cod to the particular hydrographic conditions in
the Baltic Sea such as for instance low salinity. A lﬁg diameter and a low density enhances the
buoyancy.

Determination of the iength of newiy hatched larvae in relation to time of season and size
of bréedin‘g fish.

The determination of the length of the newly hatched larvae was performed by an ocular

‘with 25 units = 1 mim. S T
In fig 18 the relafion between the length of the larvae and the time of season is depicted.
Each point is based on an average of 50 meésurings. The trend in the ﬁgure is not entirely linear.
For instance there is a tendency towards a fall in the end of the season. This may be due to an error
in the collection of samples. The hatching of the éggs is not synchronic but lasts for up to 2 days.

Furthermore the trend is that the larvae from group B are longer excépt for the last measuring.
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Lenth of larvae/time Breeding fish group A

10

. Langde.mm

Fig. 18.2

10

Langde.mm

Tid

Lenth of larvae/time Breeding fish group B -

Tid

34 | Hatchihg experiments

Asin 1993 the hatching results had been fluctuating a monitoring was effected in 1994

of the mortality during the incubation phase.

The hatchery from 1992 was changed. 10 cylindrical tanks were constructed, each of

them with a diameter of 30 cm and a length of 50 cm with a bottom of 500 um plankton nets for
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the collection of déad eggs. The éylinders were attached to the refrigerating plant direcfcly and
were equipped with separate, immerséd water supply units. The water in the hatchery was filtered
through a charcoal filter, exposed to a uv-treatment, cooled and sterilized throﬁgh a series offilters
the size of 5 um, 2 ,uxﬁ and 0,2 um respectively and oxidized in an oxygen tower before being led
back into the incubators. All the water in the hatchery, 3.5 m® was sterilized once an hour. The
water consumption for the hatching experiments was considerably lower than the filtration
capacity, and for that reason the water that was ﬁrially led into the incubators had been filter
sterilized and oxidized several times before the use. The conditions should thus be optimum.

5 hatching experiments were performed with eggs from breeding ﬁ‘sh group A and 4 with
eggs from group B.

The seawater for the experiments was 7-8%o Balti-cseax?vater_ water filtered through a 60
um filter and resalted to 17%. by an addition of synthetic salt, Instant ocean. After each trial
session the hatchery was emptied for water and disinfected with fresh water with an addition of
NOAH increasing the pH value to 14. In experiment Al the hatching per cent is an average of 5
analogous experiments, in A2 an average of 4, in A3 an average of l4, in A4. an average of 2, in A5
an average of 2, in B1 an average of 4, in B2 an average of 2, in B3 an average of 2 and in B4 an
average of 2. | |

Fig 19 exhibits the hatching per cents in every single experiment and the temperature level
during the‘experiment. The term "actual hatching per cent" refers to the féct that the per cent is
calculated 6n the basis of the fact that the fertilization per cent was in no case as high as 100%.
All dead eggs were collected every second day, and the number estimated by calculating the
amount of eggs in 10 ml for each 50 ml of eggs.

In e#periment A2 and A3 the mortality rate is highest in the first half of the incubation

phase. In the other experiments in series A the mortality rate is stable during the whole phasé.
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Cumulative egg mortality rate. Experiment A1. Actual hatching per cent 61%
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In the experiments in series B the mortality rate in experimeht B1 and B3 peaks in the first half of
the period, in experiment series B2 it beaks in the_last half. In éxperiment B4 the mortality rate is
constant. |

In the case of both series the hatching experiments are characterized by varying hatching
per cents. In series B the hatching per cents are generally lower than in series A.

Inall 239.000 larvae were produced. In all experiments the temperature level was 5-6,5C

- the maximum fluctuation being 0,5C in the incubation phase.

In Swedish hatching experiments with Baltic cod no hatching per cents higher than 60%
were achieved (Pickova, J. et al, 1992). In ha;ching experimenté with turbot from the western

Baltic Sea the highest hatching per cent was 54%.

- To examine whether the eggs may be contaminated by envirpnmental poisons aﬂ’écting

the hatching résults a sarhple was collected from each egg batch in which the content of DDD,

DDE, DDT and the PCB-congenés CB28, CB52; CB101, CB105, CB118, CB138, CB153,
CB170 and CB180 was measured.

The results from these measurings are based on single measurings and thus subject to

some uncertainty. The egg quantity was not sufficient for double measurings. The environmental

poisons mentioned above are attached to lipoids, and for that reason it is the lipoids of the eggs

that have been analyzed. As in the case of other kinds of pelagic marine fish eggs the content of

lipoids in cod eggs is very little (Craik, J.G.A. et al, 1987), (Lenning, S. et al, 1988). For that

reason quite large quantities of eggs are required to permit an extraction of sufficient quantities

of lipoids for double_ héasurings.

209 kinds of PCB-congenes are known all of them breakdown products from PCB. The

9 kinds of congenes included in these analyses come to 70-80% of the total quantity of PCB-
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congenes, and are thus used as markers.

- In table 1 the concentration of DDD, DDE and DDT in the egg batches appear.

Table 1

Egg batch nr. p,pDDD p.p DDE - p.pDDT  ug/kgroe
Al 0.062 1.323 0282
| A2 0.048 1.023 0.282

A3 0.057 0937 - 0.406

A4 0070 2,017 0.336

AS 0.057 0942 0.148
"Bl . 0.045 1.526 o 0.159

B2 0125 3899 0.741

B3 0027 1625 . 0.341

B4 : 0.082 2.762 0.520

There is no positive correlation between the hatching per cents and the content of neither
DDD, DDE or DDT, not even if the numberé are added up.‘ v

| A éontent of DDT of 2.95 mg/kg of roelleads toa ﬁigh egg mortaiity rate in trout and
later on to a high ‘morta.lity_rate in:the ﬁmbﬂicai sac spawn. A level of 2.67 mg/kg of roe of less
does not baﬁ'ect_the hatching per ceﬁt or the mortality rate in umbilical sac spawn (Burdick,, GE.
et al, 1964). |

DDT-le;/els of 1.09 - 2.76 mg/kg of roe from the Coho salmon in Lake Michigan led to
a mortality rate of 15-73% in the larvae in 8 weeks while leveis of 0.55 - 0.66 mg/kg of roe led’
to a mortality rate of 1-5% in the same period (Johnson, HE, 1969) DDE-levels of 18 ng/g fat
or more affect the hatching per cent in herring from the western Baltic Sea (Hansen, P.D. et al,

1985). The levels found to be dangerous in these surveys are much higher than those found in the




egg batches of the preseﬁt experiments.

The hatching per cent as a function of the PCB-congen content in-the two experiment
series A and B can be seen in fig 20. The level of the 9 congenes is marked as an addition.
It appears in the fig that there is no correlation between the hatching per cent and the content of
PCB-congenes. -

Fig 20.1 Hatching ber cent in relation to PCB-congen content in the eggs. Breeding fish group A.
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Thus the correlation coefficients of the experiment series A is: R? = 0.480 and of the
experiment series B R2=0.421. PCB levels of 120 ng/g fat has a negative effect on the hatching '
per cent in western Baltic herring (Hansen, P.D. et al, 1985). The levels observed in the hatching -
experixhents are considerably lower than the level of 120 ng/g fat mentioned to be critical in
herﬁng. Surveys of Coho salfnon épawn have shown that PCB levels of 3.9 - 5.2 mg/kg have led
to diseasel as well és death. ngeral surveys have proven that cMoﬁnated hydrogen carbonate
c'ompounds may affect the quality of fish eggs and larvae negatively (Bengtsson, BE, 1978),
(Karés, P. et al, 1991), (Sandstrem, O et al, 1988), (Westernhagen, H.V. et al, 1988).
Larvae exgériments |
In 1994 2 feeding experiment sessions were carried out, one with the larvae from the
hatching experiment Al with 85,400 larvae and one with the larvae from hatching expe@ent A2
with 115,300 larvae. The experiments were carried out in 17%o resalted seawater at 5.5-6.5%o C.
| Th¢ larvae werle fed along the same lines as in the previous year, but instead of food produced in
~ the léboratory natural zooplankton from natural seawater was used.

The zooplankton at the size of 60-150 wum was given as feed along with the algae
Tetraselmis, Rhodomonas and Isocrysis. In experi;nent Al the larvae survived for 11 days, in
expérimer’tt B for 12 days. During fhe dry—matfer _rneasuringé_ it was examined whether the larvae
in experimént Al had any food content in their stomachs. On day 4 40 ouf of 50 had been eating,
on day 6 é4 out of 50 had been eating. As in the previous year the larvae died within the 2 first
weeks although this time they were fed with natural zooplankton. This may indicate that the
problem is not a nutritional one. It is worth notic;ing, however, that the larvae did willingly incept

food whereafter most of them stopped to eat within a period of 2 days.
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3.7 Starvation experiments with the larvae
To test the survival potential of the larvae a series of starvation experiments were
initiated. Larvae from the egg batches A3, A4, A5, Bl, B2, B3, and B4 were used for the

experiments. 20 larvae from each group were placed in cylinders with a diameter of 22 cm, a

length of 30 cm and a bottom of 500 pm plankton nets. The cylinders were immersed in a tank

from the production plant and each cylinder was attached to a separate water supply unit. The
number of surviving larvae was counted once a day. Fig 21 depicts the larval survival rate of each
day and the temperature level during the experiments..

Fig. 21

Experiment A3. Larval survival rate
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The most characteristic feature is the high mortality rate from the outset of day 1. At the
umbilical sac phase on day 6 only a few larvae were still ali\}e in most of the experiments. In
experiment A3 5%, in A4 0%, in A5 20%, in B1 25%, in B2 0%, in B3 25% and in B4 30%.
.Experiments with North Sea cod larvae have shown that they can live for up to 16 days at 6,9C
without being fed (Yin, M.C. et al., 1987).

The larvaé, in the experiments shown in fig 21 lived for a much shorter time, the longest
survival period being 10 dayS.

In fig 22 the larval survival rate at the end of the umbilical sac phase, day 6, is shown as
a function of the 'hatching per cent. As depicted in the figure there is a connection between the
hatching per cent and the larval survival rate. This may indicate the presence of some unknown
factor which influences the hatching per cent and later on the larval survival rate. |

Fig. 22.1 Larval survival rate day 6 as a function of the hatching per cent.
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Conclusion

It has been found in the experiment period of 3 years that it is possible to make Baltic cod
spawn in captivity, that it is possible to produce large quantities of eggs, but that, to a great extent,
the hatching per cents are subject to variations. It is possible to produce larvae in a quantity
- relevant for production. The larvae incept food already from day 4, but the mortality rate is rather
high very soon after the hatching. The mortality rate is almost 100% after 2 weeks. In both 1993
and 1994 the Royal Veterinafy and Agricultural High School of Denmark performed disease
monitoring of eggs and larvae without being able to relate the mortality rate to pathogenic
infections.

It is possible to produce spawn without visible defects in a small number. Apparently the

larvae do not die froni malnditrition. Besides thére is a correlation between the hatching per cent

and the larval survival rate.
The problerhs connected to the extent of the egg and larval mortality must be elucidated

' by furthér investigation before a large-scale production of spawh can be accomplished.
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P4 baggrund af den i begyndelsen af 1990’'erne lave bestand af
torsk i den estlige @sterse ivaerksatte Fiskeriministeriet i
1992 et pilotprojekt med det formdl at udvikle en.
opdraztsmetode til storskala produktion af @sterse torskeyngel.

Hensigten var igenném Udsetnihg af yngel pa iengere sigt at
ophjzlpe den naturlige bestand af torsk i @sterseen.

Projektet blev udarbejdet som et samarbejde mellem
Fiskeriministeriet, Dansk Fiskeriforening og Danmarks
Havfiskeriforening med Danmarks Fiskeri- og Havundersegelser
som koordinator.

Projektet, som fra starten var berammet til 2 ar, siden
udvidet til 3 ar, fik sin opstart. i maj maned 1992 med
etablering af et pilotanlag pad @stre Flak 4, Nekso, Bornholm
Anlagget bestdr af en udenders semiintensiv :
produktionsafdeling samt en indenders recirkuleret
produktionsafdeling. Anlagget er konstrueret som et
produktionsanlaeg efter gengse principper vedrerende
semiintensiv og intensiv opdrazt af marin fiskeyngel Anlzggets
teoretiske produktionskapacitet er for semiintensiv
afdelingens vedkommende ca. 60.000 stk. yngel 3-5 cm lange og
for intensiv afdelingen ca. 100.000 stk. yngel 3-5 cm.

P& baggrund af negative erfaringer i 1992 med indsamling af
torskeag i felten blev der i 1993 indgaet et samarbejde med
Bornholms Fiskerilaboratorium om opbygning af et recirkuleret
anleg til hold af moderfisk. Driften af anlagget blev indtil
sommeren 1993 varetaget af Bornholms Fiskerilaboratorium,
hvorefter Danmarks Fiskeri- og Havundersegelser overtog .
driften. Anlagget har igennem szsonerne 1993 og 1994 leveret
&g til opdrztsforsegene.

I det folgende vil der blive redegjort for de indhestede
erfaringer og resultater igennem szsonerne 1992, 1993 og 1994.

Philip S. Prince

Danmarks Fiskeri- og Havunderszgelser
Hirtshals




l. Opdrat 1992

Det var hensigten at foretage startfodringsforseg i bide den
semiintensive og intensive produktionsafdeling. P& grund af
projektets sene start i slutningen af maj madned umuliggjorde
heje temperaturer i anlzgget en egentlig startfodring. Sdledes
var temperaturen i sémiintensivanlagget i begyndelsen af juni,
‘hvor de ferste klzkkeforseg med torskezg blev foretaget,

steget til 18°C, hvilket var den laveste temperatur, der blev
registreret i prOjektperioden frem til den 17. august. Hejeste
registrerede temperatur i perioden var 24°C.

Forseg udfert af den Kgl. Veterinar- og Landbohejskole, som
igennem forsegsperioden var tilkoblet projektet for at
overvage torskeazggenes og larvernes sundhedstilstand, har
vist, at @sterse torskeag har en lav tolerance over forheje
temperaturer. Ved 12°C og en salinitet pa 16%o reglstreredes
en klzkkeprocent pd 20. Eg inkuberet ved 16°C og 20°C i 16%
havvand klzkkede overhovedet ikke. Temperaturtoleranceforszg
med @sterse torskelaver viste ved 16°C og 16%o salinitet 100%
dedelighed efter 5 degn. (Buchmann, K. et al., 1992). Forseg
med Nordsetorskeag har vist, at ved en 1nkubatlonstemperatur
p& 12°C dor alle alle zggene inden blastulastadiet er :
" overstéaet (Thomsen, “BTM. '“19817“““””_‘_ Tttt T Tt

Temperaturen i det 1nten51ve startfodrlngsanlag var i
begyndelsen af juni 16°C og hgjeste registrerede temperatur i
forsegsperioden var 25°C. Det var derfor heller ikke muligt at
gennemfore startfodrlngsforszg i dette anlag

Fra projektets start var der satset pé at afstryge moderfisk i
felten for at skaffe 2g til klazkkeforsogéne. Det viste sig dog
umuligt at indsamle =g i produktionsrelevant skala. @sterseo
torsk er batch gydere, og de enkelte torsk gyder over en _
periode pa ca. 3 mdr. Man skal derfor vare meget heldig for at
fange hunner med en steorre portion helt afstrygningsmodne a2g.
Situationen blev ydermere forvarret af, at torskefangsterne
var meget lave det ar (Prince, P., 1993)

Der blev derfor kun gennemfert ganske fa klzkkeforseg, oftest
med =g af darlig kvalitet, hvor der i de fleste tilfzlde blev
observeret meget store agdedeligheder - op til 100%.
Befrugtningsraten var som regel lavere end 30%.

Under projektet blev der observeret en del ag med fejlagtig
celledeling medforende en hej mortalitetsrate. Disse azgbatches
stammede primzrt fra moderfisk ilandbragt af fiskerne,
hvorefter afstrygningen foregik pa kajen. Graden af
misdannelser kan meget vel skyldes, at moderfiskene var dede,
inden de naede land, og &ggene derfor udsat. for iltmangel
og/eller temperaturstigning under transporten, som foregik i
sommervarmen.

I det hele taget var det et problem at handtere z=ggene i
sommervarmen og undgd temperaturstigninger (Prince, P., 1993).



Klzkning af aggene foregik i 15-16%o havvand oppumpet fra 70
meters dybde. Klazkkeriet var det eneste opdraztssystem med
pamonteret keleanlag. Systemet er beskrevet i (Prince, P.,
1993). Trods keling var det ikke muligt at holde bare et
nogenlunde stabilt temperaturniveau. Laveste registrerede
temperatur var 4,5°C og heojeste 10,5°C. I visse klzkkeforseg
blev der registreret en temperaturvariation pa 4,0°C fra
inkubationsperiodens start og frem til klzkning. Det kan ikke .
udelukkes, at den varierende temperatur i klazkkeriet har
pavirket klzkkeresultaterne i negativ retning.

Blandt nyklazkkede blommesazkslarver blev der observeret

- individer med epithelskader pd frekvenser mellem 18-35%. Disse
skader menes fremkommet ved en mekanisk pavirkning af laverne
fordrsaget af turbulente forhold i klzkkecylindrene. Der blev
observeret lordose og scoliose med en frekvens pa i visse
tilfzlde op til 20%. Det antages, at sadanne lidelser skyldes
tilstedevaerelsen af fosterskadelige stoffer i =gget pad grund -
af utilfredsstillende forhold under zgudviklingen eller
darlige iltforhold i klzkkecylindrene (Buchmann, K. et al.,
1992). Visse larvebatches udviste frekvenser pa 25% eller mere
af infektioner med svamp eller bakterier. Det kunne dog ikke
pavises, at infektionerne var lethale.

For at udelukke disse potentielle negative pavirkninger af
‘klzkkeresultaterne blev det besluttet at gennemfere Klazkningen-
af =zggene i startfodringsanlagget i 1993 sasonen. Tankene i
anlagget, som er pa 600 1 har vandindtag i bunden, hvilket
muligger at have en hej vandudskiftningsrate uden at skabe
turbulente forhold - ikke mindst fordi =ggene flyder i
overfladen. o :

I det semiintensive produktionsanlag blev der som planlagt
gennemfort en kvantitativ og kvalitativ monitering af det til
anlegget indpumpede zooplankton med det formdl at teste :
metodens produktions potentiale. Det beregnede '
afhestningspotentiale var 20 kg zooplankton baseret pa tervagt
(Rasmussen, K.; Brun, I., 1992). Den reelle afhestning var 5.
kg zooplankton baseret pa tervagt (Prince, P., 1993).
Forskellen mellem den teoretiske og den reele, afhestede
mengde zooplankton skyldes primzrt, &t tromlefiltret kun var i
drift i 25% af tiden pa grund af tilkoblingsproblemer med
tradalger. :

Konklusionen pd resultaterne efter forsegsperioden i 1992
blev, at hvis en storre produktion af yngel skulle kunne
gennemfores, ville det vare nedvendigt at sikre en javn og
storre tilgang af befrugtede =g af en god kvalitet ved
etablering af et moderfiskehold. For at gennemfore de
egentlige startfodringsforseg ville det vare nedvendigt at
etablere keling pa det intensive produktionsanlag. For at
gennemfore startfodringsforseg i semiintensivanlagget ville
det vaere nedvendigt at have nyklazkkede larver af god kvalitet
til raddighed allerede i april maned for at undga
temperaturproblemer.




Klzkkeriet, som er en kopi af et klzkkeri brugt til succesfuld
klzkning af Nordse torskezg pa Vestkysten, viste sig ikke at
leve op til forventningerne. Det store antal af larver med
epithelskader samt lordosis og scoliosis (Buchmann, K.;
Larsen, S.L.; Dalsgaard, I., 1993) tyder pda, at forholdene
dels har vaeret for turbulente under inkubationsfasen samt, at
miljeet i klzkkecylindrene har varet utilstrazkkeligt. Forseg
med Nordse torskezg har vist, at de specielt i1 starten af
inkubationsfasen er meget sarbare overfor fysiske pavirkninger
som turbulens medferende en hej mortalitetsrate (Rollefsen,
G., 19 ), (Rollefsen, G., 1932). Det er hejst sandsynligt, at
@sterse torskeag er endnu mere pavirkelige af fysisk '
pavirkning som turbulens. Dels udvikler de sig pad store
dybder, 70-80 m, hvor de fysiske forhold er meget stationzre,
dels har zggene pa grund af deres tilpasning med hensyn til
flydeevne og lavere salinitet en tyndere chorion end Nordse
torskens &g, henholdsvis 3,34-4,79 um og 6-9 um (Nissling, A.;
Westin, L., 1991). Nordse torskezg udvikles i de overfladenzre
. lag, hvor de 1 langt hojere grad er udsat for turbulente
forhold pa& grund af vindens pavirkning.

2. Opdra=t 1993

De egentlige startfodringsforseg i intensiv og
semiintensivanlaggene startede i 1993.

Semiintensivanlagget

Startfodringsforsegene i semiintensivanlazgget mislykkedes dels
pa grund af, at de forste =g blev gydt den 15. april, hvilket
medfoerte, at de forste larver til forsegene forst var klazkkede
omkring 1. maj, hvor temperaturen i semiintensivanlagget
allerede var naet op pa 10-12°C. Det var derfor klart, at det
ikke ville vare muligt at producere yngel pa 3-5 cm inden for
larvernes temperaturtoleranceomrdde. Torskelarverne skal vare
klzkket senest den 1. april, da det ellers ikke vil vare
muligt at producere fingerlings, ' inden temperaturen i anlazgget
nadr ca. 20°C, dvs. midten/slutningen af maj. (Rasmussen, K.;:
Brun, I., 1993). Lo :

Da de forste producerede &g i 1993 kom den 15. april og de
forste producerede &g i 1994 kom den 1. maj ma det
konkluderes, at den semiintensive opdraztsteknik ikke er
brugbar til produktion af @sterse torskeyngel pa grund af
manglende mulighed for at manipulere med temperaturen.

Resten af szsonen fortsatte den kvantitative og kvalitative
monitering af det indpumpede zooplankton. Resultaterné viser,
at den afhestede mazngde var ca.. 50% af mengden i. 1992, men at
zooplanktonet var af hej kvalitet og muligvis velegnet som
startfoder i intensivanlzgget (Rasmussen, K.; Brun, I., 1993).

2.1 Moderfiskehold




I samarbejde med Bornholms Fiskerilaboratorium, Dansk
Fiskeriforening og Danmarks Fiskeri- og Havundersogelser blev
der i efteraret 1992 designet et anlag til hold af en
moderfiskebestand med det formadl at producere =g til

. forsegene. Financiering og opferelse af anlazgget blev
varetaget af Bornholms Fiskerilaboratorium, ligesom den.
daglige ledelse og drift frem til medio juni, hvorefter
ledelsen og driften blev overtaget af Danmarks Fiskeri- °g
Havundersegelser.

Anlzgget er opbygget som et recirkuleret anlag bestdende af:

3 opdrztskar & 8 m3
Sedimentationstank

Neddykket biofilterenhed; 1,5 m3
‘Hvirvelseperator

Pumpesump + pumpe:

Kulfilter

Beluftningstarn’

Hejtank

Anlagget er ialt pa 98 m3 og er opfert i et kelerum og
nedkeling af vandet sker ved at kontrollere »
lufttemperaturen.Til hvert bassin var der monteret en
®zgopsamler bestdende af en planktonnetpose pa 100 liter
nedsznket i en beholder af samme dimension.

I gydeperioden blev aflebsvandet fra de 3 moderfiskekar ledt
igennem hver sin agopsamler som overfladeaflednlng, hvorved
&ggene blev opsamlet i poserne.

'Flskene blev indfanget i februar maned med garn ud for ‘

Snogebzk p& 10-20 meters dybde; ilandbragt i tanke med vand og
overfeort til bassinerne i anlzgget, som forinden var fyldt med
naturligt havvand fra @sterseen med en saltholdighed pa 7-8%o.

2.2 Fysiske parametre i moderfiskeanlzgget
Salinitet

Saliniteten i anlzgget, fig. 1, blev i perioden fra 1. marts
til midten af april havet fra 7-8%o0 til ca. 20%oc. Da der
blandt de gydte &g til tider blev observeret svamp, blev
saliniteten i juni maned havet til ca. 22%o0 for at se, om
dette kunne afhjzlpe problemet. Der kunne dog ikke observeres
nogen forskel. Saliniteten blev madlt med en model YSI 33.

Opsaltning foregik ved gradvist at tilsztte syntetisk salt (LW
- Marinemix) til hvirvelseperatoren.




Salinitet, moderfiskeanlag 1993 i perioden 01.03 - 22.07 .
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De store udsving pa fig. 1 skyldes, at der periodevis blev"
tilsat sterre mangder 1l4%o @stersevand oppumpet fra ca. 70

" meters dybde og ilandbragt af "Jens Vaver". Herefter gik der
en periode med at fa justeret saliniteten.

Ammoniak

Ammoniakindholdet i moderfiskeanlazgget igennem forsegsperioden -
fremgar af fig. 2. .

Malingerne viser koncentrationen af totalammonium og er
foretaget med et Merck Ammonium Test Kit. Malingerne blev
foretaget pa vandet fra hvirvelseperatoren, dvs. aflebsvandet
fra moderfiskene. Testmetoden er ikke en videnskabelig
testmetode, men bruges ofte i akvakultur gjemed som en god
indikationsmetode. Giftigheden af totalammonium er afhazngig.
af, hvor stor en andel ikke-ioniseret ammonium, der forefindes
i vandet. Koncentrationen er bestemt af temperaturen og
primert pH. Jo hejere temperatur og pH desto sterre
koncentration af ikke-ioniseret ammonium:

Fisk .- NH3 + H20 = NH40H = NH4+ + OH-
IKKE-ioniseret - giftig

: ioniseret - ikke giftig
ph afhengig '



Fig.-2.

Ammoniak, moderﬁskea’nlag i perioden O;I.04 - 22.07
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Ved 8°C og en pH pa 7,8 er indholdet af NH3 0,994% (Piper,
R.G. et al., 1982), dvs. at 1 mg/l totalammonium svarer til en
koncentration af NH3 pa 0,00994 ppm. Ved en NH3 koncentration
pa 0,0125 ppm sker der en vakstreduktion hos @rreder samt
skader pa gzlleepithel, nyrer og lever (Piper, R.G. et al.,
1982) . Derimod fandt (Alderson, R., 1979), at setunge ved

16°C, pH 7,9, 33%0 saltvand og en koncentration pa 0,045 mg
NH3/1 over en periode pad 42 dage ikke viste tegn pa nedsat
vekst. Pighvarre udviste ikke nedsat vakst under samme forhold
ved en koncentration pa 0,14 mg NH3/1 over en periode pa 11
dage.

Af fig. 2.fremgér det, at koncentrationen af totalammonium
toppede 22-23. april med en koncentration pa 1 mg/l svarende
til et indhold p& 0,00994 ppm NH3, hvilket er tat pd kritisk
niveau for erred. Resten af perioden la koncentrationen pa
mellem 0,2-0,4 ppm svarende til 0,001988-0,0040241 ppm NH3.

Tolerancegraznserne for @sterse torsk og &g er ukendte, men
koncentrationen resten af szsonen la vasentligt under den for
orreder beskrevne krltlske granse.

Temperatur

Temperaturforlebet igennem gydesazsonen er vist i fig. 3
temperaturen blev malt med et YSI Model 57 oxymeter.

4




Fig. 3.

Temperatur i moderfiskeanlaget i perioden 01.03 - 22.07.
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Det fremgar af figuren, at temperaturen har svinget mellem 7--
9°C frem til begyndelsen af juni maned, hvorefter den blev
sanket og holdt sig stabil mellem 5-6°C indtil gydesazsonens
afslutning. Grunden til den hojere temperatur i manederne
marts til juni skyldes, at kolerummet, som anlazgget var
placeret i, ikke var i drift i denne periode, men blev
nedkolet sekundert ved, at en der stod dben ind til et kelerum
i drift ved siden af. Kelingen har dermed ikke varet effektiv
og konstant. I lebet af juni blev der startet op for kelingen
af selve rummet, og temperaturen sanket til 5-6°C, hvilket er
det naturlige temperaturforhold pa gydepladserne i Qsterszen
(Bagge, O., pers. comm.). , '

Ilt

Iltforholdene i anlagget igennem forsegsperioden fremgdr af
fig. 4. og ligger mellem 7-10 mg/l med et gennemsnit pa ca. 8
mg/l og mad derfor siges at vare tilfredsstillende, ilten blev
malt med et YSI Model 57 oxymeter.

@rredens normalbehov for ilt er 8 mg/l med en minimumsgransé
pa 5 mg/l (Christensen, N.O.; 1980). Laksefisk ‘er blandt de
flskearter som har det h@jeste behov for-ilt.




Fig. 4. litindhold i vandet i perioden 01.03 - 22.07, moderfisk gruppe 2.
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pH

pH-forholdene gennem forsegsperioden, fig. 5, har ligget
mellem 7,8-8,0, hvilket er lidt lavere end pH i
startfodrlngsanlagget og pH i de evre vandlag i @stersesen, som
i forsegsperioden blev. malt til 8,2. Havvand pad 33%0 har en pH
P& 7,9 (Alderson, R., 1979).

Forskellen mellem pH-vardierne i moderfiskeanlazgget og
startfodringsanlagget kan skyldes forskelle forarsaget af.
-madlemetoderne. pH i moderfiskeanlzgget blev madlt med pH-
indikator strips og i startfodringsanlagget med et pH-meter,
Knick Portmass 751.

Fig. 5. : . :
PH forhold, moderfiskeanlag i perioden 01.04 - 22.07
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2.3 Moderfiskenes gydebiologi

Produceret 2gmengde

Egopsamlerne for hver af de 3 grupper blev temt en gang
dagligt og den daglige, producerede mengde &g for hver gruppe
blev opmalt i ml. Dagslangden i anlagget blev reguleret af en
timer og svarede til den for arstiden naturlige dagslangde.
Mazngderne af zg, som blev produceret af de 3
moderfiskegrupper, er vist i fig. 6.

Fig. 6.

‘Daglige ®gmangde igennem gydeperioden: Mo_derfisk’g’ﬁjppe' 1.
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Daglige a2gmangde igehnem 'gydeperidden. Moderfisk gruppe 2.
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Daglige a2gmaengde igennem gydéperioden. Moder‘fisk gruppe 3.
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Gruppe 1 ged ialt 37.870 1 =g gennem sazsonen, som varede 97
dage, hvilket svarer til ialt 9.008.800 &g for hele gruppen
eller 1.035 1 =g = 248.400 =g pr. kg hun med en
gennemsnltsvagt pa 2,180 kg. Gruppen bestod af ialt 11 hunner
‘og 7 hanner ved gydeperiodens afslutning. 1 hun dede i lebet

-af perioden.
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Gruppe 2 god ialt 38.720 1 &g gennem sasonen, som varede 76
dage, ialt 9.292.800 &g eller 0,990 1 &g = 237.600 &g pr. kg
hun med en gennemsnitsvagt pd 2,600 kg. Gruppen bestod af ialt
15 hunner og 13 hanner ved gydeperiodens afslutnlng I lobet
af gydeperloden dede 1 hun. : : '

Gruppe 3 producerede ialt 30.625 1 ®g igennem perioden, som
varede 94 dage, ialt 7.350.000 =g eller 0,640 1 = 153.600 =g
pr. kg hun med en gennemsnitsvagt pa 2,500 kg. Gruppen bestod
af ialt 19 hunner og 5 hanner ved gydeperiodens afslutning. I
lebet af gydeperioden dede 1 hun.

For gruppe 1 var de 2 toppunkter for gydningen et i forste
halvdel og et i anden halvdel, henholdsvis slutningen af april
og slutningen af juni; det feorste 1lidt sterre end det andet.
For de 2 andre gruppers vedkommende havde de kun ‘et toppunkt,
som la i ferste halvdel af perioden, medio maj. Gruppe 2 havde
endvidere en gydeperiode som var ca. 20 dage kortere end de
andres. - R :

(Miller, A.; Bagge, O., 1984) beskriver, at den naturlige
gydebestand i Bornholms Dybet gyder fra marts til 6g med juni
med toppunkt i maj maned. Forfatterne refererer til (Kéndler,
1938), som beskriver to toppunkter, et i juni og et i
september mdned. Muligheden for tilstedevarelsen af to
torskeracer diskuteres; en vestlig, som gyder tidligt og en
ostlig, som gyder senere pa dret. Om der er tale om en
opblanding af to forskellige racer, en ostlig og en vestlig i
gruppe 1 og en primazrt vestlig i gruppe 2 og 3, her specielt
gruppe 2 med den korteste gydesason, vides ikke.

(Botros van Gurgis, 1962) beregnede ved at veje ugydt rogn fra
vestlige @sterss torsk, at en hun pa 2,700 kg indeholdt
790.000 =g pr. kg kropsvagt, mens en Nordsz torsk af samme
storrelse indeholdt 728.000 =g/kg kropsvagt Egmzngden fra en
Nordse torsk pa 2,800 kg, som ged i fangenskab blev beregnet
til 964.285 &g/kg eller 370 1l/kg kropsvagt; gydeperioden
forleb over 50 dage; fisken ged ialt 17 portioner (Kjesbu,
0.S., 1989). I begge undersogelser fandt forfatterne desuden
en positiv korrelation mellem moderfiskesterrelse og agmazngde.

En gydebestand af Nordsetorsk bestdende af 50 hunner og 50
hanner vil gyde over en periode pa‘75 dage, mens en enkelt hun
pa 6 kg vil gyde over 50-60 dage (McVey, J.P., 1991).
Gydesasonens lzngde for moderfiskene pa Bornholm var i 1993
lidt langere for gruppe 1 og 3 end, hvad man normalt vil
forvente af en gruppe moderfisk bestéende af Nordses torsk.

Derimod var der ingen positiv korrelation mellem moderfiskenes
sterrelse og den producerede agmazngde. Gruppe 1 med den
mindste gennemsnitsvagt (2,180 kg) producerede den storste
mengde =g i forhold til kropsvagten.

Befrugtningsprocent

Den daglige befrugtnihgsprocent for hver af
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moderfiskegrupperne blev bestemt gennem en periode pa-2
médneder indtil gydesazsonens afslutning. Af de indsamlede =g
blev der udtaget 5 ml eller ca. 1.200 =g fra hver af de 3
batches.

En delprzye pa 200-300 =g blev herefter udtaget og undersegt
under stereomikroskop. Kun befrugtede =g med korrekt
celledeling blev registreret som gode &g. Eggene blev forinden
- fikseret i en blanding af iseddikesyre og 8%o destilleret
vand. Blandingen bevirker, at celleoverfladen bliver
mzrkebrun, hvilket ger det vesentligt nemmere at skelne
befrugtede og ubefrugtede =g fra hinanden. Det er samtidig
nemmere at se, om de befrugtede =g har korrekt celledellng
Vurderingen blev foretaget. efter Eyjolfur Friogeirssons
beskrivelse af torskeazggets udvikling (Friogeirsson, E.,

1978) . Eggene, som blev underszgt var fra tocellestadiet frem
‘til morulastadiet.

Fig. 7 viser den daglige befrugtningsprocent for aggene fra de
3 moderfiskegrupper.

Fig. 7.

Daglige befrugtningsprocent igennem gydeperioden. Moderfisk gruppe 1

100

o0 |
80 | ' _ N
70 _ ' !
60+ || y
50

Procent

40 |
30 +

20 .
. . b p
10 - K ’
4
. 3 b
0 } t

Dag

13



100

70 -

60 |

Procent

a1
30
20 |

10 1

Daglige befrugtningsprocent igennem gydeperioden.

4

10

15

20 25
Dag

30

35

40

45

50

Moderfisk gruppe 2

Daglige befrugtningsprocent igennem gydeperioden. Moderfisk gruppe 3

80 +

70

60 1

Procent

30 1+

20 +

10 +

50 +

40 |

20

30
Dag

40

50

60

Som det ses af figuren varierer befrugtningsprocenten fra dag
til dag og svinger lige fra ca. 90% til 0%. Den gennemsnitlige
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befrugtnlngsprocent for de 3 grupper er henholdsv1s for gruppe
1 30%, for gruppe 2 44% og for gruppe 3 40%.

Befrugtningsprocenten afhanger i forseget ikke af antallet af
hanner. Gruppe 3 med farrest hanner (5) og hunner (19) havde
den nastbedste befrugtningsprocent (40%).

Det er muligt, at den ret hoje og fluktuerende temperatur 6-
10°C i den forste 2/3 af forsegsperioden har haft en negativ
effekt pd resultatet. Stress kan ogsa ‘forarsage dirlig
befrugtning og ujavn gyderytme, hvilket kan medfere, at -zggene
i hejere grad holdes tilbage i ovariet og derfor bliver
overmodne, hvilket nedsaztter befrugtnlngsevnen (Kjesbu, 0.S8.
1989); (Holm, J.C., 1991).

2.4 Startfodringsforsag_1993

Pa grund af de darlige erfaringer i 1992 med brugen af
klzkkeriet til klzkning-.af torskezg blev selve
startfodrlngsanlagget ‘udover at blive brugt til startfodring,
ogsa brugt til at klakke &g i. Anlagget bestar af felgende
elementer og har en volumen pa 1alt 18 m3:

Sandfilter 1,5 m3
- Biofilterenhed; 1 rlslefllter 0,6 m2, 2 neddykkede filtre &

1,2 m3 ’
Kozleenhed + kzlereserv01r (pumpesump)

UV-sterilisation

Beluftertarn

10 koniske startfodrlngstanke a 600 1

Hvirvelseperator

Fordelen ved at inkubere zggene i systemet er, at en stor
mengde &g kan inkuberes ad gangen. Op til 500 ml eller 120.000
&g pr. kar. Samtidig er der minimal turbulens i karrene.
Vandet tils=zttes langs karvaggen nar bunden og cirkler til
aflobet, som er centralt placeret ved vandoverfladen. ZEggene
roteres hermed pa en meget skansom made rundt i karrene uden
at blive udsat for turbulens - selv ved et hejt vandflow,
hvorved iltforholdene kan holdes optimale. Igennem alle
klzkkeforsegene 1la iltmztningsgraden pa mellem 80-95%. Ulempen
ved klzkkemetoden er, at der ikke effektivt kan opsamles dede
&g, da karrene er ca. 1 m dybe. Det er derfor ikke muligt at
foretage et przcist estimat af dedelighedsforlebet.

P4 grund af karrenes store volumen er det heller ikke muligt
at foretage et estimat af antallet af nyklzkkede larver, da de
ikke fordeler sig homogent. At foretage en homogen opblanding
af larverne i et volumen pa 600 1 vil krzve, at de udsattes
for en volsom turbulens. Torskelarver er meget folsomme
overfor handtering (Thomsen, B.M., 1981).

Strategien for startfodringsforsegene var at tilbyde
torskelarverne en bred vifte af fedeemner for pd den made at
opnad storst mulighed for at opfylde deres krav til ernarlng,
et krav som ikke kendes for Osterse torskelarver. I
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forbindelse med startfodringsforsegene blev algerne Rhodomonas
sp., Isochrysis galbana, Paulova lutheri og Skeletonema
costatum produceret.og brugt som startfoder fra dag 1. Flere
forfattere har pavist, at torskelarver optager phytoplankton
umiddelbart efter klazkning (Homme, J.M., 1991); (Ellertsen, B.
et al., 1976); (Meeren, T. van Der, 1991);(Eilertsen, H.C.,
1992);(T11seth S. et al., 1987); (Pedersen, T et al.,
1989) ; (Tilseth, S. 1990).

Umzttede fedtsyrer er essentielle for overlevelse og vakst af
marine fiskelarver, specielt vigtige er de to umzttede
fedtsyrer 20:5 (n-3) og 22: (n-3) (Watanabe, T. et al., 1983),
og disse udger op til 42,0-50,5% af indholdet af polare
lipider hos torskelarver, (Pedersen, T. et al., 1989).

Marint phytoplankton har et hejt 1ndhold af umzttede fedtsyrer
og er derfor velegnet som startfoder til marine fiskelarver
enten som direkte fede eller sekundart ved berigning af andre
fodeorganismer, som f.eks. hjuldyr og Artemia, hvorved disse
far et hejere indhold af de essentielle umzttede fedtsyrer
(Watanabe, T. et al., 1983); (Lubzens, E., 1987).

Nordse torskelarver er med succes blevet startfodret ved brug
af alger samt algeberigede hjuldyr og Artemia (Huse, J. et
al., 1983). (Howell, B.R., 1984) opndede med brug af denne
teknik en overlevelse pa 10% frem til efter metamoforsen,
hvorefter dedeligheden var ubetydelig.

Opdrztsforseg med pighvarre, redspaztter og skrubber har dog
vist, at brugen af laboratoriefremstillede byttedyr ofte
medferer, at en vis procentdel af fiskene bliver
fejlpigmenterede. Ved supplement af en vis del naturligt
zooplankton kan dette problem udgas i opdrzt af skrubber
(Seikai, T., 1985).

Udover alger blev der til startfodring brugt hjuldyr, Acartia
tonsa og Artemia.

Produktionen af alger foregik i et klimarum ved 16°C i 30 1
store plastikposer. Algerne blev belyst af et lyspanel -
bestaende af 40 lysstofrer. Vandet til fortynding af . ‘
kulturerne var sterilfiltreret opsaltet 20-22%0 havvand fra
startfordringsanlazgget. Vandet blev akklimatiseret i
klimarummet inden opspadning. Berigning af algerne foregik
direkte i1 algeposerne.

Produktionen af hjuldyr foregik i 6 koniske kar af 300 1 ved
25°C 1 22%0 sterilfiltreret opsaltet havvand. Hjuldyrene, som
blev produceret, tilherte S- typen, den mindste af de to
hovedtyper med en voksenlazngde pd 100-200 um. Den anden type .
har en voksenlangde pa 130-340 um. Den mindste af de to typer -
er pa grund af sin mindre sterrelse mest velegnet som
startfoder til sma marine. fiskelarver (Fukusho, K., 1989).
Berigningen foregik ved tils=tning af algerne Rhodomonas og
Isocrysis 50 l/dag/kar plus et kommercielt berigningsmedie,
Cultureé Selco, efter firmaets foreskrifter. Berigning af
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hjuldyrene blev foretaget hver 6. time degnet rundt.

‘Inden udfodring af hjuldyrene blev de filtreret over et _
standard 60 um filter. Det viste sig dog hurtigt, at metoden
var uegnet til filtrering af store mengder dyr, idet filtret
klokkede til pa grund af store m@ngder opslemmede
algepartikler i vandet fra produktionstankene.

Der blev derfor konstrueret et cylindrisk modtryksfilter pa 30
l, se fig. 8. ‘

Fig. 8.

VAND f
Ud &

Fordelen ved filtret er, at det har en meget stor
filteroverflade samt, at den kontinuerlige tilsztning af det .
sterilfiltrede vand skaber en rotation af filtratet, hvorved
sekundert materiale effektivt frafiltreres. Vandet i balgen,
som filtret er nedsaznket i, skaber et modtryk, der bevirker en
skdnsom filtrering af hjuldyrene. ’ ' -

Efter filtrering blev hjuldyrene tappet pd 5 1 dunke‘og
henlagt i hvirvelsperatorerne til temperaturakklimatisering
inden udfodring. :

Artemia &g blev klzkket i 4 stk. koniske kar &4 300 1 ved 25°C
i 35%0 opsaltet sterilfiltreret havvand. Inden klzkningen af
&ggene, som under disse forhold tog 24 timer, blev de
decapsuleret, dvs. den yderste del af de to skaller blev
fjernet. Proceduren bestar i: .
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Hydrering af cysterne.

Behandling i en hypokloritoplesning.
Afvaskning og deaktivering af klorrester.
"Klzkning. :

B WwN R

Teknikken er detaljeret beskrevét‘i (McVey, J.P., 1983).

Fordelen ved decapsulering er, at i den efterfelgende
klzkkeproces oges klakkeprocenten, da det bliver nemmere for
nauplierne at bryde ud af skallen. Samtidig virker
behandlingen med hypoklorit som en desinfektion af cysterne
(Campton, D.E., 1989).

Efter klakning blev nauplierne filtreret over et 125 um filter
efter samme princip som beskrevet i fig. 8. Filtret var dog et
kommercielt fremstillet standardfilter.

Akklimatiseringen af nyklakkede nauplier foregik i koniske
beholdere pa 1 1 nedsznket i hvirvelseperatoren og

~ gennemkoblet med luft. P4 denne mdde kunne de opbevares i op

til 24 timer med en koncentration pa 15.000 nauplier/ml.
Forseg har vist, at de kan opbevares pa denne made ved 0-4°C i
48 timer uden navnevardig energetisk tab (McVey, J.P., 1983).

P4 senere stadier i startfodringsfasen blev de nyklazkkede

nauplier beriget i enten 24 eller 48 timer afhazngig af, hvor
store de skulle vare. Berigningen foregik med Super Celco
(kommercielt produkt) og algerne Isocrysis og Rhodomonas.

Acartia tonsa =g blev produceret pd H@I i Charlottenlund,
konserveret og sendt til Bornholm, hvor zggene blev klakket-i
koniske beholdere pa 1 1 gennemkoblet med luft. Klazkningen
foregik i 16%0 opsaltet havvand ved 20°C. Nauplierne blev

akklimatiseret pa samme mdde som Artemia nauplierne og desuden

fodret med Rhodomonas.

I startfodringsanlagget blev der ialt i perioden 18. april -
30. juni inkuberet 4.045.000 befrugtede =g med korrekt
celledeling pad aflasningstidspunktet. Der blev i perioden :
observeret en meget variabel klzkkesucces. I visse zgbatch var
der op imod 100% dedelighed, i andre var dedeligheden meget
lille, sdledes kunne der kun observeres fa dede =g pa bunden.
Svenske undersegelser med Osterse torsk viser ogsa, at
kvaliteten er meget variabel (Pickova, J. et al., 1992).
Udover de variable klzkkeprocenter var det karakteristisk, at
jo darlige klazkkeresultatet var, desto mere inficeret med
svamp var batchene. I visse agbatch med hej klakkeprocent blev
der overhovedet ikke observeret svamp. Det menes, at svampen
opstod som noget sekundazrt, nar azggene var af darlig kvalitet.
I forseg pad at forhindre angreb af svamp blev nogle f& zgbatch
dypbadet i oxytetracyclin, men der kunne ikke spores -nogen
effekt. :

Forseg aret fer havde indikeret, at ved hz]ere salinitet kunne

svamp undgas (Buchmann, K. et al , 1992). Derfor blev zggene
inkuberet i 20-24%0 opsaltet havvand. Bassinvandet i1 anlagget
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var 1l4%o Osterso vand oppumpet fra ca. 70 m dybde.
Opsaltningen foregik med Instant Ocean (syntetisk salt) samme
salt, som blev brugt til opsaltning af vandet til
foderdyrsproduktionen. Saliniteten i anlagget matchede den i
moderfiskeanlagget bortset fra mindre udsving.

Den valgte salinitet havde tllsyneladende ingen 1ndv1rkn1ng pa
udbrud af svamp, men undersegelser har vist, at
spermatosomoblllteten hos @sterse torsk er optimal wved 20 26%
(Westin, L. et al., 1991). Ud fra den betragtning syntes
strategien at vare fornuftlg

Udfodring af byttedyr foregik som udgangspunkt efter en

fodertabel for startfodring af havbars larver efter princippet

Larvealder Antal hijuldyr/ Antal Artemla/
(dage) . 1/dag l/dag

1-3 dage 1000

4-6 dage 2000

7-9 dage _ 3000

10-11 dage - 4000

12-13 dage 7000 400 nyklzkkede
14-17 dage 9000 - 1250-1750 nyklakkede
18-20 dage 4000 © 2000-3000 nyklazkkede
21-24 dage o ' ‘2500 nykl. + 1500 berig.
24-30 dage 7000-9000 berigede

Derudover blev algerne Isocrysis, Skeletonema og Paulova
tilsat op til 5 1l/dag. I hjuldyrsfasen blev der desuden tilsat
op til 1000 stk Acartia/l/dag. Algerne blev forsegt tilsat fra
dag 1 og 3 til 14 dage frem. Der blev i visse forseg tilsat
mindre mengder foder end tabellen foreskriver; i andre forseg
mere. Temperaturen blev holdt fra 5,5-6,5°C i visse forseg; 1
andre blev temperaturen i lebet af startfodringsfasen havet
fra 5,5°C til 8,5°C i lebet af en periode pa 8 dage startende
efter blommeszksabsorbtionsfasen. Forsegene blev afsluttet
efter maksimum 2 uger panar de sidste batch. Efter 2 uger var
der i alle tilfalde ingen eller kun fa larver tilbage.

" I sidste forsegsserie som startede den 30. juni og varede frem
til 10. august blev der produceret 192 stk. torsk, 30-40 mm
lange ud af 7 batch. Torskene var velpigmenterede og uden
synlige skeletdeformiteter. Disse gennemgik et
temperaturforleb som felger:

30. juni - 7. juli: 6,5°C
8. juli - 17. Jjuli: 7,5°C
19. juli - 3. aug.: 8,5°C
4., aug. - 10. aug.: 10,0°C

‘Saliniteten blev i samme periode sanket fra 22%o til 13%o.
I perioden 27. maj til 19. juni svingede indholdet af

totalammonium fra 0,2-0,5 mg/l. Efter den 19. juni - 10.
august svingede den mellem 0,1-0,3 mg/l. pH 1la igennem hele
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forsegsperioden pa 8,3-8,4.

Der kan ikke gives nogen forklaring pa hverken de meget - -
variable klazkkeresultater eller pa den ringe larveoverlevelse.
Karakteristisk for startfodringsforsegene var, at
larvedzdellgheden startede allerede fra dag 1 og efter 10- 12
dage var der i alle forsegende kun meget fa larver tilbage.
Normalt er forste kritiske stadie omkring first feeding og
neste omkring matamorphosen (Thorisson, K., 1992). I forsegene
var det ikke noget problem at fa larverne til at optage fede.
Efter 4. dagen kunne de forste larver med fode i maven
iagttages. Men da de fleste dede inden 10-12 dage, naede de
aldrig frem til metamorphosen. Blandt de larver, som blev .
2ldre end 12 dage, kunne et besynderligt adfazrdsmenster
hyppigt iagttages. Larverne forsegte at svemme op til
overfladen og spandt samtidig omkring deres egen akse; disse
forseg blev foretaget under voldsomme energiudbrud. Efter en
sadan aktiv fase blev larverne fuldstazndigt passive og dalede
ned gennem vandseglen for derefter igen at forsege at na
-overfladen under kraftig energiudfoldelse. Menstret gentog sig
ofte flere gange og endte altid med, at larverne til sidst 1&
passivt hen pa karbunden. Der er ingen tvivl om, at sadanne
larver var ved at de. Det kunne ogsa iagttages, at laverne var
meget merkt farvet og havde ingen eller kun ganske 1lidt fede i
" tarmen. Arsagen til dette adfzrdsmenster, som af medarbejderne
pa anlzgget blev benazvnt "dedspiruetten", kendes ikke. -

3. Opdrzt 1994

Formalet 1 1994 var at kombinere de to opdratsmetoder,
semiintensiv- og intensivmetoden ved at udnytte
filterteknikken fra det forstnavnte til at filtrere naturligt
- zooplankton fra havet og bruge disse til startfodring af
torskelarverne under kontrollerede forhold i 1ntensmvanlagget
for pa den made at: udelukke fejlernzring som arsag til
larvededelighederne. Naturligt zooplankton, som larverne lever
af pa opvakstpladserne, ber vare det mest naringsrigtige
foder. Om artssammensztningen af det kystnazre zooplankton samt
indholdet af essentielle stoffer matcher planktonet i
opvakstomraderne vides ‘ikke.

Der blev foretaget en kvantitativ og kvalitativ monitering af
&ggene fra de to grupper moderfisk; gruppe A med en
gennemsnitsvagt pa 2,4 kg og gruppe B med en gennemsnitsvagt
pa 3,3 kg, altsa 2 forskellige argange.

For at klarlagge, om der er en storrelsesforskel mellem azggene
i forhold til gydetidspunkt samt evt. sterrelsesforskelle
mellem g gydt af forskellig sterrelse hunner, blev der
foretaget torstofbestemmelse og diametermaling af azggene
igennem gydeperioden.

For at teste, om der skulle vare en korrelation mellem
klakkeprocent og indhold af visse miljegifte blev der udtaget
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prever af de enkelte a&gbatch, som indgik 1 forssgene til

senere analyse. Der blev testet for 9 PCB-congener samt DDD,
DDE og DDT. S ‘ : :

3.1 Moderfiskehold

Moderfiskeanlagget blev i 1994 forbedret ved at ‘
biofilterenheden blev forsget med 3 m3. Fiskene til forsegene
blev ligesom i 1993 fanget ud for Snogebzk i februar maned. .
Fansten foregik denne gang med langliner pa 10-20 m dybde,
torskene blev ilandbragt i tanke med vand og overfert til

bassinerne i anlagget, som var fyldt med 7-8%c havvand fra
OUstersepen. . - ,

3.2 Fysiske parametre i moderfiskeanlzgget
Salinitet

Fig. 9.

Salinitet, moderfiskeanlég 1994, i perioden 01.03 - 15.07

30

25 -

Promille salt
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Saliniteten i anlagget blev over en periode pa 2 maneder havet
fra 7-8%o0 til 16-17%0. Forsegene aret for havde vist, at svamp
ikke kunne undgas ved en saltholdighed pa 22%o samt, at
problemet var meget variabelt. Derfor blev det besluttet at
arbejde med en for @Osterses torskene naturlig salinitet.
@sterses torskeag har en variabel flydeevne og flyder inden for
12,3-16,9%0, afhangig dels af hunnen, som. producerer zggene,
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dels af batch nummeret (Nissling,~A., 1991) .

Opsaltningen foregik ved tilsztning af Instant Ocean
(syntetisk salt).

Saliniteten er temmelig konstant igennem forsegsperioden. De
mindre udsving skyldes udskiftningen af en del af vandet i
anlagget. Spadevandet, som blev tilsat, var 1l4%o @sterse vand
oppumpet fra ca. 70 m dybde. ‘

Ammoniak

Ammoniakindholdet i moderfiskeanlagget er vist i fig. 10 og
blev malt ved brug af samme metode som aret for.

Fig. 10.

Ammoniak, moderfiskeanlzg i perioden 01.03 - 15.07, 1994
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Af figuren ses det, at koncentrationen er vasentllg lavere end
aret for, fra 0-0,2 mg/l med et gennemsnit pa under 0,1 mg/l.
Arsagen skyldes dels den foregede biofilterkapacitet samt, at
filtrene fra forsegets start blev podet med Nitrosomonas og
Nitrobacter bakterier specialiseret til at danne ammonlak og
nitrit til nitrat.

Temgeratur

Fig. 11 viser temperaturforlzbet 1gennem sesonen. Den har:
sédledes ligget pad mellem 5,5-6,5°C med en enkelt top pa 7°C i
nogle fa dage. Temperaturforlzbet var saledes vasentligt mere.
stabilt og lad péd et mere optimalt niveau end aret for. Det
skyldes, at kelingen var sldet til igennem hele perioden.-
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den 01.03 - 15.07, 1994

i perio

Temperatur, moderfiskeaniag
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Iltforholdene i anlagget igennem'forszgsperioden'fremgér af
fig. 12 og ligger mellem 7-9 mg/l og har dermed varet

tilfredsstillende.

12.

Fig.

den 01.03 - 15.07, moderfisk gruppe B, 1994

litindhold i vandet

23

i perio

(AR EE R R ERER R RURARA]

15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127 134

IRERESERSTANSNRARA NI RRR RSN RNRSERRANRNERRNANEIN]

IRRAREN]

IRERTEERRSRIERR SRR RN RS RNUENR RN NENR SRR EERSRRIRRERANARRSANCANRANS
+ 4

T T T T T T T T e T T T T T e T T T T T T e T e T T T e e

(SYRERRRRARNL

144

12

10

T/ Bw

-0

1

Dag



pH

Ph forholdene gennem forsegsperioden, fig. 13 14 som Aret for
pa omkring 8.

Fig . 13. PH forhold, moderfiskeanlag i perioden 01.03 - 15.07, 1994
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3.3 Moderfiskenes gydebiologi

Produceret agmangde

To grupper moderfisk indgik i forsegene; gruppe A med en
gennemsnitsvaegt pa 2,4 kg og gruppe B med en gennemsnitsvagt
pa 3,3 kg. Mzhgden af =g som blev produceret af de to grupper
er vist.i fig. 14.
Daglige a2gmangde igennem gydeperioden. Moderfisk gruppe A. (14
hunner, 11 hanner)
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Fig. 14.

Dagllge agmangde igennem gydeperioden. Moderﬂsk gruppe B. (8
. hunner, 8 hanner)
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Gruppe A ged ialt 56.425 l-ag gennem sasonen, som varede ca.
90 dage. Dette svarer til ialt 13.542.000 =g eller 1,881 1 &g
= 451.400 =g pr. kg hun. Gruppen bestod af ialt 14 hunner og

11 hanner ved gydeperiodens afslutning. Der dede ingen hunner
i lebet af gydeszsonen.

Gruppe B ged ialt 65,751 1 =g gennem sasonen, som varede ca.
90 dage. Dette svarer til ialt 15.780.000 =g eller 2,481 1 =g
= 595.440 &g pr. kg hun. Gruppen bestod af ialt 8 hunner og 8
hanner ved gydeperiodens afslutning. En hun dede den 6. juli,
dvs. mengden af gydte =g pr. kg hun er i realiteten lldt
'mindre.

For begge grupper var der et svagt toppunkt for gydningen i
forste halvdel af gydeperioden. -(Kjesbu, 0.S., 1989) fandt, at
toppunktet for en enkelt Nordse torskehun la i sidste halvdel
af gydesasonen.

I 1994-sasonen var der en positiv korrelation mellem
moderfiskenes storrelse og mezngden af gydte =g ligesom
tidligere beskrevet for bade Nordse og @sterse torsk. Mengden
af gydte &g pr. kg. hun var vesentlig storre i 1994 end i
1993. o

Mezngden af gydte =g er ikke et helt korrekt estimat af, hvad
en @sterse torsk pa henholdsvis 2,4 og 3,3 kg kan prastere men
et gennemsnitstal. Der var saledes en sterrelsesvariation
blandt moderfiskene; gruppe A’s mindste fisk var 1,291 kg og
.sterste 3,354 kg og for gruppe B var mindste fisk 1,804 kg og
storste 4,583 kg.
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Befrugtningsprocent

Den daglige befrugtningsprocent blev bestemt fra gydesazsonens
start 1. maj til 15. juli. Samme metode som aret feor blev
brugt. Det ses af fig. 15, at trods en variation fra dag til
dag, er variationen langt mindre end aret for. Sterst
variation er der i gruppe A i slutningen af sasonen; i gruppe
B i begyndelsen og slutningen af sasonen. Den-gennemsnitlige
befrugtningsprocent for hele s®sonen var for gruppe A 79% og
for gruppe B 72%, altsa vasentlig hejere end aret for.

Forskellen i resultaterne mellem de to ar skyldes formodentlig
dels handteringen af fiskene under indfangningen, som ferste
ar foregik med garn. Andet ar blev fiskene fanget pa& kroge af
medarbejderne pad projektet, der gjorde sig stor umage. Nar
-krogene saledes blev rygtet, blev det gjort meget langsomt for
ikke at udsaztte fiskene for trykforandringer pa for kort tid,
dels de fysiske parametre 1 anlagget, som i 1994 var langt
mere stabile og optimale. Specielt temperaturen var temmelig
hej i 1993, mens den 1 1994 14 tazt pa det optimale, 5,5-6,5°C.

Det er vard at bemzrke, at gydeszsonen i 1993 startede 15.
april, mens den startede.1l. maj i 1994, 15 dage senere. Den
hejere temperatur kan meget vel have fremskyndet sasonen,
saledes at fiskene har forceret gydningen, hvilket maske har
bevirket en ringere zgkvalitet og dermed en ringere
befrugtningsprocent. :

Fig. 15.

- Daglige befrugtningsprocent igennem gydeperioden. Moderfisk gruppe A ‘
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uaguge perrugningsprocent igennem gydeperioden. Moderfisk gruppe B

100

. 90 +
Fig. 15.
’ 80 + 1

70

60 {

50

Procent

40 |

30

20 +

104

40
Dag

10 20 30 50 60

70

Eagdiameter og zgterstofbestemmelse 1 relation til seson og

moderflskestzrrelse

Egdiameteren blev malt 1gennem et maleokular med 25
stregenheder 1 mm .

Egterstofmalingerne blev foretaget i en Me
ovn ved 57,5°C +/- 0,1°C i 24 timer.

Fig 16 viser relationen mellem :gdiameter og gydetldspunkt

Hvert punkt er et gennemsnit af 20 malinger.

Fig. 16.
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A gdiameter / Tid. Moderfisk B

Fig. 16.  ,
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Det kan ses af figuren, at zgdiameteren er konstant igennem
gydesasonen samt, at der er en positiv korrelation imellem
e®gdiameter og moderflskestzrrelse For gruppe A er
gennemsnitsdiameteren 1,65 mm, mens den for gruppe B er 1, 7z
mm. De individuelle variationer, der kan ses imellem punkterne
pa figuren kan meget vel skyldes, at de to grupper moderfisk
ikke var homogent sammensat med hensyn til sterrelsen af '
hunnerne.

(Kjesbu, 0.S8., 1989) fandt at, der var en sasonvariation af
2gdiameteren hos Nordse torsk med et toppunkt i forste
trediedel af szsonen med en diameter pad ca. 1,38 mm faldende
til 1,26 mm sidst pa sazsonen. Eggene var gydt af en hun pa
4,200 kg. Ikke alene var der en sasonvariation, men
agdlameteren var vesentlig mindre end for @sterse torsk pa
trods af fiskens sterrelse.. (Hislaj, J.R.G. et al, 1987) fandt
en steorrelsesvariation hos Nordsz torskezg 1ndsamlet i felten
pa 1,16-1,60 mm.

Egterstofdata for samme =g er prasenteret i fig 17. Der er
samme linizre tendens med hensyn til vegt i relation til
s@son. Det kan af figuren yderligere ses, at der er en p051tv
sammenh®ng imellem agdlameter og tzrstoflndhold
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Fgterstof / Tid. Moderfisk B
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Egterstofindholdet i gruppe A ligger omkring 0,100 mg; i
gruppe B omkring 0,120 mg. Nordse torskezg pa 1,4 mm har et
terstofindhold pd 0,110 mg (Knutsen, G.M. et al, 1985) og er
dermed tungere end @sterse torskezg i forhold til diameter.
Det skyldes @sterse torskens tilpasning til de specielle
hydrografiske forhold i @sterssen, som lav salinitet. Stor
®gdiameter og en lille massefylde giver en god flydeevne.

Lengdebestemmelse af nyklzkkede larver i relation til szson og
moderfiskesterrelse

Lengdebestemmelserne af de nyklazkkede larver blev malt 1gennem
et okular med 25 stregenheder = 1 mm.

Flg 18 viser sammenhangen 1mellem langdebestemmelse og sason.
Hvert punkt er et gennemsnit af 50 madlinger. Figuren viser en
ikke helt linizr sammenhzng. Saledes er der en faldende
tendens sidst pa sasonen. Det kan evt. skyldes en
przveudtagnlngsfejl Klzkningen af =ggene er ikke synkronlsk
men strazkker sig over op til 2 degn. Tendensen er ievrigt, at
larverne fra gruppe B er lazngere, bortset fra sidste maling.
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3.4 Klékkeforsag

Pa baggrund af de i 1993 meget variable klazkkeresultater blev
der i 1994 foretaget en monlterlng pa dedeligheden under
1nkubatlonsfasen

Klzkkeriet fra 1992 blev lavet om. Der blev konstrueret 10
stk. cylindriske beholdere, 30 cm i diameter, 50 cm lange med
bund af 500 um planktonnet til opsamllng af dede =g.

Cylindrene var fastnet direkte i kelereservoiret og havde hver
deres seperate neddykkede vandindtag. Vandet 1 klzkkeriet blev
filtreret igennem et kulfilter, UV-behandlet, kelet og
sterilfiltreret igennem en serie patronfiltre pd henholdsvis 5
um, 2 um og 0,2 um, beluftet over et beluftertidrn, inden det
returneredes til inkubatorerne. Det totale vandvolumen i
klzkkeriet, 3,5 m2, blev sterilfiltreret 1 gang pr. time.
Vandforbruget til klazkkeforsegene var vasentligt mindre end
filterkapaciteten, hvilket bevirkede, at vandet tilsat '
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inkubatorerne blev sterilfiltreret og beluftet flere gange
inden brug. Forholdene burde sdledes vare optimale.

Der blev foretaget 5 klakkeforszg med =g fra moderflskegruppe
A og 4 klakkeforszg med =g fra moderflskegruppe B.

<Révandet som blev brugt til forszgene var 7-8%0 Ostersovand
filtreret over et 60 um filter og opsaltet til 17%o0 wved
iblanding af syntestisk salt, Instant Ocean. Efter hver
forsegsrunde blev klzkkeriet temt for vand og desinficeret med
. ferskvand tilsat NAOH sd pH blev havet til 14. _
.Klzkkeprocenterne er et gennemsnit af i forseg Al, 5
parallelforseg; A2, 4 parallelforseg; A3, 4 parallelforszg,
A4, 2 parallelforseg, A5, 2 parallelforszg, Bl, 4
parallelforseg; B2, 2 parallelforseg; B3, 2 parallelforszg og
i forseg B4, 2 parallelforseg.

Fig 19. viser klazkkeprocenterne i de enkelte forseg samt
temperaturforlebet. Den reelle klakkeprocent refererer til, at
der er korrigeret for, at befrugtningsprocenten i ingen .
tilfaelde var 100%. De dede &g blev opsamlet hver anden dag og
antallet estimeret ved optzlling af 10 ml pr. 50 ml. =g.

I forseg A2 og A3 er dedeligheden sterst i forste halvdel af
inkubationsfasen. I de andre forseg i serie A er der en javn
dedelighed igennem hele fasen.

Fig. 19.
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Fig. 19.
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I forsegsserie B‘er dzdeligheden i forseg Bl og B3 sterst i
forste halvdel; i forseg B2 i sidste halvdel af forszgsserlen
I B4 er der et javnt forleb.

Karakteristisk for klakkeforszgene er der meget wvariable
klzkkeprocenter i begge serier. I serie B er klakkeprocenterne
generelt lavere. '

Der blev produceret ialt 239.700 larvr. Temperaturen har i
alle forseg ligget mellem 5-6,5°C med et maksimalt udsving pa .
0,5°C igennem inkubationsfasen.

I svenske forseg pa at klakke @Osterse torsk opndede man ingen
klzkkeprocenter pa over 60% (Pickova, J. et -al., 1992). I
klzkkeforseg med pighvarre fr den vestlige @sterso var bedste
resultat 54% klazkkede =g.

3.5 Analyseresultater

For at teste, om ®ggene skulle vare kontaminerede med
miljoegifte og disse pavirke klazkkeresultatet blev en delpreve
fra hvert agbatch udtaget og sendt til analyse for DDD, DDE,
DDT og PCB-congenerne CB28, CB52, CB101, CB105, CBl1l18, CB138,
CB153,- CB170 og CB 180. '

Analyseresultaterne er fremkommet ved enkeltanalyse og er
dermed behazftet med en vis usikkerhed. Der var ikke =g nok til
at foretage dobbeltanalyse. De ovenfor navnte miljegifte er
bundet til lipider, og det er derfor =ggenes llplder, der er
analyseret. Torskeazg har ligesom andre pelagiske marine.
fiskezg et meget lille indhold af lipider (Craik, J.G.A. et
al., 1987); (Lénning, S. et al., 1988). Der skal derfor ret
'store mangder &g til for at muliggzre en ekstraktion af
tilstrzkkeligt meget lipid til dobbeltbestemmelse.

PCB-conger, hvoraf der findes 209 forskellige, er
nedbrydningsprodukter fra PCB. De 9 congener, der her er
analyseret for, udger 70-80% af det totale antal og bruges
derfor som markzrer

Tabel 1 viser koncentrationen af DDD, DDE og DDT i de
forskellige agbatch
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Tabel 1.

Egbatch nr. p.p DDD p.p DDE p.p DDT ug/kg rogn
Al 0,062 1,323 0,282
A2 0,048 1,023 0,282
A3 0,057 0,937 0,406
A4 0,070 2,017 0,336
A5 0,057 ! 0,942 0,148
Bl 0,045 1,526 0,159
B2 0,125 3,899 0,741
B3 0,027 1,625 0,341
B4 0,082 2,762 0,520

Der er ingen positiv korrelation mellem klazkkeprocenterne og
indholdet af hverken DDD, DDE eller DDT, heller ikke hvis
tallene summeres.

Et DDT indhold pa 2,95 mg/kg rogn medferer stor agdedelighed
hos seerred samt efterfelgende dzdellghed blandt
blommeszksyngel. Koncentrationer pa 2,67 mg/kg rogn eller
mindre pavirker ikke klakkeprocenten eller dedeligheden hos

blommesaksyngel (Burdlck G.E. et al.

1964) .

DDT koncentrationer pa 1,09-2,76 mg/kg~rogn af Coho laks i
Lake Michigan medferte en dedelighed pa 15-73% af ynglen i
lobet af 8 uger, mens koncentrationer p& 0,55-0,66 mg/kg rogn
medferte en dzdellghed pad 1-5% i

1969) .

samme periode (Johnson, H.E.,

' DDE koncentrationer pd 18 ng/g fedt eller hejere pavirker
klakkeprocenten hos sild fra den vestlige @sterse (Hansen,

P.D. et al.

1985) .

De navnte koncentrationer ligger

vesentligt over de koncentrationer som blev fundet blandt de

a&gbatches,

der indgik i forsegene.

Fig 20 viser klakkeprocenten som funktion af PCB-congen

indholdet for de to forsegsserier A og B; koncentrationerne af
de 9 congener er summeret

Det ses af figuren, at der ikke er korrelation imellem
klzkkeprocenten og indholdet af PCB-congener.

Fig. 20. Kizkkeprocent i relation til PCB-congen indhold i 2g. Moderfisk gruppe A
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Klakkeprocent i relation til PCB-congén indhold i =g. Modei’fisk gruppe B
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Korrelationskoefficienterne er sdledes for forsegsserie A: R2
= -0,480 .og for forsegsserie B: R2 = -0,421. PCB
koncentrationer pa 120 ng/g fedt har en negativ effekt pa
klekkeraten hos vestlige @sterse sild (Hansen, P.D. et al.,
1985).. De i klazkkeforswgene fundne koncentrationer ligger
vasentligt under den navnte verdi pa 120 ng/lg fedt.
Undersegelser af Coho lakseyngel har vist, at PCB
koncentrationer pa 3,9-5,2 mg/kg har medfert henholdsvis
sygdomstegn og ded. Flere undersegelser har vist, at
chlorinerede hydrocarbonforbindelser kan pdvirke =g- og
larvekvaliteten hos fisk i negativ retning (Bengtsson, B.E.,
1978) ; (Kards, P. et al., 1991); (Sandstrdém, O. et al.,

1988) ; (Westernhagen, H.V. et al., 1988).

Laxveforseg

Der blev foretaget 2 startfodringsforszg i 1994; et med
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et w

larverne fra klzkkeforseg Al, hvori indgik 85.400 larver og et
med larver fra klzkkeforseg A2 med 115.300 larver. Forsegene
blev udfert i 17%0 opsaltet havvand ved 5,5-6,5°C. Larverne
blev fodret efter samme skema som aret fer, men istedet for
laboratoriefremstillet fede blev der brugt naturligt
zooplankton frafiltreret naturligt havvand.

Zooplanktonet 60-150 um blev udfodret sammen med algerne
Tetraselmis, Rhodomonas og Isocrysis. I forseg Al overlevede
larverne 11 dage; i forseg A2 i 12 dage. I forbindelse med
teorstofanalyser blev det undersegt, om larverne i forseg Al
havde feode i maven. Dag 4 havde 40 ud af 50 spist; dag 6 havde
24 ud af 50 spist. Som aret feor dede larverne inden for de to
forste uger, selv om de blev fodret med naturligt zooplankton.
Det kunne tyde pa, at problemet ikke er af ernzringsmessig
karakter. Det bemzrkelsesvardige er, at larverne villigt
begyndte at =de for derefter for en stor dels vedkommende at
holde op igen inden for en periode pa 2 dage.

3.7 Sultforsgg med larver

For at teste larvernes overlevelsespotentiale blev der
iverksat en serie sultforseg. Larver fra zgbatch A3, A4, AS5;
Bl, B2, B3 og B4 indgik i forsegene.

20 larver fra hver gruppe blev udlagt i cylindre med en :
diameter p& 22 cm, en lazngde pd 30 cm og med en bund bestdende
af 500 um planktonnet..Cylindrene var neddykkede i en tank fra
produktionsanlzgget og hver cylinder havde et seperat
vandlndtag De overlevende larver blev talt 1 gang pr. degn.
Fig 21 viser larveoverlevelsen pr. dag samt
temperaturforlebet.

Fig. 21.
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Karakteristisk er den heje dedelighed allerede fra dag 1. Ved
blommeszksfasens afslutning dag 6 er der kun fa larver tilbage
i de fleste forseg. Sdledes forseg A3: 5%, A4: 0%, AS5: 20%;
Bl: 25%, B2: 0%, B3: 25%, B4: 30%. Forseg med Nordso
torskelarver har vist, at de uden feode kan leve i op til 16
dage ved 6,9°C (Yin, M.C. et al., 1986). Dedeligheden starter
forst for alvor ved 11. dagen (Yin, M.C. et al, 1987).

Larverne i de fig. 21 viste forseg levede i vesentlig kortere
tid; den l®ngste periode var 10 dage.

Fig. 22 viser larveoverlevelsen ved blommesazksfasens
afslutning, dag 6, som funktion af klzkkeprocenten. Som det
ses af figuren, er der en sammenhazng mellem klzkkeprocenten og
larveoverlevelsen. Det kunne tyde pa, at der en eller anden
faktor, som pavirker klekkeprocenten og senere '
larveoverlevelsen.

Fig. 22.
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KONKLUSION

Forsegene igennem de 3 ar har vist, at det er muligt at fa
@sterse torsk til at-gyde med succes i fangenskab; at der kan
produceres store mazngder g, men at klakkeprocenterne er meget
variable.

Det kan lade 51g gere at producere larver i :
produktionsrelevant antal. Larverne spiser allerede fra dag 4
men har en meget hej dedelighed allerede umiddelbart efter
klakning. Dedeligheden er nasten 100% efter 2 uger. Bade i
1993 og i 1994 foretog Landbohejskolen sygdoms monitering af
&g og larver, uden at kunne relatere dedeligheden ti lpatogene
infektioner.

Det kan lade sig gere at producere yngel i lille antal uden
synlige defekter. Larverne der tilsyneladende ikke af
fejlernzring. Der er en korrelation mellem klazkkeprocenten og
larveoverlevelsen.

Videre undersegelser ma klarlazgge problemerne omkring zg- og
larvededelighed inden en sterre produktion af yngel kan
gennemferes.
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