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Symposium on the
Life History of the Sprat, Sprattus sprattus
22-27 January 1968 at the
Institute of Marine Research (=Havsfiskelaboratoriet)
Lysekil, Sweden

The purpose of the symposium has been to give an account of the actual know-
ledge concerning the sprat. - There have been detailed discussions,

Agenda
22 Jan.
10.00 Opening of the meeting
Chairman: followed by
Dr. Thurow Sprat stocks and their separation

Taxonomy scientific name Sprattus sprattus (L)

Variability

Meristic and morphometric characters, stocks, races,

populations: VS % length of head

RF serological studies
K2 shape of the brain (Stojanov)

Varibility of these characters according to the environment,

according to year classes. Field observations (and experiments)
23 Jan. L . .

Distribution of the adult sprat during the year
Chairman: . L . .

Dr. Jensen Geographical distribution from the Baltic to the Black Sea

Local distribution

Factors of importance: T°C, 02, stratification of the water,

plankton abundance, light, S %o.

Methods of observation: fishing, echosounding, UV-TV, tagging
2k Jan. Long time fluctuations in the sprat fishery and their causes.
Chairman: Methods of fishing employed in different countries during the
Dr. Lindquist . .

course of time gill nets

trap nets

beach seine

purse seine

trawls, pelagic

trawls, bottom

with/without artificial light



Chairman :
Dr. Johnson

25 Jan.

Chairman:
Mr. Dannevig

26 Jan.

27 Jan.

Chairman:
Mr. Dannevig

Observations of long time fluctuations

The Baltic, Skagerak, North Sea, other areas.
Adult history in different regions

Age composition of the catch

Longevity, greatest size and growth

Food, nutrition and competitors

Predators as dolphins, mackerel, cod

The spawning of the sprat and the recruitment to the stock
Maturity (age and size)

Fecundity

Spawning

Seasons in different areas, length of spawning period, maxima
in time and space, depth of spawning, number of spawnings per
year, induction of spawning

Drifting of eggs and larvae

Egg and larval surveys, incubation time. Survival rates of
larvae.

Excursions
In the morning: visit to the fish auction of Lysekil (sprat)

After that: visits to canning industries (ABBA-Fyrtornet,
Skandiakonserv)

In the afternoon: visit to the hydrographical station Borno

Parasites, diseases
Frequency of Lemaeenicus-species in sprat catches; other
parasites and or diseases.

Resimee of the meeting

A summary of the imformation available and lacking.
What to do with the results of the meeting.

It was decided to mimeograph'the papers.
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in the Baltic
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sprat (south east Baltic) in the first

NEVENKA ZAVODNIK: An account on the sexual cycle and the
north Adriatic sprat

DUSAN ZAVODNIK: The distribution and migrations of the
Adriatic Sea

the stock of the Baltic
half of 1967

spawning of the

sprat from the
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Common names of Sprattus sprattus

Danish, Norwegian

Swedish
German
Dutch
English

Finnish
Estonian

Russian

Bulgarian.
Polish
Serbo-croatian

Latvian
Lithuanian.

French
Spanish
Portuguese
Calcian
Catalonian
Romanian
Italian
Malta

Greek
Giiipuzcoa
Irish

Turkish

brisling

skarpsill (in the Baltic: vassbuk)

der Sprott, die Sprotte, der Breitling
sprot

sprat

kilohaili

kilo

lUnPOT, KMIIbKA (in the Black Sea also
CAPHEJIb, CAPUHHKA)

TPM40HA, LUnPOT, KOIIAPKA, MAUA
szprot

papalina, srdjelica, srdelica, liarak,
melet, sardina papalina, sardelinka,
gavica, katarincica, papalinka, pistac
srdelica oliga

brétliija

sprat, esprot

espadin

espadilha

trancho mariquita
sardineta

8prot

papalina, sarda, meletta
sardina hadra

papalina

colaguya.

caca
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OBSERVATIONS ON DISTRIBUTION AND BEHAVIOUR OE O-GROUP SPRAT

by

GUNNAR DANNEVIG, Statens Biologiske Stasjon, El/devigen, Arendal

The Norwegian sprat fishery mainly takes place in the Oslofjord and in the
fjords of western Norway, whereas it is of less iImportance on the inter-
jacent Skagerak coast. Most of the catches consists of immature fish between
1 and 2. years old. In certain districts, especially the Oslofjord, older

age groups are of importance too. This age groups, upon which the Ffishery

is based, are not abundant on the Skagerak coast. The O-group sprat, on the

other hand, generally occurs here in multitudes during summer and autumn.

In the fall the O-group sprat generally occurs in more or less concentrated
shoals, that are easily recorded by an echo sounder. Some years ago, in
1950, | got the opportunity to carry out’, an investigation of the distri-
bution and behaviour of the young sprat. The shoals were recorded by an
echo sounder, and we used a. pelagic trawl to .get samples of the fish recor-
ded.

It soon proved that the sprat was very abundant in the open waters just out-
side the skerries, whereas.just a few shoals could be found in between the
skerries and in the fjords. These results confirms the general experience
of the fishermen, that the O-group sprat preferable occurs on the banks
just outside the skerries.

The shoals were found to occur right from the surface and down to a depth
of approximately 70 meter. By working day and night within a, restricted
area, we got conclusive evidence that the young sprat undertook extensive
vertical migrations, the light intensity evidently being the governing
factor. During the day, when the sun was shining from a. clear sky, the
sprat was generally found at depths between 50 and 70 meter. Under such
conditions, the shoals most frequently were found in depressions in the
bottom, as will be seen from the record on Aéié slide. When it was getting
"IrPrfie evening, the shoals become more concentrated, and migrated quickly
towards to surface. The next slide, showing the records from 16.30 to.17.00
o"clock, gives quite a good illustration of what was happening at dusk.

When it became quite dark, the shoals proved to become less concentrated.
The sprat then evidently occured more evenly distributed close to the sur-
-race (fcaet*--aMd . Not until the next morning, the sprat again .migrated in-

to deeper waters, after having formed more concentrated shoals.

In cloudy and rainy weather, the sprat night, even in the middle of the
day, be found at any depth between the surface and 70meter. It seemed as if
the fish, under such intermediate light conditions did not know how to

b ehave.
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Having learned how the sprat occured in relation to the bottom configura-
tion, we found in fact shoals of O-group sprat all along the coast from
Arendal to Kristiansand,that is over a distance of about 40 n.m. Well into
the winter the sprat disappeared from this part of the coast, and did not
reappear. Such an emigration of O—group sprat from these waters certainly
must take place in most years, and we do not. know where these quantities
of young sprat take their way. It would be most interesting, therefore,
making attempts to track down the shoals during late autumn and winter,
and study their migrations. At our station we have not yet got the oppor-
tunity to do so, as our research vessel must be disposed of for other in-
vestigations during that tine of the year.






SOME OBSERVATIONS ON SPRAT IN AN ARTIFICIAL SEA WATER POND,

by
GUNNAR DANNEVIG, Statens_Biologiske Stasjon, Fl~devigen, Arendal

At our station we have an artificial sea water pond with a capacity of
approximately 5.000 m3. The surface area, is about ! .600 m2 and the maximum
depth 4,0 m. The pond is situated about 20 m above the sea level, and wa-
ter has to be pimped up by a means of a centrifugal pump. This pump which
has a, capacity of 1| ¥ a minute, takes the water from a depth of 19 a in

a bay close to the station.

Around November 1st 1966 we transferred a number of about 4.000 0-gr.oup
sprat to this pond. The purpose was to find out whether it would be pos- .
sible to keep the sprat there for a longer period, and if the fish could

be kept in a good condition. If so, we would later on be in a position to
undertake systematic experiments in order to study how the sprat was in-
fluenced by various hydrographic factors. In this first experiment, however,
we jJjust aimed at seeing what would actually happen when the fish was kept
in such a pond.

The sprat was caught by seining in a small bay close to the station. Care
was taken not to touch the fish neither by hand nor by any technical equip-
ment. The sprat was removed from the seine by large wash tubs, that were
dipped into the seine and filled up with water and the number of fish we
managed to catch together with the water. Having filled up the tubs in this

way, they were at once carried to the pond and carefully emptied there.

After liberation, the sprat at once formed small shoals and disappeared
into the deeper part of the pond. During the following two or three weeks,
we every day looked for dead fish, but did not find more than just a few
ones. Thus the catch and subsequent handling of the fish did not seem to
have caused any severe mortality.

Having stocked our pond in this way, we took care to pump up some new water
at certain intervals, so as to keep the oxygen content at an adequate le-
vel, Our records show that the water on an average has been completely re-
newed once in 60 days only. For that reason, the temperature of the pond
water has been strongly influenced by the weather condition”, resulting in
very high temperatures during summer and low ones during winter. The sprat
has, therefore, been exposed to more extreme temperature conditions than
those prevailing in Norwegian coastal waters.

During the first week the sprat always kept out of sight of the people
attending the experiment. The fish had evidently not yet settled down, and
was frightened by the appearance and noise of man. On the 8th day, however,

several shoals were observed swimming lively along the brickwork around the
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pond. Some of these shoals consisted of hundreds of fish, all of which see-
med to be quite o good condition.

The supply of animal plankton in the pond.was deemed too small to meet the
sprat®s demand for food during the winter. It was decided, therefore, to

start feeding the fTish at once, using Tinely chopped blue mussels as food.

Next morning, when my assistant arrived with the food, not a single sprat
was to be seen. By throwning out some of the food, however, he succeeded in
collecting quite ax number of fish, that at once started feeding voraciously,

later on the sprat always appeared in great numbers whenever food was given.

It, was at once evident that the sprat exclusively took food particles that
were suspended in the water. Pood that had sunk to the bottom, was never
touched. Fox' that reason, the feeding has mainly been carried out at defi-

nite locations with deep water.
When the sprat was transferred to the.pond, the temperature was 9°G at the
surface and 12° at a depth of. 9 meter. During the month of November the

pond water was gradually cooled down. Prom the 1 st of December to the end
of February .the surface temperature was always below zero, for several weeks
even below -rl°C. The temperature at | m or more, was nhever below 2,8° during
the winter. At a depth of I m we. had in fact temperatures between 2,8 and
4,5 :from early December to the.lst of March, from which date we got increa-
sing temperatures at all depths.

On the 29th November the pond was all over covered with thin ice. After
having broken and pushed away the ice at the locations selected for feeding,
food was thrown out as we used to do. In the record my assistant has noted
the he never before had observed so many specimens simultaneously, and that
the fTish never had been more greedy than on that day. The sprat proved to
come up close to the surface, and even touch the surrounding ice with their
backs. The surface temperature that day was t0,5°C, There was no sign what-
ever of the Tish being embarrassed by this low temperature, Similar obser-
vations were made the following day too.

When the ice grew thicher, we had cut holes in it, 60 by 60 cm in square.
After having removed the free ice, Tood was given as usually. It did not
last long before the sprat appeared in the holes and took the food, appa-
rently with quite a good appetite.

We continued to feed the sprat through such openings in the ice throughout
winter. In cold weather the holes had, of course, to be reopened whenever
the fTish should be fed. It did not last long before the Tish made their
appearance as soon as our man started to cut the ice. Thus we got evidence
that also the sprat has an ability to learn how to get food. When fed, the
sprat come up into the icy water at the surface, and some of them even tried

to jump out of the water. One specimen succeeded in doing so, but succumbed



after having landed on the ice at the edge of the hole. Even slush of snow
at the surface., which frequently occurred when a heavy snowfall, did not
seem to embarrass the fish.

The sprat did not lose its good appetite under the severe winter conditions,
and continued to eat greedily during the whole winter. The fish did not
increase very much in size, however, during these months, and | don’t feel
quite sure that they have fed frequently enough. Another fact is that the
smallest specimens on several occassions were observed to be chased by the
bigger ones when the fish was. £ed. The smallest specimens, therefore, may
not have been in a. position to get their part of the food. When undistur-
bed, however, also the small specimens come up.cxose to the surface, and
night keep quiet there for quite a longer time.

Early in March the weather turned warmer and we got heavy rain. Owing to
the rain and the melting of the snow, we got a thick layer of icy and
comparatively fresh water at the surface. It then seemed as if the sprat
attempted to keep away from this icy and fresh water. It was further obser-
ved that a few specimens that happened to come up into the surface layer,
did not manage to swim down again and succumbed. Compared with our obser-
vations during the winter, 1 think it is the low salinity which influenced
the fish in this way, or perhaps the combination of a low salinity and low
temperature.

On March 20th the ice had melted away, and the temperature of the pond
water now increased rapidly. During the spring we also tried other types of
of food than blue mussels, which up to that time had been exclusively. It
proved that the sprat, without hesitation, took chopped fish, as well as
cod eggs and herring eggs. It does not seen difficult, therefore, to find
food which the sprat will eat with a good appetite.

My assistant got a little tired, however, of preparing the types of food
hitherto used. One morning he asked me, therefore, if we could not find

a type of food that was ready for use. Well, 1 said, 1 will get you some
of the food that is being prepared for raising trout in ponds. This was a
dry type of food, and had to be soaked in sea water before given to the
fish. The sprat proved to take also this type of food quite normally from
the very first day, and since June 1st 1967 trout food has been used exc-
lusively. On certain occassions only, the sprat has got some chopped blue
mussels in addition. During the summer the fish proved to grow bigger and
fatter on this diet.

In September and October last year, the weather was exceptionally warm for
the season, and we had consequently very high temperature in the pond till
the end of October. Well into November, however, the weather turned much
colder, resulting in a rapid cooling of the pond water. On December 2nd

the pond was all over covered by ice. _From then on we have, in fact, not
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seen much to our sprat. Just a few specimens have appeared when the food

has been given through holes in the ice, and the food has apparently been
of little interest to them. It seems, therefore, as if the rapid cooling

of the water has caused the sprat to become far less active than has pre-
viously been the case. You will understand that we are now most anxious to
see if, and eventually when, the sprat will recover and start feeding nor-
mally.

It has to be added, however, that we this winter have encountered some
difficulties because of the severe cold. The water pipe conducting sea.
water to the pond was blocked by ice, with the effect that we were not able
to renew the water for several weeks. The oxygen content of the pond water
has consequently become lower than previosly. Also this fact may, of course,
have had an effect on the sprat. The water supply system will now be re-
constructed in order to eliminate such difficulties.

Our observations and experiences up to this time thus seem to indicate that
it is really possible to keep sprat for quit a long time in a pond like
ours* We have decided, therefore, to start more systematic experiments this
year. For one thing we are in a position to alter the temperature condi-*
tions. simply by pumping up more or less new water from the sea. We may also
produce a thinner or thicker surface layer of water with a low salinity.

By altering the environmental conditions in this way, it should be possible,
I think, to arrive at some conclusions as to how the sprat is being influen-
ced by such factors. And if we are especially lucky, the sprat may become

mature and spawn in our pond. That would certanly be most intersting.






PROBLEMS IN IDENTIFICATION OF SPRAT STOCKS ON BASIS OF VERTEBRAL COUNTS

by
GUNNAR DANNEVIG, Statens Biologiske? Stasjon, F19>devigen, Arendal

The identification of marine fish stocks has to a great extent been based
on vertebral enumeration. In Norway we considered, therefore, to make us
of this method also for population studies on the sprat in our wafers. Be-
fore doing so, however, | found it necessary to carry through some criti-
cal studies as to the applicability of the method to this species.

In investigations of morphological characters it is important to know
whether the differences observed are inherited or environmental. In the
case of the sprat we have no experimental evidence to show the effect of
environmenwwv factors on the number of vertebrae. In several other species
it has been clearly demonstrated, however, that the number of vertebrae is
strongly under the effect of temperature. | may here refer to works of
JOHS. SCHMIDT (1921), VEDEL TANING(I944, 1950), ALF DANNEVIG (1950) and
MOLANDER & MOLANDER and SVEDMARK (1957 )e We cannot leave out of account,

therefore, that the temperature may have a. similar effect in the sprat too.

Another point is that the number of vertebrae cannot be used as a certifi-
cate of origin, which makes it possible to distinguish between single spe-
cimens from different populations. We always have to compare the mean va-
lues, or the frequency distributions, for quite large samples, and find
out whether the difference between them are significant or not. Provided

a significant difference is found, we may draw the conclusion that the
samples have not been drawn from the same population. This fact does not
imply, however, that all specimens of the two samples really belong to dif-
ferent populations. The majority of the specimens may very w.ell belong to
the same stock, the significant difference between the samples being cau-
sed by the admixture of some few specimens from another stock to one of the
samples. This is quite an important point, which has to be kept in mind
when using frequency distributions for morphological characters, in popula-
tion studies.

In case of the sprat, v/e have other complications too. Some years ago, it
was shown by BJERKAN and ALF DANNEVIG that, within samples of O-group
sprat, the larger individuals might have a higher number of vertebrae than
the smaller ones. These authors, as well as MOHINDER, have further repor-
ted that a positive correlation between size of Ffish and number of verte-
brae may be found also when comparing samples taken at approximately the
same time within a definite district.

These observations were considered to such a degree important, that | found
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it necessary to examine the problem on a broad basis. Some of the preli-
minary results were published in a paper.from 1951 (Sprat from Norwegian
Waters, an Analysis of Vertebrae Counts). Later on | have worked up anot-
her great number of samples, and | shall try to review the total material
now at hand. Use has been made mainly of samples of O-group and of l-group
sprat, as these age groups generally occur in separate shoals.

In order to study the correlation between size of fish and the vertebral
number, each sample has been divided into two subgroups, "large" and
"small”, according to the average total length of the fish. The mean ver-
tebral number is subsequently calculated separably for each subgroup, and
the difference between the means worked out. In order to review to results,
the samples have been classified according to the algebraic value of the
difference (d) between large and small fTish of the same sample. A positi-
ve difference thus indicates that the larger fish on an average have a
higher number of vertebrae than the smaller ones.

This table shows the results arrived at on the basis of the material dealt
with in the paper previously mentioned. The frequency distribution of the
samples according to the difference (d) between small and large fish, is
here given separately for O-group and I-group sprat. If the number of ver-
tebrae were independent of the size of the fish, we had to expect about

an equal number of samples with positive and with negative differences
between the means of the two subgroups. In case of the O-group, there are
actually 63 positive differences against 9 negative differences. In addi-
tion, the numerical values of the positive differences are on the whole
much greater than those of the negative differences. This is a significant

MS/
deviation from expectation, as P/been calculated to be less than 0,o0l,

This material as a whole gives, therefore, very strong indications that,
within samples of O-group sprat, the larger specimens will generally have
a somewhat higher number of vertebrae then the smaller ones. Looking at
the j_-group sprat, we find that within these samples as well, the larger

fish have generally a higher vertebral number than the smaller ones.

Later on | have examined an additional number of 108 samples from Norwe-
gian waters, 40 of the O-group and 68 of the l-group sprat. The results
arrived at on the basis of this new material, have iIn every respect con-
firmed the, conclusions drawn from the material previously published. There
can be no doubt, therefore, that“"we are here dealing with quite a general
phenomenon, at least in case of the sprat in Norwegian waters.

The fact that there is generally such a correlation between size of fish
and number of vertebrae, will ;t0 great extent complicate the use of ver-
tebral counts iIn population studies. The sprat, as you know, generally

occurs in shoals, and it is a. fact that fish of approximately the same siae
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tends to keep together and form separate shoals. Such a. splitting up of
the population, certainly entails definite sampling problems. We may well
obtain samples that iIn every respect are representative of the shoals from
which they are taken, but none of the shoals may a priori be considered
representative of the total population with regard to the size of the fish.
And unless our samples really are representative in this respect, we can-

not expect them to be. representative as to the number of vertebiae.

It-is not surprising, therefore, to find that samples of the same year-
class, taken at approximately the same time and on the very same locality,
may differ significantly with respect to mean number of vertebrae. Such
observations have, in fact, been made repeatedly. Thus we one year, bet-
ween August 11th and 16th, got three.samples from floedevigen, for which
the averages proved to range from 47.59 to 48.08. This difference proved
to be clearly significant. The next year 4 samples were taken within 11
days at the same locality. In this case too, there was a significant dif-
ference in vertebral numbers between the samples. These observations clear-
ly demonstrate, therefore, that the population occurring within a.restric-
ted area, is not ' always a completely mixed one, and that a single shoal
is not necessarily representative of the total population of a certain
yearclass.
As far as | can see, therefore, one has to be very carefull when attempting
to identify population units of sprat on the basis of vertebral enumera-
tion. There are evidently many pitfalls to be avoided.






SEROLOGICAL STUDIES OH SPRAT PROM NORWEGIAN WATERS

by
GOKHAR BAEVDAL, Fiakeridlrektorateta I&vforskningsinstitutt, Berg®«

INTRODUCTION

la addition to morphometric and meristic characeristics and tagging
experiments, methods from the field of serology and molecular biology
have been introduced in the work of identification of stock units of
economical important fishes. Blood types have been used for this purpos
for the last ten years, but with variable degree of success. Intra*
specific variation in fish hemoglobins were first found by Sick (1961) in
whiting and cod by use of a simple agar gel electrophoresis, and
distribution® of the three common hemoglobin types of cod have been
measured from samples from the larger part of the cods geographical
range (Sick 1965a, b, Frydenberg et al. 1965). Also in serum proteins
and various enzyms intraspecific variations are revealed by electro*
phoresis (Miller 1966, Odense, Allen and Leung 1967, Sprague 1967),
and most of these variations are found to be genetically determined.

Serological or molecular characteristics to be used for identification
of intraspecific variations should satisfy the following claims:

a. They must be easily revealed for great numbers of
specimens by use of simple and easily reproducable
methods.

b. They must form the basis for proper classification of
specimens into well defined groups. Doubtful cases must

be rare.

c. They must be genetically controlled and not influenced by
ecological or pathological factors. Their mode of
inheritance should be so simple that it can be revealed
from population data.

d. They must withstand some storage without destructions
that make classification unreliable.

Electrophoretic studies on blood proteins of sprat were started in the
autumn 1965, and have been carried on in 1966 and 1967. Most
attention has been paid to intraspecific variations in hemoglobins and
serum proteins, but part of the material have also been analyzed for
variations in the enzyme serum esterase.

MATERIAL AND METHODS

Blood was obtained from live sprat by cutting the tail, and collected in
small glass tubes which were packed and sent on ice in thermo bottles
from the sampling locality to the laboratory. There the blood was
centrifuged, and the serum pipetted off.

The erythrocytes were lysed by destilled water and the hemolysate was



centrifuged once more before analyses. In the first samples heparin
was used as anticoagulant, but as it appeared that hemoglobin, solutions
®kmld easily be prepared also from partly clotted blood, no- anticoagulant
was used for the rest of the samples.

The agar gel electrophoresis on microscopic slides »described by Sick
(1965a/ was applied also for the sprat hemoglobins, The- electrophoretic
run lasted for 60 minutes. The hemoglobin analyses were usually made
within two days after the blood had been collected, but some samples

had to be stored, (at about 2®C) for somewhat longer time before analysis.
The storage did not seem to influence the results seriously, except that
weak components tended to become stronger after storage. Some
experiments were also carried out with storage of hemoglobin at room
temperature.

Sera were subjected to electrophoresis without any initial treatment.
Most samples were analysed fresh, but some were stored frozen, for a
few days or weeks. Storage did not seem to alter the eletrophoreto>
grams except that the bands tended to become weaker and more diffuse.

Serum proteins were analysed by combined starch and agar gel electro-
phoresis (Malier 1966). Runs of 90 minutes were applied for serum
proteins and 75 minutes for esterase.

The hemoglobins were stained in Amidoblack If) B. The serum proteins
were best made visible by staining with Nigrosine, but Amidoblack 10 B
could also be used. Serum esterase activity was detected by I-naptyl”
acetate and Fast Blue BB Salt (Grunder, Sartore, and Stormont 1965).
Autoradiography according to Giblett, Hickman,and Smithies (1965),
modified for this type of electrophoresis fey Mplier (1.966), was carried
out for identification of transferrins.

Sample localities are shown in Fig. | (1965 and 1966) and Fig. 2 (1967).
The hemoglobins of sample no. 20, 24, and 44 were too old when they
arrived at the laboratory, and gave unreliable results. The sera in
sample no. 47 also were destroyed because of some failures with the
staining process when the analyses were carried out.

.Length were measured for part of the material, and the age of the bulk
of each, sample were determined partly from size and partly from
growth zones in the otholits.

RESULTS AND DISCUSSION
ijfiiB&gkMm.
Hemoglobin types of sprat have been described by Wilkins and lies (1966)
and the three hemoglobin patterns revealed by these authors also’ made
up the greater part of the material from Norwegian waters. In a
preliminary report (Naevdal 1966) these paterne were called a., a?, and
b respectively. Other patterns were called ¢, d, e, and f. TTheSe
designations have been retained as ’*working names", but for a complete

description of the sprat hemoglobin variations, a nomenclature similar
to that used by Sick (1961, 1965) for cod hemoglobins, has been accepted.

The hemoglobin patterns (phenotypes) revealed by the present investigations
are outlined in Fig. 5
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Most: variations ol hemoglobins were found in the slower moving group
called Hb I. Three strongfractions were found to belong to this group,
and these component® were called Hb 1*1, Kb 1*2» and Hb 1*3 in order
of increasing cathodic mobility. One or two of these strong component*
were always present. Ail the six possible combinations were found,

although some of: the combination® wore very rare.

Weak components were found at the positions where strong fractions
were lacking. Thea«; weak component® varied to some extent, and if
these variations were taken into consideration, th© specimens could be
classified into several mors groups. However, the weak components

tended to increase in strength upon storing, and because it ha® not be®»
possible to analyse all «ample® immediately after sampling, classification,
according to weak component® has been omitted. For the same reason,
distinction, between type I'" and type 2” of Wilkins and llea (1966),
preliminary called a, and a- respectively (Naevdal 1966 ), was also
omitted -since these two pattern® differed only in the presence or absence
of one weak component at the position of Hb 1*2.

The hemoglobin patterns (phenotypes) were named according to which of
the three main components they contained: Thu® the phenotype Hb I*I
comprises the component Hb X-I only, phenotype Hb 1*1*2 comprises
Hb 1*1 and Hb 1*2, etc. The names of the six phenotypes follow from

Fig. 3

A group of- hemoglobins of somewhat greater cathodic mobility, were
called Hb Il. The major part of the specimens contained only one
strong component, called Hb XI*!, in this group. In a few specimen«
this component was lacking.

Prolonged storage of the samples in the refrigerator did not result in
major changes in the* hemoglobin patterns, except that the minor compo*
seats became stronger’. After four or five day« the bands became
diffuse, and the patterns could not be determined. Heating of the blood,
however, resulted in “"new” pattern®. Among specimens which had been
kept at room temperatures (about 20®C) for 20 hours before reanalysis,
two new” patterns, outlined to the right in Fig. 3 were found. One
pattern comprised several baud.® which might vary aomewhst in relative
intensity, some at positions of normal hemoglobin com,panent«, and some
with higher cathodic mobility. It could be confused with patterns

Hb 1*2*3 or Hb 1*3, but the weak components clearly distinguish, this
pattern, from the normal! ones. The other pattern comprised two bands,
none, however, at the positions of any of the normal components.

For the greater part of the material, differences between patterns were
clear, and the classification therefore fairly easy. The difference between,
patterns Hb 1*2 and Hb 1*2*3 might be less ©vident, and the type
determination of specimens with one of these patterns might accordingly
be unreliable.

The material was separated into age‘“groups, and the hemoglobin
variations were found in samples of the O*group as well as in samples
of older fishes. This supports the conclusion of Wilkin® and lies (1966)
that hemoglobin patterns assosiated with age or length are not present

in sprat. Genetic control of the hemoglobin types seem® more likely.
The genetic system still is obscure, but some suggestions may be
inferred from the distributions of hemoglobin types. It seem® probable
that the phenotype Hb 1*1*2 with the strong fractions Hb 1-1 and Hb 1-2
represents a heterozygote. Pattern Hb 1*1 should then, be the phenotypic
expression of one of the homozygotes. The other hemozygote should be



expected to show a hemoglobin pattern with Hb 1-2 a® the only strong
component. It may be represented by the type Hb 1-2» Hb 1-2-S or

Hb 1-3 (Hb 1-1-3 £# found only in on® single specimen}* or by two or
ail of them. In the last case, the three types may represent pheno-
typical modification of the same genotype. Accepting this hypothesis the
observed distributions are in pretty good accordance with expected Hardy-

Weinberg distributions.

The number® of the type Hb I-1 in per cent of total specimens in each
sample was chosen as characteristic sample parameter. These values
wer© calculated for each sample together with 95 per cent limit« of
confidence. The variations among sample® will be dealt with later.

Serum proteins

Outlines of serum protein electrophoretograms are shown in Fig. 4
Intraspecific variations were observed in several groups of proteins,

but the clearest variation® and the only one® which could form the basis
of proper classification of specimens, were found in the protein® which
by autoradiography were found to poses« ironbinding capacity, and

therefore are called transferrins.

Fig. 5 »hows the observed transferrin types. The three bands of
greatest anodic mobility, named Tf Aj, TfA» and Tf were found
to bind iron. Sera in which the rare” fourth oand occurred* were not
available when the tracing experiment® were done* but al its strength
and location conforms with the transferrins, it was interpreted as a
rare transferrin band and called Tf

A total of ten transferrins phenotype® were observed, and one, two or
three transferrin components might occur in each specimen. A theory
of simple genetical control of the total transferrin types seemc«
unapplicable, and distinction between some of the types, especially those
containing Tf A* and Tf A sometimes appeared difficult. For these
two reasons the phenotypes were lumped together into' three main groups
as follows from Fig. 5 The three main group* were named Tf AA.

Tf AB, and Tf BB.

Two co-dominant allele® may control the three main transferrin type*.
The alleles are named TfA and. Tf~ supposed to control Tf A (Tf A.
and Tf A") and Tf B (Tf B. and Tf B-) respectively. In Table I
frequencies of the gene TrA (called q.) and expected Hardy-Weinberg
distributions, are calculated for four arbitrary chosen samples.

Fairly good accordance were found* and similar results were obtained
for the rest of the sample®. The theory of two co-dominant genes
controlling the main transferrin type» in sprat therefore seems to be
correct. However, only part of the genetic mechanism is revealed by
this theory, because the high numbers of phenotype® a® well ae faint
bands which occurred in addition to the strong transferrin band»,
indicate a more complex genetic mechanism. But the genetical control
of the main types can hardly be doubted and they therefor© may be used
in segregation studies. As characteristic sample parameters are here
chosen the calculated frequencies of the gene Tf . (q

«T»

Serum esterase

Very complicated variations in serum esterase of sprat were found.
Outline of some of the observed phonotypes are shown in Fig. 6 .
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Classification of specimens into well defined groups on basis of these
variations proved to be difficult, «specially because the bands of esterase
activity often were diffuse. The two last moving components, named

Es S. and Es S~ may constitute a group of esterase controlled by two
alleles* and the distributions of the phenoty?e# oairt«d Es S.S®, £@ S. S-,..
and Es S.5.* respectively) were determined for the samples shown in'l &
Table Il. The fairly good accordance between observed and expected
distributions indicate that the hypothesis may be correct. However*

use of estera*© phenotypes in segregation sfcudi©.« seems yet unreliable-*
perhaps except for mere confirmation of results obtained by other
methods. {Not® the differences in observed frequencies). The result*
of the esterase analyses are omitted in the following discussion.

Y-aEiation amona samples

In Fig. 7 a diagram of the 95 per cent Emits of confidence are shown
for ihM sample» collected in 1965 and 1966. The samples are listed

in geographical order., It follows from the figure that great variation®
among sample® were found* and these variation® have been further tested
by use of t'test {test of frequencies) and X ~homogemty tests (test of
homogemty of distributions of phenotypes).

><2~homogenity test of the total material in Fig. 7 demonstrated that
there was very low probability for that, all sample® have been drawn
from one homogenous population with regard to these characteristics.
When all samples from Western Norway (including the Trondheim fjord)
wer© compared to the total samples from South-eastern Norway by t-
test and ?£*-homogenity test®» It came out Huit significant differences
were- found for the transferrins but not for the hemoglobin®. Th.® gA-
values were ge”ratly higher for the samples from South-eastern
Norway, and X -~homogenity test® of ftho@© ©amples did not show any
significant variations in distributions of transferrin types* while the
variations in hemoglobin type distribution® were significant. Among the
samples from Western Norway the Variations were significant in
distributions both of hemoglobin and transferrin types.

When the samples from South-eastern Norway were separated into two
main groups, namely samples from the Skagerrak coast and the Oslo
fjord* significant differences were found in the hemoglobins* but not

in the transferrin®. Within these two main groups significant variations
were only found in distributions of hemoglobin types among the samples
from the Skagerrak coast.

Further teste seem unnecessary for fee samples from Western Norway.
Great variations were observed even among samples from adjacent areas*
and no marked geographical tread can be discovered in the variation*

of sample parameters, except feat the samples from Rogaland all showed
high percentage® og Hb I*T and intermediate value* of ga.

The results of the samples collected in 1967 are presented in Fig. & ,
The results of the samples collected at the Norwegian coast confirmed
the results of the previous years. High value® of Hb 1-1 frequencies
and intermediate values of characterise the »ample® from, the
"Kattegat. It follow« from Fig. ? and Fig. & that part of the sample®
from the Norwegian coast (but non® from fee Oslo fjord) gave resulta
which coincided with the Kattegat ©amples. Most samples from the
North Sea also showed high values of Hb X-T frequencies, but some of
them showed higher values of q than did fee Kattegat samples. These
results are also in accordance with fee results of a few. samples from.



the Norwegian coast. But a considerable part of the samples collected
at the Norwegian coast do not conform neither with the samples from
the Kattegat nor with the samples from the North Sea. This ie perhaps
better illustrated in the scattering diagram in Fig. 3 where both the
g. “value and the Hb I~l frequency value have been plotted for each
sample. (Samples of less than SO reliable determinations of specimens
have been omitted). If appears from the diagram that a “cloud” of
symbols which include the Kattegat samples (and one sample from the
North Sea) is found, but a considerable part of the samples are found
outside this "cloud".

Attention may here be drawn to the reliability of the type determinations.
Uncertain determination» of the transferrin types might be a source of
error. The transferrins often occurred as weak bands, and therefore
determination of patterns might be difficult in specimens which did not
give electropharetograme of high technical quality. However, doubtful
cases were tested by reanalyses, and specimens which gave electro*
phoretograms of poor quality, were omitted. Consequently, the

numbers of specimens for which the transferrin types have not been
correctly determined, is low in the present material, and such cases
can not explain the observed variations.

Cases of doubt are even, fewer for hemoglobin type determinations.
However, the possibility do excist that unknown, non*inherited factors
may influence the hemoglobin type®, but genetic factors seem to be
responsible for at least the mam types. The variations among samples
discussed here, are based upon the main types only, and therefore these
variations should be highly reliable.

Therefore the most likely explanation of the variations among samples
is that the samples have been drawn from populations which differ in
their gene pool, that is which are reproductive!/ isolated. The results
therefore indicate that a major part of the sprat in Norwegian waters
is recruited from spawning grounds in the Kattegat. Recruitment from
spawning grounds in the North Sea may also account for part of the
Norwegian sprat population. The origin of the sprat from which the
rest of the samples have been drawn, is not clear, but local population#
in the fjords may be the explanation. It is also possible that the
samples from the Kattegat and the North Sea are not representative for
these areas, and that other sprat populations excist from which no
samples have been drawn.

From the scattering diagram in Fig. 9 it % evident that no co-
variance excists between, the observed pair of values. This imply that
more fcnan two, probably several isolated populations have been sampled,
although some of the samples may represent mixture of specimens of
different origin. The mechanism which keeps the population® isolated,
i.e. which prevent gene flow between the populations, ie unknown, but
selective mating, a kind of "homing*instinct or physiological adaptions
may be guessed.

Although other explanations may be given, the results of the present
investigation indicate the following conclusion: The sprat population in
Norwegian, coastal waters is made up of a major part recruited from
spawning areas in the Kattegat and perhaps the North Sea, and minor
groups recruited from spawning of local populations in the fjords.



SUMMARY

A total of about 4 500 hemoglobin» and aera of sprat have been analyzed
by gel electrophoresis. The material comprises 51 samples collected
at different localities at the Norwegian coast from the Trondheim fjord
to the Oslo fjord, from the North Sea and from the Kattegat. Part of
the material have also been analysed for serum esterase.

Agar gel electrophoresis'at pH 7.2 was applied for analyses of hemo-
globins, and combined starch and agar gel electrophoresis at pH 9.0
for analyses of serum proteins and esterase. The gels were supported
on microscopic slides. A voltage of 65 volt® between ends of gel was
applied, and the duration of each run was 60, 90, and. 75 minutes
respectively hr hemoglobins, serum proteins and esterase.

The hemoglobin© were separated info several weak and strong compo-
nents. Six main patterns or phenotypes of strong component® could be
distinguished.

Intraspecific variations were also found in the serum proteins. Most of
the variations appeared as presence or absence of weak bands too diffuse
to form the basis of proper classification of the specimens. However,
among the serum transferrins (identified by Fe59 autoradiography) a
total of ten different phenotypes were found. In most sample®,

individual specimens could be classified into only three main types,
named Tf AA, Tf AB, and T£ BB.

In serum esterase very complicated intra@pee.ific variations were found,
but it appeared difficult to classify the specimen® into well defined
groups. A classification according to presence of one or both of the
two slowest moving components was tried, but as the classification did
not appear much reliable, utilization of esteras© phenotype® in
segregation studies seem.® doubtful at present.

The hemoglobin types did not demon.®trat© aay relation to length or age.
A hypothesis of genetical control involving two allelomorphic genes is
suggested, and the observed distributions of phenotypes coincide fairly
well with, expected distribution according to tin« theory.

The three main transferrin types seemed to be controlled by two
allelomorphic genet, but all the ten types recorded could not be
explained by this theory, which accordingly may be a simplified expla-
nation of the total transferrin variation.

Frequencies of the most common hemoglobin type (named type Hb I~1)

in per cent of total numbers of specimens in each sample, and
frequencies of the gene Tf~ supposed to control one of the components
in the three main transferrin types, have been selected as characteristic
sample parameters.

Significant variations in characteristic sample parameters and in distri-
butions of hemoglobin and transferrin type® were found among the samples
from the Norwegian coast, but no marked geographical trend could be
discovered. The samples from the Kattegat and from the North Sea

were characterized bv high percentage of the Hb 1-1 type and inter-
mediate values of TfA,, This coincides with the values obtained from
some of the samples from the Norwegian coast. Thus it is implied

that among the sprat in Norwegian coastal waters there excist two or
probably more populations of different genetic composition, and with a
high degree of reproductive isolation. This may be maintained by



spawning of local population# in the fjord# betide recruitment from
eprat population# in the Kattegat and perhap# the Notth oea.
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Table I. Observed distribution of transferrin types in sprat
compared to expected distribution according to the
Hardy-Weinberg law.

Sample no.» locality and Main transferrin types sum
date of sampling TfAA  TfAB TfBB
4 Perdespollen. Hordaland obs i5 64 60 139
1.1\/.66 exp 16» 1 62» 4 60, 5 139» 0
5 Havik i Fusa, Hordaland obs 12 45 25 82
6. VI. 66 exp 14, 5 40» 0 27» 6 82» 1
6 Frafjord, Rogaland obs 11 48 36 95
13. VI. 66 exp 13» 0 44» 3 37» 7 95,0
9 Simlenes» Sogn ors 14 60 61 136
21. VI. 66 exp 14» ? 59» 7 | 60» 6 135,0
-J !
Table IlI. Observed distribution of esterase phenotypes in sprat

compared to expected distribution according to the
Hardy-Weinberg law.

Sample no»» lacality Esterase phenotype
and date of sampling

27 Katt™ya, Langesund-
fjorden
3. X. 66

29 Aisnes, Masfjorden
4. VL 67

6. VI. 67

31 Gjermundshamn, Hard"
angerfjorden



Fig. 1.

Sampling localities of blood samples
of sprat in 1965 and 1966.

Fig. 2.
Sampling localities of blood samples
of sprat in 1967*
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SOME REMARKS ON THE WINTERING OP SPRAT IN THE BALTIC
by
0. RECHLINj Institut fur Hochseefischerei und Fischverarbeitung,

Rostock

The sprat (Sprattus aprattus L.) is spreaded approximately over the whole
Baltic Sea, from the Belt Sea up to the Bothnian Sea» It appears in the
range of various salinities and temperatures. At first view it seems that

this pelagig fish is only fewly influenced by salinity and temperature.

The sprat is important for the Baltic-fishery for a long time. Up to the
end of the fifties mainly the shoals near the coast were fished. The sprat-
fishery in the open Baltic Sea began with the development of the pelagic
trawls. Now the stocks of the open sea yield a great part of the total
sprat catches.

Whereas up to 1966 mainly the prespawning and spawning shoals of sprat

were TFished from April to June now the winter - sprat - fishery strongly
increased. In the Bay of Gdansk a. sprat - winter - fishery is known for

a longer time. But this fishery beeing a fishery with bottom - trawls the
catches have always been relatively small. We have a combined sprat -
herring - fTishery in the Belt Sea from October to December also with small
yields of sprat catches. From about December/January 1in the basins of

the Northern Baltin sprat concentrations are available allowing a profitab-
le pelagic fTishery. Already in 1960 ELWERTOWSKI indicated the possibility
of such winter concentrations in the deep Baltic basins.

I want to report about my own observations on such winter concentrations
and to make my opinion of the causes resulting in these concentrations to
the matter for discussion. Already MORAVA and GRAUMAN showed the dependence
from the temperature for the formation of spawning concentration and the
spawning. ELWERTOWSKI observated the influence of temperature on the win-
tering of sprat in 1956 and 1965.

In January 1967 our Tishery began a true winter Tishery on sprat in the
area north of Gotland. In that time the sprat shoals were available in the
pélagial as "ribbons” 10 to 20 m high. Eor the whole days they lived in

the sane depth and moved only insignificantly in vertical direction.

The spreading of the shoals to the surface was limited by the thermocline.
In the average the difference of temperature amounted to 1°C mostly from
4°C to 3°C. The sprat shoals predominantly lived in the layer of 4,0°G.
Never they could be observed at a lower temperature than 3.5°C. On the
other hand in the same area herring shoals (Stromling) were moving during

the night through the thermocline into the cold surface water. At night-



fall and also at daybreak the sprat shoals approached to the thermocline,
too«

A great part of the sprats nearly continuously feeded» In 7 samplings in
average 66 % of fishes were feeding. In two samplings deviating from this
observation in average only 2.5 % of fishes have feeded. During.the day
the feeding increased something, the food mainly being copepods*

The determination of maturity is oairied out with a scale of eight inter-
vals. 90 fo of the sprats are in the stages of maturity | to IIl, The
fishes of stage Ill reached 51

In the whole area the sprat concentration never lived deeper than 100 to
110 metres in the maximum. Analyses of oxygen content are not available
for January 1967. But it is known that a lack of oxygen frequently happens
in deeper layers of the Baltic basins. In the pelagic sprat fishery in
deep waters frequently flounders (Platychthis flesus) were caught in
January 1967. Only the lack of oxygen in deep water layers could have for-
ced so many flounders to this abnornal way of living.

In the same way probably the sprat was prevented to spread into deeper
water layers.

In December 1967 we have analysed the oxygen content in the same area and
we Ffound.that occasionally already at a depth of 80 m a lack of oxygen
happened. Between 80 m and 100 m the oxygen content already everywhere
decreased so strongly that the occurence of fish is very doubtful.

With these observations the two environmental factors temperature and
oxygen content in deep water layers seem to have aninfluence on the for-
mation of winter concentrations of sprat in the Northern Baltic,

This conclusion is intresting, for- the sprat being spreaded so wide.in

the Baltic- the influence of temperature on it hardly seems possible.

In my opinion the stay in the relatively warn water of the Northern Baltic
is connected with the preparation on the spawning time. | said already
that MORAWA and GRAUMAN pointed out the dependence of the sprat spawning
from the temperature. In my opinion, in the Northern Baltic the temperature
also has ai decisive influence on the gradual preparation to the spawning
during the winter.

In the shallow hreas of the.Belt Sea the sprat is scattering with the
cooling of water in January. In Northern Baltic at the same time he is
forming dense concentrations in relatively warm layers of water. These
concentrations are feeding nearly coninuouisly.

The peak of spawning is reached in May and June in the Belt Sea as well

as in the Northern Baltic. Whereas in the shallow Belt Sea the warming of
water and the enlargement of food supply is arising already in March/April

mainly the therraically circumstances in the Northern Baltic are changing
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not until June/July. In the Belt Sea the sprat may be feeding intensively
before and during the spawning time from March/April and in May. The sprat
is spawning.in portions and is feeding during its spawning time relative
intensively.

Therefore | assume that the formation of winter concentrations of sprat in
the Gotland Sea is an adaption to its environmental circumstances. The
shoals are concentrated in those water layers where there is food at this
tine, and here is a temperature enableing then to utilize this food.
Therefore | have called these concentrations wintering shoals but not pre-
spawning shoals.

In this connection it seems interesting to tell that in August/September
1967 we observed fish concentrations in the Northern Baltic nearly exclu-
sively in the thermocline in the range between 6°C and 13°G. In the same
area the sprat predominantely lived in December 1967 above the thermocline

in the range between 5°C and 8°C.






SOME OBSERVATIONS ON THE STOCK OE BALTIC SPRAT (South east Baltic) IN THE
FIRST HALF OF THE YEAR 1967

by
OLGIERL WRZESINSKI and BARBARA KARNICKA } Morski Instytut Rybacki, Gdynia

Introduction

The investigations on the stock of sprat from Gdansk Basin and Gotland Ba-
sin were, based on the materials collected from commercial and experimental
catches., carreid out in the first ¥%:r;{§éar 1967. The research included
mass measurements, the determination of the stage of development of gonads,
the sex and the degree of filling of stomachs. The age was read from oto-

liths.

1. Length composition

The sprats for investigations were captured by means of pelagic pair-trawls
and bottom trawls. The length of fish caught in Gdansk Basin ranged from 7
to 15 cm., whereas most abundant lengths were 12 and 13 cm., particulary
from the fishing grounds of the open sea. In the coastal fishing grounds of
Gdansk Basin and the region adjacent to Vistula mouth the participation of
juvenile fish of the lengths 7, 8 and 9 cm. was considerably higher than in
the open sea and sometimes exceeded 50% of the total mass of landings. Such
length composition is most probably the result of favourable feeding condi-
tions prevailing in coastal waters, particularly in those internal waters of
Gdansk Bay which are sheltered against the activity of waves (Puck Bay). In
Gotland Basin there were captured less fish of the length 7, 8 and 9 cm.,
whereas more of the fish of.the lengths 13, 14 and 15 cm. The largest speci-
men caught here was 15.4 cm. long. The Ffish of the length above 15 cm. were
very seldom found in the catches in .both these regions. The mean length of
fish from Gdansk Basin was 11.57 cm., with mean weight of 10.47 g. These va-
lues for the fish from Gotland Basin were higher, being respectively 12.30cm
and 12.56 g.

2. Age composition.
In both of the above regions the main mass of catches was composed of fish
of the populations of mean abundance,born in 1963 and 1964. The participa-

tion of the year-class 1965 in the catches was insignificant.
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Month

liable !
age composition of the catches from Gdansk
Basin and Gotland Basin - in % according
to age - length key
Age groups and yea"r-classes
1(1966) 11(1965)  111Cl964) IV(1963)  V,(1962) | VI (1961)
Basin of Gdansk and older
331 92 299 .178 81 15
267 23 337 187 80 92
Basin of Gotland
45 41 345 278 165 .123
48 28 306 200 248 180

It appears from this Table that in 1966 was born strong population
in Gdansk Bay. The fish of this age group were particularly abun-
dant in the catches carried out in coastal fishing grounds, in
which they sometimes amounted to 27% of the total mass of landings
whereas in Gotland fishing grounds there were represented older

fish In the catches, those born in the years 1960 to 1964.

3. The rate of growth.

As. it may be seen from the Figure ! it is possible to observe some
common feature in the growth of Ffish in both the regions, though
stronger and quicker increase of weight and length is noted in
fish from Gdansk Basin, particularly in young specimens in their

I and 1l year of life. Each section of the curve for sprat from
Gdansk Basin, pointing to the fast: rate of growth of this species
in its VIth year of life, has been plotted on the basis of a
small number of observations and thereforeis not representative
for the true rate of growth of this age group. In general, we see,
as it has been alreadyobserved by MORAVA (8), that the growth of
sprat from Eastern and North - eastern Baltic is slower than the
growth of sprat from the Southern and Western parts of this sea.
Similar relation has been observed by MOLANDER (6) in sprat from
the region of western and eastern coasts of Sweden. In juvenile
fish, belonging to the age group I, the weight increase in its.
first year of life amounted to 7 g. and length increase to ab.h.

3 - 3.5 cm. (expressed in mean values). On reaching the length of
12 cm, and the weight of an individual within the limits from 11.5
to 12,0 g. the rate of growth decreases untill it is completely
retarded when the fish reach their total length of 15 cm. and the



age of 6 or more years.

The observations on the rate of growth included also the relation between
length and weight (according to FULTON®"s formula).for particular age groups
of fish from both of the above regions (Figure 2). It has been found that
the length - age coefficient (k) is slightly higher for fTish from Gotland
Basin, for which the value is generally 0.672. For fish captured in Gdansk
Basin the value of this coefficient is 0.655. The maxium value of the
coefficient K is reached in sprat in both regions in its second and third
year of life,

4. Development of gonads and the sex.

In the catches carried out in both of the above regions the number of fe-
males. predominated over the number of males; average relation being 55%

of females and 45% of males. In the fishing grounds of the open sea. the
number of females reached even 65%. In this respect our observations are
in accordance with the observations carried out by HESSLE (4) on the sprat
caught at the coasts of Sweden. It has also been established that the rela-
tion between the number of both sexes depends on age composition. The more
of adult individuals, i.e. the older age groups, are in the stock the less
is the number of males in it. In.the stock composed of young fish the num-
ber of males is as a rule higher. HESSLE (4) assumes the life cycle of ma-
les to be shorter than the life cycle of females. We may consider this

assumption to be applicable also to the sprat from South-east Baltic,.

The development of gonads in fish in both regions took more or less simi-
lar course, though in Gdansk Basin in thefirst quarter of the year 1967
most of the catches were composed of Fishwith gonads in | and Il stage

of maturity (according to MAIER"s scale). However, on comparison of indi-
viduals of the same age it was found that the development of gonads of
gonads of sprat from Gotland Ffishing grounds was slightly retarded in rela-
tion to the gonads of sprat from Gdansk Basin. Honce probably arises some
retardation of the beginning of spawning of the sprat from Gotland Basin.
It was not possible to determine an accurate time of the beginning of
spawning both in the region of Gotland and in the. region of Gdansk, since
in both these regions the first females with running gonads were simulta-
neously noted in the month of February. No males with running gonads were
found there at the same time.

5. Feeding intensity.

During our observations we noted that the sprat in the open sea feeds with
less intensity than in the coastal regions. The Ffilled stomachs of Ffish in
the Gotland Basin were smaller in consecutive months of the first half of
the year 1967 than they were in fish in Gdansk Basin. Moreover, the percen-
tage of fish with emty stomacs (0 - according 5-degree scale) was in that
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region higher than in Gdansk Basin. The results of investigations on the

filling of stomachs are given in the Table II.

Table 11

Mean values for filling of stomachs (in %)

of 1967
Region The degree of filling of stomachs
Gj 2 3
Gdansk Basin 40.3 . 9.1 12.2 20.6 17.1
Gotland Basin 58,7 151 9.2 11.4 5.3

No intensive feeding was noted iIn sprat during its spring migrations in
both of the above regions. This seems to be closely connected with sexual
maturation of this fish, since developing gonads iIncrease their weight

and size, thus impeding the takning of food (MORAVA (8), MAIfeOwskl (5) ).
During the investigations it has been several times found that the stomachs
of sprat were tightly filled in spit of their gonads being partly spent

or running (VIl and VI stage of maturity according to MAIER"s scale). It
seems that the sprat sometimes feeds during spawning in order to regenera-
te the gonads before each next shedding of sex products.

6. Migrations of sprat in South-east Baltic.

The sprat caught in the fishing grounds of Gotland is, as it seems, a. se-
parate stock, doing its annual cyclic migrations. An attempt was made to
detect the direction of these migrations. On the basis of our own observa-
tions and the fishing results of cutters operating in this region it may
be concluded that those sprat shoals shift southwards from their wintering
grounds, probably situated off the entrance to the Gulf of Einland and

the Gulf of Bothnia. These migrations become particularly intensive during
the months March-April when the shoals move rapidly towards their spawning
grounds, situated at the south edge of Gotland Deep. The migration of
shoals towards the south is finally stopped in May when the concentrations
reach their highest density and when the maximum intensity of spawning
approaches.

According to the course of these migrations and the concentration of sprat
shoals we find that the most advantageous conditions for Polish cutter
Ffisheries in this region prevail in the period of April - May.

The stock from Gdansk Basin does not undertake so distant migrations
(ELWERTOWSKI (3), DEMEL (1) ). 1t usually shifts before the approach of

spawning from its wintering grounds, most often situated in the bottom



layers of Gdansk Deep,

towards spawning grounds

in the open part of Gdansk

Bay and towards the Furrow of Slupsk. These migrations are of short dura-

tion and they stop as soon as the spawning starts.

Besides more or less

intensive horizontal migrations the shoals of sprat also make regular,

characteristic,
appears that in the afternoon the sprat migrates upwards

layers,

making at first small,

vertical daily migrations.

dense shoals,

From echo - sounder records it

into higher water

which gradually disperse.

This dispersion lasts until early morning hours when again the sprat

gathers

into small shoals and shifts downwards

into bottom layers.

In the

late morning hours the sprat is gathered into dense concentrations at the

bottom or slightly above
noon hours. According to ELWEBTOWSKI

changing daily intensity of sun irradiation,

it, which remain
(2) these migrations are caused by

in this state until small after-

not by thermic conditions.

7= Some technological data for sprat in Southern Baltic.

The Table Il contains some data characterizing the sprat caught in Gdansk

Bay and
the Furrow of Slupsk.

in the fishing grounds of the open sea,

situated to the east of

In the annual cycle of fat metabolism there are to

be distinguished two phases according to MACIEJCZYK and ELWEBTCWSIK (6):

Date of
catch

13.1.67
16.1.67
12_111.67
21.111.67
21._1V.67
27_.1V.67
28.1V.67
2.V.67,
8.V.67
30.V.67

20.1.67
9.11.67
16.11.67
24.11.67

the phase of reduction,

the middle of summer,

the phase of accumulation,

ter.

Fat contents
in %

17.
18.
13.
14.

15.
15.
16.
15.

PADNOOOTFE O oow

=
00 0 oo

G MNWO®

12 cm. 13cm.
Bay -
12.2 13.6
11 .2 12.5
11 .8 12.5
11.9 13.9
10.9 14.1
10.8 12.7
11 .2 11.7
12.3 14.2
11.4 13.3
11 .2 13.6

East from Furro?/ of Slupsk

11.3
11.3
12.0
12.1

commencing in winter and

Mean weight

"1 4cm.

0 fFf Gdansk

18.7
18.0
15.0
20.0
18.0
15.4

17.1

16.0

15.0
13.3
16.8
20.0

Table 111

State of
gonads

ni-1v
-mi-1v
i-1v-v

1 - 1V
1vV-vV-Vvi
i - v
1vV-v-Vi
1vV-vV-Vvi
1vV-v-Vi
1vV-Vi-Vll1lI

-mi-1v
ni-1v
i-1v-v
- v

lasting until

covering the period from summer to win-

Filling
stomachs

PP NPT LN



Date of Eat contents Mean weight State of Filling
catch in% 12 cm 13 cm 14 cm gonads stomachs

East from Furrow* of STupsk

2.6.11.67 «15.9 12.2 13.7, 20.0 i-1v-v
7.111.67 14.2 11 .6 73.2 15.0 mni-1v-v
18.111.67 12.0 11 .1 73.3 74.4 mi-1v-v
211. 111 .67 12.6 12.1 74.0 76.7 r-1v-v
3.1V.67 12.2 11 .2 13.1 74.5- vV - Vi
'S. 1IV. 67 13.5 11.9 73.9 16.1 v - Vi
12_1V._67 10.6 TO.8 12.8 14.0 vV - Vi

Our observations therefore deal with the phase of fat reduction* which is
acconpaniecb®"tTyv clevelopment

P Y P of maturity of gonads. The lowest fat contents
in sprat is noted in the months of fullsspawning intensity when this.spe-

cies sheds the portions of sex products and starts intensive feeding.

The qualitative analysis of fat contents in sprat of total length above
10 cm. has been made by the BULL"S method”™ the degree of gonads maturity
determined according to MAIER"s scale and the filling of stomachs accor-

ding to the following 5-degree scale:

- Ffull stomachs

0 - empty stomachs
1 - 7.5% Filling

2 - 50l

3 - 75%

4

In view of the lack of synchronized data no comparison has been made of
the results of analyses of fat contents in sprat from the fishing grounds

of Gotland and Gdansk, caught in the same period.
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THE DISTRIBUTION AND MIGRATIONS OP SPRAT (Sprattus sprattus 1.) WITHIN
THE ADRIATIC SEA

by

DUSAN ZAVODNIK, Institute of Marine Biology Yugoslav Academy of Sciences

and Arts. Rovinj

PAGE (1920) and PURNESTIN (1948, 1952) produced comprehensive reports on

the ecology and distribution of the Sprat in the Mediterranean Sea. It

was stated that the sprat occurs almost exclusively in the northern coastal
regions of the Mediterranean basin (Gulf of Lion, Northern Adriatic) and
Black Sea, where there is lower salinity due to fresh water influx, and
lower temperatures in winter, caused by strong cold northerly winds.
STOJANOV (1953) and Russian authors (ASLANOVA 1954, PAVLOVSKAJA 1954) la-
ter showed that the sprat occurs over the greater part of the Black Sea,
both in coastal areas and the open sea.

A similar distribution was found for the Adriatic sprat, which is found
along the Yugoslav coast as far south as Dubrovnik and offshore within the
Bay of Venice (figure 1.). The salinity within these regions can be very
low. locally, particularly in the north west part where great rivers such
as the Isonzo and Pe outflow, and along the eastern coastline where strong
underwater springs of fresh water occur. Surface temperatures, are also
particularly low in winter due to the strong cold north-western wind
('bora').

Homothermal winter conditions are characteristic of the Bay of Venice,
this being due to complete mixing of the water layers from surface to
bottom over depths of about 35-40 metres. Unfortunately, practically no
permanent data are available concerning environmental conditions in other
regions where the sprat appears in greater quantities such as Quarner Bay,
the North Dalmatian channels and the Novigrad Sea.

Up to a few years ago more was known about the sprat from the Italian
Adriatic coast (BONAPARTE 1832-41,,PAGE 1920, PAOLUCCI 1908, SOMMANT 1946,
and others.) in spite of the fact that enormous quantities of this fish ap-
pear in Quarner Bay over the winter period. Furthermore, maximum landings
of Adriatic Sprat are recorded from this region, these accounting for more
than one tenth offthe total annual catch of marine fish in Yugoslavia. In-
vestigations into the sprat stocks inhabiting the north-eastern coastal

and offshore waters of the Adriatic were thus initiated some years ago.

One result arising from these studies has been evidense for the existence
of two sprat populations inhabiting this region (ZAVODNIK & ZAVODNIK, 1967).
The Tirst group, living mainly in the western part of the north Adriatic
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and along the Italian coast, is characterised by having a scutellae count
lower than 31.90 and head length of about 20% of the total fish length!
whilst the second group, from the Istrian coast and Quarner Bay, have a.
scuteliar count greater than

length. Unfortunately samples so far available from other parts of the
Adriatic have been too few. in number to yield any reliable quantitative
estimates of these characters.

Bor many years the sprat was caught along the eastern Adriatic coasts exc-
lusively in winter times, disappearing from this area, at the beginning of
spring, this being a clear indication that the north Adriatic sprat is a
migratiny species. No evidence concerning the summer distribution of these
fish was forthcoming until 1962, when great quantities of sprat shoals we-
re located in the open waters of the Bay of Venice ( GAMULIN 1964). This
discovery posed questions concerning the migration routes, when and how
extensive are these movements. The presence of Ffish shoals may be detected
by several methods, such as catching the fish, presence of the eggs in
plankton samples and echo-sounding. Work carried out using echosounding
and fishing indicated that the sprat shoals migrate at the end of autumn
towards Quarner Bay over two main migration routes (Figure 2.). One sec-
tion of the population moves towards the western coast of the Istrian penin-
sula, reaching there in quantity usually by early December, then turning
immediately southwards and travelling along the coast reach after some
days the southernmost point of the Istrian peninsula (Cape Kamenjak), after

ly from summer grounds to the entrance of Quarner Bay. Subsequent migrations
of the sprat are not yet known, but it is a. fact that during winter this
fish can be caught over the entire Quarner region and around the Quarner
Islands.

It is interesting to note that the first fish to arrive and enter Quarner
Bay are usually the youngest fish of 0 age group, whilst the shoals of ol-
der adult fish arrive later.

Whilst migrating southwards the sprat is spawning, and large numbers of its
eggs (up to more than 400 eggs per square metre) have been found in plank-
ton samples taken in the vicinity of the west Istrian coast during Decem-
ber. later on the quantities of eggs diminish considerably but are present
in smaller amounts until April. The spawning intensity indicates that a
small portion of the sprat population remains in the open and coastal wa-
ters of the Bay of Venice while the majority of.fish move out of this

region and migrate southwards to Quarner region.

During the winter period sprat is often caught together with smaller quanti-

ties of mature sardines and it is possible that the spawning areas of sprat
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and sardine overlap to some extent. There is, however, no planktonic evi-
dence available from the Quarner region during winter and the extent of
spawning there at this time is unknown. But the presence of mature sprats
with the gonads in V. and VI* stages indicates that the spawning surely
takes place in Quarner Bay and maybe also in the Gulf of Rijeka.
In spring the sprat gradually disappears from Quarner region - aft first
adult fishes and after them the young ones. Up to date, the exact migra-
tion routes towards the summer grounds are not known in detail. However,
it is.supposed that the main lines do not touch the coastal regions (Figu-
re 3). The evidence for this supposition is the absence of sprat eggs in
plankton samples taken at coastal stations, while the samples taken off-
shore may be positive. Furthermore, the sprat is usually not caught in
this time by fishermen. It is true that smaller part of sprat population
remains in the depths of Quarner Bay and within the Dalmatian Channels
during the summer, when small quantities can be caught by bottom trawls.
It, is supposed that the fish remain in the depths of these regions becau-
se of special hydrographic conditions in them, prevalently because of the
low summer temperatures in bottom layers.
It is observed that the morfometrical "~Tandiaracteristics of the sprat in
the coastal region of Istria and in the Quarner Bay vary”.insignificantly«
Consequently, the long headed population with the scutellar count less
than 31.90 does not arrive Yugoslav waters. It can be concluded that it
remains during winter in the vicinity of ltalian coast. According to the
bibliographical data, this sprat does not migrate at the beginning of win-
ter, or it migrates only to a. small extent southwards as south as to Rimi-
ni (Figure 4.). Therefore this population is considered by us as 'statio-
nary' population which ecologically somewhat differs from the Yugoslav
"migratory" population.
To our regret, no valuable data exist on .the. livning manners of sprat, from
other regions of the Adriatic. However, some quantities, of sprat can be
observed irregularly in summer time in small Novigrad Sea, where the sar-
linity is lowered due to the influx of river Zrmanja and which is connec-
ted with the great depths of the Velebit Channel. Unfortunately, it is not
known if the Ffish observed depends to the autochthone population or the

summer occuring is an indication of eventual summer migrations of the sprat.

The migrations of the North Adriatic sprat can be explained by the analy-
sis. of ecological conditions in its distribution area. The depths of the
northern part of the Adriatic rarely exceed 50 m and they are usually less
than 35 m. The bottom currents arriving from the southern regions of the
Adriatic, turn at this barrier westwards. On the other hand, the influx, of
great water quantities, of River Po prevents the flowing of cold sea water
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southwards. The result of this is an accumulation of cold water masses in
the open sea within Bay of Venice,where summer grounds of sprat are situa-

ted. In summer time the thermocline in the depths of 10-20 metres is very

sharp; the sea water temperature can be lowered for more than 5°C; in a. "wa-

ter layer of only 2mf At*"this time, the influx of river Po usually lessens

considerably, and at the end of autumn the surface layers grow cool* Short-
ly the homotherma-1 conditions in the entire Bay of Venice establish. App-
roximately at the same time the sprat appears at the sea surface and begins
to migrate. Very soon it expands from summer grounds throughout the entire
area. Simultaneously, it begins to spawn. In spring, the sprat returns to
summer grounds still in the course of homothermal conditions, before the
thermocline is established. The analysis of salinity conditions showed,
that the salinity may influence the migrations locally but not to such
extent as the temperature conditions.

It is clear that Adriatic sprat is to be treated as a special population
which lives in an ecologically most interesting area.. To our regret, becau-
se of various reasons, this fish species is very bad known in some regions
which are geographically almost isolated; it is our duty to solve these

problems in the nearest future.
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AN ACCOUNT ON THE SEXUAL CYCLE AND THE SPAWNING OP THE NORTH ADRIATIC
SPRAT (Sprattus sprattus L.)

by

NEVENKA ZAVODNIK, Institute of Marine Biology Yugoslav Academy of Sciences

and Arts R o v i n j

In the northern Adriatic, the fecundity and the spawning cycle of the sprat,
and especially its spawning places .are very bad known. However, it was re-
ported earlier (GRAEFFE 1888, FAGE 1920) that the sprat spawns in winter
months in northern Adriatic, but where its principal spawning places are si-
tuated was not known till some years ago.

For obtaining the informations on the spawning cycle and the fecundity of
North Adriatic sprat, histological sections of ovaries of 90 specimens were
made, which derived from commercial catches made in winter time of 1963-
1966 offshore in the Bay of Venice. The measurements of the ovocytes were
fulfilled on 20 fishes, whose gonads were weighed to an accuracy of 0.0001
gram and afterwards kept in GILSON®"s solution till, analysis begun. Counting
and measurements of the ovocytes were made from 0.ti gram of ovaries; later
the results were corrected to a total weight of the gonads.

It was stated that in the ovaries of pre-spawning Fishes at least three
stocks of ovocytes can be identified (ZAVODNIK N., 1968), The most numerous
are the ovocytes of the "reserve” stock. The diameter of these ovocytes was
found to be from 0.03 to 0,12 mm. The greater ovocytes of the diameters of
0,13 to 0,30 mm belong to the stock of "half-mature'™ ovocytes, which are
characteristic for the ovaries in the second and the third studies of sexual
maturity. The most developped "maturing'” ovocytes in the ovaries of fourth
and fifth stages of maturity measured 0.34 to 0.50 mm in diameter. Conse-
quently, to the stock of "mature'™ ovocytes all ovocytes were summed up, who-
se diameter exceeds 0.50 mm. It is the matter of fact that because of the
intraovarial pressure the "mature™ ovocytes are always smaller than are the
ripe planctonic eggs, whose diameter is about ! mm. The ripe eggs are thrown
out in batches, but it is not known in what intervals.

After the first spawning, usually two stocks of ovocytes remain in the ova-
ries, and frequently after the third spawning in the ovaries only reserve
ovocytes can be found. Therefore it is supposed that the North Adriatic
sprat spawns at least three times In a spawning season. To our regret, Trom
the data available no conclusion can be made on the number of spawnings 1in
rela.tionship to the age of the fish. However, it is stated that some speci-
mens mature already in the first year of live, but a great majority of them
spawns for the Ffirst time in the second year, when they reach about 11,5 -

12,5 cms of total length.
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Observations on fecundity were made on twenty specimens. Consequently, a
significant correlation between the fecundity and the length of the fish
was not obtained, as the fishes studied had previously spawned for one or
maybe two times in the breeding season (ZAVODNIK N., 1968). Meanwhile, the
correlation between the fecundity and the weight of the ovary is more
evident. Obviously, the number of the ovocytes in the ovaries of the. same
weight can vary considerably. In the mature ovaries studied by us 23.000 to
62.000 ovocytes were encountered, of which on an average about 57 percent
belong to the reserve stock. The mean weight of mature ovaries is found to
be about 6 % of the weight of the fish (extreme minimal value is 3 % and
the maximal is 9 $), while in the period of recuperation the mean weight of
the ovaries is only about 0.5 percent of the total fish weight.

According to the appearance and the structure of the ovaries the North
Adriatic sprat matures in October-November and at the end of this period
the First batch of ova is thrown out. To confirm this supposition plankton
investigations were organised from December 1964 on. In this time, plank-
tonic sprat eggs were encountered in the entire area.of the most northern
part of the Adriatic (Bay of Venice), except in the immediate vicinity of
the west Istrian coast (ZAVODNIK D.,1968). But already at a distance of six
nautical miles westwards, the. maximal concentrations of sprat eggs were
registered - up to 441 specimens per square metre. The quantities of eggs
inreased gradually from the coast towards the open sea. In January 1965, the
eggs were few in number in Rovinj region, nut nearly uniformly distributed
in the area, except for some coastal stations, which were negative. In the
middle of March some sprat eggs were encountered still, but from April till
October no sprat egg was found in our samples. Brom November 1965 no plank-
ton sample is available . However, in December significant quantities of
eggs., were encountered in the entire area., especially in offshore waters.
When the sprat eggs were present in plankton samples, the temperature range
is registered to be 9-14°C. It is supposed that principal spawning places
of the North Adriatic sprat are situated in the open waters of the Bay of
Venice and very probably also iIn the Quarner region (ZAVODNIK D ., 1968).
Obviously, the majority of specimens breed in early winter (respectively
December); probably in this time already the second or even third batch of
ova are thrown out, and this matter can be of a greatest influence to the
quantities of eggs present in plankton. It. is true that the Tirst batch of
mature ovocytes is less in number than is the second and the third batch.
Our results are similar to those obtained by HEIDRICH (1925) and ASLANOVA
(1954).

The histological analyses of the ovaries indicate that spawning of the North

Adriatic sprat ceased in March when the last batch of ova, is thrown out.



It is in fully concordance with the results of the planktological investi-
gations, But it is supposed that only a limited number of mature sprats
spawns in this time, while the majority of the population ceased with the
spawning earlier, Whille in resting phase, in the ovaries only the reserve
stock of the ovocytes can be found together with some resorbing residuals

of the previous stocks.
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