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INTRODUCTION

The immediate purpose of these tagging experiments on the
sardine (Clupea pilchardus Walb.) in the Adriatic Sea, carried
out during the sardine fishing season of 1948, was to examine
the possibility of tagging that clupeid species. By reason of its
delicateness, the European sardine was for a long time regarded
as not being suitable for that kind of investigation. However, it
seemed to us possible to tag the sardine on the basis of an ori-
entation experiment. This was made on a very small number of
fish, in a wooden hexagonal live box, with two longer sides, in
which was built up a central chamber to be used for the tagging
work itself and in which a small mesh brass cloth, disposcd
at the bottom, allowed ample circulation of water. Unfoituna-
tely, by reason of technical difficulties, we could not carry
out on a bigger scale this preliminary tagging and we had
to liberate the tagged fish. The results obtained thrcugh
these experiments indicate the feasibility of tagging s>r-
dine by the method described in this paper. Such feasibility
having been proved, it will render possible the tracing of mi-
grations and, eventually, the estimates of fishing intensity of
that economically most important Adriatic fish species, this
being the ultimate object of our tagging experiments cn the sar-
dine. Furthermore, the acquisition of knowledge of sardine mo-
vements will establish definitively whether the sardines caught
along the Eastern coast of the Adriatic constitute a homoge-
neous population or whether there occurs an intermingling of
distinct populations.



The taggings were carried out during the spring and sum-
mer of 1948 (between the middle of April and the first days of
September) in a part of Central Dalmatia. :

Thanks are due to Dr. Tonk o Soljan, Director of the

.Institute, who accepted, without any hesitation, my suggestion to

attempt the tagging of sardine, who gave me full support du-
ring the carrying out of these experiments and, furthermore,
offered me much useful advice on the preparation of them, par-
ticularly as regards the kind and dimensions of the tag and the
form of pliers used in the tagging, and who later followed with
the greatest interest the wihoie course or the work. 1 am grate-
ful to Prof. Franjo Margeti¢, Chief in charge of Hydro-
meteorological Service of Zagreb, who supervised in the
workshop of the same institution the manufacture of the
pliers and the first tags. I am indebted alsc to Dr. Ari-
stide Vatova of Talassographic Commitee of Venice
for keeping the Italian public informed of our experiments
by means of the daily press, so that the Italian fisher-
men as well as the consumers of fresh sardines could cooperate
in the recovery of tagged specimens. The investigations have
been assisted by the extensive co-operation of our fishermen,
cannery workers and consumers of fresh sardines. Several peo-
ple employed at this Institute have aided the carrying out of
tagging experiments, in every way possible.

DESCRIPTICN OF THE TAGS USED IN TAGGING
EXPERIMENTS

The tag adopted for sardine marking on the Adriatic coast
was of the opercular type, resembling that employed by R o un-
sefelland Dahlgren in the experimental tagging of Pacific
herring (1933)1). This type of tag has been widely used in the
tagging of cod, salmon and halibut. Such a tag is a small metal
flat strip pointed at one end and having a slot at the other,
through which the point goes during the attachment of the tag

1) Rounsefell, George A., and Edwin H. Dahlgren. 1933. Tagging
experiments on the Pacific herring. Journ. du Cons. Perm. Intern. Ex-
plor. Mer., Vel. VIII, No. 3. Copenhague.
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to the opercle of the fish. Our tags were 12.5 mm. long (stret-
ched, without! point), 2 mm. wide, 0.25 mm. thick and weighed
0.07 gr. The length of the tag point was 3.5 mm. The tags were
made of silver, since it offers the advantage of being resistant
to corrosion. Each clinched tag, i. e. when definitively fixed to
the opercle of the fish, bore on the upper side the inscription
»SPLIT« and, on the lower one, the serial number. The Figure 1
shows the stretched, bent and clinched tag. '

O SPLIT 5234 >
1

5 4
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| L | i ! L L 1 |

CENTIMETERS

Fig. 1. — Tags used in the tagging work, No, 1. — Stretched
tag. No. 2— Curved tag. 3. — Clinched tag. No. } — Tay
combined with celluloid disc.

As in practice it was proved that the strap tags employed
were not sufficiently conspicuous, we /ried to remedy that de-
fect by applying discs of coloured celluloid in connection with
them. Each curved strap tag was| supplied, with such a disc on
its upper part (Fig. 1). The use of metal strap tags combined
with showy coloured discs has proved very efficacious. At the
beginning, the celluloid discs had a diameter of § or 7 mm. and
later we retained the 5 mm. diameter discs. In the course of
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these experiments celluloid discs of different colours were used.
It is comprehensible that in the recovery of tagged specimens,

the colour of celluloid has played a very important part. The
greatest number of recovered specimens bore red celluloid dises.

METHOD OF ATTACHING THE TAGS

The tags were affixed to the right opercle of the fish. While
the tag was being attached, the point of the lower part ofi the
curved tag perforated the opercle of the fish, went through the
clot of the upper part and bent itself over it. The pliers used in
attaching the tags to the opercle of the fish are shown in Fi-
gure 2.

Fig. 2 — Pliers used in attaching the tag to the fish.

It is not known what the influence of the opercular tag on
the fish is since its opercula are in constant movement cn ac-
count of respiration and feeding. In spite of that, the opercular
type of tag has been used successfully for tagging many fish
species and it has proved also very efficacious in the experimen-
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tal tagging of Pacific herring (1933)7), made by Rounsefell
and Dahlgren in order to determine the relative efficacy of
various methods of marking. The opercular type of tag involves
the danger of loss of the tag through wearing off of tissue
round it.

This fact must be taken into consideration, particularly when
the recovery is expected during several years, which is not the
case in ithe object of our investigation. In our tagging experi-
ments on the sardine, there were many cases of wearing away of
tissue under and round the tag, especially in specimens recove-
red after a long period of liberty. Figure 3 shows a tagged sar-

Fig. 3. — The upper of these sardines was recaptursd 129
days after tagging and the lower one 31. Note the greal
enlargement of the opercular wound in the [irst case.

dine recaptured 129 days after it had been released. As can be
seen, the wearing off of the tissue has manifested itself here to
such an extent that the tag would scon have fallen off. We must

1) Rounsefell, George A. and Edwin H. Dahlgren. 1933 Tagging
experiments on the Pacific herring., Journ. du Cons. Perm. Intern. Ex_
plor. Mer.; Vol. VIII, No. 3. Copenhague.
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mention that this sardine was among the first tagged ones. In
. Figure 3 is shown also a tagged sardine found 31 days after it
had been set free. These specimens were photographed after
having been kept a long time in a 4% solution of formalin. We
do not show a greater number of recovered sardines because
many of them were remitted to us in unsatisfactory condition,
or badly preserved; besides, cases of damaged opercles were
not scarce, since the recovered fish went through the hands of
many inquisitive fishermen and cannery workers.

In order to reduce to a minimum the possibility of tag loss
due to the wearing off of the tissue of gill-cover, it is absolu-
tely necessary to attach the tag to the preoperculum as shown
in Figure 4. Besides, the clearance between the two parts of the

Fig. 4. — A freshly marked sardine (133 mm. totallength)

clinched tag must not be bigger than required to clasp the oper-
cle and the celluloid disc, so that the tag does not swing in its
place of attachment, since such swinging would enlarge the hole
through which the tag point goes. The possibility of motion of
the tag at its place of attachment is reduced by the celluloid
disc as, on account of the friction, this produces a resistance to
such motion. In that manner, the celluloid disc protects, to a
certain extent, the opercle against damage caused by the tag
point acting in a single point of opercle perforation. Apart from
that, the use of the celluloid disc enables us to lezsen the dimen-
sions of the metallic part of the combined strap tag. Since this
part completely loses its role of attraction — such role being
transferred to the coloured celluloid disc — it remains therefore
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bearer of the distinguishing mark and serial number only and,
ccnsequently, can be reduced to the smallest possible dimen-
sions. In this way, we diminish the weight of the tag also and
at the same time the possibility of enlarging the hole on the
opercle. Moreover, if the celluloid disc itself could carry the
inscription and number, it would result in the possibility of a
further reduction in the metallic part of the tag. At all events
it appears necessary to employ tags of two sizes: the larger
ones could be used for sardines over 150 mm. total length, and
the smaller ones for those below that limit.

The question arises as to whether the celluloid disc causes
a certain resistance in the swimming of the fish. The possibi-
lity of producing such resistance is reduced tc a minimum if
the disc snugly fits the opercle of the fish. While observing, in
the live box, the tagged sardines on which this snug fitting had
not always taken place, we could not note that the celluloid disc
handicapped the fish in their movements. Wa can mention here
that a sardine of 130 mm. total length was recaptured 36—40
hours after having been tagged by means of a strap tag com-
bined with the celluloid disc, 7 mm. in diameter, 10.7 nautical m:-
les far from the releasing-place. Although the sardine, moving
in a straight line, might have travelled that distance in a much
shorter time, it is however a proof, in a rough way, that the fish
tagged with strap tag bearing such a big celluloid dise, parti-
cularly in relation to its total length, has accomplished a mo-
vement of a relative great amplitude within a short timel in-
terval.

These large celluloid discs, especially in smaller specimens,
were later avoided so that, as mentioned previously, we retained
only the smaller ones, i. e. 5 mm. in diameter.

LIVE BOX

During tagging operations the fish were held in a rectan-
gular live box made of a small mesh coton web, 4 m. long, 1 m.
wide and 1.05 m. deep. Its frame was made partly of wood and
partly of metal. Such a live box really consisted of two equal
parts, one of which had a door at the joint while the other was
open on that side. In that way, during tagging operations, two
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compartments might be made inside the live box: one for the
tagged specimens and the other for the non-tagged ones. Besides,
the live box compartment with door could be used independently
in the release of tagged fish.

HANDLING OF FISH AND TAGGING PROCEDURE

For marking purposes, the fish were taken from fisher-
men’s catches made by purse seines under a light at night. We
did not carry out any fishing ourselves for that purpose. Two
people in a motor-boat 6 m. long, with the live box! at the prow,
cruised to the fishing grounds and looked for the boat having
the greatest chance of capture, and in the neighbourhood of
which was suitable ground for tagging—some sheltered cove for
instance. When they had found this, they stocd by and took the

fish just before brailing them. In order to transfer the fish as
quickly as possible and with a minimum of injury, the cork line

cf the net, placed along cne edge of the live box, was sunk be-
low the water level, thus enabling the fish to swim themselves
into the inclined live box. The door going across the middle of
the live box was meanwhile kept open, so that the fish had
enough space to move about. The fish were then transported
to the nearest shelter. :

The tagging work began early in the morning. Immediately
prior tc tagging operations, the fish were driven into one of the
live box compartments (the one without a door) and the door
was closed. The tagged specimens were put in the empty com-
partment of the live box.

-Tagging operations were carried on from a small boat 3.5
m. long, lying alongside one of the Institute’s vessels: »Pred-
vodnik« or »Srdela«. The disposition of the three boats and the
‘position of the live box in relation to them are shown in Figure
5. The seat of the tagger corresponded to the middle of the live
box. Two men were employed at ‘the tagging besides the tagger
himself. The one in the motor-boat dipped the fish from the live
hox in a dip-net, the lower part of it being made of stramin, so
that the water did not flow out too quickly: he took a few speci-
mens only at a time. The other man put the tag into the pliers,
raised up the opercle of the fish with a small bone lever, 160 mm.
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Fig. 5. — Disposition of the live box and bouts dwring tagging operations.

long and 10 mm. wide; the end used to raize the opercle of the

fish being very flat. .
During tagging operations, the greatest care was taken in

cheosing the fish: any specimen locking in bad condition was

eliminated. The author has personally carried out all the tag-
gings. The experience has shown that the fish must be handled
with the utmost care throughout the tagging operation. The
fish was grasped from dip-net out of the water with the left
hand wearing a thin cotton glove. According to J anissen') such
a glove facilitates the holding of the fish since the fish slime
ccllecting on the smcoth hand compels to exert undue pressure.
Although, in our experiments, the tagger himself took the fish
from the partly immerged dip-net and let it out through the
water after the tagging procedure, having thus the occasion to
free his hand from collected fish slime, however the use of a cot-

') Janssen, John F., Jr. 1939. Two years of Sardine tagging in Cali.
fornia. Journ, du Cons. Perm. Intern. Explor. Mer.,, Vol. XIV, No. 1.
Copenhague. {

\
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ten glove seemed useful to us. The holding of the fish in the hand
wearing such a glove involves a minor risk of its wriggling or
even sliding off out of the hand. Therefore, the use of a cotton
glove reduces the losing of scales, ‘this being most probably the
main cause of death of a certain rumber of sardines after the
tagging prccedure. In any caze it is albsolutely necessary to get
held of the fish firmly in order to keep it from wriggling and in
such way that it needs no futher adjustment in the hand. Mean-
while, the right side of the anterior body end must be free. So
that, during the inserting cf the tag, the fish coula not move its

(R 4 i = = e e At

Fig. 6. — Position of the sardine in the hond before inserting the tuy.

head, the index finger of the hand holding the fisn had to be
thrown over the front part of the head. The position of the fish
in the hand after overthrewing the index finger is shown in
Figure 6. S | R S

g |

Immediately after the tag has been affixed, the fish must
ke very carefully released in the othher ccmpartment of the live
box enabling it to slide off into the water as easily as pos-
sible. It is even desirable to lead the fich through the water so
that it can swim away without wriggling. We must bear in
mind that each mcvement of the fish in the hand means loss of
scales which is fatal for it.
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The complete procedure for tagging a single fish and its
return to the water took an average of twenty seconds. The tag-
ging could be carried on only when the sea was quite calm. Du-
ring tagging operaticns the fish were never exposed to direct
sunlight.

That it is absolutely necessary, during the tagging work,
to give full attention to the above mentioned details is proved
by the fact that, immediately after the first experimental
tagging, nearly 12% of tagged individuals died or were in such
bad condition that they could not survive. In the second tag-
ging, the number of similar specimens was reduced to one-
half, and, in the third, to one-fourth. On the whole, the morta-
lity immediately after the tagging procedure varied from 0 to
3%. It seems that this mortality could be eliminated by severe
selection of material and good technique in handling and tagging
the fish. Unfortunately, we were seldom able tc realize all of
these ideal cond:tions, having been hindered, on the one hand, by
bad sardine fishing in some localities and, on the other, by uncer-
tain weather and roughness of the sea. We cannot say, for the
time being, whether such a mortality was partly due to cer-
tain envirormental factors, particularly temperature. It is
hardly possible that in this respect the physiological condition
cf =pccimens submitted to tagging might account for it. We
must point out that the tagging of sardines was carried on out
of the spawning season. Only the samples examined before the
first half of May 1948 contained a certain percentage of indi-
viduals in which the development| of the gonads was such that
their volume exceeded half the body cavity. Besides, in the
course of our experiments a considerable number of immature
gpecimens were tagged. '

The measurement of the total length of particular spsci-
mens submitted to tagging was made during one of the first
experiments only. Later, this was given up in order not to keep
the fish too long out of the water, even more so that these ex-
periments did mot aim to examine the growth. As from the
same catch which yielded material for tagging purposes, a
sample was always taken for biometric analysis, we had there-
fore at our disposal all the data obtained through it, i. e. total
length, sex ratio, stage of development of gonads, quantity of
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mesenteric fat and numker of vertebrae. For age determinations,
scales and otoliths were removed from individual fish.

The latest phase of tagging work vsas the release of tagged
specimens. This took place at the very spot of tagging or, if the
tagging was carried on in coves running far intoc the land, the
live box compartment with tagged fish (the one with door) was
towed slowly tcwards the open sea and emptied there. When
tagging had to last longer, the tagged specimens were liberated
several times. In those cases, the last release only could be car-
ried on, if it seemed indispensable, at some distance from the
tagging place. However, the towing of the live box with fish is
nct cenvenient and has to be avoided whenever possible. The
tagged fish were set free in groups of several specimens so that
they could rejoin shoals more easily. Moreover, it might be ne-
cessary to release the tagged fish in shoals.

RECOVERY OF TAGGED FISH

A very important point in the tagging work is the recovery
of tagged specimens. This was also shown in our tagging expe-
riments on the sardine. Sardines are caught in large quantities
and, as they spoil very quickly, they must be transported imme-
diately after the catch and brecught into markets or canneries
and factories for fish salting. It was therefore rarely possible to
fishermen themselves to search for tagged specimens, except
in cases of poor catches. For that reason, the recovery of tag-
ged fish had to be expected mainly from the consumers
of the fresh sardine and those concerned in the hand-
ling of it in canneries and salting factories'). That is why the
widest publicity had to be made on our tagging experiments,
even more so that it was the first attempt of marking an object
of sea fishery on the Yugoslav coast of the Adriatic. The publi-
city was arranged through the daily press, radio and placards
placed in all sardine consumers towns and which, in addition,

1) In canneries the sardines are handled individually. In cutting off
the heads of the fish and taking out their entrails before the canning pro.-
cess itself, the right side of individual fish faces the worker, this being
the reason why the sardine ought to be tagged upon the right side.
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‘were sent directly to canneries and fishing cooperatives. At the
same time the Albanian Fishery Authorities were informed
abcut these experiments. The Italian public in fishery centers
of the Western Adriatic coast were also kept aware of our tag-
ging experiments. :

A reward was cffered for the recovery of tagged sardines,
which at first was 250 dinars for each specimen and, later, 500
dinars. The marked sardine had to be sent undamaged to our
Institute, as early as possible, either fresh or preserved. In case
a part of the sardine was remitted (the head, for instance) bea-
ring a tag or even a tag alone, the reward amounted at the be-
ginning to 150 dinars and, later, to 300 dinars. Besides the tag-
ged sardine or the tag alone, the finder had to present exact data
as to locality and date of catch, as well as the source of such
information in case he had not made the catch himself. Data
concerning recapture of tagged sardines have been verified
whenever pcssible.

In order to examine the efficiency of recovery of tagged
Specimens in canneries, in one of them eight tags were inserted
‘on dead sardines which were later distributed at random among
the remaining fish intended for canning. In the course of sal-
ting a single tagged sardine was found by the cannery staff. For
‘that test ordinary strap tags (without coloured celluloid discs)
were used. Therefore, it is clear that a significant number of
tagged specimens and particularly those with ordinary strap
tags have been overlooked. As immediately after the above men-
tioned test, strap tags bearing coloured celluloid discs were em-
ployed, and as, furthenmore, the interest in searching for mar-
ked fish was stimulated through the increase in the reward, the
number of overlooked tagged individuals must have conside-
rably decreased. It is, therefore, possible to improve the reco-
very efficiency by stimulating the interest among cannery wor-
kers in searching for tagged specimens by inserting test tags
on dead sardines, from time to time.’

In any case, it is highly necessary to emphasize the fact
that finders of tagged fish originate from the ranks of our
fishermen, cannery workers and consumers of fresh sardines.
‘This insures the success of an extensive tagging programme
on the sardine. |
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TAGGING LOCALITIES

The tagging experiments were carried on in a part of Cen-
tral Dalmatia. The localities of taggings are shown by black
discs in Figure 9. The places in which more than one tagging
was carried on are designated with a circle around the black disc
for each ulterior tagging experiment. The tagging made in the
same locality during two succeeding days has been treated as a.
single one.

As indicated in Figure 9, the area in which these taggmng
experiments were carried on is relatively narrow. It includes.
Kastel Bay, Split Channel (coast of Braé Island), Hvar Channel
(coasts of Braé and Hvar Islands) and Vis Island. How the
number of tagged fish was distributed among these major areas,
ig given in Table I. In that table are included the numbers which
concern ordinary strap tags as well as those relating to tags
with coloured celluloid discs. As indicated by the numbers of
individuals marked by ordinary strap tags, we had intended to
put in relation the number of tagged sardines with the distance
from the main land. According to the results of previous in-
vestigationsi on the biology of Adriatic sardine (S. Muzinié,
1931)") and personal ones, which are in course of executicn, the:

TABLE I. — Number of Tagged Sardine according to Major
Area of Tagging und Type of Tag used

Type of Tag

Area of Tagging Total

Strap Tags

Strap Tags | bearing Cellu-

loid Discs
Kastel Bay 478 567 1.045
Split Channel — 650 650
Hvar Channel 1.7¢3 1517 3.300
Vis Island 3332 1.770 5.102
Total 5.593 4.5C4 10.097

1) Muzinié Slavko. 1936. Ekolo§ka ispitivanja na jadranskoj srdeli
(Clupea pilchardus Walb.) Beograd.
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size of the sardine grows with the distance from the main land.
For that reascn, we might presume that even the extent of the
sardine movements increases in the same direction. Unfortuna-
tely, this plan was altered during the second phasze of tagging i. e.
when applying comkined strap tags, due partly to bad weather
and partly to varicus technical difficulties. Hence, the diffe-
rence between the numbers of sardines tagged in Hvar Channel
and in the Vis Island area iz very small. A detailed list of lccali-
* ties in which taggings were carried out is given in Table II. In
tagging experiments designated by serial numbers 13 to 20 strap
tags combined with cclcured celluloid discs were used.

DISCUSSION OF RECOVERIES

As shown in Table II, from a total of 10,097 tagged sardi-
nes, 44 were recovered (i. e. 0.44 %). In this number are in-
cluded reccveries of tags cn damaged sard nes or on their heads
alone. While cut of 5,593 specimens marked by ordinary strap
tags only 3 have been returned, on the other hand, the 4,504
individuals marked by strap tag: combined with coloured cel-
Juloid discs have yielded 41 recoveries (i. e. 0.91 %). Percentage
recovery of strap tags bearing coloured celluloid discs in th?
total recovery percentage clearly demonstrates the superiority
cf those. It must be mentioned that when beginning to use com-
hined tags, we increased at the same time the amount of the re-
ward for returned marked specimens of sardine, and this may
eventually diminish the value of comparison as te the efficiency
of two kinds of tags.

Detailed data on recoveries are included in Table III. It
will be noted that the highest number of recoveries, i. e. 24
(34.5 % of all) were cbtained with the fish tagged in Kagtel
Ray. Of the tagged fish liberated in Split Channel there have
been 9 returns (204 %). From sardines tagged in Hvar |
Channel 6 specimens (13.7 %) have been recaptured. The Vis
Island area has yielded 5 recoveries (11.4 %) only. Such a
distribution of recoveries among these majcr areas was caused
by a variety of factors, which we cannot analyse for the timc
being. i
The largest number of tags were recovered in close proxi-
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TABLE 1I. — Swmunary of the Tagging Date with regard
to nwmber of Recoveries
i Recovered
s | | : i:ﬂ___-
% Locality Date % f "
& s B|¥| 5
= S |E |8
| ‘

1| Marjan Point, Kastel Bay 15.IV. 1948 | 114|—| - |—
2| Lucisée Cove, Hvar Island 5.V.1948 | 111 —| =
3| Zukova Cove, Hvar Island 6.V.1948 | 38| 1|[—| 1
4| Zecevo Island, Hvar Channel 16.V.1948 | 182| —|—]| -
5| Slatine, Kastel Bay 28.V.1948 | 364 | —|—|—
6] Lucisée Cove, Hvar Island 29.V.1948 | 63C i —
7| Porat Cove, Bisevo Island. 30.V.1948 | 459 | — —
7| Porat Cove, BiSevo Island BLV. 1948 | 22) | =|—]|—
8| IKomiza_port, Vis Island 1. VL 1948 | 725 —|—

9|" Srebrena Cove, Vis Island 3.V1. 1948 | 8.5| 1|—
10| Zukova Cove, Hvar Island 5.VI.1948 | 52| 1|—| 1

11| Rukavac Cove, Vis Island 10. VI. 1948 | 477 | — | —
12| Srebrena Cove, Vis Island 11.VI. 1948 | 625|—|—|—
13| Slatine, Kastel Bay 5. VIL 1948 | £67|72| 2|24
114| Okrubiokova Cove, Braé¢ Island 9.VIL 1948 | 650| 7| 2| 9
15| Srebrena Cove, Vis Island 10. VII. 1948 | 412|—{ 1| 1
16| Taleska Cove, Vis Island 13.VIL. 1948 | 679| 2|—]| 2
17| KomizZa_port, Vis Island 15. VIL. 1948 | 659| 1|—| 1
18| Lucica Cove, -Braé Island 1.IX. 1948 64| | —|—
19| Osibova Cove, Braé¢ Island ) 2.IX,1948 | 630 3|—| 3
20| Stiniva Vela Cove, Hvar Island 3.IX. 1948 | 158|--|—|—
20| Stiniva Vela Cove, Hvar Island 4.1X.1948 | 665 1|—| 1
Total . . . %m,uw 39| 5|44

mity tc the releasing-place of tagged specimens. In 34 recove-
ries (77.3 %) this distance varied from O to 5 Nm. The re-
maining 10 (22.7 %) tagged sardines were recaptured at a
distancee varying from 9 to 15 Nm. In Figure 9 the lcecalities of
recovery are designated with arrows. The tagging and recovery
localities are jointed to each other by lines which of course do
not necessarily indicate the directions of real fish movements.

As regards the distances between places of tagging and re-
covery, it can be noted that they are very small for the Vis Is-
lang area in spite of a relatively great time interval between
tagging and recovery dates. In this respect it is not possible to
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TABLE III. — Detailed Table of Recoveries

g £
B 441
g Ca t
R & Place of Recovery SE' Data §
Z|'% = of Recovery 5
L B gew o ?
® B se®= ow
g |2 a2% se
3| 1| Travna Cove, Solta Island 17.3 12.IX,. 1948 [129
91 1| Duboka Cove, Vis Island 3.2 10.IX. 1948 | 99
10| 1 | Zaraée Cove, Hvar Island 153 | 14.VIL. 1948 | 39
13| 1 | Slatine, Kastel Bay 0.5 7. VIIL. 1948 2
13|11 | Arbanija, Kastel Bay 14 | 11.VIIL 1948 6
13| 1| Slatine, Kastel Bay 1.0 13. VII. 1948 8
131 i Slatine, Kastel Bay 1.0 25. VII. 1948 20
137 1 Kastel Novi, Kastel Bay 1.9 29. VIIL. 1948 24
13| 2 | Slatine, Kastel Bay 1.0 | 31.VIL1948 | 26
13| 1 | Slatine, Kastel Bay 1.0 [ 1.vIIr 1948 | 27
13| 3 | Slatine, Kastel Bay 1,0 2, VIII. 1948 28
13| 2 | Supetar Point, Kastel Bay 1.6 | 3.VIIL1948 | 29
13| 4 | Supetar Point, Kastel Bay 1.6 | 4.VIIL 1948 | 70
13| 1 | Supetar Point, Kastel Bay 1.6 | 5. VIIL. 1948 | 31l
13| 2 | Slatine, Kastel Bay 0.5 5. VIII. 1948 | 31
13| 1 | Prizinice, Ciovo Island 47| 6.VIIL 1948 | 32
13| 1 | Supetar Point, Kastel Bay .6 8. VIII. 1948 | 31
1311 Slatine, Kastel Bay 0.5 | 12. VIII. 1948 38
134 1 Marjan Point, Kastel Bay 2.5 | 26. VIIL 1948 32
14 1 Okrubiokova Cove, Braé¢ Island 0.0 10. VII. 1948 1
14 1 | Supetar Point, Kastel Bay 10.7 11. VII. 1948 5
141 1 Milna_port, Brac¢ Island 1.7 13. VII. 1948 4
14| 2 | Slatine, Kastel Bay 12.0 | 30.VIL 1948 | 2]
141 Slatine, Kastel Bay 12.0 4. VIII. 1948 26
14| 1 Supetar Point, Kastel Bay 10.7 5. VIII 1948 2
14| 1 | Slatine, Kastel Bay 12.0 | 5. VIII 1948 27
14| 1 | Slatine, Kastel Bay 12.0 | 12. VIIIL. 1948 | 34
15| 1 | Srebrena Cove, Vis Island 0.5 | 12.VIIL 1948 2
16| 1 | Metudoli Cove, Vis Island 3.2 | 14. VII. 1948 i}
16| 1 | Srebrena Cove, Vis Island 2.4 4. VIII. 1948 29
17 1 Boke, Vis Island 2.2 | 25. VIII. 1948 41
19| 2 | Stracinska Cove, Solta Island 3.8 11. IX. 1948 9
191 | | Travna Cove, Solta Island 33 12.1X.1948 | 10
20| 1 | Bristova Cove, Hvar Island 9.3 12. IX. 1948 8
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give any explanation for the time being, more so because the
number of recovered specimens from taggings made in the area
cf Vis Island is very low. In any case we may not exclude the
possibility of a failure of tagged individuals to rejoin shoals.
The total length of tagged sardines recaptured in Kastel
Bay, in Split and Hvar Channels, i. e. amounting to 35 (89.7 %
from all returned specimens) varied from 11.5 to 14.5 cm. and

16 =

Miles
o

4

0 20 30 40 50 60 70 80 90 40 0 120 {30
Days

Fig. 7. — Dispersion of tagged fish with time (all experiments). Each dot

represents, on the horizontal scale, the time elapsed between tagging and

recovery; on the vertical scale, the distance between the locality of release
- and that of recovery.

of the 4 (10.3 %), found in the Vis Island area, frcm 15 to
18 cm. ;

In Table III we can see that the length of time elapsed bet-
ween tagging and recovery varied from 1 to 120 days. There-
fore, the tagged fish lived for intended purposes long enough.
In Figure 7 the recoveries are shown according to the period
of liberty (in days) and according to distance between the lo-
calities of tagging and recovery (in miles). The complete lack
of returns corresponded to the non-fishing periods'). We can

') In the Adriatic the sardine is caught usually at night during the

darks of the moon, i, e. those 20 days of the moon’s phases while it remains
for the shortest time above the horizon.
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conclude therefrom that the number of returns would be far
greater if fishing were continuous. In addition, the number of
recoveries would be more important if the taggings were car-
ried on at the beginning of every period of sardine fishing within
the fishing season. Meanwhile, we have intentionally-avoided
that, in order to get back specimens which have had a longer
period of liberty and would have eventually been found at a
greater distance from the tagging locality. This is illustrated -
by the diagram in Figure 8. In this, on abcissa, is shown. in

i

R pom——— . -~ T - Ty T
5 4% 25 35 45 8% 45 75 BS 95 W5 115 125 1A%

Number of recoveries

Days

Fig. 8. — Number of recovered sardines according to the time
elapsed between tagging and recovery.,

days the time elapsed between tagging and recovery and, on
crdinate, the number of returned specimens. The maxima, in
front of 5 and 25 days as well as the minimum which comes in
front of 15 days can be explained only by the fact that the tag-
gings were carried on in the second half of the sardine fishing
pericd (dark of the moon).

From all that has been mentioned it can be seen that many
factors have affected the recovery of tagged fish. However, the
percentage of recoveries, namely those concerning the strap
tags bearing coloured celluloid discs, could be considered as not
being very far from satisfactory. This fact, as well as the long
period of liberty enjoyed by tagged fish, justifies the use of
tagging of the sardine by the method described here in in-
vestigations upon migrations and, eventually, upon the fishing
intensity of that clupeid species.
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PRVI EKSPERIMENTI MARKIRANJA SRDELE
(CLUPEA PILCHARDUS WALB.) U JADRANU

Radosna Muzginic
(Institut za oceanografiju i ribarstvo, Split

Kratak sadrzaj

Pokusalo se u 1948. g. ispitati moguénost markiranja srdele
(Clupea pilchardus Walb.) u Jadranskom moru, i to u cilju pri-
mjene ove metode kod ekstenzivnijeg ispitivanja migracija i in-
tenziteta lova ove riblje vrste. Kod toga su bile upotrebljene me-
talne markice operkularnog tipa, bez i sa bojadisanim celuloid-
nim krugovima. Opisane su te dvije vrste markica i njihov naéin
rricvréivan’a na Skrini zaklopac ribe. Iscrpno je izloZena teh-
nicka strana samog markiranja.

Fksperimenti markiranja izvrseni su u jednom dijelu sred-
njedalmatinskog podrucja. Pri tome su obuhvacena slijedeéa
pedrucja: Kastelanski zaljev, Splitski i Hvarski kanal, te otok
Vis. Markiranja su izvrSena u vremenskom intervalu od 15.
aprila do 4. septembra 1948. g.

Ukupne je markirano i pusteno na slobodu 10.097 primje-
raka srdele, a od toga 4.504 markicama kombiniranim s bojadi-
ganim celuloidnim krugovima. Ove posljednje pokazale su se
daleko efikasnije od obi¢nih metalnih markica bez takvih kru-
gova. Dok su od svih upotrebljenih markica pronadene samo
44 (0,44 %), a od onih bez celuloidnih, plo¢ica samo 2
(0,05 %), dotle je od samih kombiniranih markica dobijena
natrag 41 (0,91 %)).

Najveéi broj markiranih primjeraka bio j2 ulovljen u maloj
udaljenosti od mjesta njihovog pustanja na slobodu. Udaljenost
izmedu mjesta pustanja na slobodu i nalaza markiranih riba
iznosila je u 10 (22,7 %) sluéajeva 9—15 Nm.

Totalna duZina kod 35 (89,7 %) pronadenih markiranih
primjeraka bila je 11,5 — 14,5 cm, a kod preostalil: 4 (10,3 %)
kretala se od 15 — 18 cm.
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Vrijeme proteklo izmedu datuma markiranja i nalaza mar-
kiranih riba kretalo se od 1 — 129 dana.

ZapaZeni su bili cesti slucajevi veceg ili manjeg raspada-
nja tkiva skrznog zaklopca na mjestu pricvrSéivanja markice,
csobito kod individua, koje su duze vremena boravile na slobodi.
Pretpostavljamo, da se ovo raspadanje tkiva Skrznog zaklopca, i
s tim u vezi moguénost gubljenja markice, dade svesti na mi-
nimum primjenom mjera naznacenih u radu.

Buduéi da su srdele, markirane u toku ovih eksperimenata,
ostajale na Zivotu za postavljeni cilj dovoljno dugo vremena, te
se pronalazile i pered brojnih faktora, koji su remetili njihovo
pronalaZenje, smatramo potpuno opravdanom primjenu marki-
ranja srdela ovom metodom na ispitivanje migracija, a eventu-
alno i intenziteta lova ove vrste klupeida.
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[MEPBLIE OIIBITBI MEYEHUWSA CAPAWMHKM
(CLUPEA PILCHARDUS Walb) B AIPMATHKE

PajnocHa MyXXHHHU
(Mucratyr oxeanorpaguu u pnivososcrsa, Cniur)

Kparkoe copepxicanne

B 1948 r. Oblid Npou3BelieHBl OMNBLIThI MEYeHHs CapAHHKH
(Clupea pilchardus Walb.) B AxpunariueckoM Mope, C UeAbl0o MpH-
MEHEHHs 3TOr0 MeToAa npu Ooviee HMIHMPOKOM HCCIELOBAHHH MH-
rpauuil ¥ WHTEHCHBHOCTH JlOBa 3TOrO BUJAa PeiO. [lpy aroM Obwin
ynotrpebaeHbl MeTaJJuyecKue MeTKH OINepKyJsiPHONO THMa Kak
C LBETHBIMH KPYXXOYKaMH M3 ueJIyJoifa Tak H 6e3 Hux. [laHO
ONHCaHHe 3THX JByX COPTOB METOK M CIOCOO WX MPUKpemJieHHs
K JKaOepHOH KphIIKe PbIObL. MCuepmbiBalollle M3J0XKeHA TEXHU-
yecKkas CTOPOHA CaMOTO MeueHMs.

OnpiThl MedeHHs1 OblIKH NPOH3BeJeHbl B OJAHON HaCTH cpejHe-
panMaTtuHCKoM obsactu. [IpH 2ToM ObWIH HCCIeLOBaHbE CJe-
aytomue obnactu: Kawrrenancku#t 3anus, CnMTcKui u XBapCKMi
KaHaJbl U OCTPOB Buc. Meuenusi ObLIM NMPOU3BeJeHhl B NpoMe-
XKyTKe BpeMeHHM oT 15 anpeasi 1o 4 cenTabps 1948 r.

M3 obwmero xoauyectBa 10.097 MeueHHBIX W BBIMYIIEHHBIX
aKseMnIsapoB, 4.504 capAuMHKM ~ObWIH OTMEHYEHbI METKaMH
CHaOXXeHHBbIMH LBEeTHBIMH UeJJyJOHAHBIMU KpyxKoukKamu. [locie-
JIHHE 0Ka3aJucb ropasio lenecoobpasHee OOBIKHOBEHHBIX MeTal-
JMYECKHX MeTOK 6e3 TakMxX KpyxoukoB. M3 umciaa BceX ymoTpe-
OMeHHBIX MeTOK OblIO HaiilleHo Bcero 44 (0,44%4), npuuem TOJbKO
3 (0,05%p) oOmIKHOBeHHBIX MeTanaudeckux u 41 (0,91%%) MmeTok
C UeMIYyJONAHBIMA KPYHKOUYKAMH.

Camoe 6o/bIIOe KOJHYECTBO OTMEYEHHBIX 3K3eMILISPOB
ObII0 MOUMaHO B HeOOVIbILIOM OTAaJeHWM OT MecTa I'Jie OHW ObWIH
NylleHbl Ha CBOOOAy. PacCTosiHHe MeX1y MecTOM BbIyCKa U Me-
CTOM yJioBa MeueHHbIX PbiO B 10 (22,7%0) cayyasix paBHSIOCH
9—15 Nm.

Beino noitmano 35 (89,7%0) MeueHHBIX SK3EMIWIIPOB BCEH JJIH-
How oT 11,5 1o 14,5 cm, a gimHa ocraibHbeixX 4 (10,3%0) Konebanach
mexay 15—I18 cm.
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Bpewms nporekilee Mex 1y YHCIOM MEUEHHUS W YHCIOM MOHMKH
OTMEYEHHBIX PhIO Koxebanoch Mexay 1 u 129 pusmu.

Uacro Oblav 3aMedeHBl cayyaH OoJiblilero WM MeHbLIEro
paspylieHns: TKaHW KaOepHOHW KPLILWIKK B MeCTe MPUKpeT/ieHHs]
METKH, 0COGEHHO y 0co0eil XUBIIKX MPOLO/KUTEbHOE BPeMsl Ha
cBoGoje. Mbl mpeAmosiaraeM 4To MPUMEHEHHEM Mep H3J0XEHHbIX
B 3TOH paboTe MOXHO COKPaTHTb AO MHHHMyMa Takoe paspylie-
HHMe TKaH KabepHOM KPBILKH, a B 0BA3H C ITUM ¥ BO3MOXKHOCTH
IIOTePH METOK.

BBuay Toro, 4ro CapAHHKM MeYeHHbIe B TeYeHHE 3THX ONbITOB
NPOJO/KAIN KUTH JJIS TOCTABNEHHON LeJdd JLOBOJBHO JOVITOe
BpeMs M ObIM TOHMAaHBI HECMOTPSI Ha MHOT'OUYHC/IeHHbIe (DAKTOPDI,
IIPENSITCTBYIOIHE KX PO3BICKY, Mbl HAXOJHUM BIOJHE OOGOCHOBAH-
HBbIM [PUMEHEHHe MeUeHHs) CaDAUHOK 9THM CIIOCOOOM J1ish HCCeL0-
BaHHs MWDpaLMi a B Cayyae HaJOOHOCTH M MHTEHCHBHOCTH JIOBa
9TOTO BHJA CeMbJEeBbIX.
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TABLEAU DE LA REPARTITION
pU Parapenaeus longirosiris (H-LUCAS)

EN HAUTE ADRIATIQUE

PREGLED RASPROSTIRANJA Parapenaeus |||
longirostris-a (H.LUKAS) U OTVORENOM JADRANU

e

fond ou domtine la sable

preteino pjeskovito dno

fond vaseux sans
muljevito dno bez

fond vaseux avec
mulievito dno sa

positions positives en
lazisto

la région non explerée

nerspitano podrutje

e

Parapenaeus
longirostres
(H-Luxas)

!

13
=

e
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TABLEAU DES CAPTURES DU Parapenaeus longirostris (H. Lucas)
AU LARGE DE L' ADRIATIQUE EN 1948.—1949.
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