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ABSTRACT

Sardine (Sardina pilchardus) and anchovy (Engraulis encrasicolus) have an important ecological role and are
commercially the most important small pelagic species in the Adriatic. In the northern Adriatic Sea sardine and an-
chovy stocks are overexploited and in overexploitation. Understanding the ecology of these stocks through time is of
crucial importance for their sustainable management. In the present work we recognized the most important sardine
and anchovy spawning areas and periods in Slovenian territorial waters. Sampling was performed once a month for
one year (August 2014—July 2015) at 10 sampling stations, evenly distributed around the Slovenian territorial waters
following the Daily Egg Production Method (DEPM) protocol. Despite of low winter temperatures sardine eggs
were recorded from September to April, with two spawning peaks, in November and February. The highest number
of sardine and anchovy eggs were recorded in the north-western part of the Slovenian territorial waters and in the
Koper Bay. Anchovy eggs were recorded from May to November, with the spawning peak in August.

Key words: small pelagic, anchovy, sardine, spawning season, fish eggs, northern Adriatic Sea

DISTRIBUZIONE SPAZIALE E TEMPORALE DI UOVA DI ACCIUGA (ENGRAULIS
ENCRASICOLUS) E SARDINA (SARDINA PILCHARDUS) IN ACQUE TERRITORIALI
SLOVENE (ADRIATICO SETTENTRIONALE)

SINTESI

La sardina (Sardina pilchardus) e l"acciuga (Engraulis encrasicolus) hanno un importante ruolo ecologico e sono
le specie pelagiche commercialmente piti importanti dell’Adriatico. Nell’Adriatico settentrionale le scorte di sardine
e acciughe sono sovrasfruttate e in sovrasfruttamento. Comprendere [’ecologia di questi stock nel tempo é di cruciale
importanza per la loro gestione sostenibile. Nel presente lavoro abbiamo riconosciuto le piti importanti aree e periodi
di deposizione delle sardine e delle acciughe nelle acque territoriali slovene. Il campionamento é stato eseguito una
volta al mese per un anno (agosto 2014-luglio 2015) in 10 stazioni di campionamento, distribuite uniformemente
nelle acque territoriali slovene, seguendo il protocollo del metodo di produzione giornaliera dell’uovo (DEPM).
Nonostante le basse temperature invernali, le uova di sardine sono state ritrovate da settembre ad aprile, con due
picchi di deposizione delle uova in novembre e febbraio. Il numero piti elevato di uova di sardine e acciughe é stato
registrato nella parte nord-occidentale delle acque territoriali slovene e nella baia di Capodistria. Le uova di acciuga
sono state ritrovate da maggio a novembre, con il picco di deposizione delle uova nel mese di agosto.

Parole chiave: piccolo pelagico, acciuga, sardina, stagione della deposizione delle uova, uova di pesce, Adria-
tico settentrionale
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INTRODUCTION

Sardine (Sardina pilchardus; Walbaum, 1972) and
anchovy (Engraulis encrasicolus; Linnaeus, 1758) domi-
nate the pelagic environment in the northern and central
Adriatic Sea and have a wide impact on its trophic web
(Morello et al., 2009). These small pelagic stocks also
provide high economic yields for the fisheries sector
of all countries around the Adriatic Sea. Coordinating
and aligning interests and efforts among countries with
such differences in economic and social importance of
fisheries on the national level is complicated. For these
reasons different management measures are difficult
and slow to be implemented and meanwhile small
pelagic stocks remain overexploited (COM, 2017). To
understand and to be able to predict stock development
through time, different stock assessment methods are
continuously being developed and data are collected
through scientific surveys as well as from the fisheries.

Daily Egg Production Method (DEPM) was de-
veloped in the late 1970s in California and has since
been applied to several European anchovy stocks in
the Mediterranean Sea (Alheit, 1993; Somarakis et al.,
2004; Mandic et al., 2015). An important contribution
that enabled application of the DEPM method to the
Adriatic anchovy stock was that of REGNER (1985), who
determined the developmental parameters of anchovy in
the Adriatic Sea. Following from his research, the DEPM
protocol for the small pelagic species of the Adriatic
Sea has recently been developed in the framework of
the AdriaMed project (Mandi¢ et al., 2014). According
to the DEPM protocol, the full extent of the species’
spawning area should be surveyed to enable valid stock
assessment with this method Somarakis et al., 2004.

Anchovy and sardine have mirror like reproductive
strategies and oceanographic parameters — especially
salinity and temperature — are of crucial importance in
explaining the coexistence of the two species (Morello
et al., 2009). Stirn et al., (1974) pointed out that this
two species have more or less spatially competitive
relationship. When considering geological timescale it
seems that abundant population of anchovy, inhabiting
energetically rich western waters of Northern Adriatic
and high food plasticity in sardine, who probably had to
adapt to remaining available habitats, points out one of
the clues that there is a competitive relationship among
adult fish for feeding areas (Morello et al., 2009). Stirn
et al., (1974) noticed that in late spring, when sardine
is still spawning and anchovy is migrating to the north
and starting to spawn, areals of both species are not
overlapping. This spatial separation in spring is visible
also in distribution of their eggs (Stirn et al., 1974). In
winter, adult sardines migrate southwards from feeding
areas such as Gulf of Trieste, Venice and Istrian coast,
towards island Dugi Otok for spawning (Morello et
al., 2009; Skrivani¢ et al., 1973). On the contrary, the
main anchovy spawning activity takes place in warmer
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months in the offshore waters of island Dugi Otok to-
wards the coastal Istrian waters (Morello et al., 2009)
and the coastal waters between the Gulf of Trieste and
the Gargano peninsula, with the highest abundance of
eggs in the Gulf of Trieste and off the mouth of the river
Po (Morello et al., 2009; Regner, 1996). Therefore, we
expected Slovenian coastal territorial waters to be an
important spawning ground for anchovy, but only of
minor importance for sardine spawning.

Developmental time of anchovy and sardine eggs
depends on temperature and is shortest during warmer
water temperatures (Regner, 1987, 1996) minimizing
exposure time of the most vulnerable, egg developmen-
tal stage. In such conditions egg sizes are smaller, since
there is need to provide safety and nutrition to the em-
bryo for much shorter time in such conditions (Riveiro et
al., 2004). In addition, smaller eggs have been observed
later in the spawning season, when first year individuals
tend to spawn (Regner, 1985). In view of this knowledge,
we would expect sardine and anchovy eggs to be larger
when their first spawning in the year occurs and when
environmental conditions are not yet the most suitable.
The eggs should be smallest during peak spawning and
medium sized to large towards the end of the spawning
period when environmental conditions are becoming
less suitable.

In view of this knowledge, we would expect sardine
and anchovy eggs to be larger when their first spawning
in the year occurs and when environmental conditions
are not yet the most suitable. The eggs should be small-
est during peak spawning and medium sized to large
towards the end of the spawning period when environ-
mental conditions are becoming less suitable, which is
also in line with results of anchovy egg developmental
stage duration in Boka Kotarska Bay in Montenegro
(Mandi¢. 2011).

As a partner of the AdriaMed project, Slovenia is
contributing to development and application of the
DEPM for the stock assessment of small pelagic fish
in the Adriatic Sea (Pengal et al., 2014). Therefore, the
initial spatial study of egg distribution performed in
August 2014 and supported by the AdriaMed project
was extended by ZZRS (Fisheries Research Institute of
Slovenia) to also gain insight into temporal distribu-
tion of spawning for both small pelagic species in
Slovenian coastal territorial waters. Thus, this study
provides results of the spatial and temporal distribution
of spawning for sardine and anchovy in Slovenian ter-
ritorial waters.

MATERIAL AND METHODS
Location and sampling
The studied area is situated in the southern part of the

shallow Gulf of Trieste, which is the northernmost part
of the Adriatic Sea (Fig. 1). Larger part of the gulf belongs
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to the infralittoral zone with typical flat muddy bottom,
composed of clayey silt (Ogorelec et al., 1991), while
other the rest of the habitat types are limited to small
dispersed areas (Lipej et al., 2006). Slovenian territorial
waters (studied area) is extremely shallow, with mean
depth of 18.7 m (Ogrin, 2012). Because of its shallow
nature with a mean depth of 35 m, northern Adriatic
is extremely productive, but becomes hydrographically
unstable and subjected to environmental variability dur-
ing winter (§tirn, 1968).

In all the seasons there is a general inflow into
the Gulf of Trieste at its south-eastern, deeper part,
while the outflow appears along the gulf’s axis near
the sea surface and is driven by the dominant “bora”
wind during winter. The surface layer of the Gulf of
Trieste is dominated by seasonal winds and typical
(anti)cyclonic circulations formed in different seasons,
suggesting lower current speeds in the central part of
the Gulf (Zavatarelli et al., 2003; Malacic¢ et al., 2009).
Stronger currents are typical near the capes such as
Cape Madona in Piran (Ogrin, 2012).

Sampling was performed for twelve months from
August 2014 to July 2015 on ten sampling stations,
positioned app. 3 nautical miles apart in the Slovenian
territorial waters. Due to adverse weather conditions
sampling was impossible to perform in October and
in January on stations 6 to 10. Sampling stations were
reached by a boat of ZZRS and exact locations found
with a handheld GPS unit.

The Daily egg production method (DEPM) protocol
(Mandi¢ et al., 2014; Pengal et al., 2014) was followed
and sampling was conducted using WP2 net with mesh
size of 200 pm and mouth diameter of 0,264 m?. The net
was towed from 5 m above the bottom to the surface with
a hauling speed of 1 m/s. The samples were immediately
preserved in 3 % solution of buffered formaldehyde and
analysed at the Department of Biology at the Biotechni-
cal Faculty of University of Ljubljana.

At each sampling station water temperature [°C],
salinity, oxygen levels [mg/L] and dissolved oxygen [%]
for each meter of the water column were measured by
means of a Hatch CTD probe (Horvat, 2017). In August,
November and December, salinity measurements were
not collected at all sampling stations due to probe fail-
ure. Therefore, salinity of peak spawning for anchovy
(August) was estimated using July data.

Mean monthly air and water temperatures for each
month were also collected from Slovenian Environ-
mental Agency (ARSO; Strojan, 2014a, b, c; Strojan,
2015 a, b ,c, d, e). Speed and direction of currents
were gained from the stainless—steel buoy “Vida” (45°
32’55,68” N, 13°33'1,89” E), where an AWAC current
meter from Nortek As is mounted at the seafloor, at
the depth of 22 m. Additionally, the direction of wind
was collected from Vida (NIB, 2017) during sampling
of each station. For sampling stations 1, 5, 6, 7, and
8 Chlorophyll-a concentrations [pg/L] were obtained
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Fig. 1: Geographic position of ten sampling stations
(1 - 10) in Slovenian territorial waters inside the Gulf
of Trieste.

SI. 1: Enakomerna razporeditev desetih vzorcnih postaj
(1 - 10) v teritorialnih vodah Slovenije (Trzaski zaliv).

from the Slovenian Environmental Agency for months
August (2014)-January (2015) and June-July (2015)
(Sever, 2016).

Analysis

Sardine and anchovy eggs were sorted from the
samples and counted in the laboratory. Eggs were then
measured with the program CellSense Standard under
the microscope (Olympus Cx41) with 10 X 4 magnifica-
tion. Eleven egg developmental stages and 5 develop-
mental classes (A-E) were determined for sardine eggs
following the proposal of the General Fisheries Council
for the Mediterranean (karlovac, 1967; GFCM, 1975).
Ten developmental stages were determined for anchovy
eggs according to Regner’s templates from AdriaMed
Training Course (REGNER, 1985). Additional literature
Ré et al., (2009) and Mandi¢ (2011) was referenced to
determine the ages of sardine eggs. Regner’s (1985) for-
mula for developmental time and mean correction time
were used to calculate the spawning interval.

Monthly abundance of sardine or anchovy eggs per
m? were calculated for each sampling station using Tan-
aka’s formula (Regner, 1985; Regner et al., 1987). Since
sardine and anchovy eggs were only found at a small
number of stations (less than 50 %) in most months,
the empty stations were omitted from the calculation
of mean monthly abundance of eggs per station (as per
Karlovac (1964) and Mandi¢ (2011)). Finally, catego-
rization by Karlovac (1964) was used to determine the
spawning intensity category for the survey area. Infor-
mation on length of adult sardine and anchovy fish that
were caught in Slovenian territorial waters during our
survey were retrieved from the database of the Fisheries
Research Institute of Slovenia (ZZRS).
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RESULTS

In total, 1646 eggs were collected, of which 68 were
sardine, 951 anchovy and 627 were unidentified eggs
belonging to other species. Of those, 3 sardine and no
anchovy eggs were found during the incomplete January
sampling and these eggs were omitted from the analysis
(Fig. 2). Moreover, 34 anchovy and 3 sardine eggs were
damaged so that it was impossible to determine their
developmental stage or measure them. These eggs were
used for the calculations of abundance, but not for the
other analysis.

Abiotic parameters

The water depth at sampling stations ranged from 18
to 25 m. With the exceptions of May and August, there
was no clear stratification of the water column during
our sampling, data is in more detail presented in Horvat
(2017). Temperature in the water column was gradually
decreasing towards the bottom in the summer months
without a clear thermocline (Fig. 3). On the contrary,
salinity was lowest on the surface and gradually increas-
ing towards the bottom, with an exceptionally strong
pycnocline with a pronounced low surface salinity layer
in November, when the sampling was performed after
a rainfall event and freshwater lingered on the surface
for a few days. The only month with the mean water
column salinity below 38 was May.

Persistence of low oxygen levels in the bottom layer
was detected throughout the summer months, from July
to the end of September at most sampling stations.
Oxygen content was high throughout the water column
during the winter months.

Sardine

The highest abundance of sardine eggs and persis-
tence were detected at stations 6 and 7 located towards
the central part of Gulf of Trieste and the Koper Bay (Tab.
1). No sardine egg was found in the samples from station
3 in this survey and only individual eggs were identified
at the neighbouring stations 2 and 4, which are located
off the Savudrija cape. Low presence of sardine eggs
was also determined for stations closest to the shore.
Higher abundances were calculated for station 10, just
off the Cape Madona, the deepest part of the Slovenian
territorial waters.

The eggs occurred in the sampling area from Septem-
ber to April with the first spawning peak in November
and a second, lower spawning peak detected in Febru-
ary (Fig. 4a). Medium sardine spawning intensity was
determined for the earliest occurrence of sardine eggs
in Slovenian territorial waters in late September with
a mean of 11 eggs/m?. In November, mean abundance
of 19 eggs/m? was found in the sampling area, which
indicates Slovenian territorial waters as an area of strong
spawning intensity for sardine. Mean water column
temperature at peak spawning was 17.84 °C and salinity
37.97. During the second abundance peak in Febru-
ary sardine eggs were found at five sampling stations
(6-10) with on average 8 eggs/m? which corresponds to
a low intensity spawning event. The lowest mean water
column temperature (9.76 °C) and the highest salinity
(38.39) during the survey were recorded for this sam-
pling. The latest occurrence of sardine eggs in Slovenian

Fig. 2. Total number of sardine and anchovy eggs found
in the samples from all stations by month with surface
(Surf) and mean water column (WC) temperatures
(temp) and salinities (sal).

Sl. 2: Skupno Stevilo iker sardele in sardona iz vseh
vzorcnih postaj, predstavljeno po mesecih, vklju¢no s
temperaturo povrsinske vode (Surf) in povprecno tem-
peraturo vodnega stolpca (WC) in slanostjo (sal).
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Fig. 3. Water temperature, salinity and oxygen profiles
as a mean of all stations during peak spawning of
anchovy (July; see Materials and methods) and sardine
(November).

Sl. 3: Povprecne vrednosti vodnega stolpca vseh
vzorcnih postaj za temperaturo, slanost in kisik tekom
viska drsti sardona (julij; glej Material and methods) in
sardele (november).
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territorial waters was determined for April (on average
4 eggs/m?).

The minimum egg developmental time (38.78 hours)
for any station during our survey was calculated at sta-
tion 8 in September and the maximum (137.01 hours) at
station 6 in February. The shortest mean developmental
time (39.21 hours) for sardine eggs was determined for
September and the longest for February (128.25 hours;
Fig. 4a), while in November it was the second shortest
(51.80 hours).

Eggs stages B and C were detected in most samples,
whereas stages A, D and E occurred only occasionally.
Stage A was detected only in February, stages B and C
from September to April and stage D in September and
November. Stage E was never recorded.

Sardine eggs collected during this survey varied in
size from 1.30 (in December) to 1.90 mm (in February;
Fig. 4b). The smallest mean egg sizes were calculated
for the autumn samples September (1.50 +/- 0.08 mm),
November (1.55 +/- 0.09 mm) and December (1.54
+/- 0.02 mm). The largest mean egg sizes were detected
in February (1.73 +/- 0.01 mm). Furthermore, the eggs
containing the smallest oil drops were collected in Sep-
tember (mean of 0.15 +/- 0.03 mm) and the largest in
February (mean 0.21 +/- 0.05 mm).

Anchovy

The highest abundance of anchovy eggs in the sur-
vey area were consistently detected at stations from 5 to
9, located towards the central part of the Gulf of Trieste
and the Koper Bay (Tab. 1). The abundance decreased
towards the mouth of the Gulf as well as towards the
shore. Furthermore, stations 6-9 exhibited 100% per-
sistence during the spawning season, with eggs being

Fig. 4 Abundance of eggs, developmental time (a), mean
egg diameter and mean oil drop diameter (b) by month
and sampling station during the spawning period for
sardine.

S. 4: Stevilénost iker, razvojni ¢as (a), povprecni premer
vseh iker in oljne kapljice (b) po vzorcnih postajah in
mesecu drsti sardele.
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Tab. 1: Mean abundance of sardine (Sar) and anchovy (Anc) eggs per station [N/m?] during their presence in the survey area.

Tab. 1: Povprecna Stevil¢nost iker sardele (Sar) in sardona (Anc) na vzorcnih postajah [N/m?] tekom njihove prisotnosti na obmodju raziskave.
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detected at these stations each month from May to
November. We recorded the lowest abundances as well
as persistency at station 3. Only during peak spawning
in August anchovy eggs were present at all stations.

Anchovy eggs were detected in planktonic commu-
nity of the Slovenian territorial waters between May and
November, with the peak spawning recorded in August
(Fig. 5a, Tab. 1). When the season’s earliest anchovy
eggs were identified in May at stations 3—10 (on average
30 eggs/m?), mean water column temperature for these
stations was 16.8 °C and salinity 37.57. The calculated
abundance of anchovy eggs during peak spawning in
August ranged from 8 eggs/m? at station 3 to 629 eggs/
m? at station 9. However, the mean abundance of eggs
for this period was 189.77 eggs/m?*. During peak spawn-
ing the mean water column temperature at positive
stations was 23.75 °C and salinity around 38.09 (see
Materials and Methods). Spawning intensity and persis-
tence gradually decreased from September (94 eggs/m?)
to November, when the lowest egg abundances were
detected (19 eggs/m?) at stations 6-9.

Based on the temperature measurements, the mean
developmental time for eggs was shortest in August (31
hours) and longest in May (72 hours). Most eggs from

August samples were determined to be in stages IV and
V (70.94 % of all eggs), which corresponds to highest
spawning intensity between 1:00 and 2:30 o’clock in
the night (Fig. 6). Furthermore, 93 % of eggs found in
August samples were spawned between 21:00 in the
evening and 8:00 in the morning.

The minimum length of anchovy eggs in the samples
from Slovenian territorial waters was 1.07 mm and the
maximum was 1.52 mm (Fig. 5b). The smallest mean
egg sizes (length: 1.20 +/- 0.02 mm; Fig. 5b) were calcu-
lated for samples collected during the abundance peak
in August. On the contrary, eggs were largest (length:
1.40 +/- 0.02 mm) towards the beginning and end of the
spawning season.

DISCUSSION

As suggested by Regner (1985) temperature and
salinity seem to be the most important factors determin-
ing spawning period and limiting spawning area of the
small pelagic species in the Adriatic.

No significant correlation was found between abi-
otic (temperature, salinity, chl-a, ...) and biotic (egg
abundance, size, occurrence,...) parameters, so the PCA

Fig. 5 Abundance of eggs, developmental time (a), mean egg length (b) by month for each sampling station during

the spawning period for anchovy.

SI. 5: Stevil¢nost iker, razvojni ¢as (a), povprecna dolZina iker (b) po vzorénih postajah in mesecu drsti sardona.
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results are not presented in this article. The lack of cor-
relation is attributable to the small surface, low depth
and stable conditions of the Slovenian territorial waters,
lacking the required diversity for such analysis.

Our findings confirm past findings (Stirn, 1968;
Stirn et al., 1974; Morello et al., 2009) with anchovy
spawning mainly during warmer months (Stirn, 1968;
Stirn et al., 1974; Morello et al., 2009) in Slovenian
territorial waters. In spring, the last sardine eggs were
detected in April and the first anchovy eggs were found
in May, completely separating spawning periods of the
two species. In autumn, on the other hand, spawning
periods were overlapping from September to November,
when eggs of both species were found in the samples.
The prolonged spawning of anchovy till November was
recorded in 2014, which is a usual spawning period for
central and southern Adriatic (Zavodnik, 1970; Regner,
1972; Morello et al., 2009; Mandi¢, 2011) but not for the
Northern Adriatic (Stirn, 1968; Stirn et al., 1974; Morello
et al., 2009). We assume that one of the reasons might
be the persistence of unusually high November mean
sea water temperatures when comparing it to the mean
November sea temperatures since 1981 at the Measure-
ment station Koper (Strojan, 2014b). High abundances
of anchovy eggs were still detected in the September
samples, but low numbers collected in November
were indicating the end of the spawning period. On
the contrary, only individual sardine eggs were found
in September samples and the first spawning peak was
determined in November. The relatively low abundance
of sardine eggs in September could be attributed to the
numerous presence of anchovy who is more abundant
and, thus, dominant in the area (Stirn, 1986). On the
other hand, Slovenian territorial waters also represent
the marginal area of sardine spawning range due to
extreme environmental conditions during winter (Stirn,
1968, Gacic et al., 1997; Shaltout et al., 2014).

Fig. 6. Abundance of anchovy eggs (N/m? by back-
-calculated spawning times during peak spawning in
August.

SI. 6: Stevilénost iker sardona (N/m?) z “za nazaj”
preracunanim ¢asom drsti med viskom drsti v avgustu.

Sardine

The distribution of sardine eggs detected in this
survey confirms the highest density of sardine eggs
in the central open waters of the Gulf of Trieste. The
abundance of eggs declines towards the entrance to the
Gulf and towards the shores. Recent studies of currents
in the Gulf of Trieste (Bogunovic¢ et al., 2008) suggest
that direction and speed of sea currents are the major
reason for the described distribution of eggs. On the
other hand, the average age for all sampled sardine eggs
was approximately 16 hours at the time of sampling and
considering the regular occurrence of strong winds and
marine currents in the Gulf during winter time (Ogrin,
2012), the areas identified may not represent the actual
spawning grounds.

The low absolute number of sardine eggs detected
in this survey agree with other studies conducted in the
northern Adriatic which found the spawning intensity in
this area consistent with a periphery of the main sardine
spawning grounds (Regner et al., 1987; Stirn, 1968).
Contrary to Stirn (1968), we can confirm sardine spawn-
ing in the Gulf of Trieste despite the low temperatures
during winter. Sardine spawn with strong intensity in
November as well as with medium intensity in Septem-
ber, December and February (Karlovac, 1964). Consid-
ering the trends observed, it is reasonable to conclude
that spawning occurred also in October and January in
Slovenian territorial waters. We predict that spawning
intensity in October and January would also fall at least
within the medium intensity category, if sampling was
feasible during our survey.

Sardine eggs occurred in the survey area when mean
water column temperature ranged from 9.20 to 22.00 °C
and salinity range from 36.70 to 39.00. The first spawn-
ing peak in November was characterized by mean water
column temperature of 17.77 °C and salinity around
37.80, calculated at stations where sardine eggs were
found and salinity was around 37.80 (see Material and
Methods).

According to previous research (Morello et al.,
2009; Regner et al., 1987; Stirn, 1968), environmental
conditions for peak spawning of sardine during this
survey were the most suitable in January, when we also
assumed the spawning peak would occur. Unfortu-
nately, unsuitable weather conditions only allowed us
to sample stations 1 to 5 and 10 in this month. Thus,
the stations with otherwise highest abundances of eggs
observed were not sampled and so the abundance is not
comparable with other sampling months. Therefore, we
allow the possibility that the highest sardine spawning
peak in Slovenian territorial waters occurred in January.

The eggs recorded in this study were generally larger
than those recorded by Mandi¢ et al., (2014) in Boka
Kotorska Bay (Montenegro), suggesting that conditions
for sardine spawning in the Gulf of Trieste are less suit-
able. Furthermore, the largest sardine eggs were found in
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February and March, which can be partly explained by
least favourable environmental conditions (low sea tem-
peratures and salinity). Adults were not sampled during
our survey and there is a lack of data from Data Collec-
tion Framework (DCF) for winter months, so we cannot
confirm if length of fish also affected the size of eggs.

It was expected that egg stages D and E would be less
frequent in all samples due to high mortality rates, since
sampling was done in North Adriatic where, referring to
Regner et al. (1987), mortality of sardine eggs and larvae
is higher (coefficient of instantaneous mortality: 0.65) is
higher than in the mean calculated on the entire Adri-
atic (coefficient of instantaneous mortality: 0.56). The
exceptional occurrence of stage D eggs in November
samples could indicate lower predator pressure during
that time which is consistent with lower gelatinous
plankton densities in northern Adriatic during autumn
(Palmieri et al., 2014; Malej et al., 2004). Focused stud-
ies should be conducted to understand these dynamics.

Anchovy

The Gulf of Venice and the Gulf of Trieste are known
to be the main spawning areas for anchovy in the Adriatic
(Gamulin, 1983; Morello et al., 2009). Similar to sardine,
we found that anchovy eggs are the most abundant to-
wards the central open waters of the Gulf of Trieste and
decline in number towards the shores and entrance to
the Gulf. On the contrary to what is shown by sardine,
we can conclude and confirm (Stirn, 1968; Stirn et al.,
1974; Regner, 1985; Regner et al., 1987; Dulci¢, 1995)
that these are the actual spawning grounds of anchovy,
since the currents are very weak or absent during summer
months (Malacic et al., 2009) and the eggs are expected
to linger where they were spawned.

During our survey anchovy spawned in Slovenian terri-
torial waters between May and November. The first occur-
rence of eggs in May was characterized by the mean water
column temperature of 16.44 °C and salinity 38.09. While
exceptional presence of anchovy eggs until November has
been reported in the central and southern Adriatic before
(Regner, 1972), this study is the first to confirm occurrence
of late, November spawning in the colder northern Adri-
atic. We assume the prolonged spawning coincided with
higher water column temperatures (mean of 17.50 °C) in
November during our survey, which were 2.6 °C higher
than average (mean of 14.90 °C; Strojan, 2014b).

From abundance of anchovy eggs peak spawning in-
tensity was determined for August, with mean water col-
umn temperature 23.75 °C and salinity from 37,40-38,
confirming previous findings for northern Adriatic (Stirn,
1968; Regner, 1985). The anchovy spawning intensity
gradually increased during the 3 spring months (May—
July), exploded in August and finally decreased during the
autumn months (Sep—Nov). In line with Regner (1985),
this pattern closely followed the observed water column
temperature changes. Furthermore, salinity measured
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during peak spawning in the Slovenian territorial waters
is at the higher end of the previously observed range
(28-38.5; Morello et al., 2009; Stirn, 1968).

Moreover, Regner (1985; Morello et al., 2009) ob-
served that anchovy eggs from the open sea are larger
than those from the coastal areas such as Gulf of Trieste
and Lugovaj (1964; as cited in Regner, 1985) found that
salinity also affects egg sizes, which are smaller and
more elongated in lower salinities. We can confirm these
hypothesis, since the eggs collected during this survey are
one of the smallest (0.49-0.56 x 1.17-1.43 mm) recorded
in the Adriatic Sea (Lugovaj, 1964; Regner, 1985; Zorica
et al., 2014; Mandi¢, 2011). Length measurements refer
to formalin-preserved eggs, no correction of size was per-
formed. In addition, the smaller egg sizes can also be at-
tributed to the smaller size of individuals representing the
northern Adriatic anchovy stock (Levi et al., 1994). Adults
were not sampled during our survey and there is a lack
of DCF data during winter months, so we cannot confirm
these relationships for Slovenian territorial waters.

The anchovy daily spawning interval determined in
this survey is wider compared to previous studies and
shifted towards the early morning hours (peak from
0:30 — 5:00 am; Fig. 6b). In the area of Chioggia (Venice
Bay) Varagnolo (1964) reported spawning of anchovy to
occur between 18:00-20:00, while Somarakis (2004)
assumed anchovy spawn between 22:00 and 2:00 in the
Eastern Mediterranean.

For the future surveys, we recommend that since
the DEPM application presumes the coverage of entire
spawning area, Slovenian territorial waters should be
included in the future samplings to avoid underestima-
tion of the SSB. In addition, due to the opposing spawn-
ing periods of sardine and anchovy, separate surveys
should be performed to collect data, and protection of
the spawning grounds for these two species should be
managed separately.

CONCLUSIONS

For anchovy the main spawning season occurred in
autumn in northern Adriatic, confirming Stirn’s findings
(1968). However, since predicted climate change could
shift the sardine spawning area further north, affecting the
current equilibrium with potentially considerable effects
on small pelagic fisheries of northern Adriatic, the spawn-
ing of these two species should be closely monitored.
Future studies should try to predict the impact of climate
change on the spawning areas, the consequent change
in competitive interaction among these two species and
the potential fisheries implications for the Adriatic. Future
DEPM studies should also include chlorophyll-a, phyto-
plankton and zooplankton measurements, since data are
not available and is not a good indicator of production
in the Slovenian territorial waters, since heavy maritime
traffic causes suspension of the mud throughout the year,
distorting this correlation.
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POVZETEK

Glavno obdobje drsti sardona v severnem Jadranu tekom nase raziskave je bilo jeseni, s ¢imer potrjujemo Stirnova
(1968) odkritja. Zaradi pricakovanih klimatskih sprememb lahko pricakujemo, da se bo drst sardele pomaknila
proti severnim obmocjem Jadrana, kar bi lahko vplivalo na trenutno ravnovesje stalezev med malimi pelaskimi
vrstami rib severnega Jadrana, zato predlagamo podrobnejse spremljanje drsti obeh vrst. V prihodnjih Studijah bi
bilo priporo¢ljivo na podlagi razli¢nih modelov predvideti kako se bodo spreminjala obmocja drsti, zaradi njunega
kompetitivnega odnosa, in kaksen bo potencialni vpliv teh sprememb na njun ulov znotraj Jadrana. DEPM raziskave
bi morale vkljucevati tudi belezZenje zooplanktona, fitoplanktona in klorofila-a, saj se meritve s strani drZave ne
opravljajo redno po celotnem obmodju teritorialnih voda Slovenije ter niso dober ali dovolj natanc¢en pokazatel;
primarne produkcije skozi leto, saj na meritve moc¢no vpliva morski promet (tovorne ladje in krizarke), ki povzroca
dvig in mesanje sedimenta skozi vse leto.

Klju¢ne besede: male pelaske ribe, sardon, sardela, drst, obdobje drsti, ikre, severno Jadransko morje
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