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The calanoid copepod Acartia italica is the only metazoan plankton species surviving and
reaching high abundance in the middle Adriatic saline coastal Lake Rogoznica. Seasonal variations
in the abundance of nauplii, copepodites, adults and their faecal pellets were assessed in the period
January 2000 to December 2004. Development and behaviour of A. italica were regulated by
thermohaline conditions, biology (phytoplankton, bacteria, ciliates), and chemistry (organic matter,
dissolved oxygen, reduced sulphur species) of the lake. The diatom Chaetoceros curvisetus could
provide important food for A. italica adult specimens, however, great diatom abundances could
reduce copepod reproductive ability. This study show that top-down control which characterized the
lake ecosystem before the disastrous anoxia event in 1997 were re-established again.
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INTRODUCTION

The calanoid copepod Acartia italica Steuer
is reported to be endemic to the Mediterranean
Sea distributed in very limited coastal areas
and is among the least known species of the
genus Acartia (HURE & KRSINIC, 1998). Distribu-
tion status of Acartia species has been recent-
ly modified to Atlanto-Mediterranean species
(BELMONTE & POTENZA, 2001). Acartia italica
forms an abundant, single copepod community
in the small saline Lake Rogoznica, on the Dal-
matian coast in the Adriatic Sea. The population
is acclimatized to low salinity, hypoxia/anoxia
and euxinic conditions with relatively high pres-

ence of hydrogen sulphide (mM concentrations)
and occasionally very high concentrations of
ammonium (up to 150 pM) (KRSINIC et al., 2000).
Survival strategies for many coastal planktonic
copepods rely on the production of resting eggs
during unfavourable conditions which sink to the
sea bottom and then disappear from the plankton
(MARCUS, 1996). In favourable conditions, they
appear along with A. italica population growth.
A. italica produces both subitaneous and rest-
ing eggs with variable morphology (BELMONTE,
1997, 1998), as well as delayed-hatching eggs
(CHEN & MARCUS, 1997).

Due to its relatively small size, shape and iso-
lation from open sea water, the Lake Rogoznica
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can be considered as a natural laboratory ideal
for the research of population dynamics on one
side and monitoring of different bio-geochem-
ical processes on the other. The major charac-
teristic of the lake is seasonal thermohaline and
redox conditions stratification. Usually during
spring/summer months the surface water is
well oxygenated, and anoxic conditions appears
below 8—10 m depth. Anoxic water is character-
ized by high concentrations of RSS, nutrients
and DOC as a result of the pronounced rem-
ineralization of autochthonous organic matter
produced in the surface water (CIGLENECKI et al.,
2005). As a result of fall/winter mixing which is
under direct influence of meteorological condi-
tions (CIGLENECKI et al., 2011; ZIC et al., 2013 in
press) bottom water rich in nutrients comes to
the surface, supporting new phytoplankton and
oxygen production. Due to the very specific and
extreme conditions prevailing in the lake, phyto-
plankton population is represented by relatively
small number of species. The micro plankton
was composed of about 30 species among which
the most frequent and abundant were micro flag-
ellates (Prorocentrum arcuatum and Hermes-
inum adriaticum) and diatoms (Chaetoceros
curvisetus and Eunotia sp.) (CIGLENECKI et al,
2005; BURIC et al., 2009). Arcatia italica is the
only planktonic metazoan species in the lake
(KRSINIC et al., 2000).

Investigations in Lake Rogoznica have been
particularly intensive after the anoxic event on
September 27, 1997 when presence of hydro-
gen sulphide in the whole water column was
detected. This event followed by massive mor-
tality of all organisms was taken as a zero point
from which ecological recovery of the lake was
monitored (CIGLENECKI et al., 2005; BARIC et al.,
2003; SESTANOVIC ez al., 2005; SVENSEN et al., 2008;
BURIC et al., 2009; ZIC et al., 2010).

In this paper, we present inter- and intra-
annual variability and structure of the Acartia
italica population in relation to biological i.e.
phytoplankton and physico-chemical conditions
in the lake. Our study shows that A. italica
aclimatizes relatively quickly to changes in
the environmental conditions, such as changes
in hydrography, redox and chemical condi-

tions (particularly the presence of sulphur com-
pounds), diet conditions and the composition
and abundance of phytoplankton. There is also
a strategy for survival under extreme condi-
tions here mainly represented by anoxic stress,
as well as population renewal following natural
excesses.

MATERIAL AND METHODS

Investigations were performed during 35
field campaigns carried out in Lake Rogoznica
between January 2000 and December 2004.
The sampling site was in correspondence of the
deepest point (about 13 m) in the Lake situated
on the eastern Adriatic coast (Fig. 1). 12 samples
at 1 m intervals from the surface to the bot-
tom were collected with 5 L Niskin bottles (1L
sub-samples for zooplankton and 250 mL for
phytoplankton). All samples were taken during
the day. Samples were preserved in 2% neutral-
ised formaldehyde. Phytoplankton cells were
counted using a Zeiss Axiovert 200 inverted
microscope, following the UTERMOHL (1958)
method. Cells were counted at a magnification
of 400x (1 transect) and 200x (transects along
the rest of the counting chamber base plate). The
error of the counting method is + 10% (LUND et
al., 1958). Samples collected below 12 m depths
were characterised by many re-suspended parti-
cles, and could not be analysed microscopically.

Zooplankton samples were reduced to a
subsample volume of 30 ml from the original
volume of 1000 ml by sedimentation in the
laboratory, a process taking 72 h (KRSINIC, 1980).
A glass cell of 7x4.5x0.5 cm was used for count-
ing. Nauplii (NI-NVI), copepodites (CI-CV) and
adult females and males of A. italic were identi-
fied and counted using an Olympus inverted
microscope at a magnification of 100x, with
an examination of the entire sub-samples. The
rest of metazoan zooplankton was not present at
all. Ciliates and copepod faecal pellets in sub-
samples of a quarter of the original sample were
counted at a magnification of 400x. For inden-
tification of A. italic eggs and for faecal pellets
see (BELMONTE, 1997, 1998; KRSINIC ef al., 2000).

Temperature and salinity were measured in
situ with an Hg thermometer and refractometer
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(Atago, Japan), and oxygen was measured using
standard titration methods. Samples for reduced
sulphur species (RSS) analysis which were
taken under atmosphere of nitrogen to prevent
possible oxidation, were measured unfiltered
and fresh, within 24 h in the electrochemical
cell of 50ml.

Electrochemical methods (CIGLENECKI &
COSOVIC, 1997) were used for the determina-
tion of RSS which is based on the interaction
between the mercury electrode and different,
sulphur species.

The non-parametric Spearman correlation
coefficient (Rs) was used for the correlation
between variables and the t-test was used to
determine significant changes in the population
during the research period. To obtain a normal
distribution, all data were log transformed.
Statistica 6.0 software was used for statistical
analyses.

Trieste 16°E N
Rijeka 1
> o 0 km 100
o R 45°N
» X4 OT
T A e
o} \Q u
ko Split
Ancona b2
° v Dubrovnik

Bari

Fig. 1. Map of investigated area
RESULTS
Hydrography

The salinity ranged between 24.0 and 38.0
at the surface and between 34.0 and 40.0 near
the bottom (Fig. 2A). The average salinity in
the bottom layer was 36.2, before 2001, while it
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Fig. 2. Seasonal variations from 2000 to 2004 of: (4) salin-
ity; (B) temperature; (C) oxygen and (D) total reduced
sulfur species (RSS) at the surface (0-2 m) and bottom
layers (12 m depth) of the Rogoznica Lake. Individual
years were highlighted by the lines drawn vertically
through the figures at each January

was 38.2 after 2001. The temperature in surface
waters varied from 10°C (during winter and
spring) up to 30°C (summer), while in bottom
waters, these changes ranged between 9°C and
24°C (Fig. 2B). Mixing of water layers is influ-
enced by meteorological changes and was miss-
ing and/or incomplete in 2001, 2002 and 2004.
The concentrations of RSS and oxygen in the
bottom water layer were inversely proportional
and varied between 10° M and 10! M, and
between 0 mM and 0.6 mM, respectively. Dur-
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ing the period of very low oxygen concentrations
(below 0.05 mM), RSS was very high (between
10* M and 10" M). Small peaks in oxygen con-
centrations recorded in the fall of 2000 and 2003
and in the spring of 2002 and 2004 coincided
with a decrease in RSS concentration (Figs. 2C,
D), as well as weak thermohaline stratification,
and indicated water layer mixing.

In May 2002, the whole water column was
exceptionally well saturated with dissolved oxy-
gen with a maximum over-saturation (up to
180%) at an 8 m depth (Fig. 3). Weak thermo-
haline stratification, together with oxygen satu-
ration, had a direct influence on the spreading
of anoxic conditions and sulphide distribution,
which were detected only at the lake bottom (13
m depth). In August 2003 (Fig. 3), a strong ther-
mocline at a depth of 9 m prevented the mixing
of water layers, which enabled the accumulation
of anoxic conditions with a high concentration
of sulphide (up to 10! M) below a depth of
10 m. Contrarily, over-saturation with oxygen
(up to 160%) was detected in the surface water
layer, above a depth of 8 m.
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Fig. 3. Vertical profiles of oxygen saturation, temperature,
salinity and sulfide species in the Rogoznica Lake in
May 2002 (A) and August 2003 (B)

Phytoplankton

The phytoplankton composition changed
over the research period. After 2001, diatoms
took over the domination of phytoplankton
assemblages, contributing on average up to 94%

(Fig. 4A). Phytoplankton had two maxima, in
early spring (1.9x10° cells L) and in summer
(2.3x10° cells L!). The exception was 2001,
when the summer maximum failed to develop.

The dominant phytoplankton species in the
lake were the diatoms Chaetoceros curvisetus
(maximum abundance 7.5x10° cells L', fre-
quency of appearance 72%) and Dactylioso-
len fragilissimus (maximum abundance 9.7x10°
cells L', frequency of appearance 34%). C.
curvisetus dominated the phytoplankton assem-
blage until May 2002 at which point Dactylio-
solen fragilissimus took over the dominant posi-
tion. It remained as a dominant species in the
phytoplankton assemblage until the end of 2004,
when the usual dominance of C. curvisetus was
re-established.

A

7

6 4

44 ' | — T
l\ ){;P 1\ T ;

2 |..|" —a— Dnofiygelates
=a- [Deatorms

Abundance (log cells L")

TINT13IST N

a1 135
2003 2004

9111 79113

' 35
2001

3157 5 7
2000 2002

Fig. 4. (4) Temporal distribution of diatoms and dino-
flagellates in Rogoznica lake in the January 2000 to
December 2004 period

Ciliates

The planktonic ciliate (20-40 um in size)
abundances were extremely variable during the
research period. Benthonic ciliates (>100 pm)
were present only above the sea bottom, and
were not considered in this study. As a rule,
ciliate abundance decreased very soon from
the plankton after establishing their maximum
abundances. The lowest abundance was found in
late autumn and winter, while higher abundance
occurred later in spring or at the beginning of
summer. The highest abundances were in April-
June 2003 and in April -May 2004 (Fig. 5B).
High abundances of 6x10° ind. L' were found
in August 2000 at a depth of 9 m, and in April
2004, at a depth of 1 m.
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Fig. 5. Seasonal variations from 2000 to 2004 of ciliates
(water column average) in the Rogoznica Lake

Acartia italica

The abundance of Acartia italica followed
the temporal distribution of Chaetoceros cur-
visetus (Fig. 4B). According to the vertical
distribution of nauplii (NI-NVI), copepodites
(CI-CV) and adult females and males of Acartia
italica, two periods can be separated. The first
period, to March 2002, and the second one, run-

ning to December 2004 (Figs. 6A, B).
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Fig. 4. (B) Temporal distribution of Chaetoceros curvisetus
and Acartia italica in Rogoznica Lake in the January
2000 to December 2004 period
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Fig. 6. Seasonal variations from 2000 to 2004 of nauplii,
copepodites and adult Acartia italica average abun-
dance at the surface (0-5 m), middle (6-10 m depth)
and bottom (11-12 m layer) in the Rogoznica Lake. For
better presentation water layer was divided in three
layers

Nauplii (NI-NVI)

During frequent investigations in 2000, two
typical annual maxima of nauplii abundance
were noted, the first in March-April, and the sec-
ond in July-August. In most cases, nauplii were
most abundant in the middle 6-10 m layer; how-
ever, the first maximum average abundance was
found in the surface 0-5 m layer. In 2001, one
peak of abundance of nauplii occurred in Sep-
tember, with higher average values in the whole
column and a maximum of 1x103 ind. L! at a
depth of 6 m. During 2002, nauplii abundance
was atypically very low in the entire water col-
umn. A re-established naupliar population was
registered during 2003, however, with very low
abundance in deeper layers. In August 2003, the
maximum average abundance was recorded in
the 1-5 m layer, while extreme values of 2x10°
ind. L' at I m depths were registered.

Copepodites (CI-CV) and adults females
and males

Two typical annual abundance maxima of
copepodites and adults were registered during
frequent investigations carried out in 2000, the
first in March and April, and the second in July
and August (Fig. 6B). In May 2002, copep-
odites and adults Acartia were absent from the
plankton assemblage for a short time. After July
2002, the core of the population was at 1 to 5
m depths, while average maximum values were
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only two times higher than 100 ind. L. In the
layer below 6 m, abundance was low. Subitane-
ous egg abundance in the entire water column
was low with average values usually lower
than 10 eggs. L!. Exceptionally in July 2002,
an maximum egg abundance was registered in
plankton, when resting eggs dominated with
over 90% of the total egg density (Fig. 7). In the
first period of investigation, 4.italica males dou-
bled the number of females. In May 2002, there
was a low abundance of females, while males
were not found in the plankton. In July and
September 2002, the male/female ratio was the
same with the dominance of resting eggs (Fig.
8). A significant positive correlation was found
between copepodites and adults (R=0.584;
n=73; p<0.001) and between adults and Cha-
etoceros curvisetus (R=0.242; n=73; p<0.05).
A similar relationship of sexes remained, except
in August 2004. A statistically significant dif-
ference was found in the average abundance of
postnaupliar Acartia before May 2001 and after
May (t-test, p<0.01, n= 17). Significant positive
correlations between nauplii and copepodites

(R=0.3194; n=343; p<0.001), and between
nauplii and adults (Rg=0.2727; n=343; p<0.001)
were found. A statistically significant difference
between naupliar abundances before and after
May 2001(t-test) was not found.

Faecal pellets

Faecal pellets of copepodites and adults were
permanently present throughout the water col-
umn. A significant positive correlation between
the distribution of faecal pellets and copep-
odites (r,=0.2016; n=343; p<0.001) and adults
(r=0.2023; n=343; p<0.001) was noted.

Faecal pellets were mainly more abundant
in the bottom 6-12 m layer (Fig. SA). However,
the highest average abundance was found in the
surface 1 to 5 m layer in the beginning of March
2000, with a maximum abundance of 6-7 x 10°
pell. L', Relatively higher average abundances
were found in September 2001 and in April
2004; the lowest in the period May 2002 to
April 2004. Naupliar minipellets (length 20.4 £
2.9 um, diameter 13.7 = 1.5 pm, 3.0 x 10* um
3; n=20) were usually present in low numbers,
and the highest numbers were recorded only in
August 2003 (6x10% to 1.6x10° minipellets L).

DISCUSSION

The lake was permanently thermally strati-
fied with thermocline mainly following the
position of the halocline, enhancing the stability
of the water column stratification. Since, rain-
fall and surface runoff are the only sources of
freshwater inflow in the lake the results indicate
a higher amount of precipitation in the period
after 2001, and at the same time, a more stable
stratification of the water layers, since there was
no influence of rainfall on the bottom water as
noted before 2001 (CIGLENCKI et al., 2011).

Following the post-anoxia period from Sep-
tember 1997 to May 2002, a new population of
A. italica was constantly present in the lake, due
to continuous reproduction of the population.
Annual maximum abundances usually appear in
March-April. However, during 2000 and 2001,
a peak abundance of copepodites and adults
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was clearly noted in the summer/autumn period.
Extremely low rainfall in 2002 caused a change
in the hydrography of the lake in spring 2002.
Until May, stratification was weak, enabling
diffusive transport from the sediment in the
whole water column. In May 2002, the entire
water column was exceptionally well saturated,
with a maxima at a depth of 8 m, probably as a
consequence of the accumulation of C. curvise-
tus. Anoxic conditions, sulphide and possible
trace metals (spread from the bottom layer and
sediment (CIGLENECKI et al., 2006; HELZ et al., 2011)
probably caused the mortality of the diatom C.
curvisetus. After this event, stratification was
restored, making it possible for phytoplankton
to develop. The diatom D. fragilissimus took
over the dominant position, probably due to the
absence of C. curvisetus. Temperatures were too
high for the mass development of C. curvisetus,
because of its preference for lower temperatures
(BURIC et al., 2009).

A break in the continuity of older copepod
populations also occurred in May 2002. The
entire year of 2002 was characterised by very
low abundances at all development stages. A
break and changes in A. italica populations
occurred probably due to significant changes in
the hydrographic features of the lake, as well as
structural changes in phytoplankton populations.
A maximum abundance of adult copepods speci-
mens recorded almost at the same time as the
maximum diatom density as well as the positive
significant correlation between their distribution
suggest that the diatom C. curvisetus is probably
comprised in the diet of adult specimens. Before
the anoxia event in 1997, the lake was top-down
controlled, while in the post-anoxic period to
the year 2000, due to the absence of predation
pressure on nauplii or post-naupliar copep-
ods, bottom-up control become more important
(CIGLENECKI et al., 2005). The results from this
study show top-down control during the entire
research period, indicating that the conditions
from before the disastrous anoxia event were re-
established in approximately two years.

Temperature and microzooplankton, rather
than phytoplankton abundance, may indicate the
A. tonsa reproductive potential in Chesapeake

Bay (WHITE & ROMAN, 1992). Ciliates are impor-
tant in the diet of copepods (PAFFENHOFER,
1998). Ciliates are certainly important in the diet
of naupli and copepodites in Lake Rogoznica.
Following the high abundance of ciliates in June
2003, a maximum average abundance of nauplii
was recorded in August in the 1-5 m layer, and
with simultaneously high mini-pellet density
values. Therefore we assumed that in the period
to 2001 ciliates can provide important food for
this estuarine species.

In May 2004, based on one week of moni-
toring of Lake Rogoznica, the contribution of
faecal pellets was only 4-5% of the vertical
particulate organic carbon flux. Therefore, in
this productive lake, organic material is rapidly
transformed to detritus (SVENSEN et al., 2008).
Also in May 2004, bacteria were less abundant
in the surface layers, but had very high produc-
tion per cell (SESTANOVIC et al., 2005). At the
same time, on May 11, a very high abundance
of ciliates was found indicating intensive break-
down of organic matter and grazing of ciliates.
According to our data, a relatively low abun-
dance of postnaupliar copepods was noted at
the beginning of May 2004, in comparison to
the period 2000/2001, but with relatively high
faecal pellet abundance. Ten days later, a sig-
nificant decrease in the abundance of ciliates,
postnaupliar copepods, as well as faecal pellets
was noted, followed by a period of increased
abundance of copepodites and adult specimens
of A. italica. Our results confirm that organic
matter, bacteria and ciliates in Lake Rogoznica
are strongly correlated with the dynamics of the
copepod population.

These eggs have been previously noted in
Lake Rogoznica (KRSINIC er al., 2000). During
long-term research, we could not determine the
periodicity of the production of resting eggs.
Moreover the annual periodicity for the recruit-
ment of nauplii into the plankton from resting
eggs has not been determined. In the lake, the
bottom anoxic layer was characterised by a
high concentration of sulphide (CIGLENECKI et
al., 2005; BURA-NAKIC et al., 2009). In such condi-
tions, the hatching of eggs did not occur either
in anoxic water or within mud (GRICE & MAR-
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CUS, 1981). During vertical mixing, resting eggs
arrived in the oxygenated layer, where hatching
followed rapidly. A recruitment of the popula-
tion from resting eggs or delayed-hatching eggs
was found after lake anoxia in October 1997
(KRSINIC et al., 2000). In May 2002, an almost
complete absence of all stages of copepods was
recorded, with exceptionally low abundance of
adult females and subitaneous eggs. During July
and September 2002, over 90% of resting eggs
were found in the water column. We can assume
that a new population developed from the hatch-
ing of resting eggs. Subitaneous egg production
was not calculated; however, it is evident that
their number in the plankton is always relatively
low. The reason for this could be a possible
negative influence of the feeding behaviour of
A. italica on the diatom C. curvisetus. C. curvi-
setus has a strong effect on the hatching success
of Temora stylifera IANORA et al., 1995). Feeding
on this diatom resulted in poor egg quality, with
a hatching success as low as 20% of the total egg
production. For this reason, we assume that the
abundance of 1.8 10° cells L! in February 2002
affected the reproductive abilities of the species.

In the first period, and in the greater part of
the second period of the research, the number of
subitaneous eggs during the day was lower than
that of adult females. Acartia tonsa assimilates
sufficient energy to produce about two eggs d!
(KIQRBOE et al., 1985). Egg production for the
same species in a Mediterranean coastal lagoon
showed 2.3-40.7 eggs female! day!, depend-
ing on ambient food concentrations. Maximum
egg production is known to occur at night (CER-
VETTO et al., 1993). In Lake Rogoznica, hatching
of subitaneous eggs occurs quickly, as those that
fall to the anoxic bottom are lost. Exception-
ally, in August 2003, in a well-oxygenated layer
at a depth of 1-5 m, a high average number of
subitaneous eggs was recorded. In the same
layer, an extremely high abundance of nauplii
was recorded, with a predominance of NIII-
NV. Usually, the abundance of mini-pellets is
low, except in April and July 1998 (KRSINIC et
al., 2000), and in August 2003. Following this
exceptional predominance of nauplii, their con-
tinued development was interrupted by increas-

ing mortality. Copepodite abundances continued
to decrease, more than expected, and they did
not achieve the abundance recorded in 2000.
Namely, in September 2003, during a turnover
of water, suspended material from the sedi-
ment occurred in the lake surface (SVENSEN et
al., 2008), which resulted in a significant drop in
oxygen and an increase in total sulphur species
throughout the entire water column (ZIC e al,
2013 in press), and an increase in nauplii mortality.

A characteristic feature of the A. italica
population in Lake of Rogoznica is the almost
constant predomination of male over female
numbers. In the first period up to May 2002,
the males were on average twice as abundant
compared to females, which varied significantly
from other published data (KIQRBOE & SABATINT,
1994; HIRST et al., 2010). The overall abundance
of adult specimens increased simultaneously
with the predominance of males. Contrarily, in
May 2002, males were not recorded during a
drop in population numbers. Population renewal
started with an equal number of specimens from
both sexes. The pronounced predomination of
males over females in open waters is not com-
mon. The mating behaviour of 4. ifalica in Lake
Rogoznica is not known. A few spermatophores
are usually attached to the female body. Multiple
placement in Acartia tonsa is cited by HAMMER
(1978). If we consider males living for a shorter
period of time than females, we can assume
that the pronounced predomination of males is
important for the survival of 4. italica popula-
tions, the only type of predominant copepods
that can rule under the unsatisfactory conditions
of Lake Rogoznica.

The A. italica nauplii abundance, copep-
odites and adults apeared as a monoculture in
Lake Rogoznica. Their abundances are sig-
nificantly higher in Lake Rogoznica than those
recorded in in the northern and western Adriatic
Sea, enriched with nutrients from the biggest
Adriatic river, the Po (DEGOBBIS et al., 2000).
Occasionally, the abundance of nauplii, cope-
podites and adult specimens achieved extreme
maxima, which are rare for natural saline eco-
systems. As the very numerously planktonic
species in the lake, A. ifalica has a key role in
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the lake’s food web. Our investigations indicate
that A. italica aclimatizes relatively quickly to
various changes in the environment, such as
hydrographic conditions, hypoxia/anoxia condi-
tions, the presence of sulphur compounds, diet
conditions and the composition and abundance
of phytoplankton. There is also a strategy for
survival under extreme conditions, as well as
population renewal following natural excesses.
The above indicates a need for further research
on this natural laboratory.

ACKNOWLEDGMENTS

This study was financially supported by the
Ministry of Science, Education and Sports of
Croatia, under Projects No. 001-0013077-0845;
098-0982934-2717 and 119-1191189-1228, as
well as by Norwegian Research Foundation
(NFR) as part of the South-Eastern Europe-
an Programme: “Ecosystem dynamics, marine
chemistry, aquaculture and management in the
Adriatic and north-Norwegian coastal zone”.

REFERENCES

BARIC, A., B. GRBEC, G. KUSPILIC, I. MARASOVIC,
Z. NINCEVIC & 1. GRUBELIC. 2003. Mass mor-
tality event in a small saline lake (Lake
Rogoznica) caused by unusual holomictic
condition. Sci. Mar., 67: 129-141.

BELMONTE, G. 1997. Resting eggs in the life cycle
of Acartia italica and A. adriatica (Cope-
poda, Calanoida, Acartiidae). Crustaceana,
70: 114-117.

BELMONTE, G. 1998. The egg morphplogy of 7
Acartiidae species: a preliminary survey of
the ootaxonomy of calanoids. J. Mar. Syst.,
15: 35-39.

BELMONTE, G. & D. POTENZA. 2001. Biogeogra-
phy of the family Acartiidae (Calanoida) in
the Ponto-Mediterranean Province. Hydrobi-
ology, 453/454: 171-176.

BURA-NAKIC, E., G.R. HELZ, 1. CIGLENECKI & B.
COSOVIC. 2009. Reduced sulfur species in a
stratified seawater lake (Rogoznica Lake,
Croatia); seasonal variations and evidence
for organic carriers of reactive sulfur. Geo-
chim. Cosmochim. Acta, 73: 3738-3751.

BURIC, Z., K. CAPUT-MIHALIC, I. CETINIC,
I. CIGLENECKI, M. CARIC, D. VILICIC & B.
COSOVIC. 2009. Occurrence of the rare micro-
flagellates Prorocentrum arcuatum Issel and
Hermesinum adriaticum Zacharias in the
marine Lake Rogoznica (eastern Adriatic
coast). Acta Adriat., 50: 31-44.

CERVETTO, G., R. GAUDY, M. PAGANO, L. SAINT-
JEAN, G. VERRIOPOULOS, R. ARFI & M. LEV-
EAU. 1993. Diel variations in Acartia tonsa

feeding, respiration and egg production in
a Mediterranean costal lagoon. J. Plankton
Res., 15: 1207-1228.

CHEN, F. & N.H. MARCUS. 1997. Subitaneous, dia-
pause, and delayed-hatching eggs of plank-
tonic copepods from the northern Gulf of
Mexico: morphology and hatching success.
Mar. Biol., 127: 587-597.

CIGLENECKI, I. & B. COSOVIC. 1997. Electro-
chemical determination of thiosulfate in sea-
water in the presence of elemental sulfur and
sulfide. Electroanal., 9: 1-7.

CIGLENECK], I., M. CARIC, F. KRSINIC, D. VILICIC
& B. COSOVIC. 2005. The extinction by sulfide-
turnover and recovery of a naturally eutroph-
ic, meromictic seawater lake. J. Mar. Syst.,
56: 29-44,

CIGLENECKI, 1., S. PICHLER, E. PROHIC & B.
COSOVIC 2006. Distribution of redox-sensitive
elements in bottom waters, porewaters and
sediments of Rogoznica Lake (Croatia) in
both oxic and anoxic conditions. Water Air
Soil Pollut., 6: 173-181.

CIGLENECKI, I, E. BURA-NAKIC, M. CARIC, F.
KRSINIC, D. VILICIC, Z. BURIC & B. COSOVIC.
2011. Seasonal variation of oxic-anoxic con-
ditions in the small, seawater lake (Rogozni-
ca Lake, East Adriatic Coast) related to the
global climate changes. In: Gokcekus, H.,
U. Tiirker, LaMoreaux, W. James). Springer-
Verlag Berlin & Heidelberg GmbH & Co. K
(ISBN: 3642203345). pp. 230-240.

DEGOBBIS, D., R. PRECALI, I. IVANCIC, N. SMOD-



238

ACTA ADRIATICA, 54(2): 229 - 240, 2013

LAKA, D. FUKS & S. KVEDER. 2000. Long-term
changes in the northern Adriatic ecosystem
related to anthropogenic eutrophication. Int.
J. Environ. Stud., 13: 495-533.

GRICE, G.D. & N.H. MARCUS. 1981. Dormant eggs
of marine copepods. Oceanogr. Mar. Biol.,
Annu. Rev., 19: 125-140.

HAMMER, RM. 1978. Scanning electron micro-
scope study of the spermatophore of Acartia
tonsa (Copepoda: Calanoida). Trans. Am.
Microsc. Soc., 97: 386-389.

HELZ, G.R., E. BURA-NAKIC, N. MIKAC & 1.
CIGLENECKI-JUSIC. 2011. New model for
molybdenum behavior in euxinic waters.
Chem. Geo., 284: 323-332.

HIRST, A.G., D. BONNET, D.V.P. CONWAY & T. KIOR-
BOE. 2010. Does predation control adult sex
ratios and longevities in marine pelagic cope-
pods? Limnol. Oceanogr., 55: 2193-2206.

HURE, J. & F. KRSINIC. 1998. Planktonic copepods
of the Adriatic Sea. Spatial and temporal dis-
tribution. Natura Croat., 7: 1-135.

IANORA, A., POULET, S.S. & A. MIRALTO. 1995. A
comparative study of the inhibitory effect of
S. S., Diatoms on the reproductive biology
of the copepod Temora stylifera. Mar. Biol.,
121: 533-539.

KIORBOE, T., F. MOHLENBERG & K. HAMBURGER.
1985. Bioenergetics of the planktonic cope-
pod Acartia tonsa: relation between feeding,
egg production and respiration and Composi-
tion of specific dynamic action. Mar. Ecol.
Prog. Ser., 26: 85-97.

KIGRBOE, T. & M. SABATINL 1994. Reproductive
and life cycle strategies in egg-carrying
cyclopoids and free-spawning calanoid cope-
pods. J. Plankton Res., 16: 1353-1366.

KRSINIC, F. 1980. Comparison of methods used in
micro-zooplankton research in neritic waters
of the eastern Adriatic. Nova Tahlassia, 4:
91-106.

KRSINIC, F., M. CARIC, D. VILICIC & I. CIGLENECKI.
2000. The calanoid Acartia italica Steuer, phe-
nomenon in the small saline Lake Rogoznica

(Eastern Adriatic coast). J. Plankton Res., 22:
1441-1464.

LUND, JW.G., C. KIPLING & E.D. LE CREN. 1958.
The inverted microscope method of estimat-
ing algal numbers and the statistical basis of
estimations by counting. Hydrobiology, 11:
143-170.

MARCUS, N.H. 1996. Ecological end evolution-
ary significance of resting eggs in marine
copepods: past, present, and future studies.
Hydrobiology, 320: 141-152.

PAFFENHOFER, G.A. 1998. Heterotrophic protozoa
and small metazoa: feeding rates and prey-
consumeer interactions. J. Plankton Res., 20:
121-133.

SVENSEN, C., C. WEXELS RISER, 1. CETINIC & M.
CARIC. 2008. Vertical flux regulation and
plankton composition in a simple ecologi-
cal system: snapshots from the small marine
Lake Rogoznica (Croatia). Acta Adriat., 49:
37-51.

SESTANOVIC, S., M. SOLIC, N. KRSTULOVIC, D.
SEGVIC & I. CIGLENECKI. 2005. Vertical struc-
ture of Microbial community in an eutrophic
meromictic saline lake. Fresenius Environ.
Bull., 14: 668-675.

UTERMOHL, H. 1958. Zur Vervollkommung der
quantitativen Phytoplankton Methodik. Mitt.
Int. Ver. Theor. Angew. Limnol., 9: 1-38.

WHITE, JR. & M.R. ROMAN. 1992. Egg production
by the calanoid copepod Acartia tonsa in the
mesohaline Chesapeake Bay: the importance
of food resources and temperature. Mar.
Ecol. Prog. Ser., 86: 239-249,

ZIC, V., M. CARIC, E. VIOLLIER, & I. CIGLENECKL
2010. Intensive sampling of iodine and nutri-
ent speciation in naturally eutrophicated
anchialine pond (Rogoznica lake) during
spring and summer seasons. Est. Coast. Shelf
Sci., 87: 265-274.

ZIC, V., M. CARIC & I. CIGLENECKI. 2013. The
impact of natural water column mixing on
inorganic iodine and nutrient speciation in a
eutrophic anchialine pond (Rogoznica Lake,
Croatia). Est. Coast. Shelf Sci., 2013 in press.

Received: 14 March 2013
Accepted: 30 September 2013



KRSINIC et al.: Population dynamics of the calanoid copepod Acartia italica Steurer ... 239

Dinamika populacije kalanoidnog kopepoda Acartia italica Steurer
u malom slanom jezeru

Frano KRSINIC', Irena CIGLENECKI?, Zrinka LJUBESIC** i Damir VILICIC?
!Institut za oceanografiju i ribarstvo, Setaliste Ivana Mestroviéa 63, 21000 Split, Hrvatska

’Institut Ruder BoSkovi¢, Zavod za istrZivanje mora i okolisa, Bijenicka cesta 54, 10 000 Zagreb,
Hrvatska

ISveuciliste u Zagrebu, Prirodoslovno-matematicki fakultet, Bioloski odsjek,Rooseveltov trg 6,
10000 Zagreb, Hrvatska

*Kontakt adresa, e-mail: zrinka@biol. pmf.hr
SAZETAK

Kalanoidni kopepod Acatia italica je jedini predstavnik mezozooplanktona koji se uspjesno razvija
u slanom jezeru Rogoznica u obalnom dijelu srednjeg Jadrana. Sezonalnost nauplija, juvenilnih i
odraslih jedinki kopepoda A. italica, kao i njihovih fekalnih peleta reguliraju termohalini odnosi,
bioloski parametri (fitoplankton, bakterije, cilijati) i kemijski parametri (organska tvar, otopljeni
kisik, reducirani sumporni spojevi) u jezeru. Dijatomeja Chaetoceros curvisetus vazna je za ishranu
odraslih jedinki 4. italica, medutim njene velike abundancije mogu negativno utjecati na reproduk-
ciju vrste. ,,Top down* kontrolu u jezeru narusili su anoksi¢ni dogadaji iz 1997. godine.

Kljuéne rije€i: Acartia italica, dinamika populacije, ekstremni okoli$






