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Abstract This study includes a review of recently published results regarding
zooplankton in the Boka Kotorska Bay (since 2009), and comparison of these
results with earlier investigations. Non-loricate ciliates were the most numerous
microzooplankton in spring 2013 (37%). Loricate ciliates (tintinnids) values were
low and similar to those recorded in the open Adriatic Sea. However, their diversity
was quite high: 20 estuarine—neritic and 26 species typical of the open sea were
identified. Copepod nauplii were dominant metazoan microzooplankton component
(32%). Seven phylums and 81 mesozooplankton taxa were determined. Copepods
were the most dominant group. Among them, Oncaea—cyclopoids and Oithona
nana were the dominant copepod taxa at all stations. Heterotrophic dinoflagellate
Noctiluca scintillans and cladocera Penilia avirostris were often extremely numer-
ous during warm seasons. Changes in the zooplankton community noted during
recent investigations can be linked with the observed climate changes identified in
the Adriatic and Mediterranean Sea since the 1990s, which are reflected in: (1) zoo-
plankton high densities in the winter period with a lack of spring peak; (2) domina-
tion of small-size cyclopoid copepods and decreasing of contribution of neritic
calanoid species; (3) prolongation of high Penilia avirostris abundance in the
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autumn period; (4) spreading of invasive siphonophorae Muggiaea atlantica in the
inner part of the Bay; (5) frequent outbreaks of gelatinous zooplankton; and (6) The
first registered bloom of the ctenophore Bolinopsis vitrea in the Mediterranean in
spring 2014, having a major impact on the regular planktonic food web system.

Keywords Boka Kotorska Bay, Mesozooplankton, Microzooplankton, South
Adriatic, Spatial and temporal variability
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1 Introduction

Planktonic communities play a vital role in the functioning of ecosystems and
biogeochemical cycles [1]. Zooplankton is characterized by a high diversity of
different taxonomic categories that occupy different ecological position and impor-
tance in the trophic network [2, 3]. Zooplankton is the main source of food for fish
larvae; therefore, it has a significant impact on their survival, possibly more than
temperature [4]. Information about the space-time variations of zooplankton com-
munity structure and succession of species, or group, is of fundamental importance
for understanding the functioning of ecosystems in different environments. Many
studies have shown that zooplankton can be used as an indicator for monitoring the
status of marine ecosystems, as well as climatic changes [5, 6].
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The first data on zooplankton pointed to poor fauna of the Boka Kotorska Bay
[7, 8]. Among zooplankton species, only copepod Oithona nana was found in large
numbers. Systematic research started after 1964 with the founding of the Institute of
Marine Biology in Kotor. Planktonic copepods remain the main subject of research,
and Vukani¢ [9-11] investigated their annual cycle in the Bay. The author found
70 copepod species and concluded that biodiversity increased from the inner area
toward the open sea stations. The subsequent studies used an ecological approach
linking hydrographic parameters and abundance of phytoplankton with zooplank-
ton population densities [12—14]. More frequent studies in the Boka Kotorska Bay
resulted in a detailed analysis of other mesozooplankton groups: appendicularians
[15]; chaetognaths [16]; hydromedusa [17]; cladocerans [18]; and pteropods
[19]. Mesozooplankton were collected by vertical tows of plankton nets
(250-125 m), and most of the results were shown as percentage contribution or as
number of individuals per m 2.

During recent research activities, a more complex approach was used in order to
include parameters that explain the processes that are important for understanding
the secondary production in the Bay. Comprehensive results, based on more
frequent sampling, and which include all animal phyla represented in
mesozooplankton community, were presented by Pestori¢ [20]. Detailed descrip-
tions of planktonic cladocerans, cnidarians, and chaetognaths included their annual
abundance variability and influence of abiotic/biotic parameters on it [21-23]. Dis-
turbances within the food web due to the strong grazing influence of ctenophore
Bolinopsis vitrea were described by Lucic [24].

In difference to the mesozooplankton, microzooplankton (protozoans and meta-
zoans developmental stages) was less investigated. The first data were presented by
[8] based on the just one investigation along the Boka Kotorska Bay in November
1937. The author used a Nansen net supplied with a fine silk. Data indicated a
qualitative composition and quantitative domination of small copepods. The plank-
ton protozoans, tintinnids, and the radiozoan Sticholonche zanclea were numeri-
cally important in the inner part of the Bay. More comprehensive investigation was
carried by Krsini¢ and Vilic¢i¢ [25] from December 1981 to December 1982 using a
53 pm mesh-netting net and 5 L Van Dorn sampler. On the basis of monthly interval
sampling, they described qualitative and quantitative microzooplankton composi-
tion only in the Kotor Bay, and compared their numbers with variations of phyto-
plankton. Using Niskin 5 L bottle, Luci¢ [26] studied the microzooplankton
horizontal and vertical distributions of the entire area during spring 2013.

The objective of this chapter is to review the main results of all previous studies
of zooplankton in the Boka Kotorska Bay with particular emphasis on results of
more recent research activities providing a more detailed overview of relations with
hydrographic parameters, primary production, and food web in general. In addition,
we intend to present some unpublished results related to changes in the zooplankton
composition and abundance that have been recorded in the past few years in the
Bay, and which could correlate with global warming phenomena.
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2 Material and Methods

Microzooplankton samples were collected at three stations (A1, B1, and C1) from
March to May 2013 (Fig. 1 and Table 1). Plankton was sampled at 0, 5, 10, 20, and
30 m depth and above the sea-bottom, using 5-L Niskin bottles. The samples were
preserved in 2.5% formaldehyde—seawater solution, previously buffered with
CaCOs3. The methodology of samples sedimentation and decanting used was
described in detail by Krsini¢ [27]. Counting and identification of the species
were performed with “Olympus” inverted microscopes IMT_2 and CK40 at
100x and 400x magnification. The abundance was expressed as number of cells
per liter (cells LY.
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Fig. 1 Map of sampling sites in the Boka Kotorska Bay. Microzooplankton (A1, B1, and C1) and
mesozooplankton (Al, A2, A3, B1, B2, and C1)

Table 1 Longitude and Station Latitude Longitude Working depth (m)
latitude of sampling stations Al 42°28.5'N 13°44 5'E A 30

A2 42°26.2'N 18°45.6'E A 15

A3 42°29.2'N 18°45.7E A15

Bl 42°25.9'N 18°39.5'E B 30

B2 42°27.5'N 18°40.5'E B 15

Cl1 42°26.3'N 18°32.7E C 40
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Mesozooplankton samples were collected at three stations in the Kotor Bay (A1,
A2, A3), two stations in the Tivat Bay (B1, B2) and one station in the Herceg Novi
Bay (C1) from March 2009 to June 2010 (Fig. 1 and Table 1). One station in the
Kotor Bay (A2) was sampled weekly. The remaining stations in the Kotor Bay and
the Tivat Bay were sampled twice a month while one station in the Herceg Novi
Bay was sampled monthly.

Zooplankton samples were taken by vertical hauls from bottom to surface with a
Nansen plankton net, 0.55 m diameter and 125 pm mesh size. The collected
zooplankton material was preserved in 2.5% formaldehyde seawater solution and
analyzed using a Nikon SMZ800 stereomicroscope.

Detailed methodology of sampling and counting of mesozooplankton samples
are described by [28-32].

3 Microzooplankton

Microzooplankton are a group of heterotrophic and mixotrophic organisms
20-200 mm in size, which include many protists, as well as small metazoans,
such as copepod nauplii and some copepodites, and some meroplanktonic larvae.
Traditionally, microzooplankton has been relegated to the ranks of secondary
contributors when describing the dynamics of marine ecosystems, especially
those of productive waters [3]. They occupy a key position in marine food webs
as major consumers of primary production [33], as intermediaries between primary
producers and copepods [34], and as key components of the microbial loop [35]. On
average, their consumption is 60—75% of particulate primary production and about
half of the phytoplankton biomass per day in a temperate, tropical waters, as soon as
in very productive areas, such as estuaries and upwelling [33].

4 Investigation Carried Out from 1981 to 1982
(Krsini¢ and Vilici¢ [25])

It was the first microzooplankton complexity investigation in this region, but
conducted only in the inner part of the Boka Kotorska Bay. High population
densities were noted.

The non-loricate ciliates were numerous at the surface layer at low salinity. The
maximum of 673 ind.L™' was in April. Similar values were recorded in the
eutrophicated Mediterranean areas [36—41].

Authors found a small number (17) of estuarine and neritic species. Despite high
near-bottom salinity values (>38), only one open sea species with a single speci-
men was observed. Maximum of 432 ind.L™" in September at 20 m depth was
caused exclusively by abundance of Codonellopsis schabi.
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Most of the year, nauplii were the dominant component of the total
microzooplankton abundance with a maximum of 300 ind.L™' in May at the
surface. Among small copepods, typical coastal forms occurred. Unexpectedly,
Oithona nana was not the dominant species among adult copepods, and was
replaced by harpacticoid Microsetella norvegica with the highest values known
for the Adriatic Sea, and a maximum of 50 ind. L™! in July at the surface.

No significant correlations were observed to exist between nano-
microphytoplankton and the microzooplankton groups. The reason could be in
high phytoplankton population densities throughout the year, and their uniform
distribution through water columns, opposite of microzooplankton seasonal varia-
tions and their patched vertical distribution.

5 Investigation Carried Out in Spring 2013 (Lucic [26])

The horizontal and vertical distributions of microzooplankton were studied at three
stations along the Boka Kotorska Bay (Fig. 1). Unexpectedly, very low values for
all microzooplankton groups were noted, similar to the open sea waters [42-44],
and considerably lower than in the productive areas of the Mediterranean [45, 46]
and the Adriatic Sea [39-41, 47-49].

Non-loricate ciliates were the most numerous microzooplankton group, with the
highest values (178 ind. L™") at the surface layer that was strongly influenced by
fresh water. For many temperate seas, the maximum number of non-loricate ciliates
was found in spring—summer period, where these protists reach values over 1,000
ind. L~! [36, 37, 50]. Average and maximal abundances (Table 2) were lower than
the previously noted values in the Boka Kotorska Bay: Krsini¢ and Vilici¢ [25]
found 254 ind. L' in May and a maximum of 673 ind. m > in September.

Table 2 Average (Avg), standard deviation (SD), and maximal (Max) abundance of the
microzooplankton taxa in the Boka Kotorska Bay during spring 2013

The Herceg Novi

The Kotor Bay The Tivat Bay Bay
Taxa Max | Avg+SD Max | Avg+SD Max |Avg+SD
Non-loricate ciliates 178 |39.144+44.20 | 100 |40.12+£27.83 |71 33.67+17.63
Tintinnids 94 |2044+2441 | 32 |10914+7.92 |33 10.97 £8.40
Copepods nauplii 67 [26.96+19.29 | 70 |39.08 £21.61 |69 28.63 +£19.23

Calanoids copepodites 9 |3.86+2.77 34 19.51+9.56 24 7.28 £6.37
Oithona like cyclopoids | 29 |7.54+8.78 21 |7.39+6.51 12 3.73+3.96

Oncaea like cyclopoids 25 |6.74+£7.19 8 |3.04+2.57 5 1.03+1.26
Harpacticoids 5 [141£1.54 9 19.00+3.00 7 1.61£2.11
Appendicularians 4 |146+1.23 5 |1.85+£1.70 3 1.12+0.89
juvenile

Bivalvia larvae 2 10.93+£0.85 4 |1.15£1.04 6 1.77+1.64




Zooplankton Community in the Boka Kotorska Bay 237

Table 3 Tintinnids diversity  g¢ations S N d 'H
in the Boka Kotorska Bay Kotor 29 95 6.14 2.11
during spring 2013
Tivat 34 55 8.25 2.55
Herceg-Novi 33 55 8.00 2.49

S a total number of founded species, N a total abundance of all
species, ind. L', 4 Margalef’s diversity index, 'H Shannon’s
diversity index

As for non-loricate ciliates, tintinnid (loricate ciliates) values were low (Table 2).
However, tintinnid species diversity was considerably high, especially at the station
in the Tivat arm of the Boka Kotorska Bay system (Table 3). In total, 46 tintinnids
were identified, among which 20 were estuarine—neritic and 26 were characteristic
of the open sea. Twenty-three species were recorded for the first time in Boka
Kotorska Bay. These were estuarine or coastal species: Tintinnopsis campanula
f.  biitschlii, Tintinnopsis cylindrica, Tintinnopsis fennica, Tintinnopsis
karajacensis, Tintinnopsis mortensenii, Tintinnopsis parvula, Metacylis
joergenseni, and Favella taraikaensis, and characteristic open sea species:
Codonella aspera, Undella subcaudata acuta, Undella subcaudata subcaudata,
Dyctocysta lepida, Amphorides amphora, Amphorides quadrilineata, Amphorides
quadrilineata f. minor, Canthariella pyramidata, Dadayiella ganymedes,
Eutintinnus apertus, Eutintinnus latus, FEutintinnus tubulosus, Salpingella
acuminata, Salpingella glockentoegeri, and Salpingella rotundata. In particular, a
large number of oceanic species registered in the deeper layer correlated to high
salinity values (>38) below 15 m during this investigations. Higher availability of
the potential food sources compared to the area of the open sea station [26] could be
the reason for their prolonged stay in the bay.

According to the “Simper” analysis 11 species were representing tintinnids fauna
in spring 2013 (Table 4). Among them, Stenosemella nivalis was the most numerous
species (Fig. 2b). This tintinnid is a typical estuary/coastal species, frequent and
numerous in the coastal communities of Mediterranean Sea [42, 51, 52].

Among metazoan fraction of microzooplankton, copepod nauplii were the most
numerous metazoans (Table 2). Commonly, nauplii aggregations could be found in
the layers of maximum primary production [3]. In the Boka Kotorska Bay, the
highest values were noted between 5 and 20 m depth. It seems that the nauplii
avoided the influence of fresh water in the surface layer, as well as higher salinity
and lower values of the primary production in the near-bottom layer.

The majority of microzooplankton groups had a negative correlation with
hydrographic factors (Table 5). The significantly positive correlations were
observed between microzooplankton and phytoplankton fraction, especially for
nanophytoplankton, in accordance with their well-known relationship within the
food web [3]. These results confirm that the food relations have considerably
greater influence on microzooplankton abundance variations than hydrographic
factors, which is particularly notable in oligotrophic areas [3]. During recent
investigations of microzooplankton in the Boka Kotorska Bay, low chlorophyll
concentrations and phytoplankton densities were recorded. Similar absences of
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Table 4 The “Simper” analysis of tintinnid species in the Boka Kotorska Bay during spring 2013

The Kotor Bay—average similarity 21.27

Species Average Average Similarity/stan- | Contribution | Cumulative

abundance | similarity |dard deviation % contribution
%o

Stenosemella 9.34 11.52 0.70 54.15 54.15

nivalis

Tintinnopsis 1.43 2.41 0.54 11.35 65.50

levigata

Tintinnopsis 1.59 2.31 0.43 10.85 76.35

cylindrica

Codonellopsis 0.20 0.87 0.34 4.09 80.44

schabi

Tintinnopsis 1.79 0.84 0.24 393 84.37

radix

Tintinnopsis 0.51 0.50 0.42 2.35 86.72

campanula

Eutintinnus 1.16 0.48 0.17 2.26 88.98

latus

Tintinnopsis 0.14 0.43 0.26 2.01 90.99

fennica

The Tivat Bay-average similarity 30.49

Stenosemella 3.05 11.94 1.03 39.17 39.17

nivalis

Tintinnopsis 1.27 7.00 1.33 22.95 62.12

levigata

Tintinnopsis 0.55 2.40 0.60 7.86 69.98

campanula

Codonellopsis 0.31 1.73 0.53 5.66 75.65

schabi

Tintinnopsis 1.01 1.50 0.41 491 80.55

radix

Eutintinnus 0.31 1.37 0.40 4.48 85.03

latus

Stenosemella sp. | 1.03 1.13 0.30 3.70 88.73

Tintinnopsis 0.21 0.92 0.44 3.02 91.75

cylindrica

The Herceg Novi Bay—average similarity 23.37

Stenosemella 1.85 7.21 0.75 30.84 30.84

nivalis

Tintinnopsis 2.28 4.03 0.52 17.23 48.08

levigata

Tintinnopsis 1.69 3.97 0.51 16.96 65.04

campanula

Codonellopsis 0.71 2.57 0.43 10.98 76.02

schabi

Dadayiella 0.43 1.05 0.36 4.50 80.52

ganymedes

(continued)
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Table 4 (continued)

Eutintinnus 0.19 0.79 0.27 3.38 83.90
latus

Eutintinnus 0.55 0.73 0.30 3.14 87.04
fraknoi

Streenstrupiella | 0.23 0.67 0.37 2.85 89.89
Ssteenstrupii

Tintinnopsis 0.21 0.61 0.38 2.60 92.49
radix

Fig. 2 Dominant tintinnids in Boka Kotorska Bay in Spring 2013: (a) Codonellopsis schabi; (b)
Stenosemella nivalis; (c) Tintinnopsis campanula; and (d) Tintinnopsis levigata

typical phytoplankton spring bloom were observed in other productive areas during
the last decade, such as Northern Adriatic [52]. Cabrini et al. [53] in their research
in 1994 found higher values of phytoplankton in the Northern Adriatic in January,
in contrast to previous years, when the maximum was usually in March or April.
Moreover, in the last decade, considerably lower production of previously high-
productive areas was frequently recorded [54, 55], pointing to oligotrophic pro-
cesses of the Adriatic Sea [56]. The authors linked these changes with evident
climate change since the mid-1990s that affected the precipitation regime.

Thus, the results obtained by Lucic [26] are considerably different from results
given by Krsini¢ and Vili¢i¢ [25], from researches conducted 30 years earlier. Such
differences can also confirm the general change in the plankton position and
abundance recorded during the last two decades. However, these hypotheses should
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be taken with caution due to the complexity of the production relations within the
water column and also because the recent investigation was carried out over a
shorter period.

6 Mesozooplankton

In this investigation, in Boka Kotorska Bay seven phylums of net zooplankton were
recorded: Myzozoa, Ctenophora, Cnidaria, Arthropoda, Mollusca, Chordata, and
Chaetognatha. Within these phyla 81 taxa were identified, of which 69 in Kotor
Bay, 70 in Tivat Bay, and 72 in Herceg Novi Bay.

7 Heterotrophic Dinoflagellates

The link between the occurrences of blooms of dinoflagellates, especially Noctiluca
sp., with nutrients enrichment of coastal ecosystems has been the subject of
frequent discussion among researchers [57]. Blooming N. scintillans in the North-
ern Adriatic in the 1970s was related to the increase of eutrophication [58]. In
summer 2009, during our investigation, blooming of N. scintillans was observed
after large blooms of diatoms in March. High abundance of N. scintillans usually
occurs after blooming diatoms [59]. A maximum of 64,375 ind. m> (Figs. 3 and 4)
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Fig.3 Temporal variability of Noctiluca sp. abundance in Boka Kotorska Bay from March 2009—
June 2010
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Fig. 4 Noctiluca scintillans (photo: S. Ljubimir)

was recorded in the Kotor Bay, where the abundance was 10 times higher than in
the Tivat Bay. Abundance in the Herceg Novi Bay did not exceed 180 ind.m . In
the period from September to February Noctiluca scintillans occurred in individual
specimens.

These findings are consistent with the values found on the west coast of the
Adriatic Sea and in the Gulf of Trieste [60]. So far, the largest number of these
dinoflagellates was determined in 1977 and 1980 in the Gulf of Trieste, when the
number of N. scintillans reached > 10° ind. m > [60]. Although N. scintillans is
recognized as eurythermal and euryhaline species [61], it occurs in large numbers in
the Kotor Bay in summer months, while during winter it is either absent or present
in very small numbers. This is confirmed by significant positive correlation with
temperature [20].

During blooming, N. scintillans exceeds biomass of zooplankton feeding on
their eggs and is actively competing for the same nutritional resources [60, 62].

8 Cnidarians

Planktonic cnidarians are conspicuous components of pelagic food webs and their
distribution and abundance have a large influence on marine communities. Species
that have alternating pelagic (medusa) and bottom dwelling (polyp) phases not only
play an important role in the transfer of energy from pelagic to benthic systems, but
are also likely to be sensitive to environmental changes which can result in
extremely high temporal and spatial variability in abundance, resulting in the
form of “blooms” [63, 64]. Species belonging to Hydrozoa and Scyphozoa and
Siphonophora are carnivores, preying mainly on other planktonic organisms
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(notably copepods) and even fish [65]. They usually serve as a link between
zooplankton and higher trophic levels in the marine food webs [66].

9 Hydrozoans

While earlier studies on hydromedusae in the Central and South Adriatic reported
26 hydrozoan species [67], significantly smaller numbers were determined in the
Boka Kotorska Bay: 7 species (6 holoplanktonic, 1 meroplanktonic) during 2002
[17] and 12 taxa (8 holoplanktonic, 4 meroplanktonic) during monthly samplings in
2009 and 2010 [22]. The most recent investigation showed that meroplanktonic
species of hydromedusae prevail in the inner parts of the Bay, while holoplanktonic
species were more abundant in the outer of the Bay. High variations of hydrome-
dusae abundance among stations are in concordance with their metagenetic biology
which is reflected in significant monthly and annual oscillations [63]. Although
their median values rarely exceeded 1 ind. m_3, monthly maximum values more
than 20 ind.m > were often noted (Fig. 5). An extraordinarily high number of
Obelia spp. of 341 ind. m > (Table 6) recorded in the Tivat Bay during December
2009 coincided with high concentrations of chlorophyll a. Such high abundance of
this species was not recorded before in the Adriatic coastal ecosystems.
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Fig.5 Temporal variability of hydromedusa abundance in Boka Kotorska Bay from March 2009—
June 2010
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10 Siphonophores

Siphonophores, as a group of complex colonial organisms, have often been poorly
surveyed because their fragile body is often broken by traditional sampling nets.
Pestori¢ et al. [22] provided the first detailed report of the composition and
abundance of the siphonophoran community for this region. Among six recorded
species Muggiaea kochi, Muggiaea atlantica, and Sphaeronectes gracilis were
most frequent and abundant, with highest densities in spring—summer period
(Fig. 6). This is in accordance with the established general pattern of siphonophoran
seasonal distribution in the sea [68, 69].

M. atlantica, a typical boreal species, dominant in the inner Bay of Kotor during
spring and summer, while autochthonous Adriatic and Mediterranean species
M. kochi was more numerous in the outer area of the Bay (Table 7). These results
confirm previous shift within the coastal calycophores, with M. kochi being
replaced by M. atlantica, that was observed in the Adriatic Sea in 1996 [70]. In
addition, the linear regression of the abundance of M. kochi with water temperature
revealed a strong positive relationship (r=0.388; p=0.0015), while for
M. atlantica the correlation was not statistically significant (r=0.059; p > 0.05)
[22]. The analyses of relationships of the common siphonophores and their poten-
tial prey showed significant positive correlations for M. atlantica and representative
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Fig. 6 Temporal variability of siphonophores abundance in Boka Kotorska Bay from March
2009-June 2010
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Table 8 Spearman’s rank order correlation coefficients between frequently occurring and abun-
dant siphonophore species and small copepods—copepodites in the Boka Kotorska Bay

Paracalanus Calanoida Oithona Cyclopoida

parvus copepodites nana copepodites
Muggiaea kochi 0.118 0.219* 0.061 0.171
Muggiaea atlantica 0.231* 0.247* 0.298%*%* 0.327*
Sphaeronectes -0.014 —0.026 —0.091 —0.112
kollikeri

*p <0.05; ** p <0.01

small copepods and copepods numerically dominated at all stations (Table 8).
M. kochi was positively correlated to abundance of calanoid copepodites (Table 8).
Sphaeronectes kollikeri didn’t show significant correlation with analyzed potential

pray.

11 Cladocerans

Cladocerans play a major role in freshwater ecosystems, but they are not successful
in colonizing the marine environment [71]. There are only eight cosmopolitan
species in the world ocean [72] distributed in three genera: Penilia (comprising
only Penilia avirostris), Evadne, and Podon [73]. Due to cladocerans parthenoge-
netics reproduction in coastal and estuarine environments they may occur with
extent monospecific cladoceran populations that are usually predominant by
copepods [74].

Information on the cladoceran population in the Montenegrin coast is scarce
[18, 21]. Seven species were found in the Boka Kotorska Bay: Penilia avirostris,
Evadne spinifera, Evadne nordmanni, Pseudevadne tergestina, Pleopis
poliphemoides, Podon intermedius, and Podon leuckarti. Species Podon leuckarti
was noted only by Vukanié [18] as very rarely recorded single specimens during the
warmer period of the year.

The most dominant species in all areas was Penilia avirostris (Fig. 8). The
highest percentage contribution was observed in Tivat Bay 91.75% while the
maximum abundance was noted in the Kotor Bay, where in September reached
value of 24,303 ind. m> (Fig. 7 and Table 9).

This species, whose average abundance for the water column exceeds 20,000
ind. m ™, are characteristic for high eutrophic areas [75-77]. During the summer
months, it was the dominant species of zooplankton which confirms its thermo-
philic nature [72, 73]. A large number (>1,000 ind. m73) of P. avirostris was
recorded in the Bay of Kotor in December 2009 (Fig. 7). These findings coincide
with the time of the highest concentration of chlorophyll « in the study area, which
indicates that available food is also an important factor of its abundance [20].

Species Penilia avirostris, Evadne spinifera, and Pseudevadne tergestina
showed significantly positive correlation with hydrological parameters
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Fig. 7 Temporal variability of cladoceran abundance in Boka Kotorska Bay from March 2009—
June 2010

No.ind.m™

— Median
[ 25%-75%
T Min-Max
@ Outliers
#* Extremes

Mar-09 | [H
Apr-09 + [
May-09 | ¢}
Jun-09
Jul-09
Aug-09
Oct-09
Nov-09 | |4

Dec-09 | [[}—o¢

Jan-10 | K
Feb-10| |

May-10 t [—+

Mar-10 | |
Jun-10

Apr-10 | [

0.5 mm

Fig. 8 Penilia avirostris (photo: 1. Brautovic)



249

Zooplankton Community in the Boka Kotorska Bay

- - - 88°0 Yyl +0CT 89 9L°01 L'LYTF 1€°L6 8€9°1 saprouapydSjod sidoajq

6v'L CTLFE8E 9C 16y L€l F+909 89 £8'C Soe+ce0¢cl 69¢C SmpauLIaIul uopod

0 L'TF970 9 S0°0 0LF¢eST 143 LO00 L0l F087T 89 DUNSIB.12] 2UPPAIPNIS J

LLO €91 FCI'L s 24! Vyy F8¢°1¢ S0T L6'1 1'C6 F 8¥'8¢ 8Ly .aftuids suppazy

0 6'0F€C0 € L6'0 SIIFST¢E 89 918 8°¢6F S€0¢ 89L uupwp.1ou "ouppayy

YL'16 SOI‘'TF €6 8LSL SL'T6 LYTEF 188°1 966°¢1 129L ST EF vl €0 YT SLUSOUIAD DIJIUI

9, UBIIN s F ues]y XeN 9, UBIIA ds F ues]y XeN 9, UBIIA[ ds F ues|y XeN soroadg
Keg 1A0N Fo0Io0H Keg 1eAl], Kegq 10103

(9 ueaw) doUBPUNQE UBIIOOPE[D [€10) 9Y) JO 95ejuddrad ueow pue (¢_Wpul :qs F A®)
soouepunqe oFBIOAE ‘(. WI'PUl IXBW) SAN[EA S0ULPUNqE WNWIXEW IR} (PIm ‘Aeg eYSI0Y eog Ay ul sa1dads ueredope[d jo uonisoduwio) ¢ dqe],



250 B. Pestoric€ et al.

(temperature and salinity) while Evadne nordmanni had a significant negative
correlation with temperature and salinity [20].

12 Copepods

The mesozooplankton community is dominated mainly by copepods, especially in
the estuaries and coastal regions [78, 79]. In Boka Kotorska Bay their share ranged
from 67% to 81% in the total mesozooplankton densities [20]. Copepods are
notable consumers of microplankton, and play a key role in the diet of juvenile
stages of many fish species. These keystone trophic links in aquatic ecosystems
transfer energy and carbon to higher trophic levels more efficiently than any other
zooplankton taxa [80]. Thus, copepods can be considered a particularly successful
group in the pelagic environment.

Historical data, collected with 250-360 pm mesh size nets, reported 70 copepod
species inhabiting the Boka Kotorska Bay and outer station [9]. Recent investiga-
tion performed with 125 pm mesh size showed that copepod community of the
Boka Kotorska Bay comprised 38 taxa (Table 10), which is 14% of the total of
262 copepod species recorded in the Adriatic Sea [20]. Among them, 10 coastal and
estuarine taxa exhibited high dominance and accounted for 99.11% of the total
copepod numbers: Oncaea spp., Oithona nana, Acartia (Acartiura) clausi,
Paracalanus parvus, Euterpina accutifrons, Centropages kroyeri, Oithona similis,
Clausocalanus jobei, Temora stylifera, and Corycaeus spp. Cyclopoids Oncaeidae
and Oithonidae dominated mesozooplankton community of the Boka Kotorska Bay
and accounted for, on average, 68% of the total abundances [20]. This is in
accordance with the previous investigations carried out with fine mesh nets which
highlighted the importance of small copepod species in structuring coastal ecosys-
tem dynamics [81-84]. Among calanoids, Acartia (Acartiura) clausi was the most
numerous in the Kotor Bay, where this species contributed up to 73% (April 2009)
of the total mesozooplankton numbers with average abundance of 710 & 1,357 ind.
m > [20]. High numbers of this species over the spring period were found in other
productive enclosed areas, like Kastela Bay [85], Gruz Bay [86], and Mali Ston
Bay [87]. In the Tivat and the Herceg Novi Bays, Paracalanus parvus was the
most abundant calanoid (average abundance of 422 + 532 ind. m > and 399 + 408
ind. m ™, respectively) with higher values recorded in spring. The only numerically
important member of the harpacticoids, Euterpina accutifrons, was present
throughout the area of the Boka Kotorska Bay, reaching maximum of even 2,526
ind. m in the Kotor Bay in March 2010.

The Boka Kotorska Bay, as enclosed coastal area under the great fluctuations
caused by influences from the land, is a highly variable system and this variability
may reflect in temporal dynamics of the copepod populations. Beside rapid
response of individual species to ecosystem perturbations, large fluctuations in
overall copepod densities were also recorded. Therefore, total copepod abundances
varied from minimum of 800 ind.m > in the Kotor Bay in January 2010 to the
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Table 10 Composition of copepod species in the Boka Kotorska Bay, with their average
abundances (av & SD; ind. m ) and mean percentage of the total copepod abundance (mean %)

Kotor Bay Tivat Bay Herceg Novi Bay
Av. Av. Av.
Copepod taxa Abund. Contr. % | Abund. Contr. % | Abund. Contr. %
Calanus 25 <1 10 <1 19 <1
helgolandicus
Mesocalanus 5 <1 4 <1 3 <1
tenuicornis
Nannocalanus minor <1 <1 <1 <1 1 <1
Calocalanus pavo <1 <1
Calocalanus <1 <1
contractus
Calocalanus <1 <1
styliremis
Ischnocalanus <1 <1
plumulosus
Paracalanus parvus 324 8 422 12 399 19
Paracalanus nanus 1 <1 <1 <1 13 <1
Paracalanus <1 <1
denudatus
Meynocera clausi <1 <1 9 <1 6 <1
Clausocalanus jobei 21 <1 42 <1 24 <1
Clausocalanus 9 <1 13 <1 7 <1
arcuicornis
Clausocalanus 1 <1 11 <1 9 <1
furcatus
Clausocalanus <1 <1
pergens
Ctenocalanus vanus 20 <1 8 <1 38 <1
Pseudocalanus <1 <1
elongatus
Paraeuchaeta hebes <1 <1 2 <1 2 <1
Diaixis pygmoea 1 <1 2 <1
Centropages kroyeri 138 3 44 <1 64 1.7
Centropages typicus 1 <1 4 <1 10 <1
Isias clavipes 2 <1 1 <1 4 <1
Temora stylifera 47 <1 54 <1 52 1.2
Candacia giesbrechti | 1 <1 1 <1 4 <1
Labidocera wollastoni | <1 <1 3 <1 3 <1
Acartia clausi 710 12 303 6 358 16
Acartia longiremis <1 <1 4 <1
Oithona similis 91 2 96 1 106 5
Oithona plumifera 7 <1 17 <1 27 1.6
Oithona nana 1,071 32 1,012 33 399 23
Oithona setigera <1 <1

(continued)
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Table 10 (continued)

Kotor Bay Tivat Bay Herceg Novi Bay
Av. Av. Av.
Copepod taxa Abund. Contr. % | Abund. Contr. % | Abund. Contr. %
Microsetella spp. 31 <1 5 <1 1 <1
Macrosetella sp. 3 <1 1 <1 9 <1
Euterpina acutifrons 291 7 236 7 74 3
Goniopsilus rostratus | <1 <1
Oncaea—cyclopoid 1,196 36 1,109 38 534 25
Saphirina spp. 1 <1 1 <1 1 <1
Corycaeus spp. 8 <1 18 <1 40 1.3
35000 ~
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Fig.9 Temporal variability of copepods abundance in the Boka Kotorska Bay from March 2009—
June 2010

maximum of 34,137 ind. m > recorded in the Tivat Bay in December 2009
[20]. Annual dynamics of the total densities of this group in the Boka Kotorska
Bay showed slightly increased values over the spring period (Fig. 9).

Considering influence of the hydrographic properties on the most abundant
species (Table 11), negative correlation of the temperature on the abundances of
the Oncaeidae (p < 0.05) and Euterpina accutifrons (p < 0.01) was recorded, while
salinity has been limiting factor on the occurrence of Oithona nana (p < 0.05).
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Table 11 Spearman correlation of copepod species included in 90 % of total numbers and

independent parameters

(temperature,

microphytoplankton; *p < 0.05; **p < 0.01; ***p < 0.001)

salinity, TNP-total nanophytoplankton, TMP-total

Temperature Salinity TNP TMP
Paracalanus parvus —0.065 0.043 —0.109 —0.198*
Acartia (Acartiura) clausi —0.001 —0.038 0.185* 0.031
Oithona nana —0.091 —0.180* 0.052 0.015
Oithona similis —0.060 —0.051 0.174 0.062
Oncaeidae —0.204* —0.112 —0.062 —0.039
Euterpina acutifrons —0.283** —0.176 —0.065 0.063

Furthermore, our findings suggested that Acartia (Acartiura) clausi benefited most
from nano- and microphytoplankton blooms (p < 0.05).

13 Pteropods

During the study period, four species of plankton pteropods were found: Limacina
trochiformis, Heliconoides inflata, Creseis virgula, and Creseis clava. In previous
investigation of the Boka Kotorska Bay a total of seven species were found
[19]. Species Pneumodermopsis canephora and Atlanta helicinoidea in previous
research were cited as very rare, while species Cymbulia peronii and Limacina
bulimoides that were frequent, during our study, were not observed. In the Boka
Kotorska Bay, during our research, species Limacina trochiformis was noticed for
the first time.

Pteropods are characterized by the possibility of high and sudden variations of
the population: they can occasionally occur in large numbers, and then disappear
completely from plankton [88]. The maximum total abundance of 137 ind. m > was
found in November 2009 and in May 2010 (Fig. 10).

Succession of species is noticeable. Species of the genus Limacina prevail in the
period from May 2009 to September 2009. Species of the genus Creseis occur only
in August 2009, and from November 2009 to January 2010, representing 100%
pteropod. In the period from February to June 2010, the dominating species was
again Limacina.

Limacina trochiformis was the dominant species in the area of the Kotor and the
Tivat Bays with a percentage contribution of 44% and 59%, while it was absent
from the area of the Herceg Novi Bay. A maximum of 128 ind. m > was recorded in
the Kotor Bay. Another quantitatively significant species in the Kotor Bay was
Creseis virgula, and the maximum number was 136 ind.m >. Creseis virgula
dominated in the Herceg Novi Bay with a contribution of 82% (Table 12).

All species of pteropods showed a significant positive correlation with temper-
ature (p <0.001) while in May 2010, when the water temperature of the column
was ~ 16°C, a high number of pteropods were accompanied by a higher abundance
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Fig. 10 Temporal variability of pteropod abundance in Boka Kotorska Bay from March 2009—
June 2010

of phytoplankton, particularly nanophytoplankton (<20 pm) [20]. Similar situation
was observed in the open sea of the Southern Adriatic, in the area of the Jabuka
Pit [89].

14 Chaetognaths

Chaetognaths play an important functional role in marine food webs, and within
carnivorous zooplankton often dominated in their biomass [90]. As one of the main
predators of copepods [91, 92], chaetognaths play an important role of energy
transfer through marine food webs. Apart from food availability hydrological
conditions also seem to influence chaetognaths distribution.

In the world’s seas and oceans 47 species of planktonic chaetognaths have been
found, 17 of which are present in the Mediterranean and 10 in the Adriatic Sea
[93]. The first data for the Adriatic (Gulf of Trieste) chaetognaths fauna was
published by Graeffe [94]. There are scarce data about this zooplankton group in
the Boka Kotorska Bay. Benovi¢ and Onofri [13] presented the first data for the
area. They found four species of chaetognaths in the Boka Kotorska Bay
(Flaccisagitta enflata, Parasagitta setosa, Serratosagitta serratodentata, and
Mesosagitta minima). Surprisingly, Vukanic and Vukanic [16] registered four
new species for the Boka Kotorska Bay (Parasagitta friderici, Pseudosagitta
lyra, Flaccisagitta hexaptera, and Sagitta bipunctata). Pestori¢ et al. [23] found
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three coastal species of chaetognaths (Flaccisagitta enflata, Mesosagitta minima,
and Parasagitta setosa) thus confirming previous findings [13]. The most dominant
species in all areas was Parasagitta setosa. The highest percentage contribution
was observed in the Tivat Bay, while the maximum abundance was noticed in the
Kotor Bay (Table 13). Flaccisagitta enflata and Mesosagitta minima are more
present and abundant in the Boka Kotorska Bay than in other neritic coastal
areas. Total densities of chaetognaths showed an upward trend over the spring
and summer months (Fig. 11).

Statistical analysis (Spearman correlation) showed significant correlations
between different species of chaetognaths and hydrological parameters: a positive
correlation with the temperature recorded for juvenile specimens (r=0.251;
p<0.01), and salinity for the Parasagitta setosa (r=0.163; p<0.05) and
Flaccisagitta enflata (r=0.261; p <0.01), Mesosagitta minima did not signifi-
cantly correlate with these parameters [23]. Potential pray (small copepods and
copepodites) showed strong positive correlation with juvenile stages of chaeto-
gnaths and P. setosa (Table 14).

The general composition of chaetognaths of the Boka Kotorska Bay did not vary
significantly among the three investigated stations. Differences were the highest
between the Herceg Novi and the Kotor Bay [23].

15 Pelagic Tunicates

Pelagic tunicates (salps, appendicularians, pyrosomas, and doliolids) are ubiqui-
tous members of all marine pelagic systems, from coastal areas to the deep sea.
They are also referred to as gelatinous zooplankton because of their extremely
watery body tissue. When abundant, their relatively large size and high water
content make them significant contributors to total wet biomass.

All pelagic tunicates are filter feeders filtering the entire size range from very
small colloids to large phytoplankton chains in the case of salps and doliolids. The
reproduction cycle is complex and includes sexual and asexual generations with
high birth rates. Under good food conditions tunicates exhibit population growth
rates that rank at the top among the metazoans [95].

16 Appendicularians

Appendicularians are among the most common zooplankton and occur in all
oceans. They may therefore act as key top-down regulators in the marine planktonic
food web. Appendicularians have a peculiar feeding strategy; they live inside an
elaborate multichambered extracellular house, complete with inlet and food-
concentrating filters that they secrete from a specialized oikoplastic epithelium
[96, 97]. The filter in the house is able to retain particles as small as 0.2 mm.
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Fig. 11 Temporal variability of chaetognath abundance in the Boka Kotorska Bay from March
2009—June 2010

Table 14 Spearman rank order correlation of chaetognaths and potential pray

M. minima P. setosa F. enflata Sagitta juv.
Calanoida copepodites —0.040 0.287%%#%* 0.047 0.213%%*
Cyclopoida copepodites 0.033 0.313%** —0.029 0.158*
Oithona nana —0.048 0.226%* —0.120 0.154
Appendicularia 0.157 0.310%%%* —0.023 0.167*

#p < 0.05; #p < 0.01; **¥p < 0,001

Earlier studies of the Boka Kotorska Bay revealed the presence of four species
[10], while only Oikopleura dioica was found in the Kotor Bay [15]. Recently, nine
appendicularian species were recorded in the Boka Kotorska Bay: Oikopleura
dioica, Oikopleura longicauda, Oikopleura fusiformis, Oikopleura gracilis,
Oikopleura intermedia, Kowalevskia tenuis, Fritillaria pellucida, Fritillaria
borealis, and Fritillaria haplostoma [20]. The number of species found gradually
decreased from the open sea toward the inner waters of the Bay.

Among appendicularians, Oikopleura dioica numerically dominated in Kotor
Bay, with the maximum of 1,570 ind. m > recorded in March 2010 (Table 15). In
Tivat Bay and Herceg Novi Bay, Oikopleura longicauda was the most abundant

representative of this group, whose population showed the highest values in
October.
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Fig. 12 Temporal variability of appendicularian abundance in the Boka Kotorska Bay from
March 2009—June 2010

Significant fluctuations in overall densities of appendicularians were noted in the
Boka Kotorska Bay.

Maximum of 1,638 ind.m™* was recorded in March 2010 with generally lower
values found over late autumn — early winter period (Fig. 12).

17 Thaliaceans

Thaliaceans were presented by salps and doliolids in Boka Kotorska Bay. High
values were noted during summer months and reached maximum value of 461 ind.
m ™ in August 2009 [20]. Statistical analysis showed significant negative correla-
tions between doliolids and nanophytoplankton [20] which is in agreement with
their filter feeding behavior [95].

18 Gelatinous Blooms

Gelatinous carnivorous zooplankton is a conspicuous component of marine eco-
systems and is recognized as a valuable indicator of ecosystem functioning
[98]. Massive outbreaks of jellyfish are a natural phenomenon, though human-
related perturbations appear to exacerbate blooms [99]. Massive increases in their
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Fig. 13 Bolinopsis vitrea
in the Boka Kotorska Bay
(photo: V. Macic)

population size may have a wide range of economic and ecological implications,
including reduction and structural changes of mesozooplankton populations,
impairment of fish eggs and larvae, alteration of carbon and matter fluxes in food
webs, clogging of fish nets, and impact on the tourist industry [100]. Recent
decades’ evidence indicates that gelatinous zooplankton have increased in abun-
dance throughout the world’s oceans and blooms (outbreaks of tens to hundreds of
medusa per cubic meter) now occur more frequently in many seas, including the
Mediterranean Sea [101].

The first examples of jellyfish outbreaks in the Boka Kotorska Bay happened just
recently, wither dense aggregate of the ctenophora Bolinopsis vitrea (Fig. 13)
observed in spring 2009 [24]. The ctenophore B. vitrea previously has been rarely
observed in the Mediterranean Sea [102]. Ctenophores were found in the inner part
of the Bay, below 5 m depth only. This mass occurrence of B. vitrea had a great
impact on the Bay ecosystem. Their predation on copepods reduced grazing
pressure on phytoplankton, favoring an uncommon bloom of the latter. It is evident
that B. vitrea are capable of altering rapidly the composition and biomass of coastal
plankton communities when present in large masses. This first evidence of such
events for this species may indicate changes in the functioning of marine
ecosystems.

During the last few years, previously unknown outbreaks of some
schyphomedusa species have been reported in the Boka Kotorska Bay.
Discomedusa lobata is a rare schyphomedusa (Fig. 14), known from the Eastern
Atlantic Ocean and the Mediterranean Sea. It is commonly found in the Gulf of
Trieste [103]. The first reliable record of this species in the Boka Kotorska Bay was
in 2013 when its specimens were found sporadically from early March to mid-July
in the inner part of the Bay. The first bloom, estimated at 100 individuals per 10 m?,
was noted in April 2014, with another in mid-May, and followed by blooms in
February and March 2015 (Pestori¢, personally communication).
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Fig. 14 Discomedusa
lobata in the Boka Kotorska
Bay (photo: V. Macic¢)

Fig. 15 Chrysaora
hysoscella in the Boka
Kotorska Bay (photo:
V. Macic)

Chrysaora hysoscella (Fig. 15) was found for the first time in the Boka Kotorska
Bay in 2002 [17] as individual organism. In higher abundances Chrysaora
hysoscella was observed during April 2014, while in March 2015 this species was
noted in aggregation with Discomedusa lobata in low salinity area near fresh water
source. In period from February to early May 2015 C. hysoscella was continuously
present in the Bay in small number (Pestori¢, personal communication).

Among native schyphomedusae found in the Mediterranean, which may grow to
a larger size, is the species Drymonema dalmatinum [104]. Despite its conspicuous
size this medusa has been very rarely observed in any Mediterranean area. Stiasny
[105] suggested an ~30-year periodicity for this species based on records of
Drymonema in the Adriatic since its description till 1940. There is no information
about this species for Adriatic Sea in the period 1937-1984 [106]. On the other side,
there were several observations since 2000 in the Northern, Central, and Southern
Adriatic with majority of sightings in the Southern Adriatic. In the North-Eastern
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Fig. 16 Drymonema
dalmatinum in the Boka
Kotorska Bay (photo:
V. Macic)

part of the Kotor Bay Drymonema dalmatinum (Fig. 16) was noted four times in
2001 and once in 2014 [106].

19 Merozooplankton

Many juveniles and adults stages of marine organisms are part of benthos, but
gametes or larvae are released into the water column [107]. These planktonic
gametes and larvae grow in water column through one or more larval stages and
make the most of meroplankton including different taxa and forms of planktonic
larvae of benthic and planktonic species [108, 109]. That kind of development
allows better distribution in the greater distances [110].

Average monthly abundance of meroplankton was the highest in the Kotor Bay
with 973 ind.m > in February 2010 [20]. In the Tivat Bay, the highest mean
monthly abundance of 533 ind. m > was recorded in April 2009. In the Herceg
Novi Bay, the maximum number of meroplanktonic organisms was recorded in
April 2009 with 281 ind. m > [20].

Throughout the year, average percentage of meroplanktonic larvae in zooplank-
ton in the Kotor Bay was 2.3%. The highest value (~50%) was observed in the area
of the Kotor Bay in February [20]. Bivalvia larvae dominated during research all
areas accounting for more than 50% of the total meroplankton. That is common
occurrence in shallow coastal areas where benthic communities are well developed
[84]. Highest percentage of Bivalvia in the total meroplankton number was
recorded in the Kotor Bay (62%), followed by the Tivat (52%), and the Herceg
Novi Bays (30%) (Table 13). Gastropods accounted for 23% of the total number of
meroplanktonic organisms in the Kotor Bay, followed by the Tivat with 27% in
total number and 22% for the Herceg Novi Bay. Among other meroplankton, only
decapods were significant in number. They were dominant in the Herceg Novi Bay
(38%). Furthermore, Polychaetes and fish larvae were represented with 1% in the
total number. Other meroplanktonic organisms have occasionally occurred in small
numbers (Table 16). Historical data show that some species of decapods are higher
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in number during spring and summer [111], which concurs with the results of our
investigation. There is a strong link between phytoplankton bloom and develop-
ment of certain meroplanktonic organisms [107].

20 Conclusions

The study indicates that fast-occurring changes in hydrographic and production
parameters in the enclosed and eutrophic Boka Kotorska Bay significantly influence
the density of zooplankton populations.

These variations are particularly strongly affected the composition and abun-
dance of microzooplankton. Non-loricate ciliates were the most numerous
microzooplankton, with the highest values at the surface, which is strongly
influenced by a layer of fresh water. Tintinnid values were low and similar to
those recorded in the open Adriatic Sea. Tintinnid species diversity was consider-
ably high, and twenty-three species were recorded for the first time in Boka
Kotorska Bay.

Copepods were the most numerous mesozooplankton group, dominated by small
cyclopoids species (Oncaea like cyclopoids and Oithona nana). High abundance of
the cladocera Penilia avirostris during summer are in accordance with the
eutroficated status of area, and were among the highest values noted for the
Adriatic.

Comparing our results with a previous research of the Boka Kotorska Bay some
changes in the composition and abundance of zooplankton were observed: domi-
nance of small copepod species; prevalence of alien species Muggiaea atlantica
over to indigenous species M. kochi, especially in the inner part of the Bay; changes
in the composition and abundance of meroplanktonic hydromedusans fauna; the
first recorded mass occurrence of ctenophore Bolinopsis vitrea in the Mediterranean
Sea; and frequent and more numerous before rare schyphozoan species. Our results
suggest the possibility of permanent fauna changes in the Boka Kotorska Bay that
could be associated with global warming and generally climate change.
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