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A semi- quantitative time series (2013-2017) was used to present the recent events of 
scyphomedusae appearance and abundance in the Boka Kotorska Bay, Montenegro, Southeast 
Adriatic. Six meroplanktonic species were recorded: Aurelia spp, Chrysaora hysoscella, Cotylorhiza 
tuberculata¸ Discomedusa lobata, Drymonema dalmatinum and Rhizostoma pulmo. Among them, C. 
hysoscella and D. lobata dominated in the water column during winter and spring, forming dense 
aggregations in March and May, and February to May, respectively. Our description of the D. lobata 
blooms are actually the first known records of blooms for this species. C. tuberculata was observed 
in the Bay principally in August and September. The bloom was occurred only in 2017, being 
the first information of C. tuberculata mass appearance in this area. We hypothesized that global 
warming phenomena could trigger the observed changes, and in this respect, long-term trends of 
sea surface temperature (SST) fluctuations were analysed. The scyphomedusae blooms coincided 
with high positive SST anomalies, noted in the last seven years for this area. To better understand 
the mechanisms underlying changes in their phenology and abundance, detailed studies on benthic 
stages in the Bay are essential.

INTRODUCTION

Climate studies of global warming and vari-
ation of precipitation over the last decades 
(LEVITUS et al., 2009; MARBÀ et al., 2015) have 
demonstrated a strong influence on changes 
in physiology and phenology of organisms, 
their spatial-temporal distribution, taxonomic 
composition of communities and the dynamics 
of the food web (POLOCZANSKA et al., 2013). In 
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addition, excessive coastline modification has 
led to habitat loss affecting species richness and 
abundances (AIROLDI et al., 2008), while the pro-
liferation of the artificial underwater structures 
may offer opportunities for some opportunistic 
species (DUARTE et al., 2013; VODOPIVEC et al., 
2017).

Jellyfish are conspicuous members of plank-
ton communities and have a prominent eco-
logical role. While many jellyfish populations 
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fluctuate with climatic cycles (LYNAM et al., 2004; 
PURCELL & DECKER, 2005), recent evidence sug-
gests that jellyfish may also be benefiting from 
human interactions with the oceans, and thus 
may be increasing globally (PURCELL et al. 2007; 
RICHARDSON et al. 2009; KOGOVŠEK et al., 2018). 
Increased jellyfish populations could strongly 
influence marine ecosystems and economy in 
many ways, as they compete with fish for prey 
(PURCELL & ARAI, 2001), clog nets and sting 
(UYE, 2008; NASTAV et al., 2013; DE DONNO et 
al., 2014), affect fisheries (PALMIERI et al., 2014; 
CONLEY & SUTHERLAND, 2015) and the tourist 
industry (GHERMANDI et al., 2015).

In the Mediterranean Sea many jellyfish 
species, both native and non-native reside, and 
some of them have been monitored for centuries 
while other were rarely studied (BROTZ & PAULY, 
2012; D’AMBRA & MALEJ, 2015). In recent years, 
special attention has been paid to some scypho-
medusae species which appear in large masses, 
i.e. form blooms. Their blooms were ubiquitous, 
but an increase of populations was noted in 
many areas, especially in coastal ecosystems 
(BOERO, 2013). In the Adriatic Sea, chronological 
notes of scyphomedusae outbreaks are related 
mainly to the northern region (AVIAN & ROT-
TINI-SANDRINI, 1994; MALEJ, 2001; KOGOVŠEK 
et al., 2010) and along the Italian Adriatic coast 
(BOERO, 2013). The data for the middle and 
south Adriatic refers primarily to Pelagia nocti-
luca, which was relatively rare until 1977, and 
began blooming frequently in the early 1980s 
(ZAVODNIK, 1987; BOERO, 2013). This jellyfish 
outbreak had a great impact on whole Adriatic 
ecology through the disturbance of the food web 
with the final consequence on fishing activities 
(BOERO, 2013). Another scyphozoan species was 
recorded for its short-term mass occurrence 
(26 August - 02 September 1998), the species 
Cotylorhiza tuberculata along the south Adri-
atic coast (BENOVIĆ & LUČIĆ, 2001). Recently, in 
the southern and middle Adriatic scyphozoans 
mass occurrences have been rarely identified 
(LUČIĆ, D., unpublished data). The exception is 
the constant high abundance of Aurelia relicta 
(SCORRANO et al., 2016) in the salt lakes of Mljet Island, 
Croatia (BENOVIĆ et al., 2000; ALVAREZ COLOMBO et 

al., 2009, KOGOVŠEK et al., 2012). 
In the Boka Kotorska Bay, despite the long tradition of 

zooplankton investigations (PESTORIĆ et al., 2017), there 
is generally very little information for gelatinous 
carnivores. LUČIĆ et al. (2012) recorded the first 
bloom of the ctenophore Bolinopsis vitrea in the 
Mediterranean (spring 2009), having a major 
impact on the planktonic food web structure. In 
addition, a bloom of hydromedusa Obelia spp 
(341 ind m-3) had also been described (PESTORIĆ 
et al., 2012). Among the scyphomedusan fauna, 
BABIĆ (1913) cites the finding of a rare species 
Drymonema dalmatinum, whose sightings were 
again reported from the area only after 90 years 
(MALEJ et al., 2014). VUKANIĆ (2006) notified the 
first record of one Chrysaora hysoscella speci-
men in the summer 2006. Beside these, there 
are no recorded data for other gelatinous spe-
cies, although it is known that individuals of the 
genus Aurelia could be seen from December to 
May (MAČIĆ, personal communication).

After 2013, we have observed changes in 
scyphomedusan composition, phenology and 
abundance throughout the Boka Kotorska Bay. 
Thus, given the unavailability of published data, 
the principal objective of this work is to present 
the information of recent jellyfish events. We 
hypothesized that global warming phenomena, 
primarily the increase in sea surface tempera-
ture, could trigger the observed changes. In 
this respect, long-term trends of fluctuations 
and variations of sea surface temperature are 
analysed. Therefore, this study will attempt to 
establish the time series analytical framework 
that will contribute to understanding the trends 
of jellyfish appearance and abundance in the 
Boka Kotorska Bay.

MATERIAL AND METHODS

Study area

The Boka Kotorska Bay is a relatively large 
(87 km2) shallow semi-enclosed area, located in 
the south-eastern part of the Adriatic Sea (Fig. 
1). The Bay comprises three basins: The Kotor-
Risan Bay, the Tivat Bay and the Herceg Novi 
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Bay. Often referred to as a fjord owing to its 
dramatically steep mountain walls, it is in fact, 
a submerged river canyon. The whole area is 
greatly influenced by the large influx of fresh 
water from streams and submarine springs. The 
highest surface salinity oscillations occur in the 
shallower Kotor-Risan Bay (9.2 - 35.2), and the 
lowest in the Herceg Novi Bay (18,0 - 37.7) 
(MANDIĆ et al., 2017a). The water exchange with 
the southern Adriatic depends primarily on tidal 
variations with incoming currents near the bot-
tom and outgoing currents on the surface. The 
specific geographical position and the combina-
tion of environmental factors create ecological 
conditions, which are different in many ways 
from those of the area outside the Bay. Based on 
the phytoplankton composition and abundance, 
the Bay is moderately eutrophic (DRAKULOVIĆ 
et al., 2017). At the same time, it is under pro-
nounced pressures by tourism and related urban 
development (KNEŽEVIĆ & PETOVIĆ, 2017).

Seawater temperature

Monthly and yearly averages of sea surface 
temperature (SST) from 1984 to 2017 were 
used as a climate proxy of the Boka Kotorska 
Bay. Data were provided by the Montenegrin 
Meteorological and Hydrological Service, sup-
plemented with data measured by the Institute’s 
staff with various hydrographic probes. Data for 
the Kotor Bay and the Herceg Novi Bay were 

analyzed and integrated into a single database. 
The SST for the Tivat Bay was not analyzed due 
to the small number of available data. In addi-
tion, during the blooms of Discomedusa lobata 
vertical profile of temperature and salinity were 
obtained by in situ measurements with a HQ40d 
Multi-Parameter Digital Meter.

The inter-annual SST trend is shown by a 
linear regression model. Using the least squares 
method, the straight line of the equation was 
defined which had the slightest deviation from 
the empirical values. SST data were presented 
as yearly and seasonal anomalies, i.e. departures 
from a long-term (1984 – 2017) average. Yearly 
seasonal values were determined as an average 
of January – March values for winter, April – 
June for spring, July – September for summer, 
and October –December for autumn. 

Observations and estimation of 
schyphomedusae abundance

Continuous monitoring of the scyphomedu-
sae occurrence in the Boka Kotorska Bay started 
in 2013. Monitoring was conducted monthly by 
visual observations of scientists of the Institute 
of Marine Biology (Kotor, Montenegro) from 
the shore, with a video camera operated remote-
ly from a research vessel and during dives. 
Additional information was obtained from fish-
ermen’s, local sailors and reliable sources on the 
basis of validated reports organized through the 
actions of “Citizen Science”.

A semi-quantitative time series (2013 - 2017) 
of medusan occurrence has been constructed 
from field observations. A value between 0 
and 3 was attributed to each month according 
to the following criteria: when medusae were 
not observed, a 0 value was attributed to that 
month; a value of 1 corresponded to the sporadic 
events of individual organisms noted; 2 was 
attributed when medusae were numerous and 
frequently observed within the specific month; 
and 3 represented the months when numerous 
medusae were frequently observed, and at least 
one blooming event was recorded. 

Specimens of the genus Aurelia are deter-
mined as Aurelia spp., due to the fact that 

A B

Fig. 1. (a) Position of the Boka Kotorska Bay in the Adriat-
ic Sea. (b) Map of the Boka Kotorska Bay: A – Bay of 
Kotor-Risan; B – Bay of Tivat; C – Bay of Herceg Novi
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genetic analysis revealed several cryptic species 
of previously ubiquitous Aurelia aurita (DAW-
SON & JACOBS, 2001). SCORRANO et al. (2016) 
recently identified Aurelia coerulea von Lend-
enfeld, 1884 and Aurelia solida Browne, 1905 
as the two species established in the coastal 
areas across the Mediterranean Sea. For the pur-
pose of this study, no phylogenetic analysis was 
performed to clarify the identity of the speci-
mens from the investigated area. In addition, our 
dataset consists of data collected before the pub-
lication of SCORRANO et al., (2016); therefore, 
we denoted Aurelia specimens as Aurelia spp. 

Biometric measurements of jellyfish were 
performed when they were found in larger num-
bers. Specimens were carefully hand-collected 
and stored in a plastic bucket in a shaded place. 
Bell diameters were measured to the nearest 1 
mm on freshly collected medusae flattened on 
a glass plate with the oral side facing up. Gut 
content of Discomedusa lobata were checked by 
examining the oral arms and radial canals of 60 
specimens (bell diameter rang 3 - 8 cm) using an 
Olympus SZX-9 stereomicroscope.

RESULTS

Sea surface temperature

Considering the total analyzed period (1984 
- 2017), there was an increasing trend of SST 
of 0.48°C per decade (Fig. 2). Inter-annual 
changes of SST showed marked variations and 
predominant negative anomalies over the 1980s 
to the mid of 1990s (Fig. 3, top). From the end of 
1990s to 2010, a high inter-annual variation was 
noted with minor deviations from the average. 
The warming has particularly intensified since 
2010 and followed by seven warm years, six 
being more than 0.5 °C warmer then the long-
term average (Fig 3.). During the later period, 
warming was accounted due to the higher than 
average SST in all seasons, particularly in spring 
with 11 consecutive years (2007 – 2017) of 
SST higher than the long-term average: > 0,5 
°C in all years except 2013 (0.24°C) and 2014 
(0.45°C). According to our data, 2015 was an 
exceptionally warmer year with annual mean of 

Fig. 2. SST linear trend for 1980-2017

1.41°C above the long-term average due to high 
summer and autumn SST of 2.19 and 1.68°C 
above the average, respectively. 

Scyphomedusae

Six species of scyphomedusae were recorded 
in the Boka Kotorska Bay from 2013 to 2017: 
Aurelia spp. (Linnaeus, 1758), Chrysaora hys-
oscella (Linnaeus, 1767), Cotylorhiza tubercu-
lata (Macri, 1778), Discomedusa lobata Claus, 
1877, Drymonema dalmatinum (Haeckel, 1880) 
and Rhizostoma pulmo (Macri, 1778). Among 
them, C. hysoscella, D. lobata, and C. tubercu-
lata formed blooms.

Bloom forming species

Chrysaora hysoscella was present in the 
Boka Kotorska Bay from 2014 to 2017 
(Fig. 4). It was observed from February to 
August, but was most common in April and 
May with 40 and 20% of total observations 
(170), respectively (Fig. 5). Mass occur-
rence of this jellyfish was recorded in 2014, 
2015 and 2017 in the whole study area. 
An especially extended bloom of 14 days 
occurred in 2015. In this year, specimens 
were observed in the water column of the 
Bay for 58 consecutive days (Fig. 6). The 
smallest number of continuous observations 
of only 10 consecutive days was noted in 
2016 during the only non-bloom year of the 
investigated period. Individual bell diam-
eters ranged between 6 (February) and 28 
cm (May, 2017), on average 14.4±4.5 cm 
(N=121). The highest frequency of medusae 



29Violić  et. al.: Recent changes (2013-2017) in scyphomedusan fauna in the Boka Kotorska Bay,...

Fig, 3. Long-term yearly and seasonal sea surface temperature anomalies in the Boka Kotorska Bay

bell diameters collected in the Boka Kotor-
ska Bay, were in the range of 16 - 18 cm 
(Fig. 7). 

The first reliable record of Discomedusa 
lobata in the Boka Kotorska Bay was noted in 
2013 when specimens were found sporadically 
from early March to June in the inner area of 
the Bay (Fig. 4). The first bloom with estimated 
density at 100 individuals per 10 m2, was noted 
in April 2014, and a similar one in mid-May. 
The latter lasted two days after which no indi-
viduals were observed. High numbers (10 ind. 
per 10 m2) were present for over eight days in 
February 2015, after which individuals were 
found only sporadically until end of March, 
when an extremely dense bloom occurred in a 

shallow part of the Bay that is influenced by 
spring water (Fig. 8). Water column temperature 
during blooms ranged from 13.5 to 19.1 ºC. 
Salinity generally was low, ranging between 8.5 
and 25.5. Bell diameters (N=160) ranged from 
2.1 (March 2015) to 9.2 cm (March 2013), with 
the highest frequency of medusae size between 4 
and 5 cm (Fig. 9). Specimens with bell size larg-
er than 4 cm had developed gonads. Sex was not 
determined. During March 2013, exclusively the 
salp Thalia democratica was found as prey (10 
medusae inspected), while gastric cavities were 
empty during other bloom events (50 medusae 
inspected). 

Cothyloriza tuberculata, a summer species, 
was rarely seen in the Bay until 2017. It was 
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observed only sporadically, predominantly from 
August to September in the years between 2013 
and 2016 (Fig. 4). However, in 2017 large out-
breaks of C. tuberculata were recorded in the 
whole Boka Kotorska Bay. It was continuously 
present for 60 days from 27 of July to the 25th 
of September, and in masses from August 09 to 
September 05. Bell diameters for 57 specimens 
measured during bloom ranged between 4 cm 
and 40 cm. Most of them were between 15 cm 
and 30 cm.

Non-bloom forming species

Since 2013, Aurelia ssp. specimens were 
rarely noticed (Fig. 10). The higher relative 
abundance was recorded at the end of May 
2015, with the duration of its presence of nine 

Fig. 4. Temporal distribution of bloom-forming jellyfish 
in the Boka Kotorska Bay from 2013 to 2017. Colors 
indicate the relative abundance of jellyfish: blue = 
sporadic events of individual organisms; yellow= 
medusae were numerous and frequently observed; 
red= larger aggregations were frequently observed, as 
well as blooming events

Fig. 5. Monthly frequency of occurrence of Chrysaora hys-
oscella in the Boka Kotorska Bay from 2013 to 2017

Fig. 6. Annual presence of Chrysaora hysoscella in the 
Boka Kotorska Bay by days (1 = individual; 2 = 
numerous; 3 = bloom)
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consecutive days. Aurelia spp. medusae were 
more frequently observed in 2017, when were 
randomly found from February to July.

Fig.7. Bell size-frequency distribution of Chrysaora hysos-
cella in the Boka Kotorska Bay (N=121)

Fig. 8. Discomedusa lobata bloom close to the river spring, 
27 March 2015 (Foto: V. Mačič)

Fig. 9. Bell size-frequency distribution of Discomedusa 
lobata in the Boka Kotorska Bay (N=160)

Drymonema dalmatinum was noted in a 
small number of specimens in June and August 
of 2014, and from April to June 2017, what is the 
longest known permanent retention in the Adri-
atic Sea (Fig. 10). Medusae were found mainly 
at the surface of the water column oriented with 
the bell upside down, or less often when the bell 
is vertically laid with long tentacles spreading 
behind it. Bell diameters varied from 15 cm to 
60 cm (N=7), measured in May and June 2017, 
respectively. The bell color of the larger speci-
mens was darker, and of the smaller specimens 
was milky-transparent.

Rhizostoma pulmo were rare and the less 
abundant Scyphozoa species in the Boka Kotor-
ska Bay, periodically noted from June to Octo-
ber. In a slightly higher number of individuals 
was recorded only in August 2017 (Fig. 10).

DISCUSSION

Six scyphomedusae species were recorded 
in the Boka Kotorska Bay during 2013 – 2017: 
Aurelia spp, Chrysaora hysoscella, Cotylorhiza 
tuberculata¸ Discomedusa lobata, Drymonema 
dalmatinum and Rhizostoma pulmo. Aurelia 
spp., D dalmatinum and R. pulmo were observed 
sporadically and represented only by few indi-
viduals, except for short period of medusae 
aggregations in 2015 and 2017 for Aurelia 
and R. pulmo, respectively. This is in contrast 
with reports from many coastal areas in the 
Mediterranean Sea, where extended episodes 
of blooming events of the two species are com-
mon (KOGOVŠEK et al., 2010; FUENTES et al., 2011; 
MALEJ et al., 2012). In contrast, D. dalmatinum, 
a rhizostomid species that was very rarely 
recorded in the Mediterranean Sea, has become 
increasingly common in the Bay. In fact, in 
2017 medusae were present for three consecu-
tive months (April–June), which is the longest 
known permanent retention in the Adriatic Sea. 

On the other hand, C. hysoscella and D. 
lobata were very common in the Bay, along 
with C. tuberculata in 2017. During winter and 
spring, C. hysoscella and D. lobata were often 
numerous in the water column, forming dense 
aggregations in March and May, and February 
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to May, respectively. Our description of the D. 
lobata blooms is actually the first known records 
for this species. D. lobata was first described by 
CLAUS (1877) from the specimen(s) collected in 
the Gulf of Trieste, the northern Adriatic Sea. 
There are occasional reports from the western 
Mediterranean Sea (RANSON, 1945; MADIN, 1991; 
PAGES et al., 1992: GUERRERO, 2018), the west-
ern coast of Africa (PAGES et al., 1992) and the 
English Channel (see RUSSELL, 1970). Despite 
being known since the 19th century, there is very 
little information about biology of this species. 
Since 1914, when it was first described, it was 
not mentioned for the Gulf of Trieste until the 
period 1981-1985 (AVIAN, 1992). After that, it 
was recorded only in 2011 in the Marmara Sea, 
Turkey, and again and in high abundance two 
years later (ISINIBILIR et al., 2015). Therefore, our 
results and findings of ISINIBILIR et al. (2015) 
represent the first published data for this jelly-
fish after 25 years in the Mediterranean, and the 
first record for the Adriatic outside its northern 
part. Mean sizes of the D. lobata bells in the Bay 
are consistent with the results of AVIAN (1992), 
measuring mostly between 2 and 8 cm, while 
the maximum size of up to 15 cm reported for 
the northern Adriatic Sea were not recorded in 
the Boka Kotorska Bay. AVIAN (1992) observed 
that adult specimens resided outside the Gulf 
of Trieste and linked it to the possibility of its 
reproduction area being in the open sea. Our 
finding was the opposite: a mass of sexually 
mature specimens was recorded just inshore in 
direct contact with fresh water inlet, which 
points to the importance of low temperature and 
salinity for reproduction of this medusa. In any 
case, our estimation of abundance included the 
highest known values reported for D. lobata. 

The compass jellyfish C. hysoscella in the 
Boka Kotorska Bay was first reported for 2006 
(VUKANIĆ, 2006) and it was regularly present 
from 2014 on, frequently forming blooms in 
spring. Despite being native to the Mediter-
ranean Sea, there is no sufficient literature 
information about C. hysoscella distribution and 
abundance to enable us comparing the results 
with the observations across the basins of the 
Mediterranean Sea. In the northern Adriatic, 

it was first reported for 1874 and was regu-
larly observed since then (KOGOVŠEK et al., 2010). 
Since 2003, C. hysoscella was present from 
February to July, but it rarely formed blooms 
(KOGOVŠEK, unpublished data). The seasonal 
dynamic of C. hysoscella medusae in the Boka 
Kotorska Bay is therefore consistent with the 
observations from the northern Adriatic Sea. To 
our best knowledge, there are only two docu-
mented short-time blooms for this species in the 
northern Adriatic: June 1910 (BABIĆ, 1913) and 
spring 1989 (DEL NEGRO et al., 1992). Outside the 
Adriatic basin, higher numbers were noted in 
the Marmara Sea in May (İŞINIBILIR & YILMAZ, 
2016). The mean abundance of C. hysoscella 
was increased from 2001 to 2009 in this area, 
but then it sharply decreased in 2010 and since 
then it was sporadically observed (İŞINIBILIR 
& YILMAZ, 2016).  Therefore, our data present 
important information on the seasonal dynamic 
of this species and the record of the most pro-
longed outbreaks of this species in the Adriatic, 
as well as in the Mediterranean Sea. 

Cotylorhiza tuberculata was observed spo-
radically, principally from August to September 
in the years between 2013 and 2016. However, 
the bloom was established only in 2017, being 
the first official record of C. tuberculata mass 
appearance in this area. In the coastal part of the 
southern Adriatic Sea, outside the Boka Kotor-
ska Bay, only two individuals were recorded in 
August 2015 (for 2013 - 2017 period), while in 
middle and in the northern area of the Adriatic 
Sea it was frequent and abundant during the 
same period (LUČIĆ, pers. comm.). C. tubercu-
lata is the warm-water jellyfish which is known 
to form blooms in the whole Mediterranean Sea; 
yet, the published information on this species 
is very scarce (KIKINGER, 1992; KOGOVŠEK et al., 
2010; RUIZ et al., 2012; ASTORGA et al., 2012). Based 
on limited data published in previous reports, we 
concluded that medusae seasonal dynamic and 
the measured size ranges are consistent with pre-
viously published data from two Mediterranean 
regions, the Ionian Sea, Greece, and the Mar 
Menor, Spain (KIKINGER, 1992; RUIZ et al., 2012). 

The causes of jellyfish blooms are manifold 
(BOERO et al., 2008), and several are linked to local 
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conditions that favor episodic and rapid increases 
of population sizes of many species (DUARTE et 
al., 2013), and specific organismal traits (DAWSON 
& HAMNER, 2009). Since the phenomenon has 
become global, the causes are seen in the aspect 
of global changes. Generally, increases in jel-
lyfish populations are hypothesized to be caused 
by the synchronic forcing of climate change and 
the anthropogenic impacts on the marine envi-
ronment. These drivers include global warm-
ing, eutrophication, overfishing, mariculture and 
coastal development (MILLS, 2001; PURCELL et 
al., 2007; RICHARDSON et al., 2009; DUARTE et al., 
2013, VODOPIVEC et al., 2017). Most Scyphozoans 
are metagenetic with alternation of a peren-
nial benthic polyp that reproduce asexually, and 
sexually reproducing planktonic medusa stage. 
In perturbed ecosystems, such life traits/jelly-
fish physio-ecological properties enable them 
to tolerate some environmental stressors bet-
ter than other organisms, thus facilitating the 
proliferation of one or both life stages that may 
lead to harmful jellyfish blooms. In this respect, 
many scientists consider sea temperature rise as 
one of the most important agents (LYNAM et al., 
2004; BOERO et al., 2016), affecting all life stages. 
In temperate environments, temperature rise has 
been shown to favor asexual reproduction of 
polyp population (HAN & UYE, 2010; PURCELL et 
al., 2012; HUBOT et al., 2017) or trigger strobilation 
of warmer species (PRIETO et al., 2010; RUIZ et 
al., 2012; LUCAS et al., 2012; ASTORGA et al., 2012), 
while for medusae warmer conditions lead to 
increased growth rate (WIDMER, 2005; VAN WAL-
RAVEN et al., 2015) and eggs production (PURCELL 
& DECKER, 2005). Our results of SST variations 
in the Boka Kotorska Bay clearly showed an 
overall increasing trend and positive tempera-
ture anomalies since 2011. In addition, analyses 
have shown a sharp increase in average values 
in all seasons compared to years before 2011 
(Fig. 3). These results are concomitant with data 
obtained from the long-term (1959 - 2015) anal-
ysis of mid-Adriatic (GRBEC et al. 2018). GRBEC 
et al. (2018) emphasized that the SST warming 
was noticeable after 1980 and has particularly 
intensified since 2008, with trends as high as 
1.56 ºC/decade. For the northern Adriatic, one 

of the most elaborated areas involved in jellyfish 
outbreaks in the Mediterranean, KOGOVŠEK et 
al. (2018) points out a substantial increase of jel-
lyfish since 1980s and in particular from 2000 
to the present (KOGOVŠEK et al., 2010; MALEJ et al., 
2012), concomitant with the changes in climate. 
In the Boka Kotorska Bay, the scyphomedusae 
blooms coincided with high positive tempera-
ture anomalies. The 2015 was a particularly 
warm year in which D. lobata and C. hysoscella 
were observed earlier in the season compared 
to other years (Fig. 4). Mild winter with SST 
of 0.89 ºC above the long-term average may 
have stimulated faster ephyrae development and 
medusae growth rate, making them easier to 
detect in the water column by our visual census. 
On the other hand, extremely warm summer 
may have caused senescence and abrupt collapse 
of the medusae population (GATZ et al., 1973) ear-
lier in the season. Common patterns in interan-
nual fluctuations in seasonality and abundance, 
allow us to speculate that similar forcing are 
driving the population dynamic of both species. 
In addition, C. hysoscella and D. lobata formed 
dense aggregations and blooms in 2015 (and the 
former in 2017), in the year with high Aurelia 
spp. densities. Intraguild predation on Aurelia 
spp. may provide valuable energy to fuel the 
numerous populations of the two sympatric spe-
cies. Both, C. hysoscella and D. dalmatinum are 
voracious predators on gelatinous zooplankton 
(LARSON, 1987; PURCELL, 1991; KINOSHITA et al, 
2006). In fact, Aurelia medusae were observed 
more frequently in the Boka Kotorska Bay prior 
our investigations (personal announcements of 
residents). Thus, competition, but mostly preda-
tion by co-occurring gelatinous species may be 
important driver/control of Aurelia spp. popula-
tion in the Bay. Likewise, we speculate that the 
ctenophore Bolinopsis vitrea, that was blooming 
in spring 2009 and was often observed until 
2014 (LUČIĆ et al., 2012), almost disappeared in 
last years. On the other hand, the warm-water 
species, C. tuberculata may be benefiting from 
the warming sea: mild winters increase the 
survival of the polyps (PURCELL et al., 2012), 
while earlier increase in SST in spring above 
21°C triggers strobilation earlier (KIKINGER, 
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1991; PURCELL et al., 2012), and high spring and 
summer temperatures promote medusae growth. 
Indeed, extremely high spring SST in 2017 lead 
to earlier detection of C. tuberculata medusae 
by visual census (July compared to August in all 
previous years investigated). However, unusu-
ally cold autumn may be the reason for an abrupt 
collapse of blooming population in that year.

 In addition to an increasing trend in SST, the 
consistency of the polyp reservoir is the premise 
for the onset of the blooms for the species with 
a benthic stage (DUARTE et al., 2013; LUCAS et al., 
2012). Due to their size, the locations of polyp 
populations in their natural environment are 
very rarely identified. In the Adriatic Sea, only 
Aurelia spp. polyp colonies have been located 
and identified (DI CAMILIO et al., 2010; MALEJ 
et al., 2012). Currently, there are no data on the 
presence, the distribution and the abundance of 
scyphistomae in the Boka Kotorska Bay. How-
ever, due to the continuous and abundant pres-
ence of medusae stages of certain species in the 
Bay (juvenile and mature), and the fact that the 
jellyfish blooming was very rarely observed in 
the southern Adriatic Sea outside the Bay (LUČIĆ 
& PESTORIĆ, pers. comm.), speculative conclusions 
can be made about the possibility of established 
polyp populations in the area. Therefore, further 
investigations are needed to untangle the role of 
polyps in medusa blooming dynamic under the 
patterns of change detected in the marine 

CONCLUSIONS

In this study we provided the first valu-
able insight into the scyphomedusan phenol-
ogy and variations in abundance in the Boka 
Kotorska Bay. Based on our semi-quantitative 
dataset of jellyfish occurrence we concluded 
that the jellyfish in the study area have become 
more frequent and abundant after 2013. This 
increase was concomitant with the impulsive 
sea-surface warming detected for the region 
during the last decades. Similar patterns have 
been previously reported from several regions 
of the Mediterranean Sea (e.g. KOGOVŠEK et 

al., 2010; BROTZ et al., 2012; BOERO, 2013) and the 
authors proposed climate change as one of the 
important drivers. Increasing trend in sea-water 
temperature may have direct or indirect effect on 
both, pelagic and benthic stages of scyphozoan 
species. The current research was focused only 
on the medusa stage, since the locations of the 
scyphistoma colonies in the Bay have not been 
identified yet. However, due to regular observa-
tions of juvenile and mature medusae in the Bay, 
and rare sighting or even their absence along 
the south Adriatic coast outside the Bay during 
the blooming events, we speculate that the six 
species established their population in the study 
area. Recent rapid artificial activity in the Bay 
through construction of docks, wharfs, marinas 
and sea walls (KNEŽEVIĆ & PETOVIĆ, 2017), as 
well as an increase in the capacity of shellfish 
farming (MANDIĆ et al., 2017b) may have provided 
additional habitat for polyps that contributed 
to the enhancement of jellyfish population size 
(MALEJ et al., 2012; DUARTE et al., 2013). A steady 
increase in artificial marine structures may then 
have acted additively and synergistically with 
climate change, creating environment in which 
opportunistic jellyfish may thrive. Thus, to bet-
ter understand the complex mechanisms under-
lying changes in phenology and abundance of 
the scyphozoan in the Bay, detailed studies on 
benthic stage are essential.
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SAŽETAK 

Semi kvantitativne serije podataka (2013.-2017.) upotrjebljene su za prikaz novonastalih promje-
na pojave i brojnosti režnjaka u akvatoriju Bokokotorskog zaljeva. Pretpostavljajući da bi globalno 
zagrijavanje moglo potaknuti promatrane promjene, analizirani su dugoročni trendovi fluktuacija 
površinske temperature mora. Zabilježeno je šest meroplanktonskih vrsta: Aurelia spp, Chrysaora 
hysoscella, Cothyloriza tuberculata¸ Discomedusa lobata, Drymonema dalmatinum i Rhizostoma 
pulmo. Među njima C. hysoscella, i D. lobata su bile veoma česte i brojne., formirajući nakupine 
velikih gustoća tijekom zime i proljeća. Za vrstu D. lobata je ujedno prvi poznati opis masovne 
pojave ove meduze. Vrsta C. tuberculata je u akvatoriju bila primijećena tijekom ljeta, a u velikim 
gustoćama samo u 2017. godini. To je prvi dokumentirani opis masovne pojave ove meduze u Boko-
kotorskom zaljevu. Pojave mase režnjaka u plankton podudaraju se s visokim odstupanjima površin-
ske temperature mora zabilježenih posljednjih sedam godina. Stoga, naši opisi fenologije i brojnosti 
režnjaka u Bokokotorskom zaljevu su u skladu s dokazima porasta gustoće populacija želatinoznog 
zooplanktona na globalnoj skali. Za bolje razumijevanje mehanizma opisanih promjena neophodno 
je provesti detaljna istraživanja biologije i ekologije bentonskih stadija ovih organizama.

Ključne riječi: želatinozni zooplankton, masovne pojave, fenologija, površinske temperature mora, 
Sredozemno more
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