
ngo pomalo

MANUAL ON THE IMPACT OF CLIMATE CHANGE 
ON SUSTAINABLE DEVELOPMENT OF FISHERY 
OF THE VIS ARCHIPELAGO



The content of this brochure is the responsibility of:

POMALO

Ribarska 2
21485 Komiža
Tel: +385 (0)91 602 5007  
e-mail: udrugapomalo@gmail.com

Text prepared by: 
Anita Vidović, Dora Čukušić and Dr. Igor Mataić 

Design: 
Stephanie Milina

Ilustration: Free pic web stranica, Fishing boat sketches.

Supported by a grant from Open Society Institute –Sofia 
Foundation (OSIS) with the support of Open Society Foun-
dations (OSFs) and in cooperation with the Open Society 
European Network (OSEN). Responsibility for the contents 
and views expressed in the manual therein lies entirely 
with the Association Pomalo and in no way can be con-
strued as reflecting the official position of OSIS, OSFs or 
any affiliated entities.

Year: 2021



1

Content

• Introduction
• Geomorphology of the Adriatic Sea
• Termohaline properties of the Adriatic Sea
• Influence of the climate change on the Adriatic Sea
 
• Changes in the Adriatic Sea ichtyofauna
• Monitoring the effects of climate change
• Distributional shifts of native fishes
• Community-level changes of native population of fishes
• Influx of foreign fishes

• Questionnaire
 
• Survey results
• Fishermen’s experience and fishing methods and techniques used in 

fishery
• Foreign thermophilic fish species
• Rare and endangered domestic fish species
• Fishermen’s view on the development of fishery
 
• Conclusion
 
• References

•   About Children of Neptun
 
• About us



2

Introduction

Prompted by the unfavorable situ-
ation of the local fishing communi-
ty of the island of Vis, which arises 
from the fact of the non-existence of 
a strategy for the sustainable devel-
opment of fishery, we have prepared 
a document aiming to inform local 
community, as well as Vis visitors, 
on the impacts of climate change on 
the Adriatic Sea fishery. Along with 
education on the effects of climate 
change and affirmation of fishing 
activities, the purpose of this pub-
lication is to conduct a survey on 
presence of foreign thermofilic fish 
species in the Adriatic sea and their 
effects on the sea ecology and sus-
tainability of fishery. The survey is 
based on the knowledge and expe-

rience of local fishermen, as well as on published scientific records on the impacts of climate 
change on the ichthyofauna of the Adriatic Sea. The survey revealed the increase in the abun-
dance of some key thermofilic fish species within target area of a Vis archipelago. In addition, 
cooperation with local fishermen in monitoring of the impact of climate change revealed some 
key problems that local fishery is facing today, crucial for decision-making processes on ways of 
sustainable management of the Adriatic Sea.

Geomorphology of the Adriatic Sea

Situated in the northmost part of 
the Mediterranean, Adriatic Sea is 
a rather small semi-enclosed ma-
rine environment very susceptible to 
climate change [55, 21, 41]. It is char-
acterized with an elongated shape 
(Fig. 2), with a shallow northern and 
a deeper southern part [51]. North 
Adriatic never exceeds 100 meters 
[21]. Greatest depth in the area of 
Middle Adriatic is 273 m in the Jabu-
ka Pit, while the South Adriatic hosts 
the South Adriatic Pit with the depth 
of 1233 m [21].

Eastern coast of the Adriatic Sea 
is high, rocky and articulated with 
many islands (Fig. 2), and thus char-
acterized by the abundance of coast-
al habitats [21]. Level of fish biodiversi-
ty of these coastal habitats however, 
are defined by thermohaline proper-
ties (temperature and salinity) of the 
marine environment [51], determined 
by the interactions between sea and 
air, river discharge, mixing, currents, 
water exchange and topography of 
the basin [21].

Figure 1. 
Komiža main city port.

Figure 2. 
Depth of the Adriatic Sea [40].
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Thermohaline properties of the Adriatic Sea

The Adriatic Sea is a peculiar area 
with a strong latitudinal gradient 
(Fig. 3), characterized by very low 
winter temperatures in the northern 
part and very hot summers in the 
southern part [77, 22, 49]. Mean tem-
peratures of the deepest layers of the 
Adriatic Sea are above 10 °C during 
the whole year [51, 21]. In winter, 
temperatures of the surface water 
are between 6 and 15 °C, with lower 
temperature in the northern part and 
higher ones in the southern part of 
the basin [51, 21]. In summer, the up-
per water layers can reach tempera-
tures of 22–25 °C [51]. The open sea is 
generally warmer than the coastal 
waters [78, 21].

The average salinity of the Adriatic Sea is 38.3 ‰, with the lower values observed during the win-
ter months [51]. The highest salinity occurs in the South Adriatic (38.4 to 38.9 ‰). Overall, salinity 
decreases from south to north, and from open sea to the coast [21].

Currents in the Adriatic Sea consist of surface, intermediate and bottom layer and are influenced 
by general Mediterranean circulation regimes [21]. The surface circulation of the Adriatic Sea (Fig. 
4) is characterized with northerly flow along the eastern coast (EAC), and southerly flow along 
the western coast (WAC) [46, 21]. Furthermore, as shown in Fig. 4 we differentiate subcurrents: 
North Adriatic Gyre (NAdG), Middle Adriatic Gyre (MAdG), and South Adriatic Gyre (SAdG) [38].

Currents in the Adriatic Sea consist of surface, intermediate and bottom layer and are influenced 
by general Mediterranean circula-
tion regimes [13]. The surface circu-
lation of the Adriatic Sea (Fig. 4), is 
characterized with northerly flow 
along the eastern coast (EAC), and 
southerly flow along the western 
coast (WAC) [29, 13]. Furthermore, 
as shown in Fig. 4 we differenti-
ate subcurrents: North Adriatic 
Gyre (NAdG), Middle Adriatic Gyre 
(MadG), and South Adriatic Gyre 
(SadG) [24].

Influx of water from the Ionian 
Sea and/or central Mediterranean 
into the Adriatic Sea depends upon 
the cyclonic or anticyclonic re-
gime, and occurrence of extreme 
weather conditions [21, 41]. Influx 
of warmer, nutrient rich and more 
saline Ionian waters contributes to 
the presence of some rare (and for-
eign) species in the Adriatic waters 
and has a profound influence on 
the Adriatic biodiversity [21].

Figure 3. 
Temperature of the Adriatic Sea [33].
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Figure 4. 
Sea currents of the Adriatic Sea [24].
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Influence of the climate change on the Adriatic Sea 

The climate change is usually perceived as the buildup of carbon dioxide and other greenhouse 
gases in the atmosphere, causing a rise in mean atmospheric temperature [21]. Changes in mean 
atmospheric temperature and rainfall are reflected in changes in temperature, salinity, oxygen 
level, circulation and seasonal patterns of seas and oceans [41]. Namely, increase in water tem-
perature leads to reduction of oxygen and increase in salinity level of the marine environment, 
while indirect effects are modification in water circulation [41, 13]. In addition, excess carbon diox-
ide in atmosphere leads to increase in acidity or pH level of the Adriatic Sea [41].

The consequences of the climate change are reflected in significant changes in biodiversity of 
the Adriatic Sea [21]. Namely, the flora and fauna of the Adriatic Sea is a result of the numerous 
geological, geographical, climatic and biological processes [21]. During the last few decades how-
ever, in addition to factors such as significant anthropogenic activity, it is the climate change that 
has played a crucial role in shaping of the Adriatic ecosystem [21]. As a result, the Adriatic eco-
system is subjected to a continuous process of alteration, including ichthyofauna [13, 37, 51, 21]. For 
that reason, fishes are excellent indicators of the effects of environmental changes and climate 
variability [21]. In that perspective, data collected by fishermen in their professional activity are 
crucial for monitoring of the current status of climate change effects and its repercussions on the 
Adriatic Sea ichthyofauna.

Time series of the mean annual sea surface temperature measured at Split, Hvar, and Komiža 
stations (Fig. 5), in last three decades clearly show increasing trend, with values for Komiža being 
annually the highest [9]. Recent reports estimate an increase in the temperature of the Adriatic 
Sea by 1.6 to 2.4 °C, and an increase in the mean annual salinity in the Adriatic between 0.4 and 
0.8 ‰ by 2070 [41]. The expected consequences are migration of fish into deeper waters and to 
the north, increased number of foreign species, and significant impact on biodiversity and abun-
dance of domestic fish species [41]. In order to adapt to the climate change, it is crucial to encour-
age local fishermen to use their own knowledge and experience to participate in monitoring of 
the climate change impacts on the state of ichthyofauna of the Adriatic Sea, to cooperate with 
information on issues related to their needs, as well as to participate in the decision making pro-
cesses on ways of sustainable management of the Adriatic Sea.

Figure 5. 
Time series of the mean annual sea surface temperature measured at Split, Hvar, and Komiža stations [9].

Year

Se
a

 s
u

rf
a

ce
 te

m
p

er
a

tu
re

 [°
C

]



5

Changes in the Adriatic Sea ichtyofauna

Monitoring the effects of climate change 

Climate change affects the entire marine ecosystem, and these changes can be reflected in the 
abundance of specific fish species, so that some become more abundant, and for some the num-
ber decreases [21]. Often these changes are the result of expansion or narrowing of the distribution 
range of specific species depending on their temperature preferences, but also on the number of
other ecological changes such as reduced prey presence or increased predation rate [21].
For that reason, the consequences of the climate change are monitored by the influx of foreign 
fishes, distributional shifts of native fishes and community-level changes of native population of 
fishes [21]. In the Adriatic Sea, local information on tracking the dynamic of ichthyofauna chang-
es is scarce [49]. Indeed, there is a gap of knowledge on such dynamics mainly due to the lack 
of high resolution data both in space and time [49]. Most scientific knowledge is limited to pub-
lished records of the first occurrence of species in new areas and long-term data series are usually 
lacking [49].

Marine fishers accumulate a vast amount of Local Ecological Knowledge (LEK) during their fish-
ing activity that is of paramount importance for monitoring how climate change affects the struc-
ture of biological communities [49]. Investigating local ecological knowledge of specific target 
groups such as professional and recreational fishers, information on changes in ichthyofauna 
can be easily accessed on large geographical scale and can be used to identify and monitor oc-
currence and abundance of those fish species that are regarded as indicators of climate change 
[49]. Monitoring such phenomena is of paramount importance for adaptive management of the 
Adriatic Sea [49]. In continuation of this chapter, we show examples of the impact of climate 
change on the abundance of small pelagic fish species in the Adriatic. It is important to empha-
size that the impact of climate change on the marine fisheries sector is complex, due to the fact 
that the effects can be both positive and negative in economic terms [21]. The consequences of 
climate change on fishing communities will depend on their exposure to change, the sensitivity 
of important species and ecosystem in general to climate change, but also on fishermen ability 
to adapt to new situations [23, 21].

Distributional shifts of native fishes 

Fishery of the Eastern Mediterranean is traditionally based on fishing of small pelagic fish of 
cold water affinity such as Sardine (Sardina pilchardus, Fig. 6), Anchovy (Engraulis encrasicolus, 
Fig. 7), Sprat (Sprattus sprattus, Fig. 8), and to a lesser extent Picarel (Spicara smaris, Fig. 9) [41, 
29]. Three first mentioned small pelagic fish species are traditionally and economically the most 
important species of the Eastern Adriatic fishery [41]. Furthermore, small blue fish is the basic raw 
material of the traditional processing industry which was once based primarily on salting and 
canning [24, 41]. Nowadays, Sardine and Anchovy still amount up to 80 % of total commercial 
catch [41].

Figure 7. 
Anchovy (Engraulis encrasicolus) [62].

Figure 6. 
Sardine (Sardina pilchardus).
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Fluctuations in sea temperature in the last de-
cades are directly related to the catch of small 
pelagic fish in the Adriatic [41]. Because of their 
sensitivity to climate change, distribution and 
abundance of small pelagic fish are excellent 
ecological indicators [21]. Due to an increase in 
sea temperature, the fish species of cold wa-
ter affinity are subjected to reduction of distri-
bution due to northward shift of population or 
meridionalization [21]. The North Adriatic, be-
ing the coldest part (Fig. 3), serves as a refuge 
for cold temperate species, but continuation of 

warming might cause the trapping effect and may cause the extinction of the endemic species 
[21, 4].

Pelagic fish species such as Chub mackerel (Scomber japonicus, Fig. 10), Horse mackerel (Tra-
churus trachurus, Fig. 11), and Atlantic mackerel (Scomber scombrus, Fig. 12), are of considerable 
importance for Adriatic Sea fishery as well. They amount up to about 10 % of commercial catch 
[41]. Furthermore, these species feed upon small pelagic fish such as Anchovy and Sardine and 
small sea crabs. It is worth of noting that several decades ago Atlantic mackerel almost entirely 
disappeared from the Adriatic [72].

Figure 8. 
Sprat (Sprattus sprattus) [65].

Figure 9. 
Picarel (Spicara smaris) [76].

Figure 10. 
Chub mackerel (Scomber Japonicus).

Figure 11. 
Horse mackerel (Trachurus trachurus).

Figure 12. 
Atlantic mackerel (Scomber scombrus) [72].

Community-level changes of native population of fishes 

Native cold water fish species such as European sprat and Sardine, are in decline in the last few 
decades [30, 21]. In the Mediterranean Sea, a replacement of Sardine and European sprat with 
Round sardinella (Sardinella aurita, Fig. 13), already occurs in the catches [57], due to Round sar-
dinella expansions [47, 21]. Round sardinella is well known to our fishermen. In the mid of 19th 
century, due to low amount of Sardine in the Adriatic Sea, fishermen from Hvar in an organized 
manner caught large quantities of this fish species in the vicinity of Lampedusa and Northern 
African coast [24]. Nowadays however, due to its northern expansions, this species is also becom-
ing increasingly abundant in the Adriatic Sea, although it is still being caught in lower quantities 
than Anchovy and Sardine [21]. This species also enters the Northern Adriatic in economically in-
teresting quantities, but has not yet found its place in the fishing industry, despite the fact that in 
some other countries it plays a very significant role in catches and the economy [12].
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Figure 13. 
Round sardinella (Sardinella aurita) (left) and Sardine (Sardina pilchardus) (right) [24].

Influx of foreign fishes 

Another example of the impact of climate change on small pelagic fish species relates to the 
gradual spread of lessepsian fish species towards the north. Namely, since its opening in 1869, 
over 87 fish species have invaded the Mediterranean Sea through Suez Canal [43, 21]. Of those, 
over 14 lessepsian fish species were encountered in the Adriatic Sea [21]. These foreign species 
alter the faunal composition but may also cause severe alterations to ecosystem structure and 
function [48, 6]. One example is that of Brushtooth lizardfish (Saurida lessepsianus, Fig. 14). Unlike 
Round sardinella, this species is in prey- predator relationship with native Sardine and Anchovy, 
and thus have possible negative influence on local communities of those pelagic species [21]. Oth-
er example is that of top predator Bluespotted cornetfish (Fistularia commersonii, Fig. 15), which 
can potentially affect populations of native fish species like: Sardine, Anchovy, and Picarel [21]. 
Impacts do not have to be of ecological or economical nature [21]. Records including occurrences 
of juveniles indicate that Bluespotted cornetfish established its populations in the South Adriatic 
[18, 21].

Figure 14. 
Brushtooth lizardfish (Saurida lessepsianus) [7]. 

Figure 15. 
Bluespotted cornetfish (Fistularia commersonii) [68]. 

Arrival of foreign species of tropical origin affecting thermophilic species well adapted to worm 
waters is termed tropicalization [21]. Consequences may be an increase of abundance of certain
species due to extension of the northern limit of species distributions [21]. Presence or increase 
in abundance of certain thermophilic species in the Adriatic Sea is usually attributed to water 
warming [21]. These can be a result of seasonal sea temperature change, yet in the case of first 
encountered species this effect is related to climate change or facilitated by it [21]. For that reason, 
thermophilic fishes in the Adriatic are categorized into: A) native species, and B) exotic species 
recently entered in [2, 21]. These both are a migratory species, moving northwards in the summer 
months and returning southwards when the sea temperature starts to fall. Native thermophilic 
species in Adriatic however, are those that require temperatures high enough for the reproductive 
processes and development of eggs, and minimum winter temperatures above their lethal limits 
[44, 49].
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Questionnaire 

Comprehensive information about the northward expansion of the foreign thermophilic species 
is difficult to obtain and available data is usually fragmented in space and time [49]. To address 
this issue, we have accessed the Local ecological knowledge of professional fishers, recreational 
fishers and spearfishes in this part of the Adriatic Sea, i.e., Vis archipelago. Local fishers repre-
sent a huge and widespread network of observers with a great potential source of information 
to investigate local changes on fish communities and monitor sea ecology [49]. Firstly, we have 
investigated the information on increase in the abundance of northward expanding thermophilic 
fish species. Also, investigated were information on abundance of domestic, and especially, on 
presence of rare and endangered domestic fish species. Finally, we have investigated fishermen 
views on current state and future development of fishery.

To access the Local ecological knowledge, we used direct survey approach, i.e., personal commu-
nication with local fishermen. Local fishermen were asked to answer eleven questions shown in 
Table 1. Questions 1-3 aimed to identify level of the fishing experience of the respondents, as well 
as to identify fishing methods and techniques used. Questions 1-7 aimed collecting information 
on foreign thermophilic and rare fish species caught in this part of Adriatic Sea, as well as obtain-
ing information on where the fish species were caught. The respondents were invited to indicate 
which fish they have caught among those reported on a list of 36 foreign thermophilic species 
reported so far in the Adriatic. To clearly identify species, each option was associated to a species 
picture, together with its common and scientific name [49]. Then the respondents were asked 
to identify the geographical location where the fish species were caught. Questions 8-10 aimed 
to identify the fishermen view on the development of fishery, as well as to identify the most im-
portant problems they face today. Final question aimed to measure fishermen perception about 
recent changes in the fish species abundance and distribution in the Adriatic Sea. Data collection 
was confidential, as we did not record any sensitive personal information about respondents, 
who were informed about the purpose of the study [49].

Table 1. 
Questionnaire on development of fishery and presence of foreign and rare fish species.

1. When did you start fishing and how long have you been fishing?

2. What type of fishing do you do, commercial or recreational?

3. What fishing tools and techniques do you use?

4. What is your favorite type of fish or catch?

5. What is the most unusual fish species you have caught?

6. Have you encountered foreign fish species in the Adriatic?

7. Which foreign fish species is your most common catch and where do you catch it?

8. How do you see the future of fishery?

9. What do you consider to be the biggest problem of fishery today?

10. What do you enjoy the most about fishing?

11. Do you notice changes compared to the period about twenty years ago?



9

Results 

Fishermen’s experience, methods and techniques used in fishery 

A total of 42 respondents completed the questionnaire. Among the fishermen participating in this 
survey, 50 % of respondents is commercially engaged in fishery. Age and fishing experience of the 
local fishermen participating in the survey is shown in Figure 16. The average age of respondents 
was 43, and the average period of fishing activities was 27.9 years. In average our respondents 
are engaged in fishery for 62.5 % of their lifetime. Thus, our survey considered local fishermen with 
considerable fishing experience.

Figure 16. 

Age and fishing experience of the local fishermen participating in the survey. 

80

70

60

50

40

30

20

10

0
1  2  3  4  5  6  7  8  9  10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

A
g

e 
a

n
d

 fi
sh

in
g

 e
xp

er
ie

n
ce

Fisherman

Experience

Age

Among fishing techniques used (see 
Fig. 17), local fishermen predominant-
ly used: longline (23.5 % of replies), fol-
lowed by angling (21.7 %), and trap fish-
ing (14.8 %). Remaining techniques such 
as spearfishing, purse-seine and drift-
net fishing were marked with 13.0, 8.7 
and 7.8 % of use, respectively. The least 
used technique was trawl line fishing 
with 0.9 % of respondent replies. Fishing 
technique used influenced the possible 
catch, as many of the selective fishing 
techniques omit ability of catching cer-
tain fish species.

Figure 17. 
Fishing techniques used by the local fishermen participating in survey.
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Foreign thermophilic fish species 

Overall, 78.6 % of respondents had encountered foreign fish species in the Adriatic Sea. This rather 
high percentage shows that encounters with foreign fish species in this part of the Adriatic are 
not uncommon. Indeed, in the last 20 years numerous thermophilic fish species have been re-
corded for the first time in the Adriatic Sea [21]. Observed changes are primarily governed by the 
climate change [79]. Awareness of the role of these new species within an Adriatic ecosystem is 
crucial, and their adaptation and influence on the abundance of local population of fishes should 
be monitored and analyzed [79].

As shown in Figure 18, foreign thermophilic species overall perceived as the most increasing in 
abundance in Vis archipelago were: Mediterranean parrotfish (Sparisoma cretense, 50.0 % of re-
spondent replies), followed by Grey triggerfish (Balistes carolinensis, 38.1 %), African sailfin flying 
fish (Parexocoetus mento, 19.0 %), Yellowmouth barracuda (Sphyraena viridensis, 19.0 %), and fi-
nally Atlantic lizardfish (Synodus saurus, 19.0 %). Other foreign thermophilic species whose popu-
lation are experiencing significant increase, marked with range between 10 % and 17 % of respon-
dent replies (see Fig. 18), were: 
Bluefish (Pomatomus saltatrix, 
16.7 %), Yelowstripe barracuda 
(Sphyraena chrysotaenia, 11.9 %), 
Silver cheeked toadfish (Lago-
cephalus sceleratus, 9.5 %), and 
Keel-jawed needlefish (Tylosurus 
acus imperialis, 9.5 %). In addi-
tion to the above listed fish spe-
cies, less than 5 % of fishermen 
also encountered the remaining 
foreign thermophilic species list-
ed in Figure 18. Among those spe-
cies, because of their significant 
impact on Adriatic Sea ecology 
or importance in socioeconomic 
terms, we would like to empha-
size: Common lionfish (Pterois 
miles, 4.8 %), Flying burnard (Dac-
tylopterus volitans, 4.8 %), White 
grouper (Epinephelus aeneus, 
4.8 %), Bluespotted cornetfish 
(Fistularia commersonii, 2.4 %), 
Mottled grouper (Mycteroperca 
rubra, 2.4 %), and Blunthead puff-
er (Sphoeroides pachygaster, 2.4 
% of replies).

These results are in line with 
scientific reports on increase in 
abundance of thermophilic spe-
cies in Adriatic Sea which are 
increasingly observed at higher 
latitudes than those in their na-
tive geographical distribution [11, 
14, 6, 20, 21, 49]. Indeed, in recent 
year those thermophilic fish spe-
cies occur in the catches more 
often [21]. In the continuation of 
this chapter, the most important 
thermophilic fish species report-
ed in our survey are briefly de-
scribed.

Figure 18. 
Results on presence of foreign thermophilic fish species in the Adriatic Sea.
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Mediterranean parrotfish (Sparisoma cretense) 

The species identified as the most abundant in our survey was Mediterranean parrotfish (Spar-
isoma cretense, Fig. 19). This fish can change sex as many times as it wants during its lifetime [1]. 
Males of this species are grayish, while females are colorful. Parrotfish feeds mainly on algae and 
coral seaweed, thus cleaning coral reefs [1]. This species is native to Mediterranean Sea. First en-
counter of this species in Adriatic was in 2011 near Cavtat [25]. The available scientific information 
about Mediterranean parrotfish indicated that the abundance fluctuated in the recent decades 
with a peak of increase for central Adriatic in 
1999 [49]. This species is now becoming more 
abundant and has become a common species 
on the southern Adriatic islands [25, 21]. This is 
confirmed by the results of our survey with 50.0 
% of respondent replies confirming encounters 
with this species, mostly in shallow waters of 
Komiža and Vis Bay, up to 50 m of depth. It is 
most commonly caught using drift net fishing 
technique. Although in our region it is rarely 
used for food, this fish is edible and has tasty 
meat.

African sailfin flying fish

African sailfin flying fish (Parexocoetus mento, Fig. 21) is a Lesepssian fish species. Peculiar char-
acteristic of this species is that they glide over the sea surface up to 200 m in distance [32].
They developed the gliding technique as a means of escape from predators [32]. It resembles sar-
dine and has a very light body structure that includes a large air bubble [32]. For flight, they rely 
mostly on large pectoral fins that serve as air sailing wings, while tail fins are used as rudder for 
achieving higher velocity when flying out of the sea [32]. They live in flocks, in warm seas close to 
the surface [32]. Although in some parts of the Mediterranean these species can be seen all year 
round, in the Adriatic Sea they are present only in warmer years, when the sea temperature is 
above 20 °C, and are for that reason more numerous in the Southern Adriatic [32]. This fish species 
is suitable for human consumption [32]. All species of flying fish are similar in appearance and 
difficult to distinguish, especially as they are rare in Adriatic [32]. According to the results of our

Figure 19. 
Mediterranean parrotfish (Sparisoma cretense).

Grey triggerfish 

Second the most abundant thermophilic fish species in our survey was Grey triggerfish (Balistes 
carolinensis, Fig. 20), with 38.1 % of respondent replies. It is mostly found in the shallow warmer 
waters of the Atlantic Ocean, yet it is also common in the Mediterranean Sea. Grey triggerfish 
body is short and broad, flattened at the sides, while its color may be yellowish, brown, blackish, 
or gray-purple. It feeds on hard shelled animals [21]. In the 1960s, Grey triggerfish was not pres-
ent in the Southern Adriatic, while today it is a common species in that area [26]. In recent years, 
population of this species is experiencing signif-
icant increase in abundance in Southern and 
Middle Adriatic due to distributional shift [21]. 
We have obtained data on presence of juve-
nile specimens of this species in the main port 
of the city of Vis. Thus, our results confirm that 
this thermophilic fish species is domesticated in 
the Adriatic waters [12]. Although in the older 
literature Grey triggerfish is not recommended 
for consumption, recent data indicate that Grey 
triggerfish from the Adriatic Sea is of excellent 
quality and can be consumed fresh, smoked, 
dried and salted [53].

Figure 20. 
Grey triggerfish (Balistes carolinensis) [67].
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Atlantic lizardfish 

Atlantic lizardfish (Synodus saurus, Fig. 25) is a species native to the Mediterranean [25]. It is very 
common in the Southern Adriatic, while in the northern parts this species is completely unknown 
[25]. Its natural habitat is sandy and rocky bottom at depths less than 50 m [25]. In the last few 
years, an increase in the number of this species has been observed along the Eastern Adriatic 
coast [58, 21]. According to our survey, 19.0 % of fishermen had encounters with lizardfish. In the 
Adriatic Sea, along with the Atlantic lizardfish, a Brushtooth lizardfish (Saurida lessepsianus, see 
Fig. 13) very similar in appearance can be found. The latter species is a Lesepssian migrant and is

survey, the African flying fish was encountered 
by most fishermen catching pelagic fish using 
purse-seine technique (19.0% of respondent re-
plies), but due to the similarity with other spe-
cies of flying fish, we can not be sure that it was 
the said species.

Figure 21. 
African sailfin flying fish (Parexocoetus mento) [35].

Yellowmouth, Yelowstripe barracuda and European barracuda

Beside European barracuda (Sphyraena sphyraena, Fig. 22), native to Mediterranean, two new 
lessepsian species have been recorded in the Adriatic Sea in the last decades: Yelowstripe barra-
cuda (Sphyraena chrysotaenia, Fig. 23), and Yellowmouth barracuda (Sphyraena viridensis, Fig. 
24) [21]. Yellowmouth barracuda was decade ago either rare or totally absent in the Adriatic Sea 
[21]. Indeed, the first record of Yellowmouth barracuda in Adriatic was in 2003 near Dubrovnik [14, 
49, 25]. In recent years, it has become quite abundant especially in the coastal areas, possibly due 
to distributional shift [49]. In our survey, Yellowmouth barracuda was reported by 19.0 % of fisher-
men, indicating considerable increase in abundance, especially nearby the island of Biševo. The 
presence of Yelowstripe barracuda in the area of Vis archipelago was marked somewhat less 
(11.9 % of respondent replies). It is expected that the lessepsian barracuda will outnumber the na-
tive European barracuda in catches, although 
Yelowstripe barracuda is still very rare in Adri-
atic Sea [21]. It is worth noting difficulties in dis-
tinguishing these species [21]. One of the main 
differences in appearance is that compared to 
European barracuda, Yelowmouth barracuda 
has more pronounced darker patterns on their 
sides, while compared to both, Yelowstripe bar-
racuda is characterized with yellowish tail and 
lighter body colors. These species feed upon 
small fish and are very interesting in socio-eco-
nomic sense for purse-seine and jigging fishery 
due to tasty meat with low fat content [21, 25]. Figure 22. 

European barracuda (Sphyraena sphyraena).

Figure 24. 
Yellowmouth barracuda (Sphyraena viridensis) [75].

Figure 23.
Yelowstripe barracuda (Sphyraena chrysotaenia) [74].
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Bluefish

Perhaps the most striking change in the fish community is an increase in abundance of Bluefish
(Pomatomus saltatrix, Fig. 26), decade ago either rare or totally absent in Adriatic Sea [15, 21, 49]. 
This marine pelagic fish is widely distributed around the world in temperate and subtropical wa-
ters. For the area of Northwestern Mediterranean, this species reacts to the increased sea surface 
temperature by shifting areas of distribution and reproduction northward [15, 47]. An increase in 
the number of Bluefish, with its simultaneous movement towards the northern parts, was reg-
istered during 2002 and 2003 [12]. An unusual catch of Bluefish at the extreme North of the Adri-
atic was reported in 2005 [15, 49]. In our survey 16.7 % of fishermen encountered this species, and 
it was caught only using boat angling fishing 
technique. Furthermore, the respondents stat-
ed continuous increase in the abundance of 
this species in area of Vis archipelago. This fish 
is a predator of mugils, and it decimated their 
populations from native habitats in Neretva Es-
tuary [28, 21]. Significant negative effects of this 
species on communities of native fishes could 
be compensated through targeted commercial 
fisheries of this species [21].

Silver cheeked toadfish and Blunthead puffer 

Not all foreign thermophilic species are suitable for consumption. One such example Silver cheeked 
toadfish (Lagocephalus sceleratus, Fig. 27). Silver cheeked toadfish is considered a Lessepsian 
species, although it is also widespread in the warmer parts of the Atlantic Ocean [25]. This species 
represents a threat to human health and can be fatal if consumed [21]. This problem triggered 
awareness-raising campaigns in some Adriat-
ic countries [21]. First occurrence of this species 
in Adriatic Sea was in 2004 nearby Dubrovnik 
[17]. Multiple occurrences of Silver cheeked 
toadfish raised doubt whether this species also 
has self-sustaining population, since its pres-
ence might be of periodical nature [21]. It feeds 
mostly on crabs and cephalopods, often direct-
ly from the fishing net [17]. As a defense against 
predators, it uses the possibility of inflating by 
swallowing large amounts of water. There is a 
lack of detail landing data on this species for the 
Adriatic Sea. In our survey, 9.5 % of fishermen 
had encountered this species. Furthermore, one 
more fish species of similar appearance, Blunt-
head puffer (Sphoeroides pachygaster, Fig. 28) 

considered very rare [25, 17]. Due to the similar-
ity of these two species, we cannot precisely 
identify species encountered by the fisherman. 
Sea lizards are extremely aggressive and vo-
racious carnivores, most often feeding on oth-
er fish, crabs and cephalopods [7]. They cam-
ouflage perfectly on the seabed. They lurk for 
their prey while buried in the sand, and at an 
opportune moment they catch it instantly [7]. 
The most common prey of sea lizards in the 
Adriatic are Sardines and Picarel, namely Sar-
dines in the spring-summer period, and Picarel 
in the autumn-winter period [52]. In some parts 
of the Eastern Mediterranean, sea lizards are 
used for human consumption [17].

Figure 25. 
Atlantic lizardfish (Synodus saurus).

Figure 26. 
Bluefish (Pomatomus saltatrix) [71].

Figure 27. 
Silver cheeked toadfish (Lagocephalus sceleratus) [66].
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Common lionfish

Common lionfish (Pterois miles, Fig. 30), is one more foreign species recently reported as a new-
comer to the Adriatic Sea [39]. It has been registered for the first time on the location of cape of 
Stupišće, nearby the city of Komiža. The same result has been confirmed in our survey (4.8 % of 
respondent replies). This colorful fish is lessepsian migrant that has reached the Eastern Mediter-
ranean from the Red Sea via Suez channel [31, 39]. Often, it can be found near underwater reefs 
up to 80 meters of depth, yet also in much shallower waters [31, 39]. Lack of natural enemies, 
the possibility of year-round reproduction, fast and efficient colonization of new areas, and a 
high rate of predation over indigenous species, 
place this fish high on the scale of invasiveness 
and harmfulness to the ecosystem [31, 39]. Fur-
thermore, it is a fish whose sting is poisonous. 
Its poison is found in its dorsal fins, and its stab 
should be treated in a similar way as with the 
Spider fish [31, 39]. In the area of the Eastern 
Mediterranean, numerous campaigns have 
been launched with the purpose of monitoring, 
but also controlling the population of this spe-
cies in a way that it is targeted for fishing, but 
also popularized as food, as it is a very tasty fish 
[31, 39].

Keel-jawed needlefish

Keel-jawed needlefish (Tylosurus acus imperialis, Fig. 29), is an elongated and thin shaped fish 
species whose needle-shaped jaw contains lot of small sharp teeth [54]. It is a native fish species 
in the Atlantic Ocean and Mediterranean Sea [79] Unlike native Adriatic needlefish species, Keel-
jawed needlefish is much larger in size, and can grow up to 5 kg in weight and 150 cm in length 
[54]. It feeds upon smaller fish [32]. In the Adriatic Sea, occurrence of this species was first record-
ed in its southern part in 1995 in the vicinity of Bari [17, 79]. In 2015, its presence was recorded as 
purse-seine catch in the vicinity of the island of Mljet. [79]. This was its first appearance within 
Croatian fishing grounds. Hence, this capture represented the northernmost record of this species 
in the Adriatic Sea. [79]. In our survey, 9.5 % of respondents reported encounters with Keel-jawed 
needlefish, indicating that this species shows its presence in the area of Vis archipelago as well. 
Due to its rarity in the Adriatic Sea, this species has no commercial importance [17].

was reported in our survey (2.4 %). This fish spe-
cies was registered by the respondent for the 
first time in the Adriatic Sea 15 years ago in the 
area of Vis archipelago. This species most likely 
originates from Atlantic Ocean, and it used to 
be unregistered in Mediterranean waters until 
early 80`s [45].

Figure 28. 
Blunthead puffer (Sphoeroides pachygaster) [73].

Figure 30. 
Common lionfish (Pterois miles) [10].

Figure 29. 
Keel-jawed needlefish (Tylosurus acus imperialis) [79].
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White grouper and Mottled grouper

In the last 10 years on take is significant expansion of groupers, such as White grouper (Epi-
nephelus aeneus, Fig. 32), and Mottled grouper (Mycteroperca rubra, Fig. 33) [21]. These species, 
native in Mediterranean and Atlantic, were first time recorded in South Adriatic in 1999 and 2000, 
respectively [27, 16]. Since then, they have experienced a northward expansion and were occasion-
ally reported from the areas of South and Middle Adriatic Sea [27, 16]. Recent records show signs 
of established population in the Eastern Adriat-
ic coast [21]. In our survey, 4.8 % of fishermen 
reported encounters with White grouper, while 
Mottled grouper was reported by 2.4 % of fisher-
men. Our survey results thus confirm expansion 
of these species in the area of Vis archipelago. 
Similar to other species of its kind, groupers are 
not built for long-distance, fast swimming [56]. 
Typically, they have a stout body and a large 
mouth, as they swallow prey rather than bit-
ing pieces off it [56, 36]. They eat fish, octopus-
es, and crustaceans and their natural habitats 
are rocky sea caves [36]. Although the influence 
of climate change is easily seen through the 
emergence of new species in the areas where 
they were previously absent, it is necessary to 
simultaneously monitor populations of native 
species and track their adaptation to changing 
ecosystem [21]. For example, groupers occupied 
ecological niches of overfished sparides, which 
is ecologically unacceptable, but their catches 
might compensate for the economic loss and 
biomass of sparides [21]. This is especially so 
because groupers are considered as one of the 
most delicious sea food in Adriatic. On the other 
hand, groupers are one of the few animals that 
are the predator of lionfish and can be used for 
controling spreading of that species [42].

Flying burnard

Flying gurnard (Dactylopterus volitans, Fig. 31), is a native species in Mediterranean Sea and At-
lantic Ocean [60]. It is very rare in the Adriatic Sea, and there is a lack of landing data on this spe-
cies. It was reported encountered by fishermen in Bay of Kotor in 2021 [64]. In our survey, it was 
confirmed by 4.8 % of fishermen in Komiža and Vis Bay. It can reach size up to 50 cm in length 
and 1.8 kg in weight [63]. It is variable in coloration, being brownish or greenish with reddish or 
yellowish patches [8]. The enlarged and colorful pectoral fins are used for defensive displays, 
courtship displays, and feeding [40]. When ex-
cited, the fish spreads its pectoral fins, which 
are semi-transparent, with a phosphorescent 
bright blue coloration at their tips [60]. They 
are benthic species found on sandy bottoms in 
shallow to moderate depths amid 20 and 100 
m [63]. These fishes are seldom observed off 
the bottom, as their bodies are too heavy and 
fins too delicate for gliding [40]. An interesting 
feature of this species is that it makes a snoring 
sound when stretched to the shore. The Flying 
gurnard is used for human consumption and 
has very tasty meat, but due to its rarity in the 
Adriatic it has no commercial value.

Figure 31. 
Flying gurnard (Dactylopterus volitans).

Figure 32. 
White grouper (Epinephelus aeneus) [63].

Figure 33. 
Mottled grouper (Mycteroperca rubra) [70].
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Common skate

Common skate (Dipturus batis, Fig 36), is a na-
tive fish species in Mediterranean, including 
Adriatic Sea [33, 61]. It generally grows to a 
length of 2.8 m, and weight up to 97 kg, mak-
ing it the largest skate in the world [33]. Overall 
shape features a pointed snout and rhombic 
shape, with a row of thorns along the tail [61]. 
The top surface is generally colored olive-grey 
to brown, and the underside is lighter blue-grey 
[61]. The species is considered critically endan-
gered by the International union for conserva-
tion of nature [61]. It has been described as the 
first clear case of a fish species brought to the 
brink of extinction by commercial fishing [19]. 

Green wrasse 

Green wrasse (Labrus viridis, Fig. 35), is rare domestic fish species considered vulnerable and pro-
tected in Croatia with measure of permanent fishing ban [34]. It is very specific due to its coloring.
Usually, it is of green color with white dots, that gradually turns into a lighter greenish color, al-
most white towards the belly [69]. It feeds on mollusks, crabs and sea urchins, and is very timid 
[34]Its endangerment is caused by mortality due to accidental catches of drift-nets, small fishing 
gears and especially spear fishing, followed by 
degradation or disappearance of habitats due 
to fishery and spread of allochthonous algae 
in Posidonia meadows, and finally, urbaniza-
tion and industrialization of the coast including 
coastal pollution and harassment. [34]. Never-
theless, this species was encountered in Komiža 
Bay by 2.4 % of fishermen participating in our 
survey.

Ocean sunfish

Ocean sunfish (Mola mola, Fig. 34), is the largest bony fish in the world. It has a flat body with 
an unusual oval shape and can grow up to 2000 kg in weight [64, 32]. It is categorized as vulner-
able fish species by the International union for 
nature conservation [64]. It inhabits depths of 
more than 500 m all over the world at places 
rich in vegetation, but often it also comes to the 
sea surface [32]. It is a real attraction for divers 
and fishermen to see this fish due to its slow 
swimming and large body mass [32]. When 
coming the surface, it usually turns sideways 
and floats [32]. Its beak is as sharp as a bird’s, 
tucked into its body and toothless [32]. This fish 
species feeds upon mollusks, fish, crustaceans, 
even algae, but mostly on jellyfish [32, 64]. 
Ocean sunfish does not play a significant role 
in human consumption, mainly because as a 
rule its flesh is not edible [32, 64]. [32, 64]. The 
results of our survey showed that encounters 
with this species are common (23.8% of fish-
ermen replies), as reports of catches in range 
from 150-220 kg in the Vis area were confirmed.

Figure 36. 
Common skate (Dipturus batis) [3].

Figure 34. 
Ocean sunfish (Mola mola) [64].

Rare and endangered domestic fish species

Figure 35. 
Green wrasse (Labrus viridis).
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Fishermen’s view on development of fishery 

In our Survey, as the most important prob-
lems that the local fishery is facing nowa-
days, fishermen identified (see Fig. 37): irre-
sponsible practices of some fishermen (26.3 
% of replies), followed by overfishing (23.8 
%), inadequate implementation of fishery 
legislation (23.8 %), lack of infrastructure 
(7.5 %), and finally, inadequately organized 
fish catch market (3.8 %). It is important to 
note that lack of infrastructure is predom-
inantly a problem of fishermen of the city 
of Komiža. Namely, 38 % of Komiža fisher-
men participating in this survey identified 
this issue as crucial. The main infrastruc-
tural shortcomings are: the lack of a pump-
ing station, the unsecured mooring of fish-
ing vessels, as well as the lack of a suitable 
place for unloading of fish.

Fishermen were asked to define their per-
ception on future of fishery on the island of 
Vis (see Fig. 38). Predominant answer, with 
42.9 % of respondents, was that of pessi-
mistic view on future of local fishery. Main 
argument of this respondent group is that 
overfishing very negatively reflects upon 
fish abundance. Furthermore, the respon-
dents often stated that future generations 
of fishermen will have much more diffi-
culties in commercial fishery as the abun-
dance of fish is in continuous decline. Neu-
tral stand on future of local fishery shared 
29 % of respondents. These group mainly 
stated that there is future for local fishery, 
if fishing legislation is adequately imple-
mented and controlled. Same percentage 
of replies characterized fishermen with 
positive views on future of local fishery and 
their optimism was mainly based on good 
perception of the new legislative decisions. 
As the most important positively receipted 
legislative decision, ban of fishing in Jabuka 
pit was identified. Overall, these results sug-
gest that significant actions in the area of 
preventing overfishing and implementing 
fishery regulations are necessary for sus-
tainability of fishery of Vis archipelago.

The main cause of endangerment of this rye is accidental catch by demersal trawl and deep-
line, and rarely by some other fishing gear [19]. It is also threatened by habitat degradation and 
habitat narrowing due to fishing [19]. Declining population density is further and significantly 
contributed by some biological characteristics of the species, such as poor reproductive power 
and slow population renewal, high juvenile mortality, slow growth and low settlement density 
[19]. However, in our survey, 4.8 % of fishermen stated that they have encountered this fish species, 
indicating that there is a chance for the recovery of the population of this species.

Figure 37. 
The most important problems fishery of Vis archipelago is facing today.

Other
15%

overfishing
23.8%

lack of infrastructure
23.8%

Irresponsible practices of 
some fishermen
26.3 %

Inadequately organized 
fish catch market 3.8 %

Inadequate 
implementation 
of fishery legislation 
23.8 %

Figure 38. 
Fishermen views on future of fishery on the island of Vis.

Positive stand 29 %
Positive perception of the 
new legislative decisions. 

Neutral stand 29 %
There is future for fishery
if fishing legislation is 
adequately implemented 
and controlled. 

Negative stand 42 %
Overfishing  negatively 
reflects upon commercial 
fishery as the abundance 
of fish is in continuous 
decline.
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Conclusion 

It is a big disadvantage that the City of Komiža (i.e. its residents and management structures) 
do not have a strategy for sustainable development of fishery. This is especially so because on 
the coast and islands, fishing is one of the very few activities that can provide a source of income 
throughout the year [41]. It is precisely the Local Ecological Knowledge of fishermen, who based 
on their own experience provide information from the field, that is essential prerequisite for the 
quality of the studies that are the basis for the development of sustainable fishery strategies. In-
deed, Local Ecological Knowledge, defined as the cumulative body of knowledge of individuals 
during their lifetimes is a suitable tool for environmental monitoring and natural resources man-
agement [5, 49].

The advance of the thermophilic species in the last two decades is the evidence of the linkage 
between climate change and distribution patterns of biodiversity [21]. Effective monitoring of the 
phenomena is of paramount importance for adaptive management of the Adriatic Sea [49]. This 
is of particular importance for the Adriatic Sea since the impacts of the global warming are critical 
in semi-enclosed seas [55, 21, 49]. As a consequence of climate change, abundance of the species 
of cold water affinity, which are traditionally and economically the most important, have signifi-
cantly decreased during the last decades [21]. These resources are already under significant stress 
from overfishing, pollution, coastal development, and habitat degradation [21]. Climate change is 
an additional stressor impacting coastal systems and communities [21].

The survey revealed the increase in the abundance of some key thermophilic fish species with-
in target area of a Vis archipelago. Overall, 78.6 % of 42 respondents had encountered foreign 
fish species. Foreign thermophilic species overall perceived as the most increasing in abundance 
were: Mediterranean parrotfish (50.0 % of replies), followed by Grey triggerfish (38.1 %), African 
sailfin flying fish (19.0 %), Yellowmouth barracuda (19.0 %), and finally Atlantic lizardfish (Synodus 
saurus) (19.0 %). Cooperation with local fishermen in monitoring of the impact of climate change 
revealed some key problems that local fishery is facing today, crucial for decision-making pro-
cesses on ways of sustainable management of the Adriatic Sea. Those are: irresponsible practices 
of some fishermen (26.3 % of replies), followed by overfishing (23.8 %), inadequate implementation 
of fishery legislation (23.8 %), lack of infrastructure (7.5 %), and finally, inadequately organized fish 
catch market (3.8 %).

Changes in distribution of fish species may lead to changes in income of fisheries sector with 
both positive and negative consequences [21]. Understanding how climate change influences the 
fishery revenues is a crucial step towards the development of effective socio-economic policy 
and food sustainability strategies in adaptation efforts [21]. In order to reduce fishing pressure 
on native, overexploited stocks, commercial fishery should include adaptive measures to target 
those species whose population are experiencing significant increase [21]. Thus, it is necessary to 
simultaneously monitor populations of native and foreign species and track their adaptation to 
changing ecosystem [21]. For foreign species frequently caught in commercial fisheries, it is nec-
essary to boost their value through public awareness-raising campaigns, educating about their 
nutritional value, and promote their products in the market [21].

Statement 

The results presented in this publication were collected by conducting a survey with local fish-
ermen from the island of Vis, as well as by the analysis of already published scientific literature. 
Used sources of information are adequately referenced, and the list of references is shown at the 
end of the publication. In addition to Local ecological knowledge of fishermen, the presented in-
formation is mostly based on the research results of the Institute for Oceanography and Fisheries 
from Split.
Our intention is to present the results of studies on the impact of climate change on the biodiver-
sity of the Adriatic Sea to the local community of the island of Vis. The aim is to encourage local 
fishermen to cooperate with scientific community in monitoring the impacts of climate change 
on Adriatic ichthyofauna, to cooperate with information on questions about their needs, and most 
importantly, to participate in climate change adaptation processes, as well as in decision making 
processes on ways of sustainable management of the Adriatic Sea.



19

[1] Aquarium Dubrovnik, Facebook page, post from 13.01.2021, visited 29.11.2021.
[https://www.facebook.com/akvarijDubrovnik/photos/papiga%C4%8Da-sparisoma-cretense-je-posljednjih-godina-postala-dos-
ta-%C4%8Desta-vrsta-u-ju/204282201290100/]
[2] Azzurro, E. (2008). The advance of thermophilic fishes in the Mediterranean Sea: overview and methodological questions. In:  Cli-
mate Warming and Related Changes in Mediterr. Mar. Biota (ed. Briand, F.), No:35, CIESM Workshop Monographs, pp. 39-46.
[https://www.researchgate.net/publication/233728113_The_advance_of_thermophilic_fishes_in_the_Mediterranean_Seaoverview_
and_methodological_questions]
[3] Bache-Jefreys, M., Lins Caldas de Moraes, B., Ball, R. E., Menezes, G, Pálsson, J., Pampoulie, C., Stevens, J. R. & Grifths, A. M. 
(2021). Resolving the spatial distributions of Dipturus intermedius and Dipturus batis—the two taxa formerly known as the ‘common 
skate’. Environ. Biol. Fish. 104, pp. 923–936.
[https://doi.org/10.1007/s10641-021-01122-7]
[4] Ben Rais Lasram, F., Guilhaumon, F., Albouy, C., Somot, S., Thuiller, W., Mouillot, D. (2010). The Mediterranean Sea as a ‘cul-de-
sac’ for endemic fishes facing climate change. In: Glob. Change. Biol.16(12), pp. 3233-3245.
[http://dx.doi.org/10.1111/j.1365-2486.2010.02224.x]
[5] Berkes, F., Colding, J. & Folke C. (2000). Rediscovery of traditional ecological knowledge as adaptive management. In: Ecolog. 
Applic.10, pp. 1251-1262.
[https://www.jstor.org/stable/2641280]
[6] Bianchi C. N. (2007). Biodiversity issues for the forthcoming tropical Mediterranean Sea. In: Hydrobiologia 580, pp. 7-21.
[http://dx.doi.org/10.1007/s10750-006-0469-5]
[7] Bray, D. J. (2019). Lizardfishes, SYNODONTIDAE in Fishes of Australia, visited 28.11.2021.
[https://fishesofaustralia.net.au/home/family/285]
[8] Bigelow, H. B. & Schroeder, W. C. (1953). Flying Gurnard, Dactylopterus volitans (Linnaeus) 1758. Fishes of the Gulf of Maine, Fishery 
Bulletin 74. United States Fish & Wildlife Service.
[9] Bonacci, O., Patekar, M. & Pola, M. (2021). Increasing Trends in Air and Sea Surface Temperature in the Central Adriatic Sea (Cro-
atia). J. Mar. Sci. & Engng. 9 (4), 358.
[https://doi.org/10.3390/jmse9040358]
[10] Damir Zurub, Facebook page, post from 13.08.2021, visited 21.11.2021
[https://www.facebook.com/photo?fbid=10224906364463134&set=pcb.10224906381703565]
[11] Dulčić, J. (1999). First record of larval Brama brama (Pisces: Bramidae) and Coryphaena hippurus (Pisces: Coryphaenidae) in the 
Adriatic Sea. In: J. Plankton. Res. 21(6), pp. 1171-1174.
[http://dx.doi.org/10.1093/plankt/21.6.1171]
[12]. Dulčić, J. (2019). Biološka raznolikost jadranske ihtiofaune. Gorgonia.com website, visited 28.11.2021.
[https://gorgonija.com/2019/05/19/bioloska-raznolikost-jadranske-ihtiofaune-3/]
[13] Dulčić, J. & Grbec, B. (2000). Climate change and Adriatic ichthyofauna. In: Fish Oceanogr. 9, pp. 187-191.
[http://dx.doi.org/10.1046/j.1365-2419.2000.00128.x]
[14] Dulčić, J. & Soldo, A. (2004). On the occurrence of the yellowmouth barracuda, Sphyraena viridensis Cuvier, 1829 (Pisces: Sphy-
raenidae), in the Adriatic Sea. In: Annales, Series Historia Naturalis 14, pp.223-228.
[https://zdjp.si/wp-content/uploads/2004/12/dulcic.pdf]
[15] Dulčić, J., Kraljević, M., Pallaoro, A. & Glamuzina B. (2005). Unusual catch of bluefish Pomatomus saltatrix (Pomatomidae) in 
Tarska cove (northern Adriatic). In Cybium 29, pp. 207-208.
[https://www.researchgate.net/publication/289302060_Unusual_catch_of_bluefish_Pomatomus_saltatrix_Pomatomidae_in_Tarska_
cove_northern_Adriatic]
[16] Dulčić J, Tutman P, & Ćaleta, M. (2006). Northernmost occurrence of the white grouper, Epinephelus aeneus (Perciformes: Serrani-
dae), in the Mediterranean area. In: Acta Ichthyol. Piscat. 2006; 36: 73-5.
[http://dx.doi.org/10.3750/AIP2006.36.1.10]
[17] Dulčić J. & Dragičević B. (2011). Nove ribe Jadranskog i Sredozemnog mora. Institut za oceanografiju i ribarstvo, Split. P. 160.
[18] Dulčić, J., Antolović, N., Kožul, V., Dragičević, B. & Lipej, L. (2013). First records of juveniles of two Lessepsian migrants, Fistularia com-
mersonii Rüppell, 1838 and Siganus luridus (Rüppell, 1829), in the Adriatic Sea. In: J. Appl. Ichthyol. 29, pp. 661-2.
[http://dx.doi.org/10.1111/jai.12129]
[19] Dulvy, N. K., Sadovy, Y. & Reynolds J. D. (2003). Extinction vulnerability in marine populations, Fish & Fisher., 4 (1), pp. 25-64.  
[https://doi.org/10.1046/j.1467-2979.2003.00105.x]
[20] Dragičević, B., Dulčić, J., Pallaoro, A., Paladin, A. & Stagličić, N. (2009). First record of the dolphin fish juveniles, Coryphaena hippurus 
(linnaeus, 1758), in the eastern Adriatic Sea. In: The XIII Europ. Con. of Ichthyol. (ECI XIII).
[https://www.bib.irb.hr/426742]
[21] Dragičević, B., Matić-Skoko, S. & Dulčić, J. (2017). Fish and fisheries of the eastern Adriatic Sea in the light of climate change. In: 
Trends in Fisheries and Aquatic Animal Health, (ed. Berillis P.), Bentham eBooks, pp. 1-22.
[https://acta.izor.hr/wp/en/fish-and-fisheries-of-the-eastern-adriatic-sea-in-the-light-of-climate-change/]
[22] Civitarese, G., Gačić, M., Lipizer, M. & Eusebi Borzelli, G. (2010). On the impact of the Bimodal Oscillating System (BiOS) on the 
biogeochemistry and biology of the Adriatic and Ionian Seas (Eastern Mediterranean). In: Biogeosciences 7, pp. 3987-3997.
[https://bg.copernicus.org/articles/7/3987/2010/]
[23] Gamito, R., Costa, M. J. & Cabral, H. N. (2015). Fisheries in a warming ocean: trends in fish catches in the large marine ecosystems 
of the world. In: Reg. Environ. Change. 15, pp. 57-65.
[http://dx.doi.org/10.1007/s10113-014-0615-y]
[24] Gamulin, V., Čavić, A. & Novak Kronjac, F. (2018). Od Barake do fabrike – o preradi ribe na otoku Hvaru. Flag Škoji, 50 p.
[https://assets.website-files.com/5ebd3070cea1656ceff4ea93/5ecdfcdaf1473a930d853929_OD%20BARAKE%20DO%20FABRIKE1.pdf]
[25] Gelli, M., Iveša, N. & Buršić, M. (2021). U moru promjena, vodić za prepoznavanje novopridošlih vrsta riba i rakova u Jadranu. 
Sveučilište Jurja Dobrile u Puli, Fakultet prirodnih znanosti. P 19.
[https://fpz.unipu.hr/_download/repository/U_moru_promjena_-_Vodic_za_prepoznavanje_novopridoslih_vrsta_riba_i_rakova_u_
Jadranu.pdf]
[26] Glamuzina, B. (2012). Utjecaji globalnog zagrijavanja na ribarstvo i marikulturu u južnom Jadranu.
[https://web.archive.org/web/20180412084547id_ /http://www.unidu.hr/datoteke/glamuzin/Utjecaji_globalnog_zagrijavanja_na_rib-
arstvo_i_marikulturu_u_ju-nom_Jadranu.pdf]
[27] Glamuzina, B., Tutman, P., Kožul, V., Glavić, N. & Skaramuca B. (2002). The first recorded occurrence of mottled
grouper, Mycteroperca rubra (Serranidae), in the southeastern Adriatic Sea. In: Cybium, 26: 156-158.
[https://www.researchgate.net/publication/292924164_The_first_recorded_occurrence_of_the_Mottled_Grouper_Mycteroperca_ru-
bra_Serranidae_in_the_southeastern_Adriatic_Sea]

References



20

[28] Glamuzina, B., Bartulović, V. & Skaramuca, B. (2008). Impact of recent ichthyofauna changes on local fishery in the Neretva delta 
estuary. In: 43rd Estuar. and Coast. Sci. Assoc. Inter. Sym.: Book of Abstracts. Faculty of Sciences of the University of Lisbon, pp. 46-6.
[29] Glamuzina, B., Čukteraš, M. & Dulčić, J. (2012). Present changes and predictions for fishery and mariculture of the eastern Adriatic 
(Croatia) in the light of climate change. In: Annales, Series Historia Naturalis, 22 (2), pp. 105-114.
[http://zdjp.si/wp-content/uploads/2015/08/glamuzina-cukteras-dulcic.pdf] [30] Grbec, B., Dulčić, J. & Morović, M. (2002). Long-term 
changes in landings of small pelagic fish in the eastern Adriatic - possible influence of climate oscillations over the Northern Hemi-
sphere. In: Clim. Res., 20, pp. 241-252.
[http://dx.doi.org/10.3354/cr020241]
[31] Institute for Oceanography and fishery Split, Facebook page, post from 12.05.2021, visited 27.06.2021.
[https://www.facebook.com/izoirsplit]
[32] Ivanić, K. Z. (2009). Alohtone ribe Jadranskoga mora. Završni rad, Prirodoslovno-matematički fakultet Sveučilišta u Zagrebu.
[https://urn.nsk.hr/urn:nbn:hr:217:529117]
[33] Jardas, I. & Pallaoro A. (1989). Neki pokazatelji opadanja biološkog bogatstva priobalnog područja Jadrana (1960–1988). Pogledi, 
13 (4), pp.159–176.
[34] Jardas, I., Pallaoro, A., Vrgoč, N., Stjepan Jukić-Peladić, S. & Dadić, V. (2008). Crvena knjiga morskih riba Hrvatske. Ministarstvo 
kulture, Državni zavod za zaštitu prirode, Republika Hrvatska. P.  396.
[35] Lim, K. P. K. (2014). African sailfin flying fish in the Singapore Straits. Singapore Biodiversity Records, pp. 160.
[https://lkcnhm.nus.edu.sg/wp-content/uploads/sites/10/app/uploads/2017/04/sbr2014-160.pdf]
[36] Lieske, E. & Myers, R. (1999). Coral Reef Fishes. Indo-Pacific & Caribbean including the Red Sea. Collins Pocket Guide (2 ed.), Princ-
eton Pocket Guides, P. 400.
[https://press.princeton.edu/books/paperback/9780691089959/coral-reef-fishes]
[37] Lipej, L., Mavrić, B. & Bonaca, M. O. (2009). Recent changes in the Adriatic fish fauna-experiences from Slovenia. In: Varstvo nar-
ave 22, pp. 91-96.
[https://www.dlib.si/details/URN:NBN:SI:DOC-MXOK6P62]
[38] Lipizer, M., Partescano, E. Rabitti, A. & Crise, A. (2014). Qualified temperature, salinity and dissolved oxygen climatologies in a 
changing Adriatic Sea. In: Ocean. Science 10(5), pp. 771-797.
[https://www.researchgate.net/publication/266886126_Qualified_temperature_salinity_and_dissolved_oxygen_climatologies_in_a_
changing_Adriatic_Sea]
[39] Marović, T. (2021). Invazija na Jadran - Tropska vrsta postaje naša: riba paun ima otrov u perajama i ubod joj je bolan, nema 
prirodnih neprijatelja i vrlo je štetna po ekosustav. Online magazine: Otvoreno more, visited 22.06.2021.
[https://more.slobodnadalmacija.hr/om/ribolov/tropska-vrsta-postaje-nasa-riba-paun-ima-otrov-u-perajama-i-ubod-joj-je-bo-
lan-1097965]
[40] McEachran J. D. & Fechhelm J. D. (2021). Fishes of the Gulf of Mexico, Vol. 2: Scorpaeniformes to Tetraodontiformes. University of 
Texas Press.
[https://doi.org/10.7560/706347]
[41] Ministarstvo zaštite okoliša i energetike (2017). Izvještaj o procjenjenim utjecajima i ranjivosti na klimatske promjene po pojedin-
im sektorima, (eds. Landau, S & Trumbić, I.), pp. 58-88.
[https://prilagodba-klimi.hr/wp-content/uploads/2019/05/Procijenja-ranjivosti-na-klimatske-promjene-po-pojedinim-sektorima.pdf]
[42] Mumby, P.J., Harborne, A.R. & Brumbaugh, D.R. (2011). Grouper as a Natural Biocontrol of Invasive Lionfish. PLOS ONE 6 (6), e21510.
[https://doi.org/10.1371/journal.pone.0021510]
[43] Nunes, A. L., Katsanevakis, S., Zenetos, A. & Cardoso, A. C. (2014). Gateways to alien invasions in the European Seas. In: Aquat. 
Invasions 9, pp. 133-144.
[http://dx.doi.org/10.3391/ai.2014.9.2.02]
[44] Occhipinti-Ambrogi, A. & Galil, B. (2010). Marine alien species as an aspect of global change. In: Advances in Oceanogr. and 
Limnology 1, pp. 199-218.
[https://www.tandfonline.com/doi/full/10.1080/19475721003743876]
[45] Oliver P. (1981). Sobre la aparición de algunos peces raros en las Islas Baleares. Boletin del Instituto Espanol de Oceanografia, VI 
(304), pp. 59-64.
[46] Orlić, M., Gačić, M., & La Violette, P. E. (1992). The currents and circulation of the Adriatic Sea. In: Oceanol. Acta,15(2), pp. 109-124.
[https://archimer.ifremer.fr/doc/00100/21145/18764.pdf]
[47] Sabates, A., Martin, P., Lloret, J.  & Raya, V. (2006). Sea warming and fish distribution: the case of the small pelagic fish, Sardinella 
aurita, in the western Mediterranean. In: Glob. Change. Biol. 12: 1-11.
[http://dx.doi.org/10.1111/j.1365-2486.2006.01246.x]
[48] Sala, E., Kizilkaya, Z., Yildirim, D. & Ballesteros E. (2011). Alien marine fishes deplete algal biomass in the Eastern Mediterranean. 
In: PLoS One 6 (2): e17356.
[http://dx.doi.org/10.1371/journal.pone.0017356]
[49] Sbragaglia, V., Cerri, J., Bolognini, L., Dragičević, B., Dulčić, J., Grati, F. & Azzurro, E. (2020). Recreational fishers consistently 
inform about different meridionalization dynamics of two Mediterranean subregions. In: Mar. Ecology Progress series, Vol. 634, pp. 
147-157.
[https://osf.io/preprints/marxiv/jnx5u/]
[50] Sea surface temperature forecast by Copernicus Marine Environment Monitoring Service on 7 th of January, 2017. Co-pernicus 
EU Twitter profile, visited 23.06.2021.
[https://twitter.com/copernicuseu/status/1080797812663730178?lang=en]
[51] Pećarević, M., Mikuš, J., Bratoš Cetinić, A., Dulčić, J. & Čalić, M. (2013). Introduced Marine species in Croatian waters (Eastern 
Adriatic Sea). In: Mediterr. Mar. Science, 14 (1), pp. 224-237.
[https://core.ac.uk/download/pdf/193686655.pdf]
[52] Pepel A. (2019). Biološke značajke morskog guštera Synodus saurus (Linnaeus, 1758) (Actinopterygii: Synodontidae) u Jadranskom 
moru. In: Master thesis, University of Zagreb, Faculty of Science, 76 p.
[https://www.bib.irb.hr/986257]
[53] Piria, M., Tomljanović, T., Aničić, I., Piria, V. Livada, O. (2007). Triggerfish (Balistes capriscus, Gmelin, 1789.) iz Jadranskog mora. 42. 
hrvatski i 2. međunarodni simpozij agronoma (Pospišil, M. ed.), Agronomski fakultet Sveučiulišta u Zagrebu, pp.178-179.
[https://www.bib.irb.hr/344453]
[54] Podvodni.hr web site: Tylocurus acus imperialis, visited 29.11.2021.
[http://www.podvodni.hr/zivot-jadrana/pisces/osteichthyes/beloniformes/belonidae/199-tylosurus-acus-imperialis]
[55] Pozdnyakov, D.V., Johannessen, O.M., Korosov, A.A., Pettersson, L.H., Grassl, H., Miles, M.W. (2007). Satellite evidence of ecosys-
tem changes in the White Sea: a semi-enclosed arctic marginal shelf sea. In: Geophys. Res. Lett., 34: L08604.
[http://dx.doi.org/10.1029/2006GL028947]
[56] Robins, R. H. (2016). Epinephelus itajara. Discover Fish. Florida Museum, visited 29.11.2021.
[https://www.floridamuseum.ufl.edu/discover-fish/species-profiles/epinephelus-itajara/]
[57] Tsikliras, A. C. (2008). Climate-related geographic shift and sudden population increase of a small pelagic fish (Sardinella aurita) 
in the eastern Mediterranean Sea. In: Mar. Biol. Res. 4, pp. 477-481.
[http://dx.doi.org/10.1080/17451000802291292]



21

58] Tutman, P., Glavić, N., Kožul V., Skaramuca B. & Glamuzina B. (2003). Occurrence of juvenile Atlantic Lizardfish, Synodus saurus 
(Linnaeus, 1758) (Pisces: Synodontidae) in southeastern Adriatic Sea. Acta Adriat. 44 (1), pp. 21-26.
[https://www.bib.irb.hr/119259] 
[59] Wikipedia web page, English: Adriatic Sea, visited 27.06.2021.
[https://en.wikipedia.org/wiki/Adriatic_Sea]
[60] Wikipedia web page, English: Dactylopterus volitans, visited 21.11.2021
[https://en.wikipedia.org/wiki/Flying_gurnard]
[61] Wikipedia web page, English: Dipturus batis, visited 25.11.2021.
[https://en.wikipedia.org/wiki/Common_skate]
[62] Wikipedia web page, English: Engraulis encrasicolus, visited 27.06.2021.
[https://en.wikipedia.org/wiki/European_anchovy]
[63] Wikipedia web page, English: Epinephelus aeneus, visited 27.06.2021.
[https://en.wikipedia.org/wiki/White_grouper]
[64] Wikipedia web page, English: Mola mola, visited 18.11.2021.
[https://en.wikipedia.org/wiki/Ocean_sunfish]
[65] Wikipedia web page, English: Sprattus sprattus, visited 27.06.2021.
[https://en.wikipedia.org/wiki/European_sprat]
[66] Wikipedia web page, Espanol: Lagocephalus sceleratus, visited 27.06.2021.
[https://es.wikipedia.org/wiki/Lagocephalus_sceleratus]
[67] Wikipedia web page, Hrvatski: Balistes capriscus, visited 21.11.2021
[https://hr.wikipedia.org/wiki/Triggerfish]
[68] Wikipedia web page, Hrvatski: Fistularia commersonii, visited 27.06.2021.
[https://hr.wikipedia.org/wiki/Plavoto%C4%8Dkasta_trumpeta%C4%8Da]
[69] Wikipedia web page, Hrvatski: Drozd (riba), visited 29.11.2021.
[https://hr.wikipedia.org/wiki/Drozd_(riba)]
[70] Wikipedia web page, Italiano: Mycteroperca rubra, visited 27.06.2021.
[https://it.wikipedia.org/wiki/Mycteroperca_rubra]
[71] Wikipedia web page, Italiano: Pomatomus saltatrix, visited 27.06.2021.
[https://it.wikipedia.org/wiki/Pomatomus_saltatrix]
[72] Wikipedia web page, Italiano: Scomber scombrus, visited 27.06.2021.
[https://it.wikipedia.org/wiki/Scomber_scombrus]
[73] Wikipedia web page, Italiano: Sphoeroides pachygaster, visited 18.11.2021.
[https://it.wikipedia.org/wiki/Sphoeroides_pachygaster]
[74] Wikipedia web page, Italiano: Sphyraena chrysotaenia, visited 27.06.2021.
[https://it.wikipedia.org/wiki/Sphyraena_chrysotaenia]
[75] Wikipedia web page, Italiano: Sphyraena viridensis, visited 27.06.2021.
[https://it.wikipedia.org/wiki/Sphyraena_viridensis]
[76] Wikipedia web page, Italiano: Spicara smaris, visited 27.06.2021.
[https://it.wikipedia.org/wiki/Spicara_smaris]
[77] Zore-Armanda, M., Bone, M., Dadić, V., Morović, M., Ratković, D., Stojanoski, L. And Vukadin,  I. (1991). Hydrographic properties 
of the Adriatic Sea in the period from 1971 through 1983. In: Acta Adriat. 32, pp. 6-554.
[https://acta.izor.hr/wp/en/hydrographic-properties-of-the-adriatic-sea-in-the-period-from-1971-through-1983/]
[78] Zore-Armanda, M., Grbec, B., & Morović, M. (1999). Oceanographic properties of the Adriatic Sea-A point of view. In: Acta Adriat. 
40 (Suppl.), p.p. 39-54.
[https://acta.izor.hr/wp/oceanographic-properties-of-the-adriatic-sea-a-point-of-view/]
[79] Zorica, B., Čikeš Keč, V. Pallaoro, A., Zanki, K., Brzulja, B. & Kraljević, V. (2016). Prvi nalaz iglice veličanstvene, Tylosurus acus im-
perialis (Rafinesque, 1810) (Osteichthyes: Belonidae) na području hrvatskog ribolovnog mora. Inter. J. Mar. Sci. 57 (1), pp. 183-185.
[https://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=239284]



About Children of Neptune

Manual was created as an integral part of the project: Children of Neptune - Climate 
Change and Sustainable Development of Fishery, funded by the Open Society Institute 

Political Ecology and Zelena Akcija. Aim of the project is to empower citizens of the island 

identify practices and systems that might support them; particularly solutions for a more 
just distribution of climate change-related risks in the local community.

About us

Pomalo 
intercultural dialogue, the organization advocates for the island of Vis by promoting and 
protecting sustainable development, cultural values, the environment, nature, social 
tolerance, and a multicultural society. The goal of the association is to encourage and 
facilitate the local adoption of sustainable development technologies, as well as to 
construct a free, open, democratic, pluralistic, and tolerant society based on the values of 
peace, nonviolence, human rights, internationalism, dialogue, and social justice.

Institute for Political Ecology (IPE) is a research and educational organisation that 
designs alternative development models and innovative institutional frameworks for 
democratic political and economic transformation of society. The Institute addresses 
contemporary ecological changes as social phenomena that reduce or magnify social 

IPE program areas.

Zelena akcija is  a leading environmental NGO in Croatia, established in 1990, covering 
broad range of issues such as climate, energy, waste management, nature protection, 
spatial planning, transport etc. It also focuses on activities that foster public participation in 
decision making processes with the aim of improving the quality of life in Croatia. Zelena 
akcija is active on local, national and global levels and achieves its aims through 
non-violent direct actions, campaigns, information exchange and education, joint work of 
professional team and volunteers, and through cooperation with other organizations.


