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Documenting the spatial and temporal expansion of grouper 
species in the eastern Adriatic Sea (Croatia) through local 
ecological knowledge of recreational fi shermen
Prostorno i vremensko širenje kirnji u istočnom Jadranskom 
moru (Hrvatska) dokumentirano istraživanjem lokalnog 
ekološkog znanja rekreacijskih ribolovaca
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Abstract*

Groupers are important predatory marine fi sh species, and also economically 
important to commercial and recreational fi sheries, but threatened by overfi shing 
worldwide. The dusky grouper (Epinephelus marginatus) is the most common 
species that historically occurred in the Southern and central Eastern Adriatic, 
while other species were mostly restricted to the southern part of the region or 
were not recorded in the Adriatic Sea. However, the warming of the sea caused 
by recent climate change has caused some grouper species in the Eastern Adriatic 
to expand northward. This spread has been poorly documented, largely because 
rocky coastal habitats, which are less accessible to conventional research methods 
that often rely on specifi c fi shing gears, have received far less attention than other 
more accessible habitats i.e. soft bottoms. Reports of recent grouper expansion are 
primarily anecdotal and mainly based on the extensive observations of recreational 
fi shermen who mainly utilize rocky coastal habitats. In order to gain insight 
into this phenomenon, we conducted a survey to investigate the distribution of 
groupers along the Croatian coast of the eastern Adriatic using the Local Ecological 
Knowledge methodology. Semi-structured interviews were carried out to record 
fi shers’ knowledge and perceptions of changes in their catches, as well as personal 
observations. The data collected provided information on the spatial and temporal 
expansion of groupers in the eastern Adriatic over the last 60 years, as perceived by 
local recreational fi shermen.

Sažetak
Kirnje su važne predatorske vrste morskih riba, isto tako ekonomski važne u 
gospodarskom i rekreacijskom ribolovu, ali i ugrožene pretjeranim izlovom diljem 
svijeta. Kirnja golema (Epinephelus marginatus) je vrsta koja je povijesno nastanjivala 
južna i srednja područja istočnog dijela Jadrana, dok su ostale vrste uglavnom bile 
ograničene na jug ili nisu bile zabilježene u Jadranskom moru. Međutim, zagrijavanje 
mora uzrokovano klimatskim promjenama omogućilo je širenje staništa kirnji prema 
sjeveru. Ovo širenje je do sada bilo slabo dokumentirano zato što su stjenovita obalna 
staništa, koja su manje dostupna konvencionalnim metodama istraživanja koje se 
često oslanjaju na specifi čne ribolovne alate, manje istraživana od drugih pristupačnijih 
staništa, npr. mekog dna. Dobiveni rezultati o nedavnom širenju kirnji prvenstveno 
su anegdotalni i uglavnom se temelje na zapažanjima rekreacijskih ribolovaca koji u 
ribolovu koriste stjenovita obalna područja. Kako bismo stekli uvid u ovaj fenomen, 
proveli smo istraživanje rasprostranjenosti kirnji duž hrvatske obale istočnog Jadrana 
metodologijom lokalnog ekološkog znanja. Provedeni su polustrukturirani intervjui 
kako bi se zabilježilo znanje ribolovaca i percepcija promjena u njihovim ulovima, 
odnosno njihovim osobnim zapažanjima. Prikupljeni podaci dali su informacije o 
prostornom i vremenskom širenju kirnji u istočnom Jadranu u posljednjih 60 godina, 
prema percepciji rekreacijskih ribolovaca.
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1. INTRODUCTION
The groupers belonging to the Serranidae family are a relatively 
large group of teleost fi shes. Up to now, 17 species have 
been reported from the Mediterranean Sea [1], of which 6 are 
known from the Adriatic Sea [2]. Two genera are present in the 
Adriatic, namely Mycteroperca Gill, 1862 with a single species 
Mycteroperca rubra (Bloch, 1793), and Epinephelus Bloch, 1793 
with 5 species, Epinephelus aeneus (Geoff roy Saint-Hilaire, 1817), 
Epinephelus caninus (Valenciennes, 1843), Epinephelus coioides 
(Hamilton, 1822), Epinephelus costae (Steindachner, 1878), 
and Epinephelus marginatus (Lowe, 1834). The Indo-Pacifi c 
Epinephelus coioides is the only non-indigenous grouper species 
in the Adriatic represented by a single record, which considers a 
specimen caught in the Gulf of Trieste, northern Italy, in 1998 [3]. 
Groupers (“Kirnje” in Croatian) is the common name for fi shes 
of the subfamily Epinephelinae but is also used colloquially for 
Polyprion americanus (Bloch & Schneider, 1801) of the family 
Polyprionidae [2]. Groupers are long-lived, slow-growing fi sh 
with low natural mortality [4]. However, due to their complex 
reproductive strategy (i.e., sequential hermaphroditism) and 
the fact that they inhabit relatively shallow coastal waters, 
they are particularly vulnerable to overfi shing, especially by 
recreational fi sheries [5]. Data on grouper fi sheries are largely 
lacking in Croatia, while the biology of some species has been 
studied in the past [6]. In Croatian waters, a size limit of 45 cm 
applies to all grouper species, and since 1996, a seasonal fi shing 
ban on groupers (Epinephelus spp.) has been imposed in July 
and August, during the spawning season [7]. Groupers in the 
Adriatic Sea are mainly targeted by recreational fi shermen, 
mainly spearfi shers, and are considered trophy fi sh. It is much 
less represented in commercial fi sheries, where it is occasionally 
caught mainly with set nets and longlines.

Although groupers can be caught with a variety of 
gear types, most of which are used in recreational fi sheries, 
spearfi shing is generally considered to have the greatest 
impact on grouper populations [8], and therefore it is a sound 
assumption that a wealth of knowledge about grouper 
behaviour and relative abundance could be obtained by 
spearfi shers. Since data collection in recreational fi sheries is 
not yet established in Croatia, and targeted fi eld studies aimed 
at monitoring groupers are usually limited in time and space, 
a survey of local ecological knowledge (LEK) of recreational 
fi shermen represents a valuable method to describe decadal 
changes in quantitative and qualitative trends of Adriatic 
groupers. This information could be used to identify potential 
conservation measures and management strategies to help 
protect and conserve the Adriatic groupers populations. 
However, LEK should be combined with other forms of data 
collection, such as scientifi c surveys and monitoring programs, 
to ensure a more comprehensive understanding of ecological 
systems and inform eff ective management decisions.

2. MATERIALS AND METHODS
Data were collected through face-to-face and phone interviews 
with participants who were mainly established and experienced 
spearfi shers but also with other recreational fi shers, such as 
anglers and long liners, as well as scuba divers. Participants 
from the whole Croatian coast were interviewed during the 
period from February 2020 to September 2022. Although 
spearfi shers were the primary target group for this study, we 

expanded it to include other types of fi shing to try to obtain 
information on groupers living in deeper habitats. Additionally, 
in order to expand the knowledge on groupers along the 
Croatian coastline, we reviewed available scientifi c literature, 
books, archives of local newspapers (daily journal Slobodna 
Dalmacija), fi shing magazines, and social network groups 
where recreational fi shermen from all over Croatia have actively 
participated.

To allow for a more open discussion on the topic, the 
interview did not follow a strictly structured questionnaire, 
but rather a specifi c set of questions were asked during the 
interview in a form of semi-structured interview. Due to the 
nature of the questions, the data was qualitative in nature rather 
than quantitative. As a result, a statistically sound approach 
could not be devised to conduct in-depth data analysis. Instead, 
a descriptive approach was chosen to elaborate on the results 
of the survey.

Participants were asked the following set of questions:
 - When did you start fi shing?
 - Can you tell the diff erence between the diff erent types of 

groupers?
 - Where have you caught or observed certain grouper species 

in a given decade, and where have you not seen them in a 
given area and decade?

 - What is your perception of the size range, distributional 
range and population trends on specifi c grouper species?

 - Are there any anecdotal stories that relate to interesting 
grouper catches or observations i.e. relating to size, new 
species, or distributional outliers?

 - Other questions relating to behaviour of groupers.
 - Literature sources were selected as references to determine 

the state of knowledge about the historical distribution of 
groupers [6, 9, 10]. In order to categorize the abundances 
occasionally reported by fi shermen in the vernacular, we 
established the following categories:

 - Single record: single grouper sightings reported by one or 
more individuals at a single location and time.

 - Uncommon: groupers sighted twice or more by 5 or fewer 
individuals in a given area and time period. Fishermen could 
use terms such as “seen here and there” or “sometimes” to 
describe this level of frequency.

 - Common: groupers whose presence was confi rmed by at 
least 5 respondents. Fishermen could use terms such as 
“many” or “plentiful” to describe this level of abundance.
Using these categories, we created general distribution 

maps for each species surveyed for a given period. Namely, 
we defi ned distributional limits for each species, time period 
and area on the basis of the northernmost limit of particular 
category. For example, if at least fi ve respondents mentioned 
that specifi c species of grouper were present in certain area and 
year in fewer numbers, we considered that particular species 
as uncommon southward until the fi rst next area where the 
species was perceived as common by at least fi ve respondents. 
However, if such area was preceded in the south with the area 
of absence, we isolated such areas as outliers (for example Fig 
3. 1996-2005). In cases when single records inside the area of 
absence were reported, such records were represented by red 
dots. Additionally, distributional limits of particular species from 
literature sources mentioned previously were used to draw the 
baseline maps for each species.
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The maps show the selected time periods when the changes 
occurred and the distribution of groupers at the end of each 
period as perceived by recreational fi shermen.

Maps mostly rely on the common division of the Adriatic Sea 
i.e. into three geographical sub-regions: The Northern Adriatic, 
the Middle Adriatic and the Southern Adriatic, which diff er by 
their bathymetric and hydrographic characteristics [9]. However, 
various delineations on the maps were made in regard to the 
perception of fi shermen. For example, if a particular species in 
a particular period has been observed only on the south side of 
the island, while the absence of the species was indicated on its 
northern side, more precise delineation was made (for example 
in Fig 4. 1996-2005 fi shermen mentioned presence on the 
south side of Korčula island and absence on its northern side). 
The territory of the Republic of Croatia, which is only a part of 
the entire sea, extends to all three mentioned sub-regions. This 
division is additionally indicated in the description of the sites 
in the discussion.

3. RESULTS AND DISCUSSION
A total of 111 participants engaged in the survey. Of these, 
95 practiced spearfi shing, 14 used angling techniques or 
longline, and 14 of them regularly dived using scuba gear in 
areas considered as suitable habitats for groupers. A total of 
60 participants took part in a spearfi shing competition at least 
once. From the total number of spearfi shermen, 4 started diving 
and fi shing before 1965, 6 in the period between 1965 and 1970, 
4 in the period between 1970 and 1975, 8 in the period between 
1975 and 1980, 6 in the period between 1980 and 1985, 9 in the 
period between 1985 and 1990, and the rest after 1990. Only 
5 spearfi shers who participated in the survey do not practice 
fi shing today, but they were able to provide information about 
the time when they were active. The oldest angler started 
fi shing between 1985 and 1990, the others all started later. 
Among scuba divers, 3 dived in the 1970s, 2 began their careers 
in the 1980s, and the others later.

For the two species examined in this study, E. caninus and P. 
americanus, we did not detect any changes in their distribution 
over time, possibly due to the fact that they are deep-sea 
species [2]. In the Adriatic, the depth gradually decreases from 
south to north [9]. Only in the south and middle Adriatic Sea the 
depths are suitable for adult E. caninus, where it is sporadically 
encountered nowadays. Therefore, due to its habitat preference, 
the possibility of the northward spreading of this species is 
limited by the shallow northern Adriatic. Although subadult 
specimens of E. caninus are often caught in shallow waters, the 
largest specimen reported by spearfi shers weighed less than 10 
kg. Most specimens reported by spearfi shers were individuals 
of up to 3 kg. The northernmost occurrence of such a small 
E. caninus was on the Kornati Islands judging by a photo of a 
specimen that was posted on a social network group in 2017. In 
contrast to the subadult fi sh reported to be regularly caught by 
spearfi shermen, anglers and scuba divers reported catches and 
sightings of adult specimens of this species.

Atlantic wreckfi sh, P. americanus, characterized by an 
extended pelagic juvenile phase, can be found throughout 
the Adriatic Sea [11]. With age, this species migrates to deeper 
waters. Large and adult specimens have been caught only in the 
southern Adriatic basin [2]. Apart from these two mentioned 
species, the other groupers of the Adriatic Sea have signifi cantly 

changed their distribution and abundance towards the 
northern regions, a phenomenon already observed in other fi sh 
species [12].

3.1. Dusky grouper - Epinephelus marginatus
Dusky grouper inhabits almost exclusively rocky bottoms, from 
shallow waters down to 200 m depth [13]. Although this species 
has a positive relationship between depth and size, individuals 
within each age group show a broad depth distribution that 
appears to be related to the availability of suitable habitat rather 
than depth itself, as observed in populations in protected areas 
where the species has recolonized shallow waters [13, 14, 15]. 
The depth is a limiting factor in spearfi shing as most activities 
occur in shallow water, with only well-trained individuals 
regularly diving more than 30 meters deep. The deepest known 
catch of dusky grouper while spearfi shing was from 64.2 meters 
[16]. At least 4 of our respondents have caught it at depths of 
over 40 meters.

All respondents active in the 70s and 80s agreed that the 
dusky grouper (bigger than 4 kg) was a common and relatively 
abundant species in the southern part of the Adriatic. North of 
the island of Drvenik Mali (middle Adriatic) it was less common 
and not evenly distributed. In some places, the populations 
were denser, especially on the southern sides of the islands 
farthest from the coast. According to the literature, in the given 
period dusky groupers could be found as far as the island of 
Premuda which borders the middle and northern Adriatic sub-
regions [10]. On some occasions, dusky groupers were caught 
in spearfi shing competitions in Mali Lošinj and on the islands 
of Srakane (north Adriatic) [17]. North of Lošinj, in the channels 
of Kvarner and Velebit bays, and on the west coast of Istria, it 
was unknown or, according to fi shermen, very rare. Only one 
story was known to our respondents in the early 1970s in which 
a dusky grouper was caught on the island of Rab, which may 
indicate its occasional occurrence in the northern Adriatic.

It should be noted that in the 1970s and 1980s, there were 
experienced and renowned spearfi shermen whose deep diving 
abilities enabled them to catch or observe dusky groupers at 
greater depths [17] but they could not recall seeing dusky 
groupers north of Lošinj island nor hearing stories about their 
occurrence in the mentioned area from other spearfi shermen. 
According to respondent reports, the year 1986 marked the 
fi rst sightings and catches of dusky grouper in Kvarner waters, 
particularly in the vicinity of Brseč in the northern Adriatic. In 
the period from the late 1980s to the mid-1990s, only two dusky 
groupers were reported in the Kvarner and Velebit bays. There 
were no observations of adult dusky groupers from the west 
coast of Istria until 1997 when a grouper weighing 4 kg was 
caught near Umag.

Respondents reported that sightings of dusky groupers 
started to occur in the Kvarner area, Velebit Bay, and western 
Istria (northern Adriatic) at the beginning of the 2000s. One 
dusky grouper of about 5 kg was caught at the pier of Trieste 
in the early 2000s and was reported by 4 of our respondents. 
The fi rst dusky groupers that appeared in the bay of Kvarner and 
Velebit channel had a weight of 3 to 8 kg, and larger specimens 
were reported later over time. After 2010, dusky groupers 
became more common in all mentioned areas (Fig 1).

All of our respondents, who have been fi shing in the given 
period, indicated that the fi rst half of the 1990s was a period of 
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Figure 1 Assumed distribution of dusky grouper Epinephelus marginatus on the basis of a perception of recreational fi shermen for 
diff erent periods. Red dots represent single records, yellow represents areas where the species was regarded as uncommon, and 

orange is where it was regarded as common.
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recovery of fi sh stocks due to a decline in fi shing activities as a 
result of the Croatian War of Independence. In some areas in the 
south, it was not possible to fi sh at all. The Prevlaka peninsula 
UN observer mission was disbanded in December of 2002, 
after practically functioning as a no-fi shing zone for more than 
a decade. The grouper population was very abundant even in 
shallow waters (personal observation). Closed areas held by 
the military during Yugoslavia also functioned as no-fi shing 
zones. One of the examples mentioned by older respondents 
was the place Marinča Rat on the island of Šolta where, after 
the withdrawal of the JNA, dusky groupers were seen in greater 
numbers while it was not the case in the surrounding, non-
prohibited areas. All respondents agreed that the average 
catch size of dusky grouper has declined since the late 1990s. 
The greatest decline in average grouper catch size, over the 
past decade, was reported by our respondents in the southern 
Adriatic. In the central Adriatic, from Vis to the Kornati Islands, a 
smaller decline was also noted.

In terms of behaviour, the majority of respondents noted 
a shift of large dusky groupers to deeper waters compared to 
previous periods. Because spearfi shing is much more intense 
in shallow waters, it is likely that fi sh found refuge in deeper 
waters due to intense fi shing in shallower areas [18]. A change 
in behaviour and the arrival of larger groupers in shallow water 
during winter months when there are fewer spearfi shermen 
was also noted by our respondents.

3.2. Juveniles and subadults of Dusky grouper

In Mediterranean waters, Dusky grouper reaches 50% sexual 
maturity as a female at 43.8 cm standard length (51 cm total 
length) in the Sicilian Channel [19] and at 57 cm of total length 
in Algerian waters [22]. We used an average value of these two 
lengths (50 cm) for sexually mature individuals, corresponding 
to about 2 kg of weight [1]. Since our respondents were unable 
to accurately measure the length of individual fi sh, we took a 
weight of less than 2 kg as a proxy to consider them juvenile 
or subadult individuals. Data on the presence of juvenile dusky 
groupers in the Adriatic Sea is poorly documented. The only 
mention we found was a comment by French authors where 
they mention the reported presence of small dusky groupers 
(< 25 cm LT), but with little information to describe its status in 
mentioned areas. [15]

Respondents mostly agreed that juvenile and sub-adult 
dusky groupers started to appear in Croatian waters in the early 
1990s. The fi rst dusky grouper weighing less than 2 kg reported 
by one respondent was caught near Dubrovnik in the late 1980s. 
Respondents originating from Croatia, who also regularly fi shed 
in Montenegrin waters during the times of Yugoslavia, do not 
remember seeing young dusky groupers. In the spearfi shing 
society at that time, the opinion was that there were no 
small groupers in the eastern Adriatic. This phenomenon was 
known primarily to our respondents who had participated in 
spearfi shing competitions in other parts of the Mediterranean 
where juvenile dusky groupers were present. However, the 
absence of any evidence of juvenile dusky groupers on the 
Croatian coast does not allow us to conclude with certainty 
that there were no juveniles at all. In fact, juveniles may have 
been present but not seen or recorded. A newspaper article [21] 
mentions that small groupers were found in southern Croatian 

waters, but no size unit or species was given. Many articles from 
that period mention only large dusky groupers (20+ kg) caught 
in relatively shallow waters.

One respondent recalled catching a small specimen (approx. 
20 cm) as a child on the island of Lastovo (south Adriatic) around 
the year 1960, and the father of a well-known spearfi sherman 
remembered catching a small dusky grouper near Rovinj (north 
Adriatic) in the early 1960s. The possible appearance of younger 
groupers from the mid-1970s was reported near the town of 
Korčula [22], where juvenile (15 cm) groupers were observed 
below a peer in shallow water but was erroneously referred to 
as P. americanus. The mentioned article was written to describe 
the occurrence of P. americanus in the south Adriatic, but from 
the photos of large individuals in the article and the description 
of the ecology of the mentioned groupers, it is obvious that the 
author misidentifi ed dusky grouper.

Also, the occurrence of juvenile dusky groupers has not been 
recorded in the Ligurian Sea north of 41°5 N latitude during 
the same period [23]. If we consider this latitude, which passes 
through Albania in the southern Adriatic, as a proxy for similar 
hydrological conditions (i.e., temperature), we can compare 
situations in the two seas. The youngest groupers (TL 10 cm) 
in the Ligurian Sea were observed in the south from 1989-
1990, then in the north of Corsica (1990-1992), on the coast of 
Var (1992-1993) and in the Côte Bleue Marine Park (1999) [24]. 
Similar south-north migration in the Adriatic in the 1990s was 
noted in our study.

The emergence of juveniles in the Adriatic Sea could be 
explained by similar factors as noted by French authors [24]. 
Recruitment in the southern Adriatic or Ionian Sea may have 
resulted in juvenile groupers moving northward with the Adriatic 
current, while the more appropriate temperature created a more 
favourable environment for their habitat. Warming seas aff ected 
the breeding of dusky groupers since temperature positively 
infl uences larval development [25]. It was also suggested by 
several authors [15, 26] that reproduction happens only when the 
ratio of females to males is adequate in a given area. Without clear 
data for the Adriatic, this hypothesis cannot be tested.

According to some of our respondents, the next major 
increase in the number of younger individuals was noticeable 
in the year 2012 and continues to this day; and respondents 
indicated that the number of small dusky groupers is steadily 
increasing, especially in the central Dalmatian and north 
Dalmatian islands (middle Adriatic).

In 2017, younger dusky groupers began to appear in greater 
numbers in the northern Adriatic (Fig 2). Since this event was 
recent, respondents were able to provide more precise data. As 
of 2017, the size of these individuals was less than 0.5 kg. In the 
period after 2020, our respondents reported sizes from 0.8 to 3 
kg. All of our respondents reported seeing small specimens only 
in shallow water to a depth of 15 meters. We have no reports of 
younger specimens from deeper waters.

3.3. White grouper - Epinephelus aeneus
The fi rst records of this species in the Adriatic were from 
February and September 1999, when two specimens were 
caught near Dubrovnik in the southern Adriatic [27]. However, 
it was mentioned earlier in the literature [10] when an author 
observed a 2 kg specimen caught using a longline near the 
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Figure 2 Assumed distribution of dusky grouper Epinephelus marginatus juveniles and subadults on the basis of a perception of 
recreational fi shermen for diff erent periods. Red dots represent single records, yellow represents areas where the species was 

regarded as uncommon, orange is where it was regarded as common.
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Kornati archipelago in the central Adriatic. Documented 
occurrences of this species in the Adriatic are relatively scarce. 
Besides the fi rst record, only four other confi rmed records have 
been reported [28, 29, 30, 31], the latter being the northernmost 
record of this species in the Adriatic, caught near Trieste (Italy). 
Due to the low number of published records, the species was 
considered very rare in the Adriatic in the mentioned literature. 
Our study shows that white grouper is indeed a relatively 
common species, especially in some areas of the southern and 
central Adriatic.

According to our respondents, white groupers appeared 
in two diff erent places at the same time, at Koločepski channel 
near Dubrovnik (south Adriatic), where the catches were 
reported by many spearfi shers in 2002, and the other at Mežanj 
island near Dugi Otok island (middle Adriatic), where specimens 
were also caught by several spearfi shermen in the same year, 
while one spearfi sherman reported a catch in 1999. In both 

areas, white groupers became very common and abundant 
from then on. Subsequently, they spread to the channels of the 
middle Adriatic. The fi rst specimen in the northern Adriatic was 
caught in 2012 on the island of Krk and in 2017 in Istria (Fig 3). 
A similar northward expansion of white groupers was already 
reported in Italy and France [32].

The most remarkable catch was made in 2011 near the 
Mežanj island (middle Adriatic) by a spearfi sherman (Fig 6), 
when a specimen was caught that reportedly weighed 25 kg, 
which is the maximum weight reported for this species [33]. This 
is a protogynous hermaphroditic species that reportedly does 
not become sexually mature as a female until 5 to 7 years of age 
(total length 50-60 cm, weight about 4 kg) [34], and sex change 
occurs at 10 to 13 years of age (total length 80-110 cm, weight 
6-15 kg) [35]. This indicates that the mentioned specimen was 
much older than would be expected considering the time 
period since the fi rst groupers were reported in the Adriatic.

Figure 3 Assumed distribution of white grouper Epinephelus aeneus on the basis of a perception of recreational fi shermen for 
diff erent periods. Red dots represent single records, yellow represents areas where the species was regarded as uncommon, and 

orange is where it was regarded as common.
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3.4. Goldblotch grouper - Epinephelus costae
This is a demersal species that occurs in coastal waters at depths 
of 1-200 m, more commonly at depths between 10 and 80 m, 
on sandy, muddy and rocky bottoms [1, 33]. The maximum 
length of this species is reported to be 140 cm [1]. Goldblotch 
grouper has always been considered a species inhabiting the 
southern Adriatic [36] but is also described as a relatively rare 
species in the southern Adriatic [6]. In the more recent literature 
[2], its distribution is restricted to the southern part of the 
Adriatic. In this study, its current range is extended to almost 
the entire Adriatic, and in most areas goldblotch grouper can be 
considered a relatively common species.

Our senior respondents agreed that it was a rare species, 
occurring exclusively south of the island of Korčula (south 
Adriatic). The mention of goldblotch grouper in the central 
Adriatic dates back to the year 1884, when a specimen was 
reported from an area near the town of Split (middle Adriatic) 
[37]. Two older respondents reported that it was caught on 

Šolta island (middle Adriatic) in the mid-1970s, while it is 
possible that another respondent caught it on island Šolta and 
confused it with M. rubra. These reports are only from a short 
period in the mid-1970s, while no occurrence of this species has 
been reported from other localities in the middle Adriatic. The 
next report of this species from the central Adriatic dates from 
the 1990s by a spearfi shermen who observed it on the southern 
side of the island of Dugi Otok (middle Adriatic).

The shift of this species to the north and reports of denser 
populations can be traced from our respondents’ reports after 
the year 2000, when spearfi shermen reported its presence 
in almost the entire middle Adriatic, while it became more 
common in the southern Adriatic. In 2017, all respondents from 
the northern Adriatic reported a mass movement of juvenile E. 
costae into the northern Adriatic area of the Lošinj archipelago 
and part of the Istrian peninsula (Fig 4). Unlike E. marginatus and 
E. aeneus, which were fi rst noticed in noticed in newly colonized 
areas as mature fi shes, E. costae were initially observed in newly 

Figure 4 Assumed distribution of goldblotch grouper Epinephelus costae on the basis of a perception of recreational fi shermen for 
diff erent periods. Red dots represent single records, yellow represents areas where the species was regarded as uncommon, and 

orange is where it was regarded as common.
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colonized areas as small fi shes (<1 kg), which was particularly 
noticeable in recent post-2017 movements to the waters 
of the northern Adriatic, where the increase in the number 
and size of individuals over time was evident on the basis of 
respondents reports.

3.5. The mottled grouper - Mycteroperca rubra
This species can easily be confused with goldblotch grouper, so 
reports of sightings or catches without photographic evidence 
should be taken with greater caution. For instance, a respondent 
claimed that mottled groupers occurred on the island of Šolta 
(middle Adriatic) in the mid-1970s, in the area where goldbloch 
groupers have been identifi ed in the past [37], as well as other 
respondents for the same location and time period. A similar 
suspicious report by a respondent date to the late 1980s from 
a nearby area.

The only confi rmed record of mottled grouper in the 
Adriatic dates from September 2000 [38]. In addition, four other 

unconfi rmed sightings were reported in the same publication. 
Four of our respondents reported catches and multiple sightings 
in the second half of the 1990s at the Elafi ti archipelago (south 
Adriatic), including a spearfi shing competitor who already 
had the opportunity to catch mottled grouper in the western 
Mediterranean. Since this is a location identical to the fi rst 
confi rmed record, but only a few years before, the statements 
of our respondents suggest that mottled groupers may have 
settled in this area earlier.

Prior to 2010, only a few records of this species were 
reported, all of which were from southern Croatian waters. 
The only exception was the testimony of two spearfi shermen 
who claimed to have sighted a single specimen on the island 
of Susak in 2006 in the northern Adriatic, but no photographic 
evidence was provided. After 2011, the species became more 
common in the south and some more records appeared in other 
locations (Fig 5). The northernmost confi rmed record is from the 
island of Rab on March 8, 2013 (Fig 7).

Figure 5 Assumed distribution of mottled grouper Mycteroperca rubra on the basis of a perception of recreational fi shermen for 
diff erent periods. Red dots represent single records, yellow represents areas where the species was regarded as uncommon, and 

orange is where it was regarded as common.
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4. CONCLUSION
The Adriatic Sea is the coldest part of the Mediterranean with winter 
temperatures below 10 °C in its northern part [39]. Sea surface 
temperature (SST) data show a cooling period (pre-1979) and a 
warming period (1979-2015), with the latter resulting in an SST 
increase exceeding 1 °C, and the warming has particularly intensifi ed 
since 2008 with a trend of up to 1.56 °C per decade [40]. The 
temperature increase in the Adriatic created the conditions for the 
phenomenon of meridionalization. Native thermophilic fi sh species 
spread from southern to northern parts of the Mediterranean 
and also the Adriatic Sea mainly as a consequence of rising sea 
temperature [41]. The northward advance of thermophilic species 
was the fi rst and most cited evidence of the link between climate 
change and Mediterranean biodiversity distribution patterns [42]. 

The grouper species of the subfamily Epinephelinae 
examined in this study represent a typical example of native 
thermophilic fi shes of the Mediterranean. To gain insight 
into the temporal and spatial changes of grouper species 
and motivated by the lack of historical data, we conducted a 
survey of local ecological knowledge of recreational fi shers in 
the eastern Adriatic which served as a proper method to fi ll 
the gap. All grouper species have shifted their distributions 
northwards in the Adriatic Sea during the last three decades, 
which corresponds to the same pattern described in other 
Mediterranean regions [24, 32, 42]. The only exception is 
E. caninus, whose northward spreading is limited by the 
shallow northern Adriatic, due to its habitat preferences. Our 
study indicates that juveniles and sub-adult individuals of E. 
marginatus were not observed in the eastern Adriatic Sea from 
at least the early 1960s until the late 1980s, while at the same 

time, the adult specimens could be found in the southern and 
middle Adriatic. The northward migration of dusky grouper was 
fi rst observed in the late 1980s in adult specimens (>2 kg), while 
juvenile and subadult specimens experienced expansion later. The 
same phenomenon was observed for E. aeneus, fi rst recorded in 
the Adriatic in the early 2000s and already caught by recreational 
fi shermen in two diff erent locations in the southern and middle 
Adriatic. In contrast, juvenile and sub adult specimens of E. costae 
fi rst appeared as juveniles (<1 kg), particularly after 2017 in the 
northern Adriatic waters around the Lošinj archipelago. This 
species has always been present in the Adriatic, especially in its 
southern part. The expansion to the north occurred after the 
early 2000s. Today, recreational fi shermen consider it a common 
species, particularly in the southern and middle Adriatic. M. 
rubra probably colonized the southern Adriatic in the late 1990s, 
when it was fi rst recorded [38]. After 2010, the fi sh became more 
common in the southern Adriatic waters while in the other parts 
of Croatia, it is still unknown to most recreational fi shers, although 
there are records from the middle and northern Adriatic.

The expansion of groupers in a northward direction in the 
Adriatic Sea has many implications. The expansion of thermophilic 
fi sh species can have an impact on native fi sh communities 
through increased competition, but also through predation which 
may alter the structure and composition of food networks and fi sh 
communities. Understanding the patterns of fi sh distribution and 
migration in response to climate change is crucial for the eff ective 
management of fi sheries and the conservation of biodiversity in 
the Adriatic Sea. Further research is needed to fully understand 
the implications of these changes and to develop strategies for 
potential adaptation to novel ecological conditions.

Figure 6 White grouper Epinephelus aeneus, caught in 2011 
near Mežanj island. Fishermen reported the weight to be 25 kg, 

which is the maximum size of this species.

Figure 7 The northernmost confi rmed record of mottled grouper 
Mycteroperca rubra from the island of Rab, March 8th, 2013. 
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