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Biometry analysis of the black scorpionfish, Scorpaena porcus
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A sample of 450 specimens of the black scorpionfish, Scorpaena porcus (Linnaeus, 1758), from
the middle and south Adriatic was biometrically analysed. The total length of all specimens ranged
from 7.0 to 25.8 cm. Eighteen morphometric and eight meristic characteristics were determined.
Sexual dimorphism was observed in seven morphometric measurements. There were no differences
in meristic characters between sexes. Relative growth was studied by comparing changes in mor-
phological characters with growth in standard and head length. The results obtained suggest the
existence of one unique population of S. porcus in the Adriatic Sea.
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INTRODUCTION

The black scorpionfish, Scorpaena porcus
(Linnaeus, 1758), is one of the most common
species of Scorpaenidae family in the Mediter-
ranean and the Adriatic Sea. Apart from the
Adriatic, it is distributed in the whole Mediter-
ranean, including the Black Sea, and along the
eastern Atlantic coast, from the British Isles to
the Azores and the Canary Islands (HUREAU
& LITVINENKO, 1986). S. porcus is an inshore
benthic species, inhabiting rocky and sea-grass
bottoms and being most numerous in the Adri-
atic at depths between 5 and 15 m (GRUBISIC,
1982). However, its distribution depends on the
time of the day, the depth, the type of the bot-
tom landscape and the study area (PASHKOV et
al., 1999). The black scorpionfish represents an
important fishing object for trammel nets in the
eastern Adriatic, and their proportion in catches

increased in the 1962 — 1982 period (JARDAS &
PALLAORO, 1989).

Although the diet (JARDAS & PALLAORO,
1991; ARCULEO et al., 1993; MORTE et al., 2001),
reproductive biology and growth (BRADAI &
BOUAIN, 1988, 1991; JARDAS & PALLAORO, 1992;
KOCA, 2002; SABAT et al., 2004; BILGIN & CELIK,
2009) of S. porcus have been studied in Mediter-
ranean and Adriatic waters, morphometric and
meristic characteristics of this very abundant
species have not been systematically analysed.
Some data on individual meristic characters

of the black scorpionfish are available (CADE-
NAT, 1943; ESCHMEYER, 1969; FISCHER et al., 1987;

JARDAS, 1996; LA MESA, 2005), but morphometry
data are rare and incomplete (CADENAT, 1943;
ESCHMEYER, 1969). In description of species,
knowledge of its biometry is necessary especial-
ly because specimens from different areas differ
from one another in morphology. The aim of
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the present study is to investigate morphologi-
cal properties of the Adriatic black scorpionfish
population considering the sex of specimens, by
analysing morphometric and meristic characters,
variation of those characters as well as species
relative growth. Results will provide the first
complete biometric description of this species in
the Adriatic Sea.

MATERIAL AND METHODS

A total of 450 black scorpionfish specimens
were sampled to study biometric characteristics
from October 2006 to December 2007. S. porcus
specimens were collected by a trammel net (56
mm stretched mesh size inner panel) from seven
localities along the eastern Adriatic coast, from
its middle and southern part (Fig. 1). Bottoms
at sampling sites were mostly rocky and rocky-
sandy, with depths between one and 30 m.

Fig. 1. Sampling areas of the black scorpionﬁsh,VScorpaena
porcus in the eastern mid (Pag, Zadar, Sibenik, the
Split area and Vis Island) and south (Ploce and the
Dubrovnik area) Adriatic
All body lengths were measured to the near-
est 0.1 cm. Sex was determined macroscopi-
cally according to the shape and appearance of
the gonads. The specimens without developed
gonads were classified as immature. 18 morpho-
metric and 8 meristic characters were measured.
Morphometric characters included total length
(TL), standard length (SL), lengths of dorsal
(LD) and anal fin base (LA), lengths of pectoral
(LP), ventral (LV) and caudal fins (LC), pre-

dorsal (PD), preanal (PA), preventral (PV) and
prepectoral (PP) distances, maximum (H) and
minimum body heights (h), head length (CL),
eye diameter (O) and preocular (PO), interocular
(I0) and postocular distances (OLO). Meristic
characters included number of rays in dorsal
(D), pectoral (P), ventral (V), anal (A) and cau-
dal (C) fins, number of gillrakers (Brsp), number
of scales on linea lateralis (L. lat), and number
of vertebrae (Vert) (Fig. 2). Standard length was
expressed as a percentage of the total length
while other body measurements were expressed
as percentages of the standard length. Head
measurements were expressed as percentages of
the head length.

For testing the sex ratio a simple Chi-square
test was used. Biometry data were analysed
by arithmetic means, standard deviations and
variability coefficients. Statistical differences
between mean values of morphometric and
meristic characters of males and females were
determined by Student’s ¢ test (p < 0.05). In
order to compare growth, length — length rela-
tionships were established using linear regres-
sion analysis.

TL

Fig. 2. Morphometric and meristic characteristics of the
black scorpionfish, Scorpaena porcus: total length
(TL), standard length (SL), dorsal fin base length
(LD), anal fin base length (LA), pectoral fin length
(LP), ventral fin length (LV), caudal fin length
(LC), predorsal distance (PD), preanal distance
(PA), preventral distance (PV), prepectoral dis-
tance (PP), maximum body height (H), minimum
body height (h), head length (CL), eye diameter
(0), preocular distance (PO), interocular distance
(10), postocular distance (OLO) and number of
rays in dorsal (D), pectoral (P), ventral (V), anal
(4) and caudal (C) fins
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RESULTS

Overall, 450 specimens of S. porcus were
examined for morphometric and meristic char-
acters. The sample was composed of 179 males,
226 females and 45 immature specimens. The
sex ratio differed statistically from the expected
1:1 (y* =5.454; p<0.05). Total length (TL)
ranged from 7.0 to 25.8 cm (15.35+3.29) for all
specimens, with females ranging from 10.2 to
25.8 cm (16.4143.40), males from 10.3 to 23.4
cm (15.10+2.48), and immature specimens from
7.0 to 12.5 cm (11.01£1.05). Mean values of
all 18 morphometric characteristics of females
were significantly higher than those of males

(p<0.05). Differences between the sexes were
statistically significant in seven morphometric
relationships (Table 1); standard length (SL) in
relation to total length (TL); length of anal fin
base (LA); pectoral (LP), ventral (LV) and cau-
dal fin (LC) length in relation to standard length
(SL); preanal distance (PA) in relation to stand-
ard length (SL) and postocular distance (OLO)
in relation to head length (CL). Morphometric
measurements for the total sample of black
scorpionfish are also presented in Table 1. Vari-
ability coefficients were within a relatively large
range, varying from 2.64 to 17.89% for the SL/
TL and IO/CL relationships, respectively.

Table 1. Relationships of morphometric characters (%) for males (n = 179), females (n = 226) and total sample (n =
450) of the black scorpionfish, Scorpaena porcus from the eastern Adriatic Sea;, SD = standard deviation; V =

variability coefficient

Relationship* Sex Range (%) Mean £ SD t V(%)
SL/TL 3 66.91 — 82.93 76.53 + 1.980 4.88** 2.59
Q 72.94 — 88.48 77.50 £ 1.981 2.56

total 66.91 — 88.48 76.96 + 2.034 2.64

3 34.56 — 46.49 40.42 £2.238 5.54

CL/SL Q 34.01 —45.74 40.37 £2.259 0.48 5.59
total 34.01 —46.94 40.45 +£2.259 5.58

3 50.49 — 69.77 59.07 + 3.358 5.68

LD/SL Q 43.97 - 66.91 58.89 + 3.445 0.50 5.85
total 43.97 — 66.97 59.14 £ 3.360 5.68
3 11.18 — 21.87 15.01 + 1.598 10.64

LA/SL Q 10.48 — 20.00 14.53 + 1.637 2.95%* 11.26
total 10.48 — 21.87 14.82 + 1.659 11.19

3 24.80 — 38.38 31.31 £ 2.711 8.66

LP/SL Q 23.85-35.11 30.02 + 2.468 4.93** 8.22
total 23.85 —40.69 30.78 £2.714 8.81

3 21.31 - 34.41 28.06 £ 2.558 9.11

LV/SL Q 21.26 —32.46 26.59 +2.263 6.04** 8.51
total 21.26 —34.48 27.29 £2.550 9.35

3 23.35-34.75 28.17 £2.067 7.34

LC/SL Q 19.51 — 33.61 26.96 £2.211 5.68%** 8.20
total 19.51 —34.75 27.68 +£2.265 8.18
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Table 1. cont’d

3 26.59 —41.44 32.38 £2.390 7.38

PD/SL Q 26.05 - 37.65 32.13 £2.197 1.73 6.84
total 26.05 —42.35 32.32 £2.347 7.26

3 60.19 — 74.60 67.69 + 2.385 3.52

PA/SL Q 57.82 - 80.00 68.45 + 2.884 2.85%* 4.21
total 57.82 - 80.00 68.11 £ 2.781 4.08

3 32.74 - 50.69 38.11 £2.474 6.49

PP/SL Q 30.61 —48.03 37.75 £ 2.307 1.48 6.11
total 30.61 — 50.69 37.97 £2.392 6.30

3 23.40 — 47.66 39.87 £ 3.710 9.30

PV/SL Q 25.00 — 47.76 40.12 £2.981 0.74 7.43
total 23.26 —47.76 40.08 + 3.459 8.63

3 26.40 — 45.76 36.89 £ 2.761 7.48

H/SL Q 30.49 — 47.37 37.11 £ 2.573 0.82 6.93
total 26.40 — 47.37 37.02 £2.623 7.08

3 6.76 — 13.79 9.59 + 0.909 9.48

h/SL Q 7.19 -13.47 9.69 +0.824 1.23 8.50
total 6.17 - 13.79 9.61 £0.915 9.52
3 14.28 — 32.61 22.21 £3.191 14.37
O/CL Q 13.64 - 31.25 21.78 +3.099 1.38 14.78
total 13.64 —32.61 22.09 £3.192 14.72
3 7.69 —22.73 12.47 +2.087 16.74
10/CL Q 4.17-23.08 12.51 +2.246 0.19 17.96
total 4.17-23.08 12.61 £2.255 17.89
3 15.38 —36.73 24.49 + 3.684 15.04
PO/CL Q 10.42 - 36.36 25.03 £3.275 1.53 13.08
total 10.42 - 36.73 24.59 £3.525 14.33
3 20.51 — 65.45 46.16 = 5.057 10.96

OLO/CL Q 21.85-57.69 47.51 +£4.343 2.83%* 9.14
total 20.51 — 65.45 46.82 +4.684 10.00
3 16.67 — 38.09 26.08 £2.730 10.46

h/H Q 21.21 -36.17 26.19 +2.260 0.40 8.63
total 16.13 - 38.09 26.04 +2.625 10.08

* abbreviations as in Fig. 2
** statistically significant (¢ > 1.96; p < 0.05)

Meristic data from the present study are posed of twelve spines and ten soft rays and the
shown in Table 2. Analyses of variance did not ventral fin ray of one spine and five soft rays.
show any statistically significant differences in  The anal fin was composed of three spines and
meristic characters between males and females. five to six soft rays and the number of pectoral
In all specimens, the dorsal fin ray was com- fin rays ranged between 16 and 17.
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Table 2. Meristic characters for males (n=179) and females (n=226) of the black scorpionfish, Scorpaena porcus fiom
the eastern Adriatic Sea; SD=standard deviation; V=variability coefficient

Meristic character Sex Range Mean + SD t V(%)
No. rays in dorsal fin g §g ig ;ggg i 8 0 0
S I S
No. rays in pectoral fin g igj; iggz i 8;;8 0.17 ég;
No. rays in ventral fin g ggg i 8 0 0
No. rays in caudal fin g Sj; gzg i 8232 0.74 i;g
No. branchiospines g i:j; gzg i gjég 0.76 '_Z:Zi
No. vertebrae g g:gg i 8 0 0
No. scales in linea lateralis g gg:zz 5533 :57 : (()) 662% 0.27 };g

Table 3. Meristic characters of the black scorpionfish, Scorpaena porcus from the Atlantic, Mediterranean with Black

Sea, and the Adriatic

Area Mel(?i?;lrrrlszean Atlantic MeBi:jlir;r;zan Adriatic Mel(?iilearrrlgr?ean Adriatic
Author CADENAT ESCHMEYER FISCHER etal. JARDAS LA MESA This study
(1943) (1969) (1987) (1996) (2005)
Dorsal fin (no. rays) XII+9-10 XI1+9 XII+9-10 XII49-10 XII+8-11 XII+10
Anal fin (no. rays) 1+5-6 - 1I+5 11+5-6 111+4-6 1I+5-6
Pectoral fin (no. rays) 17 16-18 16-18 16-18 16-18 16-17
Ventral fin (no. rays) - - - I+5 I+5 I+5
Caudal fin (no. rays) - - - - - 13-17
z:)lfeaslcl;t;r;lis . 65-70 65-70 52-55 52-65 52-55
Branchiospines (no.) - 16-18 16-19 - - 14-17
Vertebrae (no.) - 24 - - - 24

The coefficients of linear regressions show
that bigger S. porcus specimens have a shorter
head (a= - 0.056; R?=0.175), shorter predor-
sal (a= - 0.083; R?=0.188) and preventral (a=
- 0.068; R?=0.147) distances, smaller base
lengths of dorsal (a= - 0.260; R?=0.445) and

anal fins (a= - 0.093; R?=0.402) and smaller
lengths of pectoral (a= - 0.231; R>=0.457), ven-
tral (a= - 0.201; R2=0.591) and caudal fins (a=
- 0.264; R*=0.882). Preocular (a= + 0.261; R?
=0.624) and postocular distances (a= + 0.285; R?
=0.391) are larger in bigger fish and at the same
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time, eye diameter (a = - 0.243; R?= 0.438) and
interocular distances (a= - 0.141; R2=0.346) are
shorter in larger S. porcus specimens.

DISCUSSION

Data from this study present the first report
on the existence of morphometric variations
between sexes in the Adriatic black scorpion-
fish population. KAIM-MALKA & JACOB (1985)
reported on sexual differences of S. porcus from
the Marseille area, but just in size of males and
females. According to them, males attained a
larger size than females which is contrary to
the findings of this study and for the Black Sea
population of this species (BILGIN & GELIK, 2009).
Spatial segregation by sex could be one reason
for this difference (LARSON, 1980; WEARMOUTH
& SIMS, 2008). As PASHKOV er al. (1999) noted,
S. porcus is a slow moving species which con-
centrates among rocks in the daytime, while
at night it is active and disperses across the
near-shore zone, staying mainly in open bottom
sites. On the other hand, females are perhaps
more vulnerable to trammel net catches during
reproduction time and, due to methodological
reasons, we just have not caught larger males.
Differences in biometric characters and in sizes
of males and females are also reported for some
other scorpaenids. MORATO et al. (2001) reported
that Scorpaena notata males are larger in size
than females, as suggested by the length —
weight relationship of this species. LA MESA
(2005) represented differences between sexes
in morphometric measurements for S. notata,
mainly concerning the head region.

The high values of variability coefficients
(>10%) were found for morphometric charac-
ters which relate to head length. In fish, values
of this coefficient within populations are usu-
ally far greater than 10% (CARVALHO, 1993).
MAMURIS et al. (1998) and QUILANG et al. (2007)
reported on low values of variability coefficients
for the silver perch, Leipotherapon plumbeus,
and red mullet, Mullus barbatus, respectively,
which indicate minimal or very low intrapopula-
tion variation.

Only CADENAT (1943) published data on
some morphometric relationships but just one

is comparable - the eye diameter in relation to
head length. Others refer to total body length
so they are not comparable to those from the
present study. According to CADENAT (1943) the
eye diameter of S. porcus constitutes 21 to 27%
of the head length, which fits within the much
wider range (13.64 to 32.61%) from this study.
This larger variation is likely due to a larger
sample of analysed black scorpionfish speci-
mens in this study since the aforementioned
author based his results on very few specimens.

Meristic characters of the black scorpionfish
from the eastern Adriatic mostly agree when
compared with data from other areas (Table 3).
The number of rays in the ventral fin (I+5) and
the number of vertebrae (24) are the same for all
compared locations (Atlantic, Mediterranean,
Black Sea and Adriatic). The number of spined
rays in the dorsal fin (XII) was constant in fish
from all areas but the number of soft rays var-
ied from 8§ to 11, though most commonly 9-10.
The number of spined rays in the anal fin (III)
was also constant while the number of soft rays
varied from 4 to 6, though most commonly 5-6,
as in this study. According to ESCHMEYER (1969)
and FISCHER et al. (1987) the number of scales in
linea lateralis for the black scorpionfish popula-
tion in the Atlantic and Mediterranean varied
between 65 and 70. In this study, the number
of scales in linea lateralis is much smaller and
varied between 52 and 55 which confirmed prior
findings for the Adriatic (JARDAS, 1996) and for
the Atlantic and Mediterranean (LA MESA, 2005).
This meristic character showed a larger variation
than previously documented (ESCHMEYER, 1969;
FISCHER et al., 1987) and is probably related to the
larger analysed sample and wider size-interval
of S. porcus specimens in this study.

The number of branchiospines in this study
varied between 14 and 17 which differ from
reported data for the Mediterranean black scor-
pionfish population (FISCHER et al., 1987). Accord-
ing to LINDSEY (1981) a shift in branchiospine
counts is possible within very few generations as
a result of adaptation to environmental changes.
In this study, it is difficult to determine if biotic
or abiotic factors contributed to this small shift
in branchiospine counts or this variation is due to
a larger analysed sample, as already mentioned
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regarding the comparison of obtained meristic
and morphometric characters with those previ-
ously documented.

CONCLUSIONS

Although this study showed the existence
of morphometric differences and sexual dimor-
phism, most of the investigated morphometric
characters are not sufficient to discriminate
males from females due to the relatively large
overlap in their range. Also, obtained results
suggested the existence of one unique popu-
lation of S. porcus in the Adriatic. However,
differences in meristic characters between the
black scorpionfish populations in the Atlantic,
Mediterranean and Adriatic exist and could be
the result of different environmental conditions.
So, further studies should investigate the possi-
ble connection between observed variability and
environmental factors.
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SAZETAK

Biometrijska su svojstva analizirana na 450 primjeraka Skrpuna, Scorpaena porcus (Linnaeus,
1758), s podrucja srednjeg i juznog Jadrana. Ukupna je duzina svih jedinki bila u rasponu od 7,0 do
25,8 cm. Odredeno je osamnaest morfometrijskih i osam meristi¢kih znacajki. Spolni dimorfizam
je uocen na sedam morfometrijskih znacajki. Razlike u meristickim osobinama medu spolovima
nisu uocene. Relativan rast je analiziran usporedivanjem promjena morfoloskih znacajki s porastom
standardne duzine tijela i duzine glave. Dobiveni rezultati upucuju na jedinstvenu populaciju vrste
S. porcus u Jadranskom moru.
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