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Abstract

In the Mediterranean Sea, the blackbellied angler, Lophius budegassa Spinola, 1807, represents a relevant fraction of the com-
mercial by-catch of bottom trawling and small-scale fisheries that use passive gears (e.g., set nets, bottom longlines, etc.). Despite
its importance, there are no comprehensive studies on the population dynamics of this species, and there is still scarce and scat-
tered knowledge of its biology and ecology. Biomass, morphometric, and biological data of the blackbellied angler were collected
from 1994 to 2021 by means of the Mediterranean International Bottom Trawl Survey (MEDITS) programme in the Ligurian and
northern Tyrrhenian Seas, and in the EU Data Collection Framework during the period of 2006-2021. Furthermore, ageing was
performed on specimens collected from 2013 to 2021 during the MEDITS programme. There were high values for the density
indices and the spatial distribution of biomass in the central sector of the investigated area (the Tuscan Archipelago), mostly on
the continental shelf. The length-weight relationship showed negative allometric growth when considering the sexes together, and
no difference between the sexes. The size at first maturity (L, ) was estimated at 39.4 cm total length (TL) in females and at 29.2

cm TL in males. The obtained Von Bertalanffy growth parameters were: in females, L= 74.50 cm, k = 0.10 years™, and t,=-0.40
years; in males, L = 61.30 cm, k = 0.14 years™, and t,= -0.38 years. There were differences in growth between males and females

for L (*=10.04; p <0.05) andk (3> = 6.12; p < 0.05).

Keywords: Lophius budegassa; length-weight relationship; maturity; growth.

Introduction

The genus Lophius Linnaeus, 1758 includes seven
species with a wide distribution in the marine waters
throughout the world. Two species belonging to the genus
Lophius are present in the Mediterranean Sea: the angler,
Lophius piscatorius Linnaeus, 1758, and the blackbellied
angler, Lophius budegassa Spinola, 1807 (Fischer et al.,
1987; Sartor et al., 2017; Barcala et al., 2019). According
to the available knowledge from trawl surveys and com-
mercial fisheries monitoring in the Mediterranean Sea,
the blackbellied angler is more abundant than the angler
(Tsimenidis & Ondrias, 1980; Ungaro ef al., 2002). The
blackbellied angler is a demersal fish distributed in the
north-eastern Atlantic, from the British Isles to Senegal,
and throughout the Mediterranean Sea (Fischer et al.,
1987; Sartor et al., 2017), with a wide bathymetric dis-
tribution, from coastal waters to around 800 m. It is more
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abundant on the continental shelf between 50 and 200 m
(Ungaro et al., 2002; Sartor et al., 2017).

In the Mediterranean, the blackbellied angler is a
by-catch of trawl and gillnet fisheries with a high com-
mercial value (Maravelias & Papaconstantinou, 2003;
Garcia-Rodriguez et al., 2005). In general, its contribu-
tion in terms of the volume of landings is low, except
in some areas such as the Gulf of Lions and the Catalan
Sea (Ungaro et al., 2002; Colmenero et al., 2013). In the
European Atlantic waters, the blackbellied angler inves-
tigations have included estimation of growth parameters
(Dupouy et al., 1986; Duarte et al., 1997; Landa et al.,
2001, 2008, 2014; Quincoces, 2002); characterisation of
reproduction (Azevedo, 1996; Duarte et al., 2001; Quin-
coces, 2002) and diet (Crozier, 1985); and evaluation of
spatial distribution (Azevedo et al., 2008, Barcala et al.,
2019). However, despite the ecological and economic rel-
evance of the blackbellied angler, in the Mediterranean
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there have been no comprehensive studies on its popula-
tion dynamics, and the knowledge about its biology and
distribution is still scarce and scattered. The understand-
ing of the biology and ecology of this species is limited
to a few studies (Tsimenidis & Ondrias, 1980; Ungaro
et al., 2002; Garcia-Rodriguez et al., 2005; Carlucci et
al., 2009). Regarding growth aspects, Tsimenidis & On-
drias (1980), Garcia-Rodriguez et al. (2005), Carlucci et
al. (2009), and Senbahar & Ozaydin (2020) performed
growth studies based on the interpretation of otoliths and/
or illicium.

The aim of this study is to increase the knowledge on
the biology, age and growth, and population dynamics of
the blackbellied angler in the north-western Mediterrane-
an, for which only a preliminary study done by Garcia-
Rodriguez et al. (2005) is available.

Materials and Methods

Blackbellied angler specimens were collected under
the activities of the EU Data Collection Framework (Reg.
EU 199/2008) carried out in the Ligurian and northern
Tyrrhenian Seas (FAO-GFCM Geographic Sub-area 9)
(Fig. 1). Abundance data were gathered from the Medi-
terranean International Bottom Trawl Survey (MEDITS)
programme (Bertrand et al., 2002) carried out from 1994
to 2021. The biomass and density indices of the black-
bellied angler were computed from each haul as biomass
per swept area (kg/km?) and the number of individuals
per swept area (N/km?), respectively (Sparre & Venema,
1992). The area swept in each haul was estimated from
direct measurements of the horizontal opening of the net

detected by net geometry monitoring equipment. The
average biomass and density indices per year and depth
stratum were also calculated. Spearman’s rho coefficient
was used to detect temporal trends in the density and bi-
omass indices of L. budegassa in the investigated area.
The spatial distribution was represented by applying the
Heatmap tool of the QGIS Geographic Information Sys-
tem (QGIS, version 3.8.1 — Zanzibar) on the biomass in-
dices (kg/km?).

Morphometric and biological data were collected
from 2006 to 2021 from the MEDITS programme and
commercial catches. Fish total length (TL) was measured
to the nearest 0.5 cm (rounded down), wet weight (W)
was recorded to the nearest 0.1 g, and sex and the matu-
rity stage were determined by macroscopic observation
of the gonads following the classification scale provided
by Follesa & Carbonara (2019) for bony fish: 0, unde-
termined; 1, immature virgin; 2a, developing virgin; 2b,
recovering; 2c¢, maturing; 3, mature-spawner; 4a, spent;
and 4b, resting.

The length-weight relationship was analysed with the
power equation W = a x TL®. Data exploration and anal-
yses were carried out with R version 4.2.2 (R Core Team,
2023). The parameters a and b were estimated using the
package nistools (Baty et al., 2015). Analysis of covari-
ance (ANCOVA) was used to test the effect of the cate-
gorical factor sex in the fish length-weight relationship.
Student’s t-test modified by Pauly (1984) was applied to
analyse the growth allometry. The assumed significance
level of 0.05 was used in all the statistical analyses.

Length at first maturity (L, ) was estimated by fitting
a logistic function (Saila ef al., 1988) to the proportion of
mature individuals (immature: stages 1 and 2a; mature:
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Fig. 1: Study area. The black area showed in the frame at the top-right is GSA9.
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stages 2b, 2c, 3, 4a, and 4b) by size class. The function
was fitted to the data by using the Levenberg-Marquardt
algorithm for non-linear least squares parameter estima-
tion (Draper & Smith, 1966). Maturity ogives, obtained
for each sex, were compared with the Chen test (Chen et
al., 1992).

Individual age was determined by counting growth
rings in the transverse sections of the first dorsal fin ray
(illicium), according to the methodology described by
Carbonara & Follesa (2019) from specimens caught from
2013 to 2021 during the MEDITS programme. After
removing any organic tissue, illicia were embedded in
epoxy resin. Thin sections (500 um) were taken from 5
mm above the peduncle up to the middle of the illicium
using a low-speed diamond wheel saw with a micromet-
ric knob. The age reading was performed separately by
two readers with the same expertise level, using a mi-
croscope (40x and 100x magnifications) with transmitted
light and connected to a digital system. Only readings in
agreement were used in the growth analyses.

The theoretical birth date was defined as 1 January
(Carbonara et al., 2019), according to the spawning pe-
riod of the species reported in the Mediterranean (Mar-
avelias & Papaconstantinou, 2003; Carbonara et al.,
2005). The age was assigned by considering the scheme
proposed by Carbonara et al. (2019). The growth of L.
budegassa was estimated by using the von Bertalanffy
growth formula (VBGF): L, =L * (I —e (-k x (t—t)),
where L is the mean total length at age 7 (cm), L_ is the
theoretical asymptotic length (cm), £ is the instantaneous
growth coefficient (years™), ¢ is age (years), and ¢, is the
theoretical age at length zero (years). The parameters of
the VBGF were calculated by sex by using the R package
FSA (Ogle, 2016). The extra-sums-of-squares test (Ritz
& Streibig, 2008) was used to identify significant differ-
ences between the sexes. Coefficient of Variation (CV;
Chang, 1982) and Average Percent Error (APE; Beamish
& Fournier, 1981) were calculated to assess the precision
of the age determination.

l\gfkm2
@

The growth performance index, @’ =log k + 2 log
(Pauly & Munro, 1984), was calculated to compare the
results of the present study with results obtained in differ-
ent areas of Mediterranean Sea and in the Atlantic Ocean.

Results
Abundance trends from the MEDITS programme

The time series of biomass and density indices of the
blackbellied angler in the Ligurian and northern Tyrrhe-
nian Seas are shown in Figure 2. During the period in-
vestigated by the MEDITS programme (1994-2021),
the abundance indices showed a fluctuating trend, with
a strong decrease since 2018 in terms of both biomass
and density. The lowest biomass index value (1.6 + 0.3
kg/km?) was recorded in 2021, the last year of the time
series, while the highest value (11.1 £4.1 kg/km?) was re-
corded in 2018, with an average over the entire period of
5.6 = 1.3 kg/km?. The density index values ranged from
4.9 £ 1.0 N/km? in 2001 to 17.5 £ 5.9 N/km? in 2018,
with an average of 8.7 £ 1.8 N/km?. Although the time
series are characterised by large fluctuations, Spearman’s
rho coefficient analysis did not show a significant trend in
the density and biomass time series. The spatial distribu-
tion of the biomass index by haul and year (Fig. 3) shows
the highest values in the central sector of the investigated
area, corresponding to the Tuscan Archipelago (eastern
Ligurian and northern Tyrrhenian Seas). Furthermore, the
blackbellied angler was more abundant on the continen-
tal shelf (up to a depth of 200 m) than on the slope, with
average biomass index values of 8.2 + 2.4 kg/km? and
2.5 £ 0.9 kg/km?, respectively. The density index values
showed the same pattern: 13.2 + 3.4 N/km? on the shelf,
and 3.4 &+ 1.0 N/km? on the slope.

2000

2010 2020

Years

Fig. 2: Temporal evolution of biomass and density indices from MEDITS survey data (1994 2021). Shaded areas are standard

deviations.
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Fig. 3: Heatmap representing the spatial distribution of blackbellied angler in terms of biomass per spatial unit, obtained from

MEDITS survey data (1994-2021).
Biological parameters

The morphometric and biological aspects of 232 spec-
imens (99 females, 128 males, and 5 undetermined) were
analysed (Table 1).

Length-weight relationship

Figure 4 and Table 2 show the results for the entire
sample and separately by sex. ANCOVA did not show
significant differences between sexes. The parameter b
was less than 3 in all the cases, indicating a negative allo-
metric relationship.

Length at first maturity (L)
The smallest mature female measured 32.5 cm TL,

while the smallest mature male was 21.0 cm TL. L, was
estimated at 39.4 cm TL in females and 29.2 in males

(Fig. 5, Table 3). The size at which all individuals were
mature was 49.5 cm TL in females and 36.0 cm TL in
males. There was a significant difference in L, between
the sexes (1= 0.61, p <0.05).

Age and growth

A total of 275 illicia was collected and analysed (Fig.
6). However, age could only be determined from 257 of
the 275 illicia because some were damaged or unread-
able. Out of the 257 readable illicia, there were 114 fe-
males ranging from 14.0 to 72.5 cm TL, 138 males rang-
ing from 11.0 to 62.0 cm TL, and 5 immature individuals
ranging from 9.5 to 12.5 cm TL. The estimated age range
for males and females varied from 0 to 16 years. The Von
Bertalanffy growth curves are shown in Figure 7, while
Table 4 summarises the estimated growth parameters
and the growth performance values. The extra-sums-of-
squares test carried out on the von Bertalanffy parame-
ters showed significant differences between males and

Table 1. Sample composition with number of specimens (n), size range, mean TL with standard deviation (SD) and weight range,
mean W with standard deviation (SD) for females (F), males (M), and undetermined (N).

TL (cm) W(g)
Sex n
Range Mean + SD Range Mean = SD
F 99 14.0-72.5 374+11.6 36.6 - 4900.0 896.6 +832.2
M 128 11.0 - 81.5 319+ 8.4 20.0 - 6000.0 552.0 +636.6
N 5 9.5-12.5 10.6 £ 1.3 10.3-117.9 36.5 £45.7
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Fig. 4: Length-weight relationship of L. budegassa for males (black dots), females (dark grey triangle) and undetermined (light
grey square) specimens.

Table 2. Length-weight relationships’ parameters for total population, females and males of L. budegassa; a and b = parameters
of the power curve; SE = standard error; p: significance level of Student’s #-test (null hypothesis: p = 3); R? = coefficient of deter-

mination.
a SE(a) b SE(b) p R2

Total 0.030 0.060 2.775 0.043 <0.05 0.946
M 0.030 0.106 2.769 0.070 <0.05 0.923
F 0.025 0.090 2.824 0.058 <0.05 0.961

1.001

0.901

0,504

0701

% 0604

s

9]

Eru

0.304

0.201

0101

0.001

100 150 200 250 300 350 400 450 500 550 600 650  70.0 750

Total Length (cm)

Fig. 5: Maturity ogives for females (dark grey) and males (light grey) of L. budegassa.
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Table 3. Estimated values of size at first maturity (L
and males of L. budegassa.

50°

Females Males
L, 39.4 29.2
SE 1.0 1.0
MR 34 3.1
SE 0.7 1.0

Fig. 6: Sections of illicia of L. budegassa (magnification 100x). Left: Female, 28.0 cm TL; Right: Female, 42.5 cm TL.
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Fig. 7: Von Bertalanffy growth curves (dashed lines) for females (black) and males (grey) of L. budegassa in the study area. Dots
and triangles represent observations for females and males, respectively.

Table 4. Growth parameters (with SE standard error, t value and significance) and performance growth index of Lophius budegas-
sa. L = asymptotic length; k = growth coefficient; t, = hypothetical age at zero length; t-value = Student’s t-test value; p = p-value
associated to the Student’s t-test.

Estimate SE t value P
L_(cm) 74.50 3.95 18.86 <0.05
Females k (years™) 0.10 0.01 10.01 <0.05
t, (years) -0.40 -1.40 -2.84 <0.05
L_(cm) 61.30 3.07 19.97 <0.05
Males k (years™) 0.14 0.01 10.65 <0.05
t, (years) -0.38 0.11 -3.39 <0.05
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females in terms of L_(y*> = 10.04; p < 0.05) andk (* =
6.12; p<0.05). The percentage of agreement between the
readers was 60.4%, while APE and CV were 6.2% and
8.7%, respectively. The age bias plots (Fig. 8) highlight
an increase in discrepancies between the two readers pro-
portional to the estimated age.

Discussion

The present study provides the first information on the
biology and population dynamics of the blackbellied an-
gler, L. budegassa, in the Ligurian and northern Tyrrhe-
nian Seas (north-western Mediterranean Sea). According
to our observations, the blackbellied angler showed the
highest abundance on the continental shelf, in particular
on the shelf break, at a depth of 100-200 m. This pat-
tern agrees with findings from other areas, both in the
north-western Mediterranean, such as the Gulf of Lions,
and the eastern Mediterranean (e.g., the Aegean Sea; Un-
garo et al., 2002). In contrast, the congeneric species L.
piscatorius is more abundant on the slope due to its on-
togenetic migration along the bathymetric gradient (pre-
dominance of juveniles on the shelf and large individuals
on the slope; Macpherson & Duarte, 1991; Ungaro et al.,
2002). In terms of geographical distribution, L. budegas-
sa shows the highest abundance in the central sector of
the investigated area (i.e., eastern Ligurian and northern
Tyrrhenian Seas). This can be linked to the wide exten-
sion of the continental shelf in those two basins compared
with the very narrow shelf in the western Ligurian Sea.
Despite the wide continental shelf, there was low abun-
dance in the central Tyrrhenian Sea (the southern part of
the investigated area). Ungaro et al. (2002) and Barcala
et al. (2019) also reported low abundance of the black-
bellied angler in the central Mediterranean (central and

southern Tyrrhenian Sea and the Strait of Sicily). These
aspects could be due to environmental conditions other
than depth (e.g., the type of sediment, etc.) that are not
suitable for the species, or to the high fishing pressure
on the stock exerted in those areas, because one of the
most important Italian trawling fleets operate in these ar-
eas (Cataudella & Spagnolo, 2011; Sabatella et al., 2017)

With respect to the length-weight relationship, the
negative allometric growth found in the present study has
also been reported by others authors for L. hudegassa in
Mediterranean areas (Tsimenidis & Ondrias, 1980; Garcia-
Rodriguez et al., 2005). A growth pattern with length that
is proportionally greater than weight can be explained by
the substantial asymmetry between the head and the rest of
the body, typical in the genus Lophius (Garcia-Rodriguez
etal.,2005). However, La Mesa & De Rossi (2008) report-
ed isometric growth of the blackbellied angler in the Pomo
Pit area of the Central Adriatic Sea.

L,, was estimated at 39.4 cm TL in females and 29.2
cm TL in males. Environmental and anthropogenic fac-
tors may affect maturity processes (Trippel, 1995) and
can determine variations in L, . These factors can explain
the differences in L, observed between the Mediterrane-
an and Atlantic populations. In fact, L, appears to always
be greater for the Atlantic populations than the Mediter-
ranean populations: 56.2 cm TL in Portuguese waters
(Azevedo, 1996), 53.0 cm TL in Atlantic Iberian waters
(Duarte et al., 2001; Landa et al., 2014), 58.7 cm TL in
the Bay of Biscay (Quincoces, 2002), and 70.4 cm TL
in Scottish waters (Laurenson et al., 2008). Considering
the Mediterranean Sea, Tsimenidis (1984) estimated an
L, at 34.0 cm T in females and 24.0 cm TL in males of
L. budegassa in the Aegean Sea, while Colmenero et a/
(2013) found 48.2 cm TL for females and 33.0 cm TL for
males in the north-western Mediterranean. The present
findings are in line with those results, but they differ from
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Fig. 8: Age bias plots between two readers with the mean age recorded (black points) and 95% confidence intervals (bars). Red
points represent mean age estimates that differ significantly between readers.
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those reported by Ungaro et al. (2002), who estimated an
L, of 66.2 cm TL in females. However, this value was
calculated using data from different areas of the Mediter-
ranean and a different maturity scale compared with the
one that is currently (since 2004) in use at international
level in the Mediterranean basin (please see the MEDITS
Handbook version 9 available at https://www.sibm.it/
MEDITS%?202011/docs/Medits Handbook 2017 ver-
sion_9 5-60417r.pdf).

The growth of L. budegassa based on the ageing of
hard structures has been investigated in European Atlantic
waters using transversal sections of the first dorsal fin ray
(illicium; Dupouy et al., 1986; Duarte et al., 1997; Landa
et al.,2001). The ageing technique based on illicium has
been standardised for both angler species, L. piscatori-
us and L. budegassa, from the European North Atlantic
based on specific workshops (Anon, 1991, 1997, 1999;
Landa ef al., 2002). Studies and workshops comparing
otolith and illicium readings showed that age estimates
based on illicium readings provide greater agreement in
terms of precision between readers (Dupouy et al., 1986).

Regarding the ageing procedures, ring identification
has proved to be difficult due to unclear growth pattern
(the presence of false rings) related mainly to the char-
acteristics of the calcified structure, but also to prepa-
ration technique issues. In fact, a cut of illicium that is

not perfectly perpendicular may lead to the observation
of rings belonging to different planes. Therefore, the im-
plementation of standardised procedures for the prepara-
tion of calcified structures and reading, as done in this
study, is fundamental to improve the accuracy and reli-
ability of ageing and to reduce the effects of bias (Vitale
et al., 2019; Carbonara & Follesa, 2019). Differences in
growth parameters reported for Mediterranean and At-
lantic populations, in terms of asymptotic length, can be
related to different range sizes analysed and environmen-
tal variability that characterises these geographic regions,
in particular, differences in temperature and productivity
(Atkinson & Silby, 1997; Garcia-Rodriguez et al., 2005).
It should also be noted that the calcified structures used
for age determination (otoliths or illicia) usually lead to
differences in ageing results (Landa & Pereda, 1997; La
Mesa & De Rossi, 2008).

Various factors can determine a certain variability in
age/growth data. In some cases, it may be related to tech-
nical factors such as the hard structure chosen to study the
age/growth in a given species, the size range (Coggins et
al., 2013), the preparation methods (Smith et al., 2016;
Carbonara et al., 2020), the age criteria used (Hiissy et
al., 2016; Carbonara & Follesa, 2019), and/or the ex-
perience of the readers (Carbonara et al., 2019). More-
over, the geographical differences of the environmental

Table 5. Von Bertalanfly growth parameters (L, k and t) and growth performance index (®’) obtained for L. budegassa estimated
by different authors. (Methodology: Illicium = direct reading; LFD = Length Frequency Distribution; MPA = Modal Progression

Analysis).
K t,
Area Region Sex Methodology = ’ Authors
(cm) (years') (years)
s ouri F 745 0.10 040 274
Ligurian an‘d northern illicium Present Study
Tyrrhenian Sea M 613 0.4 038 272
C 684  0.10 -143 267
NW Ionian Sea F illicium 68.5 0.112 -1.18 2.72 Carlucci et al. (2009)
M 603 0.109 -1.56  2.59
. 111101um 900 008 -010 281 Garcia_Rodrl'gueZ et al
) Spanish waters C
Mediterranean LFD 1020 015  -0.05  3.19 (2005)
C LFD 967  0.178  -0.08  3.22
Spanish waters C LFD 109.6  0.139  -0.05 322 La“daégcllgarcala
C MPA 1054 0.144  -021 320
C 748 0.8 034 3.0 L
Aegean Sea F o illicium 735 0.8  -0.15  3.00 Se“baha‘(rzgg%)o zaydin
M 685 0223  -0.17 3.0l
ivisi F 1112 008 050  2.99
ICES Divisions VIl and illicium Dupouy et al. (1986)
VI M 848  0.096 056 284
ICES DIVISI‘;T Villeand - iicium 101.7 008 -020 292  Duarte et al. (1997)
Aflantic ICES D‘“SI‘;‘;S Villeand " Gpicium 1324 0056 004 299 Landa et al. (1998)
o C 935 0.0 038 295
ICES D‘“SI‘;’(‘;S Villeand o piciom 715 003 005 2.82  Landa et al. (2001)
F 935  0.101 050  2.94
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conditions (Bellodi et al., 2022), together with different
degrees of fishing pressure (Schindler et al., 2000; Car-
bonara et al., 2022), commonly represent an additional
source of variation in growth characteristics.

In general, the growth parameters and growth perfor-
mance index obtained in this study are comparable with
those obtained in other areas of the Mediterranean (Table
5) and Atlantic. All of these studies have reported differ-
ent growth patterns in females and males, with females
showing slower growth rates, but reaching larger sizes
than males. The different growth pattern between females
and males should be considered while performing stock
assessment, which relies on the availability of robust in-
formation on the biology and population dynamics of a
stock. To this end, the results of the present study provide
new insights on the biology of the blackbellied angler
in the north-western Mediterranean, and are expected to
contribute to future quantitative stock assessment.

Author Contributions: AM: Conceptualization,
Methodology, Writing — original draft, Review & edit-
ing, Investigation, Review. CM: Investigation, Software,
Writing — original draft. FDC: Formal analysis, Investi-
gation, Review. AL: Investigation, Software, Writing —
original draft. LR: Formal analysis, Review. PC: Formal
analysis, Writing — original draft. CP: Supervision, Re-
view. PS: Project administrator, Supervision, Review.

All authors have read and agreed to the published ver-
sion of the manuscript.

References

Anon., 1991. Report of the atelier franco-espagnol d’estima-
tion de I’age des baudroies europeenes. Ifremer, 23 pp.
Anon., 1997. Report of the Atelier International d’estimation

de I’age des baudrois europeennes. Ifremer, 34 pp.

Anon., 1999. Report of the 3rd International Ageing Workshop
on European Anglerfish (Lophius piscatorius and Lophius
budegassa). Ipimar, 106 pp.

Atkinson, D., Sibly, R M., 1997. Why are organisms usually
bigger in colder environments? Making sense of a life his-
tory puzzle. Trends in ecology & evolution, 12 (6),235-239.

Azevedo, M., 1996. Contribution to the study of the biology
of black monkfish, Lophius budegassa, Spinola (ICES Di-
vision VIlIc and IXa). Boletim Do Instituto Portugués de
Investigag¢do Maritima, 2, 5-13.

Azevedo, M., Duarte, R., Cardador, F., Sousa, P., Farina, C. et
al., 2008. Application of dynamic factor analysis in the as-
sessment of Iberian anglerfish stocks. /CES Journal of Ma-
rine Science, 65, 1362-1369.

Barcala, E., Bellido, J.M., Bellodi, A., Carbonara, P., Carlucci,
R. et al., 2019. Spatio-temporal variability in the distribu-
tion pattern of anglerfish species in the Mediterranean Sea.
Scientia Marina, 83S1, 129-139.

Baty, F., Ritz, C., Charles, S., Brutsche, M., Flandrois, J.P. et al.,
2015. A Toolbox for Nonlinear Regression in R: The Pack-
age nlstools. Journal of Statistical Software, 66 (5), 1-21.

Beamish, R.J., Fournier, D.A., 1981. A method for comparing
the precision of a set of age determinations. Canadian Jour-
nal of Fisheries and Aquatic Sciences, 38, 982-983.

52

Bellodi, A., Massaro, A., Zupa, W., Donnaloia, M., Follesa,
M.C. et al., 2022. Assessing thornback ray growth pattern
in different areas of Western-Central Mediterranean Sea
through a multi-model inference analysis. Journal of Sea
Research, 179, 102-141.

Bertrand, J., Gil de Sola, L., Papacostantinou, C., Relini, G.,
Souplet, A., 2002. The general specifications of the MED-
ITS surveys. Scientia Marina, 66 (2), 9-17.

Carbonara, P., Zupa, R., Spedicato, M.T., 2005. Rinvenimento
di una femmina in deposizione di L. budegassa (Spinola,
1807) nel Golfo di Salerno. Biologia Marina Mediterranea,
12 (1), 488-491.

Carbonara, P., Follesa, M.C., 2019. Handbook on Fish Age
Determination: A Mediterranean Experience. FAO Studies
and Review, N. 98, Rome, 192 pp.

Carbonara, P., Zupa, W., Anastasopoulou, A., Bellodi, A., Bitet-
to, I. et al., 2019. Explorative analysis on red mullet (Mul-
lus barbatus) ageing data variability in the Mediterranean.
Scientia Marina, 83 (1), 271-279.

Carbonara, P., Bellodi, A., Palmisano, M., Mulas, A., Porcu, C.
et al., 2020. Growth and Age Validation of the Thornback
Ray (Raja clavata Linnaeus, 1758) in the South Adriatic
Sea (Central Mediterranean). Frontiers in Marine Science,
7, 586094.

Carbonara, P., Ciccolella, A., De Franco, F., Palmisano, M.,
Bellodi A. et al., 2022. Does fish growth respond to fishing
restrictions within marine protected areas? A case study of
the striped red mullet in the south-west Adriatic Sea (central
Mediterranean). Aquatic Conservation: Marine and Fresh-
water Ecosystems, 32, 417-429.

Carlucci, R., Capezzuto, F., Maiorano, P., Sion, L., D’Onghia
G., 2009. Distribution, population structure and dynamics
of'the black anglerfish (Lophius budegassa) (Spinola, 1987)
in the eastern Mediterranean Sea. Fisheries Research,
95, 76-87.

Cataudella, S., Spagnolo, M., 2011. The state of Italian marine
fisheries and aquaculture.

Ministero delle Politiche Agricole, Alimentari e Forestali (MiP-
AAF), Rome, 620 pp.

Chang, W.Y.B., 1982. A statistical method for evaluating the
reproducibility of age determination. Canadian Journal of
Fisheries and Aquatic Sciences, 39, 1208-1210.

Chen, Y., Jackson, D.A., Harveyh, H., 1992. A comparison of
von Bertalanffy and polynomial functions in modelling fish
growth data. Canadian Journal of Fisheries and Aquatic
Sciences, 49, 1228-1235.

Coggins, L.G., Gwinn, D.C., Allen, M.S., 2013. Evaluation of
age—length key sample sizes required to estimate fish total
mortality and growth. Transactions of the American Fisher-
ies Society, 142, 832-840.

Colmenero, A., Tuset, V., Recasens, L., Sanchez, P., 2013. Re-
productive biology of Black Anglerfish (Lophius budegas-
sa) in the northwestern Mediterranean Sea. Fishery Bulle-
tin, 111, 390-401.

Crozier, W.W., 1985. Observations on food and feeding of the
anglerfish, Lophius piscatorius L., in the northern Irish Sea.
Journal of Fish Biology, 27, 655-665.

Draper, N.R., Smith, H., 1966. Applied Regression Analysis.
John Wiley and Sons Inc., New York, 407 pp.

Duarte, R., Azevedo, M., Pereda, P., 1997. Study on the growth

Mediterr. Mar. Sci., 25/1, 2024, 44-54



of southern black monkfish and white monkfish stocks.
ICES Journal of Marine Science, 54, 866-874.

Duarte, J., Azevedo, M., Landa, J., Pereda, P., 2001. Reproduc-
tion of anglerfish (Lophius budegassa Spinola and Lophius
piscatorius Linnaeus) from the Atlantic Iberian coast. Fish-
eries Research, 51, 349-361.

Dupouy, H., Pajot, R., Kergoat, B., 1986. Study on age and
growth of the anglerfish Lophius piscatorius and Lophius
budegassa from north-east Atlantic using illicium. Revue
des travaux de I’Institut des péches maritimes, 48, 107-131.

Fischer, W., Bauchot, M.L., Schneider, M., 1987. Fiches FAO
d’identification des especes pour les besoins de la peche.
Mediterranée et Mer Noire. Zone de peche 37. Vol. I,
Vertébrés, FAO, Rome, 1529 pp.

Follesa, M.C., Carbonara, P., 2019. Atlas of the maturity stages
of Mediterranean fishery resources. Studies and Reviews
No. 99, FAO, Rome, 268 pp.

Garcia-Rodriguez, M., Pereda, P., Landa, J. Estéban, A., 2005.
On the biology of the anglerfish Lophius budegassa, Spino-
la, 1807 in the Spanish Mediterranean: a preliminary ap-
proach. Fisheries Research, 71, 197-208.

Hiissy, K., Radtke, K., Plikshs, M., Oeberst, R., Baranova, T. et
al., 2016. Challenging ICES age estimation protocols: Les-
sons learned from the eastern Baltic cod. ICES Journal of
Marine Science, 73 (9), 2138-2149.

La Mesa, M. De Rossi, F., 2008. Early life history of the black
anglerfish Lophius budegassa Spinola, 1807 in the Medi-
terranean Sea using otolith microstructure. Fisheries Re-
search, 93, 234-239.

Landa, J., Pereda, P., 1997. Growth of white monkfish (Lophius
piscatorius, L.) in the Northern Spanish continental shelf
(ICES Divisions VIlIc and IXa). ICES Council Meeting Pa-
pers, 1997/CC:07, 306 pp.

Landa, J., Pereda, P., Duarte, R., Azevedo, M., 1998. Growth
study of white and black anglerfish (Lophius piscatorius
Linnaeus, 1758; Lophius budegassa Spinola 1807) based
on annual sampling in the southern stock (ICES Divisions
Vilic and IXa). ICES Council Meeting Papers, 1998/0:21,
Deep water fish and fisheries, 42 pp.

Landa, J., Pereda, P., Duarte, R. Azevedo, M., 2001. Growth of
anglerfish (Lophius piscatorius and L. budegassa) in Atlan-
tic Iberian waters. Fisheries Research, 51, 363-376.

Landa, J., Duarte, R., Quincoces, 1., Dupouy, H., Bilbao, E., et
al., 2002. Report of the 4™ International Ageing Workshop
on European Anglerfish. https://www.ices.dk/community/
Documents/PGCCDBS/4th%20Angler%20age%20read-
ing%20Workshop.pdf (Accessed 20 February 2024) Landa,
J., Duarte, R., Quincoces, 1., 2008. Growth of white angler-
fish (Lophius piscatorius) tagged in the Northeast Atlantic,
and a review of age studies on anglerfish. /CES Journal of
Marine Science, 65, 72-80.

Landa, J., Antolinez, A., Amez, M.A., Barrado, J., Castro, B.
et al., 2014. Preliminary observation on sexual maturity of
black anglerfish (Lophius budegassa) in north-eastern At-
lantic waters. Deep Sea Research Part II: Topical Studies in
Oceanography, 106, 225-231.

Landa, J., Barcala, E., 2017. Corroboration of Fast Growth
Rate of Blackbellied Angler (Lophius budegassa) in Span-
ish Mediterranean. Fisheries and Aquaculture Journal,
8,4,237.

Mediterr. Mar. Sci., 25/1, 2024, 44-54

Laurenson, C.H., Dobby, H., McLay, H.A., 2008. The Lophius
budegassa component of monkfish catches in Scottish wa-
ters. ICES Journal of Marine Science, 65 (7), 1346-1349.

Maravelias, C., Papaconstantinou, C., 2003. Size-related habitat
use, aggregation patterns and abundance of anglerfish (Lo-
phius budegassa) in the Mediterranean Sea determined by
generalized additive modelling. Journal of the Marine Bio-
logical Association of the United Kingdom, 83, 1171-1178.

Macpherson, E., Duarte, C., 1991. Bathymetric trends in de-
mersal fish size: is there a general relationship. Marine
Ecology Progress Series, 71, 103-112.

Ogle, D.H., 2016. Introductory fisheries analyses with R (Vol.
32). Chapman and Hall/CRC, 337 pp.

Pauly, D., 1984. Fish papulation dynamics in tropical waters:
a manual for use with programmable calculators. Interna-
tional Center for Living Aquatic Resources Management,
ICLARM Studies and Reviews, no. 8, 325 pp.

Pauly, D., Munro, J.L., 1984. Once more on growth comparison
in fishes and invertebrates. Fishbyte, 2 (1), 1-21.

Quincoces, 1., 2002. Crecimiento y reproduccion de las es-
pecies Lophius budegassa Spinola 1807, y Lophius pis-
catorius Linneo 1758, del Golfo de Vizcaya. PhD thesis.
Departamento de Zoologia y Dinamica Celular Animal.
Universidad del Pais Vasco, Spain, 258 pp.

R Core Team, 2023. R: A language and environment for statis-
tical computing. R Foundation for Statistical Computing,
Vienna. https://www.R-project.org/ (Accessed 20 Feb-
ruary 2024).

Ritz, C., Streibig, J.C. (Eds.), 2008. Nonlinear regression with
R. Springer, New York, 144 pp.

Sabatella, E.C., Colloca, F., Coppola, G., Fiorentino, F., Gam-
bino, M. et al., 2017. Key Economic Characteristics of Ital-
ian trawl fisheries and management challenges. Frontiers in
Marine Science, 371 (4), 1-10.

Saila, S.B., Recksiek, C.W., Prager, H., 1988. Basic fishery sci-
ence programs. A compendium of microcomputer programs
and manual of operation. Develop. Aquaculture and Fish-
ery Sciences, 18, 1-230.

Sartor, P., Mannini, A., Carlucci, R., Massaro, E., Queirolo, S.
et al., 2017. Synthesis of the knowledge on biology, ecolo-
gy and fishery of the halieutic resources of the Italian seas.
Biologia Marina Mediterranea, 24 (1), 607 pp.

Schindler, D.E., Geib, S.I., Williams, M.R., 2000. Patterns of
fish growth along a residential development gradient in
north temperate lakes. Ecosystems, 3, 229-237.

Senbahar, A. M., Ozaydin, O., 2020. Age and Growth of
Black-Bellied Anglerfish (Spinola, 1807) from the Cen-
tral Aegean Sea, Turkey. Croatian Journal of Fisheries, 78
(1), 45-51.

Smith, B.J., Dembkowski, D.J., James, D.A. Wuellner, M.R.,
2016. A Simple Method to Reduce Interpretation Error of
Ages Estimated from Otoliths. Natural Resource Manage-
ment Faculty Publications. 198. https://openprairie.sdstate.
edu/cgi/viewcontent.cgi?article=1199&context=nrm_pubs
(Accessed 20 February 2024) .

Sparre, P., Venema, S.C., 1992. Introduction to tropical fish
stock assessment. FAO Fisheries Technical Paper, 306,
Rome, 407 pp.

Trippel, E.A., 1995. Age at maturity as a stress indicator in fish-
eries. BioScience, 45 (11), 759-771.

53



Tsimenidis, N.C., 1984. The growth pattern of otoliths of Lo- al., 2002. Distribution, abundance and biological features

phius piscatorius L., 1758 and Lophius budegassa Spinola, of anglerfish (Lophius piscatorius and Lophius budegassa)

1807 in the Aegean Sea. Cybium, 8 (3), 35-42. (Osteichtyes: Lophiiformes) in the Mediterranean Sea. Sci-
Tsimenidis, N.C., Ondrias, J.C., 1980. Growth studies on the entia Marina, 66 (2), 55-63.

anglerfishes Lophius pis- catorius L., 1758 and Lophius  Vitale, F., Worsge Clausen, L., Ni Chonchuir, G., 2019. Hand-

budegassa Spinola, 1807 in Greek waters. Thalassograph- book of fish age estimation protocols and validation meth-

ica, 3 (2), 63-94. ods. ICES Cooperative Research Report, No. 346, 180 pp.

Ungaro, N., Marano, G., Auteri, R., Voliani, A., Massuti, E. et

54 Mediterr. Mar. Sci., 25/1, 2024, 44-54



