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Abstract: The Axillary Seabream Pagellus acarne (Risso, 1827) is of economic importance for recreational and
commercial fisheries in the Atlantic and the Mediterranean, but a decline in total landings has been observed
and raised some concern. Although biological information on the species has been provided for the Atlantic and
Mediterranean, in the Portuguese continental slope data is restricted to the southern part of the country, which
points to the relevance of the present work. A total of 520 individuals, between 7.8 cm and 34.2 cm TL, were
collected monthly from September 2020 to August 2022 from commercial landings of fishing vessels operating
off mainland Portugal. They were used to study age, growth, reproductive strategy, and the annual sexual cycle.
Age varied between 0 years (7.8 cm TL) and 15 years (34.2 cm TL) and the hyperbolic modification of the von
Bertalanffy growth curve showed the best fit to the data with a change in growth occurring at 3 years, which
corresponds to the average age for sex maturation in the species. Pagellus acarne proved to be a protandric
hermaphrodite species with males prevailing until 28.0 cm TL and females between 28.0 cm and 34.0 cm TL with
a brief sex change phase. Females presented asynchronous oocyte development with a batch spawning pattern.
The spawning season occurred from April to October with a spawning peak between June and August as shown
by histological analysis of the gonads and high levels of GSI during this period.

Keywords: small scale fishery; otolith; von Bertalanffy curve modifications; histology; reproductive strategy;
Portugal

Key Contribution: This study is the first on the age; growth; and reproduction of Pagellus acarne off the western
Atlantic coast of Portugal. The maximum age recorded and L-were higher than known data from both Atlantic
and the Mediterranean. Sex inversion occurs in a short period when individuals attain 27 to 29 cm TL.

1.Introduction

The Axillary Seabream Pagellus acarne (Risso, 1827) is a demersal species widely distributed
along the European and African coasts, from Denmark to Senegal, and around the Madeira, Azores,
Canary and Cape Verde Islands. It also occurs in the Mediterranean and the Black Sea [5]. This species
typically occurs in seagrass beds and sand bottoms up to 500 m deep, usually between 40 and 100 m.

Pagellus acarne is caught by the demersal fleets operating along the eastern Atlantic coasts and
the Mediterranean Sea [1], where it is mostly a by-catch of artisanal vessels and trawlers [2]. In

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Portugal, P. acarne is one of the main target species of small-scale commercial fisheries, namely in the
Algarve [3], where it is mainly caught by trawl and gillnets [4]. Between 1995 and 2022, the national
average landings were 820 tons per year [5]. However, since 2012, there has been an evident decline
[5] in Portuguese total landings (reaching 293 tons in 2021), raising some concern. Currently, the only
specific management measure applied for the species is fixing the minimum landing size at 18 cm TL.
The biology of P. acarne has been studied in the Mediterranean [2,6-11] and the Atlantic [4,6,12-14].
Available information includes the validation of age assignment; the modelling of growth; the
estimation of mortality and exploitation level; and the study of the spawning period, the sex ratio,
the length at sexual inversion and first maturity, and the length-weight relationship. In Portugal, the
only existing biological data for the species is restricted to the southern part of the country [4,13,14],
with no biological information available for the western Atlantic coast. To date, only one study of the
species’ reproductive cycle has included a histological analysis of the gonads [7].

The western continental Portuguese coast presents unique and dynamic geographic
characteristics. Characterized by its position on the Iberian Peninsula, facing the Atlantic Ocean, the
region has significant geographic and environmental diversity [15]. The coast is a biogeographic
transition zone, with cooler northern waters and warmer southern waters, contributing to its rich
marine and coastal habitats [16]. Along the western continental Portuguese coast, there is a complex
and dynamic wind regime. North and northwest winds dominate in the summer, but the north wind
is often deflected to blow from the west, southwest, or south over the Troia Peninsula [17]. Also, the
impact of river drainage on coastal fisheries is complex and may be masked by other factors such as
the upwelling regime [18].

This study aims to improve the available biological information on the age, growth, and
reproduction of P. acarne off the western Atlantic coast of Portugal, extending the knowledge of the
species geographically, and providing decision-makers with reliable information for the sustainable
management of this resource.

2. Material and Methods
2.1. Sampling

The present study was based on a sample of 520 specimens between 7.8 cm and 39.9 cm TL,
collected monthly from September 2020 to August 2022. The individuals were acquired from
commercial landings of fishing vessels operating off mainland Portugal (Peniche, western Atlantic,
39°03'20.4"N, 9°39'54.2""W to 38°00'32.7"N, 8°55'30.7"'"W; Figure 1), using bottom trawl nets. Pagellus
acarne individuals were identified as sparid fish with tall bodies without stripes but with a black spot
at the pectoral fin base (Figure 2).

Each fish sampled was measured (total length, TL with 1 mm precision) and weighed (total and
gutted weights, TW and GW, respectively, with 0.1 g precision). The gonad and liver weights (gonW
and livW respectively, with 0.01 g precision) were also recorded, and sex was determined. Gonads
were fixed in 4% buffered formalin for posterior histological analysis and sex confirmation. The
otoliths sagitta were removed, rinsed with water, air-dried, and stored in labelled plastic tubes for
future analysis.
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Figure 1. Geographic location of the sampling area. Black rectangle marks the sampling area (Peniche,
western Atlantic, 39°03'20.4""N, 9°39'54.2""W to 38°00'32.7"N, 8°55'30.7""W).

Figure 2. Pagellus acarne image (© Scandinavian Fishing Year Book, in https://fish-commercial-
names.ec.europa.eu/fish-names/species/pagellus-acarne_en).

2.2. Age and Growth

Individual age was estimated using right otoliths immersed in tap water, with the sulcus acusticus
down. They were observed with a binocular stereomicroscope (magnification: 18x) Nikon SMZ745T,
Tokyo, Japan and photographed with a coupled digital camera (Leica DFC290, Heerbrugg,
Switzerland). The growth increment formation was considered annual, as previously validated [6,12—
14]. Annual growth increments were observed using reflected light against a dark background, to
enhance the differentiation between opaque and translucent increments. One opaque and one
translucent increment corresponded to one year. Translucent increments were counted from the
otolith nucleus towards the posterior edge to estimate age.

To evaluate the precision between readers, a subsample of 96 otoliths (a maximum of 10 for each
1 cm length class) was read by two independent readers. The average percentage error (APE) [19],
the coefficient of variation (CV) [20], and the index of precision (D) [20] were determined. Bias was
evaluated based on age-bias plots [21], which help identify departures from the 1:1 equivalence line.
Systematic differences in assigned ages between readers were assessed with the Bowker-type test for
symmetry [22] using the cran.r-project.org [23]. The remaining otoliths were read twice by the first
author. Estimates that did not differ by more than 1 year were accepted and used to assign an average
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age, assuming the 1%t of January as the birthdate [24]. If estimates differed by more than 1 year, the
otolith was discarded.

To model species growth, three different growth models were fitted to the length-at-age data,
including the typical three parameter von Bertalanffy growth model and two biphasic growth models
(Hyper L~ and Hyper k), described in Table 1. Both biphasic models were based on Soriano et al. [25]
and correspond to variants of the von Bertalanffy model that allow changes in the growth parameter
at a specific moment of the lifespan. By including a hyperbolic function that relies on a factor,
designated as At (Table 1), these models modify either L~ or k as age increases. To compare each
model’s performance, the Akaike Information Criterion (AIC) was calculated using the stats package.
A smaller value of AIC corresponded to a better fit. All growth models were implemented in R
Statistical Software (v 4.3.0) [26], using the FSA [23] and nlstools packages [27].

Table 1. Model equations and number of parameters fitted to length-at-age data for axillary seabream
Pagellus acarne.

f
Model Number o Equation
parameters
3p VBGM 3 TL = L, x (1 — e *x(t-t0)
H L 5 TL = me(l——)x 1 — e kx(t-to)
yper t—t)%+1 (1-e )

h
Hyper k 5 TL = Ly, x (1— e—k X (1—7“_%)24_1) X (t—to))

2.3. Reproduction

From the total sample, 372 gonads (TL range between 19.8 cm and 34.2 cm) were analysed
histologically. The gonads of all the females sampled between May and October were processed for
histological analysis. Concerning the gonads sampled in the remaining months, a subsample of five
individuals representing each macroscopic maturation stage was histologically analysed to ensure
that the maturation stage was correctly assigned. The specimens classified as spawning capable and
actively spawning were all analysed histologically, as well as all the gonads potentially with both
ovarian and testicular tissues.

Fragments of the gonad mid-region preserved in formal were dehydrated with ethanol,
embedded in methacrylate, sectioned at 3-5pum, stained with toluidine blue, and examined on a Leica
DM 2500 LED microscope with a Leica MC 190 HD camera.

Gonads were histologically classified based on the most advanced cellular type of each
developmental stage. Maturity phases were assigned according to the standardised terminology
proposed by Brown-Peterson et al. [28]: immature (I), developing (D), spawning capable (SC) and its
actively spawning (AS) subphase in females, regressing (RG), and regenerating (RE). Hermaphrodite
specimens in the transition phase were defined as those with both visible ovarian and testicular
tissues, with clear degeneration of the former and proliferation of the latter [29].

All stages of oocytes and cells of spermatogenic lineage were measured to characterise each stage
of development. Each cell was measured for maximum and minimum diameter and averaged
afterwards (to minimise the error from the loss of spherical shape caused by the histological
processing). In females, only oocytes with a visible nucleus were measured. A total of 829 oocytes
and 666 cells of spermatogenic lineage were analysed, in 27 females and 15 males in each maturity
stage. These measurements were made using the software package Image]J (http://imagej.nih.gov/ij/).

After characterizing each maturity phase, their monthly frequency was investigated to
determine the spawning season, defined by the occurrence of the first and last actively spawning

d0i:10.20944/preprints202407.2078.v1
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females during the sampling period. The monthly evolution of the gonadosomatic index
(GSI=100xgonW/GW) was estimated to further corroborate the spawning season period. The fish’s
condition was evaluated with two bioenergetic indices, the hepatosomatic index (HSI=100xlivW/GW)
and Fulton’s condition factor (K=100xGW/TL3). Monthly variation of the three indices was tested
using the Kruskal-Wallis rank sum test and post hoc Dunn’s test for pairwise comparisons [30].

3. Results
3.1. Age and Growth
3.1.1. Length-Weight Relationship

The overall sex ratio (M : F) did not differ significantly from1:1 (1:0.89; x2=1.83,d.f.=1,p>
0.05).

Pagellus acarne showed a strong relationship between TL and GW (2 = 0.94) expressed by the
equation: GW = 0.01 x TL 39 p > 0.05. This species shows isometric growth as b was not significantly
different from 3 (t = 0.005, df = 489, p > 0.05).

3.1.2. Ageing Methodology, Precision, and Bias

Otoliths of P. acarne showed the typical deposition pattern for teleosts, with alternate opaque
and translucent concentric increments around an opaque nucleus (Figure 2). As validated and
assumed by other authors [2,4,20], the growth increments are formed annually with the opaque and
rapid-growth regions deposited during spring and summer, and the translucent and slow-growth
during autumn and winter. Only 2.8% of otoliths were considered unreadable.

The precision indices used for comparing readers were 7.4% and 5.2% for CV and APE,
respectively. The percentage of total agreement was 37.5% rising to 87.5% at a tolerance of +1 year.
No significant differences between readers were found (U, p = 0.64) and there was no evidence of
systematic disagreement between readers (Bowker's symmetry test, p = 0.38). The age bias plot
(Figure 3) shows the level of agreement between ages assigned by the two readers.

Figure 2. Right sagiftal otolith from 5 years old Pagellus acarne with 25.1 cm TL. Dots indicate the
counted annual growth increments.
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Figure 3. Age-bias plots of age assignments from otoliths obtained by independent readers for Pagellus
acarne from the Portuguese west coast. The 45° line represents 100% agreement.

3.1.3. Growth Model

A total of 456 individuals (5 immature, 54 hermaphrodites, 213 females, and 183 males) were
used for modelling growth. The smallest individual was 7.8 cm TL and was aged 0 years, and the
largest was 34.2 cm TL and was aged 15 years. The age-length key obtained from direct otolith reading
is shown in Table 2.

Table 2. Age-length key obtained from direct reading of otoliths of Pagellus acarne from the Portuguese

west coast.
Length class Age (y1)

(cm) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
7-8 1 1
8-9 2 2

9-10 2 2

13-14 1 1

17-18 1 1

18-19 1 1

19-20 4 4

20-21 7 2 1 10

21-22 3 7 4 14

22-23 10 15 3 28

23-24 19 16 2 37

24-25 7 28 18 1 54

25-26 10 34 15 59

26-27 19 31 5 1 56

27-28 17 21 12 1 51

28-29 3 13 21 7 44

29-30 § 15 19 5 47
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30-31 2 11 7 2 22
31-32 3 7 2 12
32-33 2 3 5
33-34 1 3
34-35 1 1

N 5 1 - 16 19 46 57 73 67 47 51 41 22 7 3 1 456

TL mean (cm) 8.7 13.3 - 20.1 21.8 23.0 24.2 254 26.4 28.0 28.5 29.6 30.8 31.6 33.5 34.2
TLSD(cm) 06 - - 09 06 09 08 08 09 09 09 09 10 08 03 -

All models applied to the present dataset are represented in Figure 4 and the respective
parameters estimates are expressed in Table 3. Hyperbolic biphasic models provided the better fit to
the present data, given the lower values of AIC. Both Hyper L and Hyper k models provided very
similar estimates for the growth parameters. These models indicated a change in growth pattern at
around 3 years of age (Hyper L~ tn = 3.36 years and Hyper k tn = 3.40 years), which corresponds to an
approximate TL of 21.3 cm. Although the conventional 3-parameter von Bertalanffy growth model
(3p VBGM) provided estimates for the growth parameters that were very close to other models, its
AIC value was higher (AIC = 1275.36, AAIC = 86.36), indicating a poor fit to the dataset.

351

Total length (cm)
N N w
o (@)] o

N
(&)
1

N
o
1

Age (yr)

Figure 4. The von Bertalanffy growth functions from the three approaches adjusted to age-at-length
data of axillary seabream Pagellus acarne from the Portuguese west coast. Solid black line — von
Bertalanffy growth model with 3 parameters; Solid dark grey line — Lee hyperbolic biphasic model;
Dashed light grey line — k hyperbolic biphasic model.

Table 3. Summary of von Bertalanffy growth parameters resulting from the three models fitted to
axillary seabream Pagellus acarne data.

Parameters 3p VBGM Hyper L- Hyper k

L~ (cm) 35.22 36.79 36.70
K (years?) 0.13 0.12 0.12
to (years™) -2.78 -2.26 -2.24
h - -0.16 -0.24
tn (years) - 3.36 3.40
AIC 1275.36 1189.00  1189.45

AAIC 86.36 0.00 0.45
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3.2. Reproduction
3.2.1. Sample Characterization

Of all the initially sampled individuals, 372 individuals (140 females ranging from 20.6 to 34.2
cm TL; 227 males ranging from 19.2 to 32.0 cm TL; 5 hermaphrodites ranging from 27.4 to 29.7 cm TL)
were analysed for reproductive purposes (Figure 5). Although otoliths from immature individuals
were collected, the specimens were not used for reproductive studies. The smallest mature female
measured 20.6 cm TL and the smallest mature male measured 19.8 cm TL. No females were observed
at lengths <20 cm TL and no males were sampled >33 cm TL.
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Figure 5. Number of Pagellus acarne females (white), males (black) and hermaphrodites (grey) by 1 cm
length class from the Portuguese west coast.

3.2.2. Structure of Ovaries and Testicles

A small portion of female tissue could be observed in most males. All gonads where tissues of
both sexes were present, the ovarian and testicular components were completely separated by a thin
layer of connective tissue (Figure 7a). In adult females, remaining male tissue was not observed.

All follicle and male germ cells were identified with histological examination of the gonads.
Mean cell diameters are presented in Figures 6a and 6b.

Pagellus acarne presented an asynchronous oocyte development, with a continuous oocyte
diameter distribution and all oocyte stages occurring simultaneously in the mature phase (Figure 7d).
Sex transition in this species appears to be brief since a small number of adult individuals (1.3%)
presented both sex tissues in transition (Figure 7a).

The testicular tissue of P. acarne is structured into lobules, each containing numerous
seminiferous tubules with cysts. These cysts are comprised of spermatogenic cells in the same
developmental stage, enclosed by a slender layer of connective tissue (Figure 8a and 8b).
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Figure 6. Mean diameter and standard deviation of gametes from (a) females (triangles) and (b) males
(squares) of Pagellus acarne. Pg, primary growth oocyte; Ac, cortical alveolar oocyte; <Vtg3, early
vitellogenic oocyte; Vtg3, vitellogenic oocyte; Gvm, geminal vesicle migration oocyte; Yc, yolk
coalescence oocyte; H, hydrated oocyte; Sg, spermatogonia; Sc, spermatocyte; St, spermatid; Sz,

spermatozoa.
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Figure 7. Transverse sections of female gonads of Pagellus acarne representing different maturation
stages: a) hermaphrodite; b) developing (D); c¢) spawning capable (SC); d) actively spawning (AS); e)
regressing (RG); and f) regenerating (RE). <Vtg3, early vitellogenic oocyte; Ac, cortical alveolar oocyte;
Atr, atretic oocyte; Gvm, germinal vesicle migration oocyte; H, hydrated oocyte; O, ovary; Pg, primary
growth oocyte; T, testicle; Vtg3, vitellogenic oocyte. Stain used: Toluidine blue. Magnification used:
4x (A); 10x (B, C, D, E, F).

Figure 8. Transverse section of male gonads of Pagellus acarne representing the different maturation
stages: a) developing (D); b) spawning capable (SC); c) regressing (RG); and d) regenerating (RE). Sc,
spermatocyte; Sg, spermatogonia; St, spermatocyst; Sz, spermatozoa. Stain used: Toluidine blue.

Magnification used: 10x in all images.

3.2.3. Sexual Cycle

Female and male sexual cycles proved to be synchronous with spawning capable/actively
spawning gonads observed between April and October. Regressing and regenerating stages were
registered between October and February and developing females in March and males in January,
March and April (Figure 9).

Female and male P. acarne GSI presented the same annual developmental pattern, starting to
increase in March, reaching its peak between June and August, and decreasing until December. There
were significant differences in GSI among months and for both sexes, with the period from May to
September showing significantly higher values than the rest of the year (H, d.f. femates = 11 and d.f. males
=10, p <0.05). The HSI also presented significant differences throughout the year for both sexes, with
significantly higher values between April and October (H, d.f. = 11, p < 0.05) for females, and
significantly lower values in December (H, d.f. =11, p <0.05) for males. The K condition factor showed
an almost constant values throughout the year, with only significantly lower values in December
compared with January and August in females, and in February compared to July to October in males
(H, d.f. =10, p < 0.05) (Figure 10a e 10b). The analysis of the evolution of GSI, HSI and K with the
maturation phases of both sexes (Figure 10c e 10d) shows that the GSI is significantly higher in
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spawning capable and actively spawning individuals, and HSI and K are significantly lower in
regressing and regenerating individuals (H, d.f. females = 4 and d.f. maies = 3, p < 0.05).

a) b)

100% 100%

80% 80%
60% 60%

40% 40%

Percentage of individuals (%)

20% 20%

0%’ 0%)
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Months
OD OSC m AS B RE ORG

Figure 9. Percentage of different maturation phases through the sampling period for females (a) and
males (b) of Pagellus acarne from the Portuguese west coast. (D) developing; (SC) spawning capable;
(AS) actively spawning; (RE) regressing; (RG) regenerating.
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Figure 10. Gonadosomatic index (GSI), hepatosomatic index (HSI) and Fulton’s condition factor (k)
by month and maturation stage, for females (a and c) and males (b and d) of Pagellus acarne from the
Portuguese west coast. Significant values are marked with (*). (D) developing; (SC) spawning capable;
(AS) actively spawning; (RE) regressing; (RG) regenerating.

4. Discussion

This study presents the first characterization of the age, growth, and reproduction of P. acarne in
the western Atlantic coast and the second study using histological analyses of gonads to characterise
the reproductive cycle of the species.

The species showed isometric growth, as already observed in the Aegean Sea [16], but contrary
to the positive allometry found in most of the studies carried out in the Atlantic and Mediterranean
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(Table 4). This can be due to differences in habitat, environmental conditions, food availability and
supply, temperature, salinity, and other ecological factors.

The precision between otolith readers was within the reference values (CV < 7.6% and APE <
5.5%) suggested by Campana [31], and a good percentage of agreement within + 1 year (87.5%) was
achieved, proving that sagitta otoliths are adequate structures for estimating age. This is also
supported by the few discrepancies in age assignment of P. acarne across its distribution, with ages
varying between 10 years and 13 years for individuals with 29 cm to 31 cm TL. In the present study,
the maximum age estimated was 15 years for a female with 34 cm TL. Only works by Coelho et al.
[13] and Abecasis et al. [14], off the Portuguese south coast, registered higher ages (18 years) for
individuals with 36 cm TL, which can be related to different ecological factors and environmental
variables. This is not surprising as spatial differences in length-weigh relationships have been
observed for multiple species in various regions, including the North-eastern Atlantic Ocean [32]. On
the other hand, studies have shown that length-weight relationships can differ between locations for
the same species, potentially indicating distinct populations [33]. These variations highlight the
importance of considering spatial and temporal factors when using LWRs for fisheries management
and stock assessment.

For P. acarne from the Portuguese west coast, the model that best described its growth (Hyper
L-) indicated that this species shows a change in its growth rate. This model suggests a faster growth
rate in the initial years, with growth rate decreasing when individuals reach 3.4 years of age (21.3 cm
TL). According to Wilson et al. [34], many factors can lead to a different allocation of energetic costs
between somatic growth and other bioecological traits. Processes such as the investment in
reproduction, changes in the habitat, food, or other stressors can motivate changes in the lifetime
growth of a species, negatively impacting growth [35]. Therefore, describing a species’” growth with
a single curve may conceal valuable ecological information. For P. acarne, the observed change in
growth pattern could be related to the allocation of energy towards maturation and reproduction,
which leads to a deceleration in growth. Although it was not possible to estimate length-at-first
maturity in the present study, the smallest mature individual sampled had 19.8 cm TL and was 3
years old. This indicates that the inflection point observed in the hyperbolic growth model is indeed
correlated with fish maturation. Additionally, when compared to other already published studies
(Table 4), P. acarne individuals from the western Atlantic seem to grow slower than those from the
south of Portugal, the Gulf of Cadiz and other regions of the Mediterranean, and the southwest Gran
Canaria (Table 4).

Table 4. Comparison of age and growth data of Pagellus acarne collected by different authors in the
Portuguese west coast. Amax, maximum age; C, combined sexes; F, female; k, growth coefficient; L-.,
asymptotic length; LWR, length-weight relationship; M, male; to, theoretical age when size is zero.

Anmax (year) L~ (cm) k (year?) to
Reference Region LWR
M F C M F C M F C M F C
Santos et al. Portugal South Positive - - - - - - - - - - - -
(1995) Coast (Atlantic) allometry
Pajuelo & Southwest Gran Positive - - 10 280 339 330 027 021 022 -067 -099 -0.87
Lorenzo Canaria (Atlantic) allometry
(2000)
Coelho et Portugal South Positive 13 18 - 288 323 321 029 018 0.18 -147 -256 -291
al. (2005) Coast (Atlantic) allometry
Abecasis et Portugal South - - - 18 - - 318 - - 019 - - 286
al. (2008) Coast (Atlantic)
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Velasco et Gulf of Cadiz Positive - - 12 - - 317 - - 0.21 - - -1.76
al. (2011) (Mediterranean) allometry
Velasco et Alboran Sea Positive - - 12 - - 321 - - 0.17 - - -2.69
al. (2011) (Mediterranean) allometry
Soykan et Aegean Sea Isometry - - 6 - - 277 - - 032 - - -
al. (2015) (Mediterranean)
[lhan (2018) Aegean Sea Positive - - 4 225 278 256 034 02 025 -155 -2.35 -1.94
(Mediterranean) allometry
Di Maio et Strait of Sicily - Positive 6 7 - - - - - - - - - -
al. (2020) Tunisian Coast allometry
(Central
Mediterranean)
Bentata- Western Algerian - - - - 284 298 300 042 05 041 -013 -0.04 -0.34
Keddar et coasts (Western
al. (2020) Mediterranean)
Ali-Basha Syrian waters Positive - - 5 230 215 198 018 032 023 -024 -024 -0.04
et al. (2023) allometry

In this study, histological techniques were used as they are the most accurate way to determine
the individual phase of sexual maturation in fish. Histology provides more consistent results than a
visual inspection of reproductive organs, and is also essential for the study of gametogenesis and
characterization of reproductive strategies [36].

Pagellus acarne proved to be a protandric hermaphrodite species, as previously described in other
studies [2,6,7,11-13]. Males prevailed until 28 cm TL and females between 28 and 34 cm TL.
Transitional individuals occurred between 27 cm and 30 cm TL, but in a very low percentage, proving
that the sex change phase is brief, as also concluded by Pajuelo and Lorenzo [12]. Nevertheless, in the
present study, sexual inversion occurred in length classes higher than those observed in other studies
[6,7,13], which may be a consequence of using histological procedures to identify the transitional
individuals more precisely.

Histologically, ovaries presented asynchronous development with a batch spawning pattern.
The simultaneous occurrence of previtellogenic, vitellogenic, and maturation oocytes in AS ovaries,
together with a long spawning season and mass atresia at the end of the spawning period may
suggest indeterminate fecundity type for P. acarne.

In what concerns the sexual cycle, the spawning season of P. acarne from the west Portuguese
Atlantic coast was between April and October for both sexes, with a peak in the summer between
June and August as suggested by the high GSI values and the frequency of maturation stages. This
long spawning period was also observed in other studies [6,7,13]. Nevertheless, for the Canarian
archipelago [12] and the Gulf of Tunis [2], the spawning season occurred between October and March
and September and December, respectively, suggesting a delay in lower latitudes toward the
autumn/winter months. Marine fish species can exhibit different spawning seasons across
geographical areas due to various factors, including temperature, photoperiod, and rainfall [37]. In
the case of P. acarne, the spawning season delays for autumn/winter months in the Canarian
archipelago and the Gulf of Tunis. When analysing the sea surface temperature during the spawning
season in the three locations it varies between 15°C and 18°C, 23°C and 19°C, and 27°C and 17°C, in
the west Portuguese Atlantic coast, the Canarian, and Tunis, respectively [38]. This may indicate that
the species has an optimal temperature interval that does not allow very high temperatures forcing
the species to run from the values observed in the summer months in the Canarian archipelago and
the Gulf of Tunis.

The values of HSI were generally higher during the spawning season, suggesting a correlation
with higher values of GSI. Although K values were roughly constant throughout the year, higher
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values were observed in the summer (August in females and July to October in males). The absence
of high HSI values before the spawning season suggests the use of both liver and muscle reserves
during this period, which, together with the extension of this period and the asynchronous oocyte
development, indicates a mixed income-capital breeder pattern [39]. As expected, significantly higher
values of GSI were observed in spawning individuals (reflecting more developed gonads) and
significantly lower values of HSI and K in regressing/regenerating individuals (as the spawning
season is over and there is no need to continue to store energy in the liver and muscle).

It was not possible to estimate the mean length at first maturity (Lso) for P. acarne in this study
due to the lack of immature individuals in the samples. But, as it was possible to estimate the age of
immature individuals (7-14 cm TL, 0-1 yr), confirm that the smallest mature male observed measured
19.8 cm TL, and conclude that a transition in growth occurs around 21 cm TL. Therefore, Lso must
occur between 14 cm TL and 21 cm TL. The smallest individual caught for the present reproductive
study is lower than the Lso estimated by Santos et al. [4] for the south coast of Portugal (19.7 cm TL)
but higher than the Lso estimated in other works (Table 5).

Table 5. Comparison of reproductive data collected by different authors on Pagellus acarne from the
Portuguese west coast. F, female; Lso, length at first maturity; LSI, length of sexual inversion; M, male.

; . Lso (cm)
Reference Region Spawning season M F LSI (cm)
Santos et al. (1995) Portugal South Coast
. May to August 19.7 209  15-23
(Atlantic)
Pajuelo & L Southwest Gran C i
ajuelo % Ofezo - Soutinwest stan tanaria October to March 15.8 194 1523
(2000) (Atlantic)
Coelho et al. (2005 Portugal South Coast
oelho et al. (2005) ortugal South L-0as May to November 18.1 176 20-24
(Atlantic)
Abecasis et al. Portugal South Coast
(2008) (Atlantic)
Velasco et al. (2011) Gulf of Cadiz Autumn, spring and
(Mediterranean) beginning summer (peak 18.0 21.7 23.5
April to June)
Velasco et al. (2011) Alboran Sea (Mediterranean) May to October 17.7 20.1 21.5
Soykan et al. (2015) Aegean Sea (Mediterranean) June to September 13.9 14.5
Bensahla Talet etal. ~Western Algerian coasts April to June and
) 15.9 12.8 17.5-26.3
(2017) (Western Mediterranean) November to January
flhan (2018) Aegean Sea (Mediterranean)
Di Maio et al. (2020)  Strait of Sicily - Tunisian
Coast (Central October 22
Mediterranean)
Bentata-Keddar et Western Algerian coasts .
. Late spring and autumn 16.9 18.6
al. (2020) (Western Mediterranean)
Ali-Basha et al. Syrian waters
(2023)
This study Portugal We.st Coast Apr-Oct 97.31
(Atlantic)

5. Conclusions

This study provides valuable biological information for a geographic area where little
knowledge is available for P. acarne: age varied between 0 years (7.8 cm TL) and 15 years (34.2 cm TL);
the hyperbolic modification of the von Bertalanffy curve showed the best fit to the data, presenting a
change in growth at 3 years, which may correspond to the average age for sex maturation in the
species; the species proved to be a protandric hermaphrodite with males prevailing below 28.0 cm
TL and females above this value, with a short transitional phase; females presented asynchronous
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oocyte development with a batch spawning pattern; and the spawning season occurred from April
to October with a spawning peak between June and August.

On the Portuguese coast, the only existing management measure for P. acarne is based on a
minimum legal landing size of 18 cm TL, which according to the present study fulfils its purpose.
Nevertheless, the decrease in landing observed in the past 10 years cannot be ignored. Females are
particularly vulnerable to exploitation since they are predominantly over 30 cm. The removal of
larger and older females by fishing may contribute to a decrease in the species’ reproductive
potential, as these females are potentially more fecund than younger females. The fact that the
biological information available for P. acarne is one-off and geographically localised, with no long-
term data available, compromises a deeper understanding of the species’ life history and the
perception of the possible impacts of fishing or changes in P. acarne’s ecosystem. Other protection
measures may include artificial reefs, closed seasons, and changes in fishing patterns, but more
consistent studies and catch time series analyses are crucial for better fishery management.
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