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Abstract: Various commercial fish species utilize different coastal habitats as nurseries in their juvenile
stages, with surf zones being particularly crucial due to the protection and abundant food resources
they offer. Among the species that rely on these areas are the spotted seabass (Dicentrarchus punctatus)
and the European seabass (Dicentrarchus labrax). This study aimed to investigate the age and feeding
habits of surf zone specimens of these species and explore their environmental adaptations. The
average size for D. punctatus was 16.94 & 4.05 cm, and for D. labrax, it was 23.23 £ 6.30 cm. The
length-weight relationship for D. punctatus was TW = 0.013*TL?88 (parameter a: 95% CI: 0.012-0.014;
parameter b: 95% CI: 2.854-2.917), and for D. labrax, it was TW = 0.008*TL3-095 (parameter a: 95% CI:
0.006-0.009; parameter b: 95% CI: 3.040-3.151). In both D. punctatus (79.20%) and D. labrax (75.92%),
the predominant age classes were 1+ and 2+. Significant variations in age class abundance were
observed in D. punctatus based on the time of day, lunar phase, and season, while D. labrax showed
variations only by season. A diet analysis revealed that both species primarily consume mysids and
fish, with D. punctatus showing dietary variations related to the time of day, lunar phase, and season,
and D. labrax showing variations with the time of day and season.

Keywords: Gulf of Cadiz; otoliths; beach seine; stomach content; diet

Key Contribution: The most common size ranges for Dicentrarchus punctatus are 15-21 cm, and
for D. labrax, they are 17-27 cm. The most prevalent age classes of Dicentrarchus punctatus and
D. labrax in the surf zone are 1+ and 2+. Dicentrarchus punctatus exhibits significant differences
in age class abundance depending on the time of day, lunar phases, and season, while D. labrax
shows variability only with the season. The primary prey items for Dicentrarchus punctatus are
mysids, whereas D. labrax predominantly feeds on mysids and fishes. The diet of D. punctatus varies
significantly with the time of day, moon phase, season, and individual size, whereas the diet of D.
labrax changes according to the time of day and lunar phases. The Levins index indicates that both
Dicentrarchus punctatus and D. labrax specialize in the surf zone environment, exhibiting a significant
dietary overlap between them.

1. Introduction

The spotted seabass (Dicentrarchus punctatus Bloch, 1792) and the European seabass
(Dicentrarchus labrax Linnaeus, 1758) are both members of the Moronidae family, found in
the Northeast Atlantic region. The European seabass’s range extends from Scandinavia
down to southern Morocco, whereas the spotted seabass is distributed from Great Britain to
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Senegal, also encompassing the Mediterranean and Black Seas, with sightings in the Baltic
Sea [1-4]. The largest sizes recorded for these species are 103 cm for the European seabass
and 70 cm for the spotted seabass [5,6]. Commercially, these species are significant, with
catches of 3598 tonnes for the spotted seabass and 5569 tonnes for the European seabass in
2021 [7]. Despite their value, they are sometimes considered bycatch in certain fisheries [8].
The European seabass also has substantial aquaculture relevance, especially in southern
Europe, with a global production reaching 299,809 tonnes in 2021, of which 91,419 tonnes
were produced in southern Europe alone [7]. Both species are coastal demersal, residing
in different depth zones: the European seabass can be found down to 100 m, while the
spotted seabass typically occupies waters between 2 and 15 m. They favor estuarine
and occasionally riverine environments as well as rocky or sandy substrates, including
surf zones [1,9,10].

Surf zones are dynamic environments characterized by significant water and sediment
movement, extending from the wave break zone to the shoreline [11,12]. These areas are
crucial feeding grounds for various marine species, thanks to the nutrient resuspension
facilitated by the continuous water movement [13,14]. Fish residing in these zones play a
critical role in transferring energy from the surf zones to adjacent marine areas [15,16]. The
inherent turbidity created by wave action also makes surf zones effective refuges, offering
protection for numerous organisms [17,18]. Furthermore, these habitats serve as essential
nurseries for various species, supporting the recruitment processes vital for sustaining
populations, particularly those of commercial significance [19].

Despite the significant commercial value of the spotted seabass and European seabass,
research on these species is unevenly distributed. For the spotted seabass, substantial
studies have been conducted in the Mediterranean, focusing on aspects like growth [1,20,21],
feeding [22], and reproduction [23]. However, research on this species within the East
Atlantic remains sparse [24]. In contrast, the European seabass has been more extensively
studied, with research covering growth both in the Mediterranean [25,26] and Wales [27],
dietary habits in the Mediterranean [28] and France [29], as well as growth and feeding in
Portugal [30] and reproductive studies within the Mediterranean [31].

Therefore, given the importance, the scarcity of information on both species and the
role of the surf zone for them, the objectives of this work were as follows: (1) to determine
the age of spotted seabass and European seabass in the Gulf of Cadiz surf zone, (2) to
investigate the diet of both species, as well as to detect variations between seasons, age, day
and night or lunar phases, and (3) to calculate the possible overlap between both species in
the habitat.

2. Materials and Methods
2.1. Sampling Methods

Five beaches along the Gulf of Cadiz, SW Iberian Peninsula, at coordinates 36°44’ N,
6°24’ W, were sampled: Santa Maria del Mar (SM), Torregorda (TG), Camposoto (CS),
Punta del Boquerén (PB), and La Barrosa (LB) (Figure 1). This year-long study involved
monthly sampling using a beach seine net 25 m in length and 2 m in height, with a mesh
size of 3 cm. Sampling took place during the lowest tides of each month, both day and
night, as long as weather conditions allowed (with waves less than 1 m). In each sampling,
five hauls were executed, spaced 50 m apart along transects. Two people hauled the net
perpendicular to the shoreline from the maximum feasible depth (£1.5 m) towards the
shore. The duration of each haul ranged from 3 to 10 min, depending on sea conditions.
Water temperature was recorded at each sampling event using a digital probe thermometer
with an accuracy of £0.1 °C.



Fishes 2024, 9,173

30f22

Latitude

36.6°N

36.4°N

36.2°N

36.0°N

35.8°N

Punta del Boquer6n (PB)

’\

’

Atlantic Ocean

Mediterranean
Santa Maria del Mar (SM) Sea

Torregorda (TG)

Camposoto (CS)

La Barrosa (LB)

6.4°W 6.2°W 6.0°W 5.8°W 56°W
Longitude

Figure 1. Localization of the study area (Gulf of Cadiz, SW Iberian Peninsula) with the sampled
beaches marked with black dots.

2.2. Fish Sampling

All captured individuals were placed in ice water until further analysis in the lab,
where the following biometric data were collected: total length (TL) and standard length
(SL) with a precision of £0.1 cm, and total weight (TW), gutted weight (GW)), full stomach
weight (FSW), and empty stomach weight (ESW) with a precision of +0.01 g. Species
identification was performed based on the guides from [32,33].

To age the captured specimens, the sagittal otoliths were removed from each individ-
ual, cleaned, and preserved. The growth rings were enumerated using a Leica Wild M10
stereomicroscope with bottom lighting. Two techniques were evaluated to enhance the
visibility of the growth rings: firstly, the application of a glycerin and alcohol solution in
1:1 parts, and secondly, submerging the otoliths in distilled water, with the latter method
yielding superior results. The counting was conducted by two independent observers, who
were unaware of the specimens’ lengths and excluded inconsistent counts. The identifi-
cation of both true and false growth rings was guided by the criteria established by the
authors of [34].

The diet was analyzed through the stomach contents of each specimen, which were
extracted and preserved in 70% alcohol until further analysis. Each stomach content was
identified, and the number of items from each resource was quantified to the lowest possible
taxonomic level [35], using a Leica Wild M10 magnifying glass. Each item was weighed
using an Explorer Semi-Micro EX125D scale with a precision of +0.01 mg.
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2.3. Data Analysis

To derive the structure of the total length (TL) frequency distribution, histograms (size
classes = 2 cm) were generated for both species. The length-weight relationship (LWR) was
determined by applying the following equation obtained from [36]:

TW = a-TL?

where TW is the total weight in g and TL is the total length in cm.
The parameters of this relationship were estimated using the least squares method
through linear regression analysis:

In(TW) = In(a) + bin(TL)

Parameter a reflects the fish’s body shape, whereas parameter b indicates the growth
pattern of the species. If b = 3, it signifies isometric growth, meaning that both length
and weight increase at the same rate. A value of b < 3 suggests a negative allometric
growth, indicating a proportionally greater increase in length compared to weight. Con-
versely, a b > 3 value indicates positive allometric growth, where weight increases more
than length [37].

The vacuity index (Vi) was used to calculate the proportion of empty stomachs:

number o f empty stomachs
number of total stomachs

The proportion of individuals using each resource was expressed as the frequency of

occurrence (%F):
number of stomachs with prey i

number of total stomachs

%F = 100

The numerical percentage (%Cn), reflecting the number of prey items found in stom-
achs, was calculated as the percentage of the total number of prey items of a resource
present in each stomach:

Total number of prey i 100

ol = total number of all preys

The gravimetric percentage (%Cw), representing the percentage of the total weight of
the stomach contents from the stomachs analyzed, was calculated as follows:

Weight of prey i

oCw = total weight of all prey.

1)

Finally, the significance of each prey item was determined using the Index of Relative
Importance (IRI), following the modified formula proposed by the authors of [38]:

IRI = O/OF'((VOCT’Z + O/OCZU)

o, _ (IRI-100
[IRI% = (Z,RI)}

The dietary niche breadth of the species was calculated using Levins” index (Ba).
Bya=(B—1)/(n—1); B=1/Y p;

where p;j is the proportion of individuals using resource j or the proportion of resource j in
the total resources in the diet, and n is the total number of resources. The scale ranges from
0 to 1, where low values indicate a diet specializing in a few prey items and high values
imply a generalist diet [39,40].
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Given that both species utilize the surf zones, the overlap in their diets was examined
using Schoener’s index (Oj):

Ojx = 1-05-(3_|pji — puil) )

where pj; and py; represent the estimated proportions by weight of prey item i in the diets
of species j and k, respectively. The values of the index range from 0 to 1, with the overlap
being greatest when the index is close to 1.

Differences in diet by size were analyzed by categorizing specimens of both species
into specific size ranges. For the spotted seabass, the categories were defined as follows:
Range 1 [<10 cm TL), Range 2 [10-15 cm TL), Range 3 [15-20 cm TL), Range 4 [20-25 cm TL),
and Range 5 [>25 cm TL]. For the European seabass, the size ranges were established as
follows: Range 1 [<20 cm TL), Range 2 [20-25 cm TL), Range 3 [25-30 cm TL), and Range 4
[>30 cm TL]. The chi-squared test was employed to identify any significant differences in
the abundance between age classes influenced by environmental factors.

To thoroughly analyze the diet of both species, establishing the minimum number
of stomachs to be examined was essential. This was accomplished by comparing the
cumulative number of prey taxa against the cumulative number of stomachs chosen at
random. The appearance of an asymptotic curve indicated that a sufficient sample volume
had been collected to accurately represent the diet of the species in question [41-43]. In
order to reduce potential biases, the stomachs selected for analysis were randomized
500 times.

A permutational multivariate analysis of variance (PERMANOVA) was performed
to assess significant differences in prey abundance in relation to season, diel cycles, moon
phases, and size ranges. This analysis was based on Bray—Curtis dissimilarities [44], and
p-values were determined through 9999 unrestricted random permutations [45-47].

Furthermore, a one-way analysis of similarities (ANOSIM) was employed to identify
statistical differences in dietary composition across season, diel cycles, moon phases, and
size categories. ANOSIM utilizes a Bray—Curtis distance matrix, generated from the
abundance data of prey species, to compare the mean distances between groups to those
within groups. This Bray—Curtis distance matrix, essential in ecological research, measures
the compositional dissimilarity among various sites or samples. The scores can range
from 0, indicating identical species proportions across samples, to 1, signifying no species
overlap between samples. This method provides a nuanced understanding of community
composition, surpassing the simple presence or absence of data, which are particularly
relevant in dietary studies [44]. Upon constructing the matrix, ANOSIM produces two key
metrics: a p-value, reflecting the statistical significance of the results, and an R-statistic,
comparing the average ranked dissimilarities between groups with those within groups. An
R-value closer to 1 suggests significant dissimilarity between groups, while an R-value near
0 indicates a homogeneous distribution of ranks, both within and among groups [48,49].

All statistical analyses were performed using R software (version 4.1.3; R Core Team,
2022), with a set significance level (x) of 0.05. The analyses utilized additional packages
including “tidyverse” [50], which encompasses “dplyr” [51] and “ggplot2” [52], “lubri-
date” [53], “vegan” [54], “reshape2” [55], “forcats” [56], “modelr” [57], “gridExtra” [58],
and “devtools” [59].

3. Results
3.1. Spotted Seabass, Dicentrarchus punctatus
3.1.1. Biometric Analysis

A total of 556 spotted seabass were captured, with an average total length (TL) of
16.94 £ 4.05 cm and an average total weight (TW) of 53.69 & 37.09 g. The lengths of the
specimens ranged from 3.8 cm to 31.8 cm, predominantly within the 15-21 cm interval
(Figure 2A), and their weights varied from 0.71 g to 306.66 g. The parameters for the
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length-weight relationship (LWR) of spotted seabass were determined as follows: a = 0.013
(C.I.: 0.012-0.014) and b = 2.885 (C.IL.: 2.854-2.917), with an R? value of 0.983 (Figure 2B).
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Figure 2. (A) Abundance of the length classes for spotted seabass (Dicentrarchus punctatus) found
in the surf zones of the Gulf of Cadiz. (B) Length-weight relationship (LWR) of spotted seabass
(D. punctatus) in the surf zones of the Gulf of Cadiz.

3.1.2. Age Determination

Upon extracting otoliths from each individual, a maximum of four growth marks
were noted in the spotted seabass, with the 1+ and 2+ age classes being the most prevalent,
constituting 33.63% and 45.57% of the overall catch, respectively (Table 1).

The age class distribution was then analyzed in relation to the time of day (Figure 3A),
moon phase (Figure 3B), and season (Figure 3C).

In the diel analysis (Figure 3A), although all age groups were generally more abundant
during daylight, the 2+ age class showed a notable increase in numbers at night. A chi-
squared test indicated significant variations among age classes (x? test, X22 = 20.549,
p-value < 0.001).

During the analysis of moon phases (Figure 3B), it was observed that, aside from the
age 2+ specimens, all other age classes exhibited increased abundances during the new
moon. The chi-squared test identified significant differences among the age classes (x? test,
X22 =18.494, p-value < 0.001).

Seasonal analysis (Figure 3C) revealed that during spring, the 1+ and 2+ age classes
were predominantly observed with comparable abundances. In summer, there was a
noticeable increase in the 0+ and 1+ age classes, with 1+ emerging as the dominant group.
Conversely, in autumn and particularly in winter, the 2+ age class became predominant.
The chi-squared test indicated significant variations across different age classes (x2 test,
X22 =77.103, p-value < 0.001).
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Table 1. Summary statistics of the lengths and ages of spotted seabass (Dicentrarchus punctatus) and European seabass (D. labrax) in the surf zones of the Gulf of
Cadiz. n: sample size; %: percentage of age class to total; TL: total length.

Age n % Mean TL (cm) Standard Deviation TL Range (cm) Mean Size Increment (cm)
D. punctatus D. labrax D. punctatus D. labrax D. punctatus D. labrax D. punctatus D. labrax D. punctatus D. labrax D. punctatus D. labrax
0+ 91 7 16.46 6.48 11.12 14.94 2.94 1.78 4.1-169 11.4-16.4 - -
1+ 186 39 33.63 36.11 15.82 19.60 2.17 412 9.9-22.7 14.4-29.3 4.70 4.66
2+ 252 43 45.57 39.81 19.05 24.73 1.89 4.97 13.8-25.0 15.5-37.9 3.23 5.13
3+ 18 16 3.25 14.81 24.46 28.97 2.45 4.04 20.5-28.3 22.0-37.9 5.41 4.24
4+ 6 3 1.08 2.78 28.87 37.90 3.48 3.98 24.1-31.8 35.5-42.5 4.41 8.93
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Figure 3. Abundance of the different age classes of spotted seabass (Dicentrarchus punctatus) found in
the surf zone according to: (A) time of day, (B) moon phase, and (C) season.

3.1.3. Feeding Habits

The prey accumulation curve for the spotted seabass (Figure 4, blue regression line)
did not reach an asymptote, indicating that sampling did not capture the full dietary range.
Consequently, a refined curve focusing only on prey items that constituted at least 1% of the
Index of Relative Importance (IRI) was constructed (Figure 4, red regression line), which
did asymptote at approximately 200 specimens.

The stomach content analysis revealed a vacuity index of 39.2%, with 218 stomachs
found to be empty. In total, 25 distinct prey items were identified, grouped into six
categories: Annelids, Crustaceans, Insects, Molluscs, Osteichthyans, and Chelicerates
(Table 2). Within these, mysidaceans (Crustacea, Order Mysida) emerged as the most
dominant dietary component, contributing to 66.6% of the IRL
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Figure 4. Cumulative prey curves for the total number of stomachs analyzed of spotted seabass
(Dicentrarchus punctatus) in the surf zone of the Gulf of Cadiz. The blue line represents the cumu-
lative prey curve using all the different taxa found in the stomachs, and the red line represents the
cumulative prey curve using only prey with a Relative Importance Index (IRI) of at least 1%.

Table 2. Spotted seabass (Dicentrarchus punctatus) and European seabass (Dicentrarchus labrax) diet
composition expressed as a frequency of occurrence (%F), numerical percentage (%Cn), gravimetric
percentage (%Cw), and Relative Importance Index (%IRI). Unid. = Not identified.

Dicentrarchus punctatus

Dicentrarchus labrax

Taxa %F %Cn %Cw %IRI %F %Cn %Cw %IRI
ANNELIDA
Polychaeta
Polychaeta unid. 0.70 0.01 0.01 <0.01
CHELICERATA
Pycnogonida
Pycnogonida unid. 0.70 0.04 0.00 <0.01
CRUSTACEA
Amphipoda
Amphipoda unid. 31.47 1.73 0.29 0.54 9.64 6.98 0.08 2.66
Cumacea
Cumacea unid. 2.10 4.39 0.02 0.08 1.20 1.75 0.001 0.08
Decapoda
Brachyura
Carcinus maenas 0.70 0.01 0.03 <0.01 3.61 0.62 2.59 0.45
Liocarcinus holsatus 1.20 0.12 1.15 0.06
Majidae unid. 1.20 0.12 0.02 0.01
Pachygrapsus marmortatus 10.84 1.37 8.12 4.03
Portumnus latipes 3.61 1.00 4.94 0.84
Portunidae unid. 1.20 0.12 0.62 0.04
Brachyura unid. 2.10 0.04 0.02 <0.01 13.25 1.87 5.34 3.74
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Table 2. Cont.
Dicentrarchus punctatus Dicentrarchus labrax
Taxa %F %Cn %Cw %IRI %F %Cn %Cw %IRI
Caridea
Alpheus sp. 2.10 0.04 0.13 <0.01
Crangon crangon 7.69 0.25 1.14 0.09
Palaemon elegans 6.02 1.00 2.29 0.78
Palaemon sp. 0.70 0.02 0.17 <0.01
Caridea unid. 5.59 0.13 0.22 0.02 3.61 1.12 0.18 0.18
Gebiidea
Upogebia sp. 0.70 0.01 0.13 <0.01
Decapoda unid. 4.20 0.13 0.20 0.01 2.41 0.37 0.47 0.08
Isopoda
Isopoda unid. 44.06 2.98 0.95 148 8.43 1.87 0.22 0.69
Mysidacea
Mysidacea unid. 93.71 74.22 8.65 66.57 16.87 57.98 0.48 38.57
Other Crustacea 5.59 0.10 0.01 0.01 1.20 0.12 0.001 0.01
INSECTA
Formicidae 4.20 1.80 0.003 0.06
Other Insecta 1.40 0.02 0.00001 <0.01 1.20 4.74 0.00004 0.22
MOLLUSCA
Bivalvia
Bivalvia unid. 1.20 0.25 0.23 0.02
Cephalopoda
Cephalopoda unid. 1.40 0.02 0.24 <0.01
Gastropoda
Patellidae 1.20 0.75 1.08 0.09
OSTEICHTYES
Atherinidae
Atherinidae unid. 13.25 2.24 41.32 22.58
Bleniidae
Lipophrys trigloides 1.20 0.25 4.73 0.23
Bleniidae unid. 1.20 0.12 1.98 0.10
Clupeiformes
Engraulis encrasicolus 10.49 0.98 11.46 1.12
Sardina pilchardus 14.69 3.93 25.54 3.71 2.41 4.49 1.58 0.57
Clupeiformes unid. 51.05 6.61 23.17 13.03 4.82 3.62 2.47 1.15
Gobiidae
Gobiidae unid. 0.70 0.01 0.37 <0.01 6.02 1.25 11.46 2.99
Pomatomidae
Pomatomus saltatrix 1.40 0.05 0.24 <0.01
Sparidae
Sparidae unid. 2.10 0.05 1.22 0.02
Unidentified Fish 55.24 2.43 25.52 13.24 34.94 5.86 8.64 19.82
ALGAE
Algae unid. 1.20 0.12 0.01 0.01

The PERMANOVA analysis revealed significant variations in prey abundance asso-
ciated with different moon phases (PERMANOVA, pseudo-F = 8.204, p-value < 0.001),
seasons (PERMANOVA, pseudo-F = 6.519, p-value < 0.001), and size ranges of the speci-
mens (PERMANOVA, pseudo-F = 0.383, p-value < 0.05). However, no significant differences
were detected when considering the interaction of these environmental variables (Table 3).

The dietary analysis based on the time of day (Figure 5A) indicated that mysidaceans
remained the predominant prey for the spotted seabass across both diurnal (73.3% IRI) and
nocturnal (56.2% IRI) periods. However, nocturnal feeding showed a marked increase in
fish consumption (42.3% IRI). The ANOSIM test confirmed significant variations in the diet
composition between day and night (ANOSIM, R = 0.008, p-value = 0.009).
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Table 3. PERMANOVA test results comparing the effects of moon phase, season, time of day, and size
ranges on the abundance of prey items consumed by the spotted seabass (Dicentrarchus punctatus).
* p < 0.05; *** p < 0.001; not significant. In bold, variables with significant p-values.

Source df Sum of Squares Mean Squares Pseudo-F p-Value Permutations
Moon Phase 1 1.552 1.552 8.204 ook 9999
Season 3 3.701 1.234 6.519 i
Time of the day 1 0.112 0.112 0.591 -
Size Range 4 1.533 0.383 2.026 *
Moon Phase x Season 3 1.009 0.336 1.777 -
Moon Phase x Time of the day 1 0.432 0.432 2.282 -
Moon Phase x Size range 4 1.213 0.303 1.603 -
Season x Time of the day 3 1.139 0.380 2.007 -
Season X Size range 10 1.450 0.145 0.767 -
Time of the day x Size range 4 0.577 0.144 0.762 -
Residual 302 57.143
Total 336 69.962
A B
75
Prey taxa Prey taxa
_ Decapoda Decapoda
% 50 Mysidacea Mysidacea
° I osteichthyes [ Osteichthyes
[l others B others
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. . 25 . l
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Range 2 Range 3 Range 4 Range 5

Size Range

Figure 5. Importance, as a function of (A) time of day, (B) moon phase, (C) season, and (D) size
range, of the main prey groups of spotted seabass (Dicentrarchus punctatus) expressed as the Index of
Relative Importance (IRI) in %.

Regarding moon phases (Figure 5B), during the full moon, the spotted seabass pri-
marily consumes mysidaceans and fish (57.6% IRI and 39.4% IRI, respectively), while
its diet during the new moon is predominantly mysidaceans (71.8% IRI). The ANOSIM
analysis indicated that these differences in diet composition across moon phases were not
statistically significant (ANOSIM, R = 0.002, p-value = 0.242).

Seasonally (Figure 5C), the diet composition of the spotted seabass remains consistent
across spring, summer, and autumn, with mysidaceans (52.6% IRI, 64.7% IRI, and 67.5%
IRI) and fish (43.8% IRI, 35.2% IRI, and 30.5% IRI) as the primary food sources. However,
during winter, the diet diversifies and shifts towards a greater reliance on fish (60.9% IRI)
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and other resources (30.6% IRI). Significant seasonal dietary differences were confirmed by
ANOSIM (R = 0.045, p-value = 0.001).

Size-wise (Figure 5D), mysidaceans dominate the diet in the first two size ranges
(63.5% IRI and 83.3% IRI, respectively). In Range 3, while mysidaceans remain a significant
component (56.3% IRI), there is an increase in fish consumption (40.6% IRI). In larger size
ranges (Range 4 and Range 5), fish emerge as the primary dietary component (53.3% IRI
and 64.3% IRI, respectively). The ANOSIM test revealed diet composition variance with
size to be statistically significant (ANOSIM, R = 0.017, p-value = 0.047).

3.2. European Seabass, Dicentrarchus labrax
3.2.1. Biometric Analysis

During the study, 108 European seabass specimens were collected, showing an average
total length (TL) of 23.23 £ 6.30 cm and an average total weight (TW) of 161.26 + 139.14 g.
The range of lengths spanned from 11.4 to 42.5 cm, while weights varied from 15.93 g to
749.06 g, with the most frequent sizes falling within 17-19 cm and 25-27 ¢cm categories
(Figure 6A). The LWR for the European seabass yielded parameters of a = 0.008 (C.IL.:
0.006-0.009) and b = 3.095 (C.I.: 3.040-3.151), with an R? value of 0.991 (Figure 6B).

n=108

c

Size Range =

Renge 1 2
Range 2 < 40

Renge 3 =

o

Range 4 -

30
Total Length (cm)

40 10 20 40

Total Length (cr:\c)
Figure 6. (A) Abundance of the length classes for European seabass (Dicentrarchus labrax) found in the
surf zones of the Gulf of Cadiz. (B) Length-weight relationship (LWR) of European seabass (D. labrax)
in the surf zones of the Gulf of Cadiz.

3.2.2. Age Determination

Otoliths were successfully extracted from all the European seabass specimens, reveal-
ing up to four growth marks. The predominant age classes were 1+ and 2+, constituting
36.11% and 39.81% of the overall abundance, respectively (Table 1).

Subsequent analyses of age class distribution considered various factors, including
the time of day (Figure 7A), moon phase (Figure 7B), and season (Figure 7C).

It was observed that there were no significant differences in the age class distri-
bution of the European seabass depending on the time of the day (x? test, X22 = 3.621,
p-value = 0.305), while all age classes of the European seabass displayed higher abundances
at night compared to during the day; the age classes 1+ and 2+ were notably the most
abundant (Figure 7A).
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Figure 7. Abundance of the different age classes of European seabass (Dicentrarchus labrax) found in
the surf zone according to: (A) time of day, (B) moon phase, and (C) season.

During the analysis by moon phase (Figure 7B), a higher abundance of all age classes
was observed during the new moon, except for the age class 3+, which was more abundant
during the full moon. No significant differences in abundance related to moon phases were
found (x? test, X22 = 4.869; p-value = 0.182).

Seasonal analysis (Figure 7C) revealed that age class 1+ was predominant in spring and
autumn, whereas age class 2+ was most abundant in summer and winter. The age classes
0+ and 3+ were absent in spring but present during the other seasons, reaching their peak
abundances in autumn and summer, respectively. The chi-squared test indicated significant
differences between the age classes across seasons (x? test, X22 = 20.449, p-value = 0.015).

3.2.3. Feeding Habits

For the European seabass, the initial cumulative prey curve did not reach stability
(Figure 8, blue regression line), leading to the creation of a secondary curve that con-
sidered only those prey items constituting 1% or more of the Relative Importance Index
(IRT) (Figure 8, red regression line). This adjusted curve exhibited asymptotization after
examining 95 specimens.

The vacuity index for the European seabass was calculated at 23.1%, with 25 empty
stomachs encountered. In total, 26 distinct dietary items were identified and classified into
five categories: Algae, Crustaceans, Insects, Molluscs, and Osteichthyans (Table 2). Among
these, mysidaceans (Crustaceans) had the highest IRI value at 38.7%, followed by members
of the Atherinidae family (22.7% IRI) and unidentified fish species (19.9% IRI) within the
Osteichthyans group.
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Figure 8. Cumulative prey curves for the total number of stomachs analyzed of European seabass
(Dicentrarchus labrax) in the surf zone of the Gulf of Cadiz. The blue line represents the cumulative prey
curve using all the different taxa found in the stomachs, and the red line represents the cumulative
prey curve using only prey with a Relative Importance Index (IRI) of at least 1%.

No significant differences were detected in the prevalence of prey items within the
European seabass diet across the studied factors.

Daytime dietary analysis (Figure 9A) showed that the European seabass has a more
diverse diet during the day compared to nighttime, predominantly consuming mysidaceans
(47.7% IRI) during daylight hours. In contrast, fish constituted the main component of
their diet at night (66.0% IRI). Despite the overall lack of significant variance across many
factors, ANOSIM did reveal significant differences in diet composition when comparing
day-versus-night feeding habits (ANOSIM, R = 0.076, p-value = 0.003).

Regarding the moon phase influence (Figure 9B), the European seabass diet composi-
tion exhibited a similar pattern to that observed with time of day. During the full moon,
mysidaceans were the predominant prey (72.9% IRI), whereas fish became the primary
food source during the new moon (58.6% IRI). The ANOSIM analysis confirmed signifi-
cant dietary composition differences in relation to the moon phase (ANOSIM, R = 0.038,
p-value = 0.021).

Seasonally (Figure 9C), fish emerged as the most consumed prey for the European
seabass across all seasons. Spring revealed a broader dietary diversity for the European
seabass, with the “Other” category comprising 22.5% IRI of the diet. During summer and
autumn, mysidaceans were the second most consumed prey following fish, with IRIs of
43.4% and 34.3%, respectively. In winter, decapods became more prominent in the diet,
with an IRI of 27.5%. Despite these seasonal variations in prey consumption, no significant
differences in diet composition were observed across the seasons (ANOSIM, R = 0.007,
p-value = 0.229).
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Figure 9. The importance levels, as a function of (A) time of day, (B) moon phase, (C) season, and
(D) size range, of the main prey groups of European seabass (Dicentrarchus labrax) expressed as the
Index of Relative Importance (IRI) in %.

In examining the diet relative to the size of the European seabass specimens (Figure 9D),
mysidaceans were found to be the primary diet component in the smaller size ranges (59.3%
IRI for Range 1 and 42.4% IRI for Range 2). In Range 2, fish (34.4% IRI) and decapods
(20.6% IRI) also formed significant proportions of the diet. Conversely, in the larger size
categories (Ranges 3 and 4), fish dominated the dietary intake (70.8% IRI for Range 3 and
70.5% IRI for Range 4), with decapods notably prevalent in Range 4 (27.8% IRI). Despite
these variances across different size ranges, no significant dietary composition differences
were detected (ANOSIM, R = -0.005, p-value = 0.582).

3.3. Feeding Indices

The Levins’ index showed a result of 0.118 for the spotted seabass and 0.105 for the
European seabass. The Schoener diet overlap index between the two species was 0.74.

4. Discussion

The findings indicate that the spotted seabass exhibits a growth pattern leaning to-
wards negative allometry, whereas the European seabass displays a trend towards positive
allometry, based on their respective length-weight relationships (LWRs). These LWR values
represent the first recorded for these species in the Gulf of Cadiz. The most common age
classes identified were 1+ and 2+ for both species. Mysidaceans were identified as the
primary prey for both, yet fish constituted the main component of the European seabass’s
diet. Additionally, dietary shifts in response to environmental variables and the size of the
specimens were observed in both species.

The sizes of the specimens captured in this study (spotted seabass: 3.8-31.8 cm TL;
European seabass: 11.4-42.5 cm TL) contrast with the ranges reported in other studies
for both species. For the spotted seabass, various research conducted in Egypt presents
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differing size ranges (e.g 13.1-36.1 cm TL by [60], 10.1-34.7 cm TL by [20], and 14.7-36.8 cm
TL by [21]). Similarly, for the European seabass, differing sizes have been reported in
studies from various locations, for example, 1.7-74.8 cm TL in Greece by [61], 5.1-17.3 cm
TL in Portugal by [30], and 18.4-65.3 cm TL in Egypt by [26]. Variability in size ranges can be
attributed to differences in specimen sources, such as commercial catches that might focus
on specific size ranges due to regulatory minimum size limits, or seasonal variations where
juveniles or adults are more prevalent. Additionally, differences in research methodologies
and fishing gear used across studies could also contribute to account for these variations.

The LWR indicates negative allometric growth for spotted seabass (b = 2.885) and
positive allometric growth for European seabass (b = 3.095). These results for spotted
seabass are consistent with those obtained, for example, by the authors of [21] (b = 2.956)
and [20] (b = 2.985), although they diverge from [60] (b = 3.133), all within Egypt, and [62]
in Portugal (b = 3.440). Conversely, for European seabass, the results align with findings by
the authors of [63] in Greece (b = 3.076) and [64] with b values of 3.158 and 3.200, and [65] in
Croatia with b values of 3.065 and 3.146, but they contrast with the authors of [26] in Egypt
(b =3.0067) and [62] in Portugal (b = 3.039). These variations may be attributable to several
factors. For instance, differences can arise from the distinct geographical populations of the
species, which may exhibit different body characteristics, or from the time of year when the
specimens are caught. The number of specimens analyzed, and the size ranges considered
in each study also influence the LWR parameters. Additionally, factors such as sampling
methods and the use of commercial catches could impact LWR parameters.

For both spotted seabass (79.20%) and European seabass (75.92%), the predominant
age classes throughout the study were 1+ and 2+, with significant differences for both
species according to season and also for spotted seabass according to time of day and
moon phase. These results are consistent with other work in coastal areas for both spotted
seabass [1,21] and European seabass [25,26], where the most abundant specimens were
within these ages. European seabass is a species with a well-known migratory behavior,
migrating its free-living embryos to shallow areas, such as estuaries and coastal lagoons,
where, after growing, they travel to deeper and more open areas for reproduction [66], and
spotted seabass may have a similar behavior. Therefore, the predominance of these age
classes, both spotted seabass and European seabass, in the surf zone could be due to the
use of this habitat by both species as an intermediate zone between the places where they
spend their first year of life, shallower and protected areas, and the deeper areas where
adults have their habitat.

Regarding variations with time of day, moon phase and season, as a function of time
of day, although significant diurnal variations in catch rates were only observed for spotted
seabass, both species were generally more abundant at night. This nocturnal prevalence
could be attributed to several factors, including a strategy to avoid predation by visual
and diurnal predators such as seabirds, by coming to these areas at the time of day when
these species do not hunt. Alternatively, the increased nighttime abundance might be
linked to foraging behavior, capitalizing on heightened prey activity, including small fish
and zooplankton, during nocturnal hours [67-70]. This latter explanation aligns well with
the known nocturnal feeding patterns of the European seabass and is likely applicable
to the spotted seabass as well [66]. However, it is crucial to consider that the sampling
methodology itself, encompassing gear type and the specific timing of sampling, might
influence catch rates due to the fish’s enhanced ability to detect and evade nets during
daylight [71,72].

While significant variations in abundance with moon phase were noted solely for the
spotted seabass, a general trend of higher abundance during the new moon was observed
for both species. Similar patterns have been reported for other surf zone inhabitants like
the pompano (Trachinotus ovatus) [73], potentially attributed to the enhanced concealment
from predators and prey alike afforded by the diminished light. Moreover, the increased
presence of 2+-year-old spotted seabasses during the full moon might reflect an adaptive
response to exploit the additional illumination for more effective foraging, despite the
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heightened risk of predation [74]. Nonetheless, it is essential to acknowledge that the
specifics of the sampling approach, including timing and methodology, might introduce
biases affecting these observed patterns.

The abundance of various age classes for both species shows distinct seasonal patterns.
For the spotted seabass, the 1+ age class is most prevalent during spring and summer,
whereas the 2+ age class is more abundant in autumn and winter. These trends could
be linked to the species’ reproductive cycle, with the spawning season extending from
November to March, and sexual maturity being reached at around 2 years of age for both
sexes, albeit at different lengths [1,20-23]. Such maturity milestones could account for the
observed increase in the 2+ age class during these periods, possibly followed by a migration
to deeper waters, thereby making the 1+ age class more conspicuous in spring and summer.
For the European seabass, the 1+ age group is predominantly found in spring and autumn,
while the 2+ category is most frequent in summer and winter, aligning with its breeding
season from December to March. European seabass males typically reach sexual maturity
at 2 years, with females maturing at 3 years [31]. This reproductive timing may elucidate
the increased presence of older fish in winter, while the elevated numbers of 1+ individuals
during other seasons could be linked to post-spawning dispersal or juvenile migration
from estuaries to warmer, shallower waters, especially from spring to summer [10]. These
movements are often driven by water temperature, which correlates with the heightened
abundance during warmer periods [30].

Regarding the diet, our results indicate that for both species, one of their main prey
items are mysidaceans, although fish are also significant in the diet of the European seabass.
These findings are consistent with those reported by other authors [24,29,75,76]. However,
they differ from other studies such as [30,61], where the authors report that the European
seabass primarily feeds on decapods, isopods, and mysidaceans, and [22] which determine
that the main prey of the spotted bass were molluscs and crustaceans. These variations in
diet could be attributed to geographical differences between study sites, which may lead to
greater abundance of certain prey items in one location compared to another. Differences
in the number and size of specimens analyzed in these studies compared to ours can also
influence the results. For example, in [77], 408 European seabass ranging from 2.5 to 70 cm
TL were examined, and in [22], 909 specimens of spotted seabass between 3.5 and 10.4 cm
TL were studied. Additionally, the time of year when the studies are conducted can result
in higher abundances of specific resources.

Significant differences were found in the dietary composition of both species depend-
ing on the time of day. The European seabass is an active nocturnal hunter [67], a behavior
that the spotted seabass might also exhibit. This diurnal variation could be due to increased
predatory activity at night, focusing on capturing their main prey, small fish, and mysi-
daceans, given their higher abundance in the surf zone during nighttime. The nocturnal
increase in zooplankton in the surf zone is corroborated by various authors [78,79], and this
greater availability of zooplankton would also attract other fish species to the surf zone for
feeding [71,80], potentially allowing a greater intake of osteichthyes by both the European
seabass and the spotted seabass.

Based on the lunar phase, there are significant differences in prey abundance for the
spotted seabass and in the dietary composition for the European seabass. In both species, a
greater variety of prey is observed during the full moon compared to the new moon, which
could be due to the additional light provided during the full moon, allowing for more
efficient hunting across a broader range of prey, similar to behaviors observed in certain
flatfish species [75]. Consequently, during the new moon, they would focus on hunting
the most abundant resources in the area, as larger specimens are attracted to the surf zone,
likely due to their enhanced hunting success against smaller fish [81].

Among the two species, only the spotted seabass showed significant seasonal dif-
ferences in its diet, both in terms of prey abundance and composition. These seasonal
diet changes generally reflect shifts in the spatial and temporal distribution of prey, as
well as variations in the predators’ feeding activity [82]. For both European seabass and
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spotted seabass [29], the increased presence of mysidaceans in their diets during summer
and autumn could be attributed to the peak abundance of these prey between late spring
and autumn [83]. The year-round prevalence of fish and crustaceans in the European
seabass diet aligns with findings from other researchers [28,67]. The dietary shift in the
spotted seabass during winter might be related to the greater abundance of fish during
this season; for instance, the spawning of the European anchovy (Engraulis encrasicolus)
occurs in autumn [84], providing an opportunity to feed on the fry and juveniles present in
the surf zone. Additionally, the observed dietary change during winter might result from
the presence of larger specimens, which could lead to a preference for different prey types,
such as fish.

Based on size range, significant differences were found only for the spotted seabass
in terms of prey abundance and diet composition. Nonetheless, it is generally observed
that as individuals of both species grow, the size of their prey increases as well. This
pattern aligns with findings from previous studies on both spotted seabass and European
seabass [22,28,61,85-87]. The trend toward larger prey as the fish grows can be attributed
to energy optimization, ensuring that the energy expended in hunting is always less than
the energy gained from consuming the prey [88].

The Levins index values obtained for both species indicate that they are specialists,
exhibiting significant dietary overlap. These findings contrast with those described for
the European seabass by the authors of [30], who identified it as having generalist feeding
behavior, though this is countered by the authors of [86,89], who noted the European
seabass as an opportunistic top predator, consuming the most abundant resources available.
This characteristic, also applicable to the spotted seabass, might be due to the plentiful
prey within the surf zone, such as zooplankton [90,91]. On the other hand, despite the
significant dietary overlap, competition for resources is unlikely to occur, because species
do not compete when resources are abundant enough to achieve optimal fitness [92], as
seen among various species of elasmobranchs [93,94] or small pelagic zooplanktivores [95]
in the Mediterranean and in the Gulf of Cadiz [96]. However, changes in environmental
factors, such as rising ocean temperatures [97], could alter these interactions, potentially
leading to migrations of these and other species to different habitats [95].

5. Conclusions

In summary, the spotted seabass, D. punctatus, and the European seabass, D. labrax,
use the surf zones of the beaches in the Gulf of Cadiz as feeding and refuge areas in their
early years of life, with ages 1+ and 2+ being the most abundant for both species. The main
prey consumed by both congeners are mysid shrimps and fish. Both are specialist species
with significant dietary overlap, and both species show differences in the abundance of age
classes and diet influenced by environmental factors. The results obtained throughout this
work contribute to a better understanding of how both species utilize these habitats in their
early years of life, which is of great importance for the management and conservation of
species living in the surf zone, highlighting the value of these areas.
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