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SUMMARY: We studied multiple individual parameters that affect the reproductive output in the painted comber Serranus
scriba, a simultaneous hermaphroditic fish that is widely exploited by recreational fishing in temperate marine coastal regions.
Batch fecundity was significantly affected by maternal size, but was not related to maternal age or condition. However, egg
quality as estimated by egg dry weight was significantly influenced by the interaction effect of maternal size and age. An
empirical assessment demonstrated the existence of a diel spawning pattern based on a daily release of a partial fraction of
eggs related to sunset time. Buoyancy varied during the incubation period, but it consistently resulted in positive buoyancy
that situated the eggs near the top of the water column. This study represents the first estimation of reproductive output of
the simultaneous hermaphrodites S. scriba and also provides a comprehensive study about the potential maternal factors that
affect egg production. These results are a crucial step towards ongoing efforts to improve the stock assessment of this species.

Keywords: batch fecundity, egg buoyancy, egg quality, maternal effects, Mediterranean, Serranus scriba.

RESUMEN: CARACTERISTICAS DEL RENDIMIENTO REPRODUCTIVO DEL HERMAFRODITA SIMULTANEO SERRANUS SCRIBA EN EL
MEDITERRANEO OcCIDENTAL (IsLAs BALEARES). — Se estudiaron varios pardmetros individuales que afectan el éxito repro-
ductivo de la especie Serranus scriba, un pez hermafrodita simultdneo que es intensamente explotado por la pesca recreativa
en regiones costeras de aguas templadas. La fecundidad parcial estd significativamente relacionada con el tamafio de los
individuos; pero no se encontrd relacion con la edad o condicién. Sin embargo, la calidad de los huevos (estimada a partir
del peso seco) resulto significativamente influenciada por la interaccion del tamafio y edad de los individuos. Se demostrd
empiricamente la existencia de un patrén de desove diario, basado en la puesta diaria de una fraccion de los huevos del total
con anterioridad a la puesta del sol. La flotabilidad de los huevos vari6 durante el periodo de incubacion; pero presentando
de forma consistente una flotabilidad positiva que sitda a los huevos liberados cerca de la parte mds superficial de la columna
de agua. Este estudio representa la primera estimacion de los parametros reproductivos relacionados con la produccién de
huevos en el hermafrodita simultaneo Serranus scriba. Proporciona ademas un detallado estudio sobre los posibles factores
parentales que afectan a la produccion de huevos en esta especie. Estos resultados son un paso fundamental para los esfuerzos
en curso para mejorar la evaluacion y gestion de las poblaciones de Serranus scriba.

Palabras clave: fecundidad parcial, flotabilidad de los huevos, calidad del huevo, efectos parentales, Mediterraneo, Serranus
scriba.

INTRODUCTION population and the number of offspring produced and
are an important tool for the management of harvested

Stock-recruitment (SR) models are used to repre- populations (Ricker 1975, Needle 2001). However, tra-
sent the fundamental relationship between the parent ditional SR relationships that use spawning stock bio-
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mass (SSB) to represent reproductive potential assume
that female SSB is proportional to fecundity and that
the proportionality remains constant over time, which
can lead to overly optimistic assessments of stock status
(Marshall et al. 2006). There is increasing awareness
that these assumptions are invalid and that the capacity
of a population to produce viable eggs and larvae each
year is extremely important for fisheries sustainability
and stock recovery (Marshall ef al. 1998). Alternative
indicators of stock health have been increasingly sug-
gested on the basis of the Trippel (1999) definition of
stock reproductive potential.

One main component of variation in stock repro-
ductive potential is total egg production. The total egg
production of a stock may vary because of changes
in reproductive output with size or age, and thus pro-
vides a better understanding of observed fluctuations
in reproductive output than SSB, enhancing our ability
to estimate recruitment and population growth rates
(Lambert 2008). However, the reproductive potential
of a population does not refer only to the total egg pro-
duction of the stock but also to egg and larval viability
(Trippel 1999). In this respect, the term “egg quality”
may refer either to the ability of a female to produce
viable offspring (Nissling ef al. 1998) or to the egg’s
potential to produce viable fry (Kjorsvik ez al. 1990).
Egg size is the most reported of egg quality features
in marine wild populations, and may be quantified by
either egg diameter or dry mass. Buoyancy, defined as
the ability of these pelagic early life stages to float in
sea water, is often used as a positive criterion of qual-
ity (Brooks et al. 1997) affecting reproductive success
(Vallin and Nissling 2000, Saborido-Rey et al. 2003).
Buoyancy is also as a key variable in drift models, so
the position of the egg in the water column and associ-
ated changes throughout development are fundamen-
tal issues in assessing egg viability and the effects of
specific environmental scenarios on egg dispersal (e.g.
Coombs et al. 1985, 1990, Adlandsvik er al. 2001).
Spawning events typically occur at the diel time scale,
and these affect reproductive success through the prob-
ability of fertilization, rates of predation, and disper-
sion of eggs and larvae (Lowerre-Barbieri et al. 2011).

In most cases, the empirical data regarding these traits
are missing or very scarce, particularly when the stocks
are exploited by non-commercial recreational fisheries.

The painted comber, Serranus scriba (Linnaeus,
1758), is a serranid species inhabiting temperate litto-
ral areas. This species is a main contributor to the total
fish biomass in seagrass meadows, where it typically
lives (Deudero et al. 2008). It is considered a by-catch
or low-value species by the commercial fishery, but it
is highly targeted and appreciated by the recreational
fishery (Morales-Nin et al. 2005, Alés et al. 2008).
S. scriba is a simultaneous hermaphrodite, with asyn-
chronous oocyte development and a batch spawning
pattern (Tuset et al. 2005, Zorica et al. 2005, Alonso-
Fernandez et al. 2011). Sexual maturity is achieved
during the first or second year (Alos et al. 2010), and
the spawning season extends from May to August, with
a peak of spawning activity between May and June
in the western Mediterranean (Alonso-Fernandez et
al. 2011). However, the reproductive timing and egg
production traits (fecundity and egg quality), as well
as the individual variability of factors affecting these
reproductive parameters, remain unknown. Therefore,
the objectives of this study were i) to evaluate the in-
dividual reproductive output (quantity and quality) and
the maternal factors (size, age and condition) that might
impact these reproductive traits; ii) to study timing and
frequency of spawning events at a diel temporal scale;
and iii) to determine the buoyancy of eggs as they un-
dergo embryonic development.

MATERIALS AND METHODS

Estimating batch fecundity and egg dry weight
and testing influence of maternal factors
(Objective No. 1)

Sampling for this objective was conducted on 29
May 2006 (Table 1) during the peak of the spawning
season (Alonso-Fernandez et al. 2011). Two locations
in Palma Bay (Balearic Islands, NW Mediterranean)
were sampled using an experimental beam trawl
(Deudero et al. 2008). The two locations had similar

TaBLE 1. — Serranus scriba. Summary of main fish features (mean+sd) from sampling surveys for each of the objectives presented in the
present study.

Objective No. 1 n Total length Age RC HSI
Location A 27 126.4+22.9 3.4x1.5 1.02+0.05 1.47+0.85
Location B 19 107.5+20.8 2.8+2.1 1.03+0.03 1.57+0.34
Total 46 118.6+23.8 3.1£1.7 1.03+0.04 1.52+0.68
Objective No. 2 n Total length Age GSI

Before sunset 14 151.1x11.9 4.6+0.6 2.46+0.75

Sunset 19 131.3+19.2 3.1£1.5 1.96+0.58

After sunset 10 146.6+21.5 3.6+1.7 1.97+0.51

Total 43 141.3+19.6 3.7+1.5 2.12+0.66

Objective No. 3 n Total length

Buoyancy 6 145.0+15.0
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Objective  #2

Balearic Islands
NW Mediterranean

Objective #3

*

Palma Bay

Fic. 1. — Map showing the spatial location (black stars) of the three

sampling locations carried out in the waters of the Mallorca Island

(NW Mediterranean). For Objective No. 1, the two sampling loca-
tions (A and B) are noted.

habitats, which were characterized by Posidonia oce-
anica seagrass beds at depths of approximately 20 m
(Fig. 1).

Selection of samples for batch fecundity and egg
dry weight analysis was based on gonad histological
examination. Thus, gonads were extracted, weighed
to the nearest mg and stored in 10% buffered forma-
lin for histological processing and fecundity/egg dry
weight estimation. The central portion of a fixed go-
nad was extracted, dehydrated, embedded in paraf-
fin, sectioned to 3 um and stained with haematoxylin
(Alonso-Ferndndez et al. 2011). Batch fecundity (the
number of eggs spawned per batch) was estimated
for all of the individuals with hydrated oocytes and
no newly collapsed post-ovulatory follicles, which
indicate recent spawning (Lowerre-Barbieri et al.
2011). Post-ovulatory follicles (POFs) were catego-
rized as follows: 1) newly collapsed POFs (ncPOFs)
with an irregular and two-layered convoluted shape,
with the follicle cells aligned and a clearly vis-
ible lumen; and 2) old POFs (oPOFs) that showed
signs of degeneration, with the cell structure of the
granulosa cells becoming irregular and the lumen
decreasing in size or missing (Fig. 2). We used the
gravimetric method in which fecundity is deter-
mined as the product of gonad weight and number of
hydrated oocytes per gram of ovarian tissue (Murua
et al. 2003). An ovarian subsample of approximately
150 mg (around 15% of the gonad weight) was used
to determine batch fecundity. The hydrated oocytes
were separated from the ovary manually and count-
ed using a semiautomatic image analysis protocol
(Alonso-Fernandez et al. 2008). The dry weight
(mg/egg) of the hydrated oocytes was used as an
indicator of egg quality (Kjgrsvik 1994, Brooks et
al. 1997). The same gonad subsample from batch fe-
cundity estimates was also used to determine the dry
weight of the eggs. Dry weight was determined after
drying for 24 h at 110°C. The estimation of the mean
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dry weight of a single hydrated oocyte was obtained
by dividing the dry weight of the subsample by the
number of hydrated oocytes per subsample.

The following potential maternal factors were
sampled. Fish were processed fresh and measured for
total length (to the nearest mm) and gutted weight and
liver (to the nearest mg), and their sagittal otoliths were
removed. An image of each left otolith was captured
using a video camera (LEICA© M165C and Allied vi-
sion technologies© Marlin FO80B) for age estimation.
Alternating opaque and translucent bands typically ra-
diate outwards from the nucleus (i.e. the growth centre
of the otolith). The width of one opaque band and one
translucent band was measured as one annual incre-
ment. Annual interpretation of these growth marks has
been validated, and the method has been successfully
used to age S. scriba (Alos et al. 2010).The relative
condition of the fish (RC) was used instead of Fulton’s
condition factor, K, because the latter may be biased
by body length (Morgan 2004). The RC was calculated
as the ratio between the eviscerated weight and the
predicted eviscerated weight from the length/weight
relationship of all of the individuals (N=47, r?=0.99).
Hepatosomatic index and gonadosomatic index were

L]

FiG. 2. — Serranus scriba. Classification of post-ovulatory follicles
(POFs) used in the present study: newly collapsed POFs (ncPOFs)
(A) and old POFs (oPOFs) (B).
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estimated as follows: HSI=100*(liver weight/gutted
weight) and GSI=100*(gonad weight/gutted weight)
and used as proxies of liver energy reserves and gonad
development, respectively

We used a mixed model approach (Zuur et al. 2009,
Pinheiro et al. 2010) to evaluate effects of maternal
factors (total length, age and condition) on egg produc-
tion (batch fecundity and egg dry weight), including
sampling location as a random variable. To meet the
assumptions of linearity, batch fecundity and total
length were log transformed. Stepwise forward selec-
tion was used to select the minimal model according to
ANOV A model comparison (Zuur et al. 2007). All the
statistical analyses were conducted in R software (R
Development Core Team 2011).

Timing and frequency of spawning
(Objective No. 2)

S. scriba individuals were sampled on June 16th 2011
(Table 1). The samples were collected with the previ-
ously mentioned beam trawl fishing method at a coastal
site to the east of Mallorca Island (NW Mediterranean,
Fig. 1). Three different fishing hauls were conducted,
before, during and after sunset at one-hour intervals.

Biological data were collected as described above.
Histological indicators of spawning differ in their du-
ration times, affecting how they can be used in repro-
ductive analyses. Ovulation and ncPOFs are extreme-
ly short-lived histological indicators and were used as
the most conservative way to assess spawning time
and location. Therefore, to identify spawning activity
and proximity to the time of spawning, ovaries were
assessed for presence/absence of the following indi-
cators: oocytes undergoing germinal vesicle migra-
tion or hydration indicating imminent spawning, and
ncPOFs, indicating very recent spawning (Lowerre-
Barbieri et al. 2009). Old POFs were assumed to be
from spawning events on previous days. Differences
in spawning activity and proximity to spawning time
were explored by assessing the proportion of ovaries
with the indicators among sampling periods (before,
during and after sunset). Finally, to test the differ-
ences in spawning activity between sampling periods
(before, during and after sunset) statistically, we used
a generalized linear model (family binomial) with
presence/absence of hydrated follicles as response
variable.

Egg buoyancy through embryonic development
(Objective No. 3)

Six adult S. scriba individuals of similar sizes (Ta-
ble 1) were captured on June 2010 in Palma Bay (Fig.
1) using conventional hook-and-line recreational fish-
ing gear at depths <20 m and surface water tempera-
tures of approximately 22°C. Individuals were caught
early in the morning and transported live in tanks
for approximately 30 min to aquaculture facilities

(LIMIA, Government of the Balearic Islands). The fish
were measured, weighed and placed in a 400-L poly-
vinyl chloride tank mounted with flow-through UV-
sterilized seawater. The temperature and salinity of the
system was controlled and monitored continuously.

Spawning was induced through administration of
synthetic agonists of gonadotropin-releasing hormone
(GnRHa), which has been successfully used in other
species of the Serranidae family such as Ephinephelus
marginatus (Marino et al. 2003). GnRHa stimulates the
pituitary synthesis and release of Luteinizing hormone
(LH) and induces ovarian steroidogenesis and follicle
maturation (Mylonas and Zohar 2000).

Individuals were slightly anesthetized with MS222,
and a dose of GnRHa (hereinafter all values expressed
as mean+sd, 0.0018+0.0009 ml per g of fish) was
inserted in the peritoneal cavity using a hypodermic
needle. The fish were allowed to spawn undisturbed
in the tank, which was examined for the presence of
fertilized eggs (eggs floating in an intermediate posi-
tion) every hour. Adults were removed from the hold-
ing tank, and the water flow and aeration was reduced
to prevent damage to the eggs. The temperature and
salinity remained constant throughout the experiment
(T=22+0.2°C, salinity =37.25+0.150).

A sample of approximately 10 eggs was collected
every three hours until hatching to estimate changes in
buoyancy through development. Egg buoyancy (spe-
cific gravity) was measured using the density-gradient
column method (Coombs 1981). We used a 1-m col-
umn of water with a stable, constant gradient of sea-
water salt. Glass spheres of a known density were used
to calibrate the system (Coombs et al. 1985, 1990).
Fertilized, live eggs were introduced at the top of the
column and allowed to settle to the location where the
egg was in hydrostatic equilibrium with the surround-
ing fluid. A temperature-controlled water jacket main-
tained the apparatus at a stable temperature similar to
that measured at the time of capture. To select a stable
density measurement, we recorded the changes in egg
density at increasing observational time points (10, 30,
and 60 min). The position of the glass spheres in the
density column (cm) was recorded at each observation-
al time point and converted to a temperature-corrected
specific gravity (g cm=) (Coombs 1981). The sinking
or ascending velocity (w) at each measured time point
was calculated using Stokes’ law:

2
o 8470
18v

where g is the gravitational force, d is the diameter of
the egg, Ap is the difference between the density of the
environment and the density of the egg and v is the
molecular viscosity (Sundby 1997). We were confident
that the properties of the egg remained in agreement
with Stokes’ law because the diameter of the egg and
differences in density yielded Reynolds numbers <0.5
(see Sundby 1997).
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TABLE 2. — Serranus scriba. Summary of parameters of the mixed
model performed to test the relationship of maternal factors (length
and age) with batch fecundity (No. of eggs) and egg dry weight

(mg/egg).
Batch fecundity (log)
Fixed effects Estimate Std. Error  tvalue Pr(>|t])
(Intercept) -9.765 1.931 -5.056 <0.001
log(Total length) 3.584 0.400 8.960 <0.001
Random effects Std. Dev (Intercept) Residual
Location 0.478 0.486
Egg dry weight
Fixed effects Estimate Std. Error  t value Pr(>|t])
(Intercept) 8.395E-03 3.536E-03 2.374  0.023
Total length 2.112E-05 3.213E-05 0.657 0.515
Age 2.516E-03 1.038E-03 2.424  0.020
Total length:Age  —1.583E-05 7.640E-06 -2.072  0.045
Random effects Std. Dev. (Intercept) Residual
Location 1.678E-03 1.940E-03
RESULTS

Estimating batch fecundity, egg dry weight
and testing influence of maternal factors
(Objective No. 1)

Batch fecundity increased significantly with total
length, but there was no significant effect of age or
condition (Table 2, Fig. 3). Egg dry weight was sig-

Reproductive output of Serranus scriba » 335

8.0 8.5
1

7.5
1

Log(Batch fecundity (n° egss))
6.5 7.0
| 1

55
1

T T T T
4.4 46 4.8 5.0
Log(Total length (cm))

FiG. 3. — Serranus scriba. Fish total length-batch fecundity relation-
ship. Variables were log transformed. Estimated parameters of the
relationship are presented in Table 2.

nificantly affected by the interaction of total length and
age (Table 2). The positive effect of fish size was more
evident in young fish, becoming less important as fish
grew (Fig. 4). Influences of condition indices were not
considered in any of the final models.

Summarizing, mean batch fecundity was 1913+£1510
hydrated follicles in 119+24 cm total length individuals,
and the relative batch fecundity (batch fecundity/g body
weight) was 83+43 hydrated follicles/g of fish. The cor-
responding egg dry weight was 0.0125+0.0023 mg/egg
for the range size of individuals indicated above.
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FiG. 4. — Serranus scriba. Coplot for the egg dry weight data in relation to fish total length (x axis) and age (grey bars). Panels show scatterplot

between total length and egg dry weight in 0-2 year old fish (A), 2 year old fish (B), 2-4 year old fish (C), 4 year old fish (D) and 4-8 year fish

(E). On each panel, a bivariate linear regression model was fitted to aid visual interpretation. Estimate parameters of the relationship (pool data)
are presented in Table 2.
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Timing and frequency of spawning
(Objective No. 2)

A decreasing trend in spawning activity during the
sampling periods was evident (Fig. 5A). The percentage
of individuals with hydrated oocytes clearly declined
during and after sunset and this trend was significant
(n="43", Deviance explained=39%, p-value <0.0001).
In contrast, ncPOF, indicating fish that had recently
ovulated, followed the opposite pattern, with a sharp
increase in prevalence occurring just after sunset. All
fish had histological indicators of spawning activity in
the ovary tissue and 90.5% of the individuals also had
a batch of follicles undergoing germinal vesicle migra-
tion in preparation for the following night’s spawn.
However, only a few individuals had oPOFs from the
previous day’s spawn (Fig. 5B).

Egg buoyancy through embryonic development
(Objective No. 3)

Induced spawning occurred between 21:00 and
21:30 on the first night after the morning of hormone
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FiG. 5. — Serranus scriba. A, frequency plot showing the percentage

of individuals with hydrated oocytes and presence of newly collapsed

POF (ncPOF) related to sampling time (before, during and after sun-

set). B, frequency plot showing the percentage of individuals with dif-

ferent spawning indicators: hydrated eggs (HYD) or newly collapsed

POF (ncPOF), with follicles in germinal vesicle migration (GVM)
and old POF pooling all samples from Objective No. 2.
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FIG. 6. — Serranus scriba. Specific gravity (g cm™) of eggs through
embryonic development at 22°C water temperature. A local
smoother (95% CI, in grey) has been added to aid in the visualiza-
tion. Dashed line depicts the specific gravity of the local seawater
at the culture temperature. The figure also shows three images of
egg development at the seven stages of morula (A, 100 min after
fertilization), early (B, 897 min) and late embryo (C, 1,845 min).

treatment and all eggs hatched by 32.5 h after fertiliza-
tion (Fig. 6). Mean diameter of eggs was 799+32.7 um
(n=90) and eggs had a single oil globule and a rela-
tively small perivitelline space (Fig. 6). Mean specific
gravity of the eggs at 50 min after fertilization resulted
in neutral buoyancy. However, for the remainder of the
experiment eggs were positively buoyant. At 200 min
after fertilization, the average egg density was again
close to neutral buoyancy (5.47x10* g cm™). How-
ever, some eggs undergoing the gastrula stage became
heavier at the ambient temperature (Fig. 6). The aver-
age excess positive buoyancy at the end of the experi-
ment was 2.07x10-3 g cm3, which corresponds to an
average ascent velocity of 4.19 m h™' under homogene-
ous experimental conditions

DISCUSSION

Recreational fishing constitutes an important use
of coastal fisheries resources in the Mediterranean.
In the Balearic Islands, a paradigmatic case-study
where much research on this issue has been conduct-
ed, nearly 10% of the population actively participates
in recreational angling (Morales-Nin et al. 2005). In
this archipelago, S. scriba is one of the primary tar-
get species of recreational fishing (Morales-Nin et al.
2005) and has been recently reported to be vulnerable
to the impact of some recreational angling activities
(Alés 2008).
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Morgan (2008) demonstrated that fecundity data
can be incorporated into indices of reproductive poten-
tial, which can have a great impact on estimates of ref-
erence points and recognition of stock status. Further-
more, Lambert (2008) has emphasized the importance
of adding measures of fecundity to other parameters
for exploited marine fish stocks, in order to improve
assessment of reproductive potential. In this context,
this is the first study that presents batch fecundity-size
relationships for S. scriba total egg production estima-
tions. Fish fecundity data are rarely available in most
marine fishery data sets (Tomkiewicz et al. 2003) and
S. scriba is not an exception, so no previous data are
available for comparative purposes. However, our
estimations of batch fecundity are considerably lower
than for other related species. For example, Serranus
atricauda varied between 21774 and 369578 eggs in
fish ranging from 22.2 to 39.8 cm total length (Garcia-
Diaz et al. 2006), quite far from our estimations. Woot-
ton (1990) suggests that in general batch fecundity and
length are well-related; however, batch fecundity in S.
scriba showed a poor, although significant, relationship
with body size. High spawning frequency in the repro-
ductive season (Alonso-Ferndndez er al. 2011) makes
it possible to find different cohorts of POFs in the same
ovary, hampering the identification of individuals with
hydrated oocytes that have not yet spawned. This fact
can lead to lower estimation of batch fecundity and
consequently increasing variance in batch fecundity
relationships. In spite of notable advances in methods
reducing uncertainty for determining fecundity (Wit-
thames et al. 2009), a number of studies have been con-
ducted to predict fecundity from factors such as food
quantity and quality (Bromley et al. 2000, Kraus et al.
2000). Several condition indices have also been used to
improve potential fecundity predictions and reproduc-
tive success (Kjesbu er al. 1991, Blanchard et al. 2003,
Alonso-Ferndndez et al. 2009). In the present study, the
effect of nutritional status on egg production was in-
vestigated by using different indices of condition, HSI
and RC. However, the condition effect on batch fecun-
dity was not detected in S. scriba, as has been observed
in other species, such as the yellow sea bream Dentex
hypselosoums (Yoda and Yoneda 2009). If nutritional
status is only appreciable at extreme values, manipula-
tive experiments that control condition of individuals
in order to achieve a suitable range of condition values
may help us to better evaluate how nutritional status
affects egg production. However, condition may also
act on other reproductive aspects, such as length of the
spawning season (Wieland et al. 2000).

Estimation of annual fecundity in indeterminate
species requires knowledge not only of batch fecun-
dity but also of the number of batches released within
a spawning season. The S. scriba spawning season
lasts approximately 4 months, with a high spawning
fraction inferred from the prevalence of hydrated fol-
licles in the ovaries (Alonso-Fernandez et al. 2011), as
also seen in the present study. These findings indicate
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daily spawning behaviour, which is characteristic of
other simultaneous hermaphrodites (Petersen 1995).
However, species from the same genus, such as Serra-
nus atricauda, have lower spawning fractions, around
25% (Garcia-Diaz et al. 2006). The assessment of the
number of batches is directly dependent on spawning
fraction estimations (Armstrong and Witthames 2012).
Spawning fraction estimations can be biased due to
sampling strategies based on fishing methods, leading
to an oversampling of actively spawning individuals
(Armstrong and Witthames 2012). Some strategies us-
ing POF aging have been suggested to correct this bias
(Motos 1996), but for S. scriba there are no data on
degeneration of POFs. Thus, no reliable tool was avail-
able to avoid this possible bias.

The concept of egg quality is of great interest since
high-quality eggs are expected to have more chances to
produce viable offspring (Kjorsvik ef al. 1990, Nissling
et al. 1998). In this paper we refer to “egg quality” as
“egg size” (expressed as egg dry weight) under the as-
sumption that “bigger is better” (Miller et al. 1988).
Maternal factors on egg quality have been widely rec-
ognized in temperate fish species (Nissling et al. 1998,
Vallin and Nissling 2000, Marteinsdottir and Stein-
arsson 1998). However, the relationship between egg
quality and maternal age may not be as strong in tem-
perate species (Johnston and Leggett 2002). Moreover,
most of the positive relationships regarding maternal
age and egg quality correspond to species with a long
life span (Berkeley et al. 2004). In S. scriba, egg dry
weight was significantly influenced by the interaction
of fish size and age, but no influence of fish condition
was detected. The positive effect of maternal size was
greater in younger fish, possibly indicating some kind
of relationship of egg quality variation with fish indi-
vidual growth patterns and growth rates; but this fact
has yet to be tested.

Marine fish species vary widely in their reproduc-
tive timing but also exhibit universal reproductive
traits, which typically operate over different temporal
scales: lifetime, annual, seasonal, and diel (Lowerre-
Barbieri et al. 2011). Ovulation occurs at the diel scale
and typically indicates spawning as ovulated eggs in
most species remain viable for only a short time period
(Lowerre-Barbieri et al. 2009). The highest percentage
of individuals with indicators that spawning was im-
minent was observed before sunset. In contrast, most
of the individuals sampled during and after sunset did
not show signs of imminent spawning but rather had
histological indicators of very recent spawning activity
based on the presence of newly collapsed post-ovulato-
ry follicles. These trends confirmed the sunset-related
spawning hypothesis in this species, which has been
observed in other marine coastal species (e.g. Lowerre-
Barbieri ef al. 2009).

This characteristic diel timing of spawning has
direct implications in the dispersal capacity of the
eggs when the buoyancy results are considered as is
explained below . The buoyancy of the eggs released is
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TABLE 3. — Serranus scriba. Summary of specific gravity (buoyancy) of eggs previously reported for several teleost fish (after Govoni and
Forward, 2008). The table shows the adult habitat, the fish name, the initial and final or point estimate (PE) specific gravity, the mean of ascent
velocity (MAV) in m h™! and the reference details.

Adult habitat Common name  Scientific name Specific gravity® MAV Reference

Initial Final PE (m hhy*
Benthopelagic Atlantic cod Gadus morhua 1.0110  1.0200 Thorsen et al. (1996)
Benthopelagic  Atlantic cod Gadus morhua 1.0260 Riis-Vestergaard (2002)
Benthopelagic Blue whiting Micromesistius poutassou 1.04 Adlandsvisk et al. (2001)
Benthopelagic Red porgy Pagrus pagrus 1.0200  1.0242 Kitajima et al. (1993)
Benthopelagic black seabream  Spondyliosoma cantharus 1.0240 Kitajima et al. (1994b)
Benthopelagic Painted comber  Serranus scriba 1.0254  1.0242 4.2 This study
Demersal Japanese flounder Paralichthys olivaceus 1.0220 Kitajima et al. (1994a)
Demersal Plaice Pleuronectes platessa 1.0255 5.2 Coombs et al. 1990
Epipelagic Atlantic mackerel Scomber scombrus 1.0242  1.0205 Coombs (1981)
Epipelagic Sprat Sprattus sprattus 1.0250 1.5 Coombs et al. (1985)
Epipelagic Pilchard Sardina plchardus 1.0264 3-7 Coombs et al. (1985)

4 Initial and final values are temperature-corrected, although for different temperatures for each species

* Except initial or final values

also an important quality measure that is often ignored.
Egg buoyancy and changes in buoyancy throughout
egg development can have important consequences for
dispersal and survival (Ospina-Alvarez et al. 2012).
Recently, a numerical simulation of eggs and larval
dispersal in the area of study showed that large differ-
ences in the probability of remaining in the littoral zone
occurred at spatial scales of 20 km (Basterretxea et al.
2012). Providing new information regarding larval
dispersal will help to refine these simulation models.
We found positive buoyancy in the eggs released by
S. scriba after the first measurement. Several authors
have shown a trend towards increased buoyancy with
age in pelagic eggs, but several others have obtained
opposite results (Govoni and Forward 2008, see Table
3). Although it was not possible to increase the meas-
urement frequency for logistic reasons, our results
span at least 91% of the developmental period, so our
interpretation of the average egg buoyancy can be con-
sidered reliable.

The percentage of perivitelline space of S. scriba
eggs is small compared with that of other species (80%
in some clupeiform eggs; Govoni and Forward 2008).
Therefore, the potential for osmoregulation in S. scriba is
low, implying that the possible underestimation of den-
sity is far too small to affect our interpretation (Coombs
et al. 1985). Not having a large osmoregulatory potential
agrees with the highly stable conditions found during the
summer (P. oceanica seagrasses only occur in clear wa-
ters and are not found close to river plumes).

Diel periodicity or time of spawning will affect
reproductive success through the probability of ferti-
lization, rates of predation, and dispersion of eggs and
larvae (Yamahira 2001, Cowen et al. 2006, Gladstone
2007). Assuming eggs are at a neutral buoyancy up to
3 hours after being spawned at sunset, it would take
the eggs a maximum of 9.5 h (if spawned at 40 m, the
maximum depth for this species) to reach the surface,
corresponding to sunrise during the summer period.
However, many physical factors may shape the final
egg distribution (Sundby 1997), including the spawn-
ing behaviour of the adults, wind-induced turbulence

and vertical density gradients, which are present in the
area during the summer. We admit that without a more
precise knowledge of the field data, the interpretation
of the consequences of buoyancy remains speculative.
However, we believe that the data presented here may
be useful for refining existing models of larval disper-
sion in the area (Basterretxea et al. 2012).

The present study deepens our understanding of
reproductive processes of S. scriba in the western
Mediterranean, which is fundamental for developing
future egg production models and estimates of SSB.
It supplies new biological information that is useful
for improving current egg and larval dispersal models.
We also identified three additional areas of research
that will complete the current findings: i) a detailed
analysis of POF degeneration to improve accuracy in
spawning fraction estimations, ii) investigation of in-
fluence of maternal factors on timing of reproduction
at a different time scale (length of the spawning sea-
son), and iii) demographic studies from other localities
and seasons in the distribution range to understand the
spatio-temporal variation of the reproductive output.
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