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ABSTRACT

The surf zone is a highly dynamic environment subject to seasonal fluctuations which could impose
restrictions to the development of juvenile fish. The allometric condition factor index (K) provides a value
of ‘well-being’ for fish, been used to compare populations under different environmental conditions. The
aim of this study concerned on evaluate the effect of seasonality on surf-zone juvenile fish’ K. Along two
years the K values of the main fish species were analyzed. The temperature and abundance were also
reported. We compared data between cold and hot seasons to test the effect of seasonality. A total of 955
individuals were collected, totaling 20 species. Despite the surf zone instability, most fish species showed
a stable K regardless of season. We found that the condition factor in neritic Atherinella blackburni,
Mugil brevirostris, Trachinotus carolinus and Trachinotus goodei did not vary. Only a demersal species,
Menticirrhus littoralis, shown the lowest condition factor in the hot season, coinciding with maximum
water temperature. We discussed how the surf zone provides conditions for the development of fish and
reinforce the importance of this environment as a breeding site.

Key words: abundance; demersal; juvenile; neritic; seasons; temperature.

AVALIAGAO SAZONAL DO FATOR DE CONDICAO EM UMA ASSEMBLEIA DE
PEIXES DA ZONA DE ARREBENTACAO NO SUDESTE DO BRASIL

RESUMO

A zona de arrebentagio é um ambiente altamente dindmico, sujeito a flutuagdes sazonais que podem
impor restri¢des ao desenvolvimento de peixes juvenis. O fator de condigdo alométrico (K) fornece um
valor de ‘bem-estar’ para peixes, usado para comparar populagdes sob diferentes condigdes ambientais.
O objetivo deste estudo foi avaliar o efeito da sazonalidade sobre o K de peixes juvenis da zona de
arrebentagdo. Durante dois anos, os valores de K para as principais espécies de peixes foram analisados.
A temperatura e abundancia também foram avaliadas. N6s comparamos os dados entre as estagdes fria
e quente para testar o efeito da sazonalidade. Foram coletados 955 individuos, totalizando 20 espécies.
Apesar da instabilidade da zona de arrebentacgdo, a maioria das espécies demostraram um K estavel
independentemente da estagdo. Verificamos que o K para os neriticos, Atherinella blackburni, Mugil
brevirostris, Trachinotus carolinus e Trachinotus goodei ndo variam. Apenas o demersal Menticirrhus
littoralis apresentou o K mais baixo na estag¢do quente, coincidindo com a maior temperatura da agua.
Noés sugerimos que a zona de arrebentagio oferece condi¢des para o desenvolvimento dos peixes juvenis
ao longo do ano e reforcamos a importancia deste ambiente como bergario.

Palavras-chave: abundancia; estagdes; demersal; juvenis; neritico; temperatura.

INTRODUCTION

The surf zone is a dynamic environment situated between the coastline and the outer
limit of the breaking wave (Carter, 1988). Due to high primary productivity, low depth
and high turbidity, this zone provides high food availability and protection against
predators, which makes it an environment with great importance for the initial stages
of ichthyofauna (Lasiak, 1981; Carter, 1988; Brown and Mclachlan, 1990). Thus, it is
suggested as a refuge and nursery area for the ichthyofauna assemblage, especially in
regard larval production, growth, survival and migration of juveniles (Bennett, 1989;
Cowley et al., 2001; Inoue et al., 2005; Félix et al., 2007; Gondolo et al., 2011).
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However, fishes of the surf zone are subject large variability at
multiple scales in space and time as a consequence of changes
in abiotic factors such as tidal, wave gradient, wind direction,
salinity, temperature and moon phases (Giannini and Paiva-Filho,
1995; Aratijo et al., 2008; Gaelzer and Zalmon, 2008). These
factors are important variables, influencing the composition and
abundance of the surf zone community (Kingsford and Finn,
1997, Gaelzer and Zalmon, 2003, 2008; Gondolo et al., 2011).

Among abiotic factors, temperature is considered the most
important variable - related to species recruitment (Cushing,
1995; Rodrigues-Filho et al., 2016), abundance (Monteiro-
Neto et al., 2003), occurrence (Lowe-Mcconnell, 1999), growth
(Brander, 1995; Teal et al., 2008), reproduction, survivor and
offspring development (Burt et al., 2011). Studies conducted in
the surf zone showed a high fish abundance and diversity during
warmer seasons, which decreased due to cooler water in the cold
season (Ruple, 1984; Senta and Kinoshita, 1985; Ross et al.,
1987; Gibson et al., 1993; Layman, 2000, Vendel et al., 2003).
Clark et al. (1996), using multivariate techniques, showed that
temperature is a determining factor in the seasonal abundance
of most fishes. Monteiro-Neto et al. (2003) suggested that
temperature influences reproduction and recruitment, as well
as food availability for fishes. According to Felix et al. (2007),
higher abundance during the warmer season is associated with
reproductive period, since highest temperature in the summer
favors phytoplankton production, providing food which will
raise survival chances of juveniles.

Since the surf zone acts as a nursery for young fish, it
has great importance in keeping the fish stock (Bennett and
Attwood, 1993). However, it is also subject to constant pressure
from environmental and anthropic stressors, e.g. recreation,
pollution and coastal development, which impact and promote
severe ecological disturbances to the beach environment and
consequently affect local fish populations (Davenport and
Davenport, 2006; Defeo et al., 2009). Thus, it is extremely
important to raise ecological questions about the dynamics of
this environment and its influence on the early developmental
stages of fish fauna.

The length-weight relationship is an important tool used in
fish biology and ecology (Le-Cren, 1951; Santos, 1978; Froese,
2006). With this parameter, it is possible to estimate the allometric
condition factor (K) (Le-Cren, 1951), which provides information
on the physiological condition of the animals. The basic assumption
is that individuals of a given length that have more mass are in better
body condition (Froese, 2006). Thus, it is possible to establish a
‘condition’, ‘fatness’, or ‘well-being’ () value for fish, which
reflects recent nutritional conditions and/or spending of reserve in
cyclical activities (Vazzoler, 1996; Froese, 20006).

The allometric condition factor may undergo changes due
to external factors like temperature, salinity, photoperiod and
feeding, and internal factors such as gonadal development,
organic reserves, weight and length (e.g. Htun-Ha, 1978; Wootton
et al., 1978; Bjornsson et al., 1989; Herbinger and Friars, 1991;
Jones et al., 1999; Lloret et al., 2002; Réitz and Lloret, 2003).
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This factor can therefore be used to compare populations that
are subject to different seasonal conditions and are thus under
the influence of different abiotic and biotic factors (Lambert and
Dutil, 1997; Froese, 2006). Therefore, the allometric condition
factor (K) is an efficient tool to analyze changes in the surf
zone fish assemblage condition throughout the year. This work
is a pioneer regarding the use of K to assess body condition of
juvenile fish in the surf zone between seasons.

Surf zone ecological researches show and highlight the
importance of this environment for the coastal fish species
with the aim of generating proposals for preservation and
conservation. Thus, in order to provide more knowledge
about this environment, the aim of this study was to evaluate
K variation of surf zone fishes that showed 100% occurrence
over samples between cold and hot seasons. Our null hypothesis
(HO) is that the ichthyofaunal allometric condition factor does
not vary between hot and cold seasons. In addition, we assessed
changes in water temperature (abiotic variable) and abundance
(biotic variable).

MATERIAL AND METHODS

Sampling was carried out in the surfzone of Praia Grande beach,
Sdo Paulo, southeastern Brazil (23°59°57”S; 46°24°48”W).
The study area is located in the central coast of State of Sdo
Paulo, characterized by coastal plains, delimited on the north by
a continuous SW-NE mountain range with elevations varying
from 800 m to 1200 m (‘Serra do Mar’) and on the south by
Atlantic Ocean. The studied site is characterized as a high-energy
dissipative beach, which has a long extension and is therefore
more exposed, subject to higher energy waves (Souza, 2012).
The coastal plain and associated continental shelf have wide and
low topographic gradients (Souza, 2012), considered stable with
no predominance of erosion or sediment deposition (Tessler et
al., 2006). According to the Koppen classification system, the
area is characterized as a tropical climate with no defined dry
season (Alvares et al., 2013), with a normal average temperature
ranging from > 180C (cooler month) to > 220C (hottest month)
(Roling et al., 2007).

The allometric condition factor (K) was compared between
cold and hot seasons. During the cold season, specimens were
sampled in April and August 2013 (first sample year) and April
and August 2014 (second sample year). For the hot season,
collections were performed in October 2013 and March 2014
(first sample year) and October 2014 and February 2015 (second
sample year). All samplings were made with a 10x2 m beach
seine, with a 1 m2 bag (4 mm internode mesh). For each sampling
station (n=8) three trawls were performed sequentially for five
minutes at a depth of one meter, parallel to the beach face during
the day time (Figure 1). Samples were placed in plastic bags and
frozen. In each trawling, water temperature was recorded (by
mercury thermometer with 1 °C accuracy). In the laboratory, fish
were identified to the species level and quantified. Total length
(cm) and total weight (g) of each fish were recorded.
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Figure 1. Location of the sampling area at Praia Grande beach, Sao Paulo.

For analyzes we used only constant species that showed
100% occurrence during the sampling period. The frequency of
occurrence method (Brown et al., 2011), according to the formula
¢ = (ci/C) x 100 was calculated, where ¢ is the value of the
frequency of species, ci is the number of samples of the species
and C is the total number of samples. For each constant species
the relative abundance index was obtained by the Capture per
Unit Effort (CPUE) in number (individuals/ trawling), calculated
in the same way as other studies in the surf zone (i.e. Gaelzer and
Zalmon 2003, 2006, 2008).

The length-weight relationship was obtained by TW=aTLb
where TW is observed fish total weight, 7 is observed fish total
length, and a and b are estimated by log LW=Ilog a+b log TL (i.e.
a is the regression intercept and b is the allometric coefficient).
The allometric coefficient was calculated of grouping all
individuals to each constant species. Thus, b was used as a
constant value in calculating K for all sub-samples, seasonal and
annual, following the recommendations of Lima-Junior et al.
(2002). The allometric condition factor was calculated via the
equation K=" (Le-Cren, 1951).

TLb

To assess body condition of fish from the surf zone between cold
and hot seasons, the average K of constant species was compared
between seasons (fixed factor, with two levels: cold and hot) and
between the two years of sampling (fixed factor, with two levels)
by an analysis of variance (two-way ANOVA). Similarly, mean
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abundance (CPUE) of constant species and temperature were
compared between seasons (fixed factor, with two levels: cold and
hot) and between years (fixed factor, with two levels) also via a two-
way ANOVA. Assumptions of normality and homoscedasticity
were evaluated by Levene’s test. In cases of heteroscedastic or
non-normality data, the K values were corrected via [log10 (x +
1)] for the valid application of the parametric analyses of variance
(Zar, 2010). In all cases, the minimum level of significance was
assumed to be 5%. When significant differences were found,
Tukey’s test was used. All the statistical analyses were performed
on R software (R Core Team, 2018).

RESULTS

We collected 955 individuals, encompassing 20 species (Table
1), with five species representing 83.56% of the sample: 29.42%
of Mugil brevirostris (Ribeiro, 1915), 19.37% of Menticirrhus
littoralis (Holbrook, 1860), 15.39% of Trachinotus carolinus
(Linnaeus, 1766), 10.57% of Genidens barbus (Lacepede, 1803)
and 8.79% of Anchoviella lepidentostole (Fowler, 1911). Only
five species were constant throughout the sampling period: the
beach silverside Atherinella blackburni (Schultz, 1949), the
pompanos Trachinotus goodei (Jordan and Evermann, 1896) and
Trachinotus carolinus, the gulf kingfish Menticirrhus littoralis,
and the mullet Mugil brevirostris.
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Table 1. Fish abundance in cold and hot seasons during two years of sampling in the surf zone of Praia Grande, SP.
* Represents species that showed 100% occurrence in this period.

Seasons and year

Species Cold Hot

Sample 1 Sample 2 Sample 1 Sample 2 Sum

Mugil brevirostris* 10 7 14 250 281
Menticirrhus littoralis* 10 112 20 43 185

Trachinotus carolinus* 9 12 13 113 147
Genidens barbus 0 0 0 101 101
Anchoviella lepidentostole 0 72 0 12 84
Atherinella blackburni* 10 8 12 11 37
Trachinotus goodei* 6 8 7 9 30
Harengula clupeola 1 3 0 21 25
Atherinella brasiliensis 0 17 0 0 17
Polydactylus virginicus 3 0 6 4 13
Sardinella brasiliensis 1 7 0 0 8
Stellifer rastrifer 5 0 3 0 8
Leptocephalus 0 0 5 1 6
Menticirrhus americanus 1 0 3 0 4
Symphurus tesselatus 3 0 0 0 3
Etropus crossotus 1 0 0 1 2
Chaetodipterus faber 1 0 0 0 1
Prionotus punctatus 0 0 0 1 1
Cynoscion sp. 0 1 0 0 1
Caranx latus 0 1 0 0 1

Sum 61 241 83 567 955

Table 2. Results of the analysis of variance (ANOVA), comparing relative abundance of CPUEs between seasons
and between two years of sampling from Atherinella blackburni, Menticihhrus littoralis, Mugil brevirostris,
Trachinotus carolinus and Trachinotus goodei sampled in the surf zone of Praia Grande, SP. *Indicate significant
differences in K (ANOVA, p< 0.05).

Species df MS F P
Atherinella blackburni Season 1 0.066823 0.78288 0.426244
Year 1 0.001434 0.01680 0.903130
Season x Year 1 0.002083 0.02441 0.883424
Error 4 0.085356
Menticirrhus littoralis Season 1 0.081089 0.59984 0.481872
Year 1 0.496809 3.67505 0.127706
Season x Year 1 0.184123 1.36202 0.308016
Error 4 0.135184
Mugil brevirostris Season 1 0.891468 4.76029 0.094553
Year 1 0.782432 4.17806 0.110437
Season x Year 1 0.742689 3.96583 0.117258
Error 4 0.187272
Trachinotus carolinus Season 1 0.298974 9.4032 0.037422%*
Year 1 0.553378 17.4045 0.014010%*
Season x Year 1 0.134161 4.2196 0.109174
Error 4 0.031795
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Trachinotus goodei Season
Year
Season x Year

Error

A o= = =

0.000949 0.010532 0.923199
0.014198 0.157509 0.711724
0.010998 0.122005 0.744483
0.090144

Figure 2. Condition factor (K) of fishes species Atherinella blackburni, Menticihhrus littoralis, Mugil brevirostris, Trachinotus
carolinus and Trachinotus goodei sampled in the surf zone of Praia Grande, SP, between seasons: cold (white) and hot (black).

*Indicate significant differences in K (ANOVA, p< 0.05).

The relative abundance of each species analyzed showed
no significant difference between cold and hot seasons and
between the years for constant species (Table 2): 4. blackburni,
M. littoralis, M. brevirostris and T. goodei. Only T. carolinus
showed higher abundance in the cold season (F4,0.127=9.403,
p=0.037) and in the second year (F4,0.127=17.40, p=0.014).

Among the analyzed species, M. littoralis showed a lower
condition factor in the hot season than in the cold season
(F161,0.001=10.876, p=0.001). The other species showed no
seasonal significant differences in K (Figure 2).

Higher values for water temperature were observed in the hot
season (F,, ;= 8.439, p=0.008), regardless of sampling year
(F2,),,5,,=0.745, p=0.398). In the hot season, temperature varied
from 22 to 28 °C (mean: 25.3 °C), while in the cold season
temperature varied from 18 to 25 °C (mean: 22.5 °C).
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DISCUSSION

Although the surf zone is an unstable environment, subject
to constant variation of biotic and abiotic factors, most of the
observed specimens in this study showed a stable allometric factor
condition at succeeding seasons. Only the demersal juvenile M.
littoralis presented a lower K value in the hottest season. The
other fish analyzed had neritic habit and did not present variations
in K, independent of temperature and abundance, suggesting that
the life habit can be determinate in the maintenance of condition
factor in the surf zone. Therefore, the idea of the surf zone as a
fish nursery was reinforced in this study.

Only five species were constantly present throughout the study
period: M. brevirostris, T. carolinus, T. goodei, M. littoralis
and A. blackburni. Except for A. blackburni, all other sampled
individuals were juveniles. The influence of seasonality on the

5/9


https://doi.org/10.20950/1678-2305.2019.45.3.453

SEASONAL EVALUATION OF THE CONDITION FACTOR...

condition factor was not observed for juvenile M. brevirostris,
T. carolinus, T. goodei as well as Atherinella blackburni, which
showed stable, values of K through the seasons. However,
juvenile M. littoralis had a higher K in the cold season when
lower water temperature values were observed.

Variation of K between fishes may be related mainly to their
gonadal cycle development (), where higher K values indicate
an increase in fish feeding activity and consequently accumulated
energy reserves for the reproductive period (Le-Cren, 1951; Htun-
Han, 1978; Millan, 1999; Kurita, 2003). Usually, there is a gradual
increase in K during the reproductive cycle, which is normalized
immediately following breeding season (Htun-Han, 1978). Thus,
variation of the allometric condition factor reflects the state of
gonadal development and consumption of fat reserve during
spawning (Vazzoler and Vazzoler, 1965; Sutton et al., 2000).

In this study only A. blackburni was subject to reproductive
cycles, so it was the only species in which this variable could
influence K. But, similarly to the other species in this study,
mainly juvenile individuals without reproductive cycle influence,
A. blackburni showed no variation of K value between seasons.
Atherinella blackburni is found only on the shores of the Atlantic
Ocean, always occurring in the surf zone (Schultz, 1949; Gilbert
and Caldwell, 1967; Gonzales and Vaske-Jinior, 2017). This
is the only species among others in our study that presents a
complete life cycle in this environment. As reported by Lopes and
Oliveira-Silva (2001), the beach silversides showed individuals
of different size classes in the Praia Grande surf zone. Despite
the A. blackburni assemblage being composed by mature
individuals in our study, we noted K remained stable over the
sampled years and seasons. Among the few ecological studies on
A. blackburni, the one by Mattox et al. (2008) showed that this
species is predominantly diurnal, occurring in warm, salty water,
with greater abundance of juveniles in the summer. However, we
did not observe this predominance of juvenile occurrence despite
temperature variation. We might suggest that temperature does not
affect abundance or K in A. blackburni on Praia Grande beach.

Gongzales and Vaske-Junior (2017) showed that the availability
of food in the surf zone varies according to physicochemical
conditions and season, but despite that, they confirm that A.
blackbuni has a generalist strategy and feeds on any available
organisms along the year. Considering the relative low
temperature variation (betewn 18 oC and 220C, see: Roling
et al., 2007), the constantly available food at the study area
(Lasiak, 1981; Carter, 1988; Brown and Mclachlan, 1990), and
based on stable allometric condition factor we might suggest 4.
blackburni does not have a well-defined reproductive seasonality
in the Brazilian southeastern coast. However, specific studies,
like gonadosomatic index and maturation stage are necessary to
determinate the influence of seasonal changes in A. blackburni
reproductive cycle.

Since, T carolinus, T. goodei and M. brevirostris were juveniles,
they are not subject to intrinsic reproductive variables affecting
K. The condition factor also indicates periods of dictary change
and consequently fat accumulation (Sutton et al., 2000;). Thus
despite the variation of abundance for 7. carolinus, the stability
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of K observed in our study may be related to feeding habits of
neritic species or indicates a constant availability of food in
this environment. In surf zones, there are large concentrations
of primary producers (phytoplankton and microphytobenthos)
which are responsible for starting the flow of the trophic web
(Sousa et al., 2009; Dring, 1992). Furthermore, the high energy
in the surf zone provides suspension of large amounts of
sediment, easily dislodging infauna and benthic microalgae from
the substrate to the water column, which makes them viable prey
for neritic fishes (Sousa et al., 2009; Domenico et al., 2009) such
as pompanos, mullets and beach silverside. We did not measure
the availability of fish food present in the environmental, but
since the condition factor of juvenile fish remained constant
throughout the year, we hypothesized that the surf-zone could
constantly provide food for juvenile-neritic fish.

Different from neritic fish, M littoralis juveniles feed almost
entirely on the bottom, showing a typical Sciaenid demersal
feeding mode (Monteiro-Neto and Cunha, 1990). Rodrigues
and Vieira (2010) observed seasonal feeding differences in M.
littoralis juveniles. Haluch et al. (2009) also found seasonal
trophic plasticity in surf zone Sciaenids; according to the authors,
such change in diet throughout the season may be associated with
availability of food items. Hernandez (2003) reported seasonal
variation in the feeding habits and significant variation in mean K
values during different months for Diplodus puntazzo (Walbaum,
1792), which mean K value decrease during the warmer months
of the year. Seasonal and developmental fluctuations in the
amount of lipid storage mean an evolutionary strategy which
the patterns and utilization of lipid storages may reflect the
specific life history of the animal (Sheridan, 1994; Hernandez,
2003). In the other hand, growth is generally associated with the
feeding level and the dietary energy content, which appears to
be the key factors accounting for the level of fat deposition in
fish (Hernandez, 2003). Therefore, a dietary seasonal change
might explain K variation in M. littoralis, but future seasonal
dietary studies are required at specie-specific level. Besides the
availability of food, other factors could explain the variation of
the body condition of M. littoralis. The condition factor may
change depending on extrinsic factors such as temperature
(Rédtz and Lloret, 2003), photoperiod (Bjornsson et al., 1989)
and food availability (Ferraton et al., 2007). Rodrigues and
Vieira (2010) suggested that seasonal changes in temperature
are the main element affecting frequency of M. littoralis, with
higher abundances observed on spring and summer months (hot
season). In our study, abundance of M. littoralis was not affected
by temperature, but their condition factor could be affecting. We
hypothesize that higher temperatures reduce K in juvenile M.
littoralis, since higher increase in temperature can cause metabolic
acceleration, decrease in water oxygen and so imposing metabolic
limitations to growth (Portner and Knust, 2007).

In addition, organisms of different life habitats living under
different thermal conditions probably have evolved different
levels of metabolic control, suggesting different thermal
tolerance responses (Sokolova and Portner, 2003; Magozzi and
Calosi, 2015). Dynamic habitats with large thermal variations
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select organism with high thermal resistance (Madeira et al.,
2012). Thus, the surf zone neritic fishes, M. brevirostris, T.
carolinus, T. goodei, and A. blackburni, which spend most of
their life in coastal regions with high dynamism (Bellinger and
Avault, 1971; Carvalho Filho, 1999; Mattox et al., 2008; Madeira
etal., 2012) are probably little affected by the seasonal variations
of temperature, thus presenting a stable condition factor
independent of temperature. In other hand, the gulf kingcroaker
M. littoralis showed a lower K value in the warmer season, when
higher water temperatures were observed. Demersal and neritic
species tolerate specific ranges of environmental conditions,
and should undergo appropriate abiotic conditions to survive,
mature and reproduce successfully (Rijnsdorp et al., 2009). A
pattern of larger fish inhabiting colder waters has often been
reported for demersal spices (Macpherson and Duarte, 1991),
moving to coastal regions during the reproductive period.
(Palmeira and Monteiro-Neto, 2010). According to Madeira et
al. (2012), demersal habitat species generally live in relatively
more stable and lower temperature conditions, presenting a
lower thermal tolerance when compared to habitats with higher
thermal variability. Thus, the lower value of the condition factor
presented by the juvenile M. littoralis in the warmer season may
be associated with the demersal habit and the life history that
presents a greater sensitivity to a thermal stress.

CONCLUSION

The stability of K in the surf zone may be attributed to: a)
most of the surf zone resident fish assemblage is composed
of juveniles which are not subject to the variation of K due to
reproductive factors; b) the neritic habit life could contribute to
K stability between seasons. However, variations in temperature
between seasons could cause this condition factor behavior in M.
littoralis. Since the present study is a pioneer in the analysis of
the seasonal influence on the body condition of surf zone juvenile
fish, some questions to be investigated have been highlighted. For
example: The beach silverside 4. blackburni does not have a well-
defined reproductive seasonality? The life habit is determinant
in the maintenance of the condition factor? The body condition
of demersal juveniles is affected by temperature? Comparison
of fishes by the allometric condition factor was presented as a
good parameter for ecological analysis, mainly related to young
populations, which still lack studies in the surf zone. Further
investigation of the body condition factor in surf zone fish
fauna should be carried out considering the importance of this
environment for juvenile recruitment and maintenance of stocks.
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