Abstract—We evaluated spatial and
temporal variations in larval fish as-
semblages occurring off the central
coast of Brazil. Study material was
collected during 3 oceanographic
cruises (1999-2000) in the spring,
winter, and autumn. Oblique hauls
were sampled from 329 stations, and
88 families and 130 species were
identified. The surveys recorded high-
er abundances of larval fish on the
continental shelf during the winter,
and diversity increased from coastal
to oceanic waters. Furthermore, lar-
val fish abundance showed a negative
relationship with local depth in the
3 sampling periods, with the greatest
abundances associated with shallower
stations at the continental shelf. Myc-
tophidae and Scaridae larvae showed
the highest abundances in the oceanic
region near the Abrolhos and Royal
Charlotte Banks and on the Vitéria
Seamount in the Vitéria-Trindade
Ridge. The oceanic and seamount re-
gions’ high salinity (spring) and tem-
perature (winter) were the best pre-
dictors of diversity and equitability.
This study improved the knowledge
of larval fish assemblages and their
distribution in a coast-ocean gradi-
ent at different times of the year. It
may also contribute to future studies
aimed at understanding the influence
of environmental variables on these
organisms and the connectivity be-
tween different environments.
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Introduction

The substantial morphological diver-
sity and duration of the development
stages of fish species suggest the ex-
istence of several adaptations to sur-
vive planktonic life (Moser and Smith,
1993; Cruz et al., 2016). The plank-
ton stage varies from 47 to 93 d for
Atlantic fish species and depends on
the species and environmental condi-
tions (Endo et al., 2019).

Although there is considerable
variability in developmental cycles,
many fish species use the same repro-
ductive strategy of having planktonic
larvae, resulting in the larvae co-oc-
curring in time and space. Moser et
al. (1987:98) define assemblages as
“groups of taxa that occur together
relatively frequently and are consis-
tently part of each other’s environ-
ment.” Therefore, assemblages are
groups of taxa with similar temporal
and spatial distribution patterns.

The composition of assemblages
partly depends on adult distributions
and spawning seasonality (Souza and
Mafalda, 2019; Daudén-Bengoa et al.,
2020; Mwaluma et al., 2021). Hydro-
graphic features such as water masses
and currents also play an important
role in the formation, maintenance,
and regulation of larval assemblag-
es and adult populations (e.g., Beck-

ley et al., 2019; Santana et al., 2020;
Compaire et al., 2021). In addition,
physical and topographic features af-
fect the spatial and seasonal distribu-
tion patterns of larval assemblages
(Muhling and Beckley, 2007). In the
oceanic region (area beyond the con-
tinental slope), seamounts and oceanic
islands are topographic features that
may affect larval assemblages (Har-
ris et al., 2020). Seamounts have high
primary productivity, which supports
increased secondary production and
attracts other organisms. These or-
ganisms, attracted by food availabil-
ity, feed in these areas, leading to an
increase in energy transfer to high-
er trophic levels and the carbon flux
to greater depths (Lima et al., 2020;
Bridges et al., 2021). Upwelling in
oceanic waters can be induced by sea-
mounts interacting with ocean cur-
rents (Annasawmy et al., 2020; Rob-
erts and Ternon, 2020; Santana et al.,
2020). These environments are habi-
tats for pelagic, mesopelagic, and ben-
thopelagic fish, which contribute to
the formation of larval assemblages
in the adjacent oceanic waters (Lima
et al., 2020; Campanella et al., 2021).

Several studies worldwide have
identified different larval fish assem-
blages and, when possible, sought to
relate their occurrence with environ-
mental conditions (e.g., Marancik et
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al., 2005; Olivar et al., 2012; Bonecker et al., 2017).
Most studies on ichthyoplankton in Brazil were carried
out in estuaries or adjacent coastal regions (Bonecker et
al., 2019a; Lima et al., 2020; Alegretti et al., 2021; Bo-
necker et al., 2022). There are few studies on larval fish
assemblages in the oceanic waters of Brazil, and most are
theses or reports of monitoring programs (e.g., Nonaka
et al., 2000; Bonecker et al., 2012; Stocco and Joyeux,
2015; Bonecker et al., 2017, 2019b; Souza and Mafalda,
2019). Most studies in Brazilian oceanic waters focused
on a limited number of fish families (e.g., Castro and Bo-
necker, 2005, 2006; Barros et al., 2007; Campos et al.,
2010; Castro et al., 2010). To fill in knowledge gaps and
provide more information for future connectivity studies,
we identified larval fish species along the Brazilian coast
between 12°S and 22°S. This study aimed to answer 2
questions: (1) are there differences in the distribution
of the abundance, composition, diversity, and equitabil-
ity of fish larvae during 3 specific periods (spring 1998,
winter 1999, and autumn 2000)? (2) If so, how are these
differences affected by water temperature, salinity, and
local depth?

Materials and methods

The central region of the Brazilian Exclusive Economic
Zone is delimited in the north by Real River (12°S) and
in the south by Sao Tomé Cape (22°S). This region has
unusual topographic and oceanographic features due to
the presence of seamounts and oceanic islands (Fig. 1A).
Local topography supports the meandering of the Brazil
Current and the formation of vortices in this region (Sil-
veira et al., 2000; Pal6czy et al., 2014). Abrolhos Bank
and Vitoria-Trindade Ridge act as physical barriers to
the Tropical Water (TW) transported by the Brazilian
Current that flows southward, resulting in vortices, me-
anders, and upwelling movements (Paloczy et al., 2014).
Notably, Vitéria-Trindade Ridge comprises approxi-
mately 30 shallow seamounts (depths <50 m) (Stocco
and Joyeux, 2015).

This area has oligotrophic characteristics (Valentin
et al., 2006) and is dominated by 3 water masses: TW,
South Atlantic Central Water (SACW), and Coastal Wa-
ter (Venancio et al., 2014; Castro Filho et al., 2015). Sil-
veira et al. (2000) characterize the first 2 water masses
as follows: TW—water temperature higher than 20.0°C
and salinity higher than 36.0; and SACW—water tem-
perature between 6.0°C and 20.0°C and salinity between
34.6 and 36.0. Venancio et al. (2014:242) reported that
“[Coastal Water] and TW have the same temperature
range but the [Coastal Water] is characterized by low-
er salinities than the TW, as a result from the mixing of
shelf waters and continental drainage.” In addition to
these water masses, which dominate in the upper water

column, there are also the Antarctic Intermediate Wa-
ter (temperature between 3.0°C and 6.0°C and salinity
between 34.2 and 34.6), Upper Circumpolar Deep Wa-
ter (temperature between 3.3°C and 3.5°C and salinity
between 34.4 and 34.6), and North Atlantic Deep Wa-
ter (temperature between 3.0°C and 4.0°C and salinity
between 34.6 and 35.0) (Silveira et al., 2000; Silveira,
2007).

Three oceanographic cruises were conducted during
the spring of 1998 (from October to December), winter
of 1999 (from May to July), and autumn of 2000 (from
March to May), totaling 329 stations (Fig. 1, B-D).
Oblique hauls were performed with a bongo net (330-
pm and 500-um mesh) during the day and at night in
spring (57 d and 51 nights) and autumn (52 d and 56
nights) and only at night in winter. On the winter cruise,
a concurrent exploratory fishing project conducted dur-
ing daylight hours precluded plankton sampling except
at night. Nets were towed from the surface to 200 m
depth or 1 m above the bottom at shallower stations.
Sampling stations were located over the continental shelf
(depths <200 m), in the oceanic region (depths >200 m),
and in the seamounts region (shallow depths in the oce-
anic region). Sampling followed the recommendations of
Smith and Richardson (1977).

Two digital flowmeters (General Oceanics Inc, Mi-
ami, FL) were used to estimate the filtered water volume,
and samples were immediately preserved in buffered for-
malin. Temperature and salinity data were obtained us-
ing a CTD Sea-Bird SBE19-03 SeaCAT Profiler (Sea-Bird
Scientific, Bellevue, WA) from 3 depths: 20 m, 100 m,
and 200 m. Temperature-salinity plots were created to
identify water masses present in the area for each sam-
pling period.

Only larval fish collected with the 330-pm mesh net
were used in this study, and abundances (larvae/100 m?)
were determined using the volume of water filtered. Fish
larvae were identified to the lowest possible taxon ac-
cording to the methods of Bonecker and Castro (2006),
Richards (2006), and Bonecker et al. (2014), among oth-
ers. Larval fishes were classified as pelagic, mesopelagic,
or demersal according to the habitats of the adults (Rich-
ards, 2006; Froese and Pauly, 2022). Classification fol-
lowed Betancur-R et al. (2017) and Fricke et al. (2022).
Damaged or very small larvae lacking diagnostic char-
acters were grouped as unidentified. All identified speci-
mens were deposited in the Integrated Zooplankton and
Ichthyoplankton Laboratory of the Federal University of
Rio de Janeiro collection.

The relative abundance (RA) was estimated as follows:

RA=(Nx100)/x, (1)

where N= the total number of individuals of a taxon
in a sample; and
n = the total individuals of all taxa in the sample.
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The RA values were classified following Lobo and

Leighton (1986): dominant (>50%), abundant (30-

where S

49.9%), low abundant (9.9-29.9%), and rare (<10%).

The frequency of occurrence (FO) of each species was

calculated as follows:

p

FO=(5x100)/p, (2)

the number of samples in which a taxon oc-
curs; and
the total number of samples.
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Figure 1

Map of the study area showing the main geographical features (gray depth contour lines) and (A) the sampling stations
(black circles) during the (B) spring, (C) winter, and (D) autumn cruises. Stations are located in the central region of the
Brazilian Exclusive Economic Zone (12-22°S). Oblique hauls were performed over the area to 200 m depth.
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The FO values were classified following the method
of Matteucci and Colma (1982): very frequent (present
in 270% of the samples), frequent (present in 40-69.9%
of the samples), infrequent (present in 10-39.9% of the
samples), and sporadic (present in <10% of the samples).

The heterogeneity of variances of environmental and
biotic data was verified using Levene’s test, and normal-
ity was tested using the Shapiro-Wilk test (Legendre and
Legendre, 2012). To estimate whether sampling only at
night in winter may have affected our results, we test-
ed for differences in abundance and diversity index be-
tween day and night during spring and autumn using the
Mann-Whitney U test. Our a priori assumption was that
abundance would differ between day and night, main-
ly reflecting daytime net avoidance, but the number of
taxa might or might not differ between day and night.
In fact, neither abundance nor number of taxa differed
significantly between day and night. Kruskal-Wallis non-
parametric correspondence analyses (Kruskal and Wal-
lis, 1952) were done to determine whether there were
significant differences in temperature (at 20 m, 100 m,
and 200 m depth), salinity (at 20 m, 100 m, and 200 m
depth), local depth, larval fish abundances, diversity, and
equitability (Zar, 2010) among the sampling periods.
The threshold of statistical significance was 0.05 in all
analyses. We used a post-hoc multiple comparisons test
(2-tailed) to identify significant differences between the
means of the categories. These analyses were performed
using Statistica 7.0 (StatSoft Inc., Tulsa, OK).

The subsequent analyses (diversity, equitability, anal-
ysis of similarities, cluster, and similarity of percentages)
were performed using the Plymouth Routines Multivari-
ate Ecological Research package, vers. 6.1 (Clarke and
Warwick, 2001; Clarke and Gorley, 2006).

The Shannon-Wiener diversity (H') and equitability
(J') indices were calculated using individuals identified
to species, or genus if there was only one taxon, in the
larval fish assemblages (Legendre and Legendre, 2012).

The analysis of similarities test was used to assess
whether the larval fish assemblage structure differed
among the 3 sampling periods (188 speciesx320 samples).

A hierarchical agglomerative clustering analysis with
group-averaging linking was carried out from a Bray—
Curtis index of dissimilarity to verify the formation of
clusters in each sampling period. Abundances were trans-
formed using log(x+1) to reduce internal variance and
compare the relevant descriptors to the objectives of this
study. The matrices were formed by the sampling sta-
tions and fish taxa (spring 1998: 119 taxa and 102 sam-
pling stations; winter 1999: 146 taxa and 112 stations;
autumn 2000: 99 taxa and 106 stations). An analysis of
the similarity profile was used to group statistically simi-
lar sampling stations with their species composition, test-
ing the null hypothesis that there is no difference in the
structure of the assemblages in the study area. The sim-

ilarity of percentages test was used to identify the taxa
that contributed most to the similarity and dissimilarity
among the groups identified in the cluster analyses.

The influence of environmental parameters on the
structure of larval fish assemblages in each sampling pe-
riod was tested using generalized linear models with a
gamma family and the function link=log. The descrip-
tors were total larval fish abundance, diversity, and eq-
uitability, whereas the environmental parameters (tem-
perature at 20 m, salinity at 20 m, and local depth) were
used as predictor variables. The temperature and salinity
obtained at 20 m were selected to include the shallowest
stations in this analysis (continental shelf and seamounts),
as this depth is common to all sampling stations. In ad-
dition, there is a well-mixed surface layer above 20 m
depths (Cardoso and Dourado, 2014), and we decided
to exclude data obtained at depths greater than 20 m.

Initially, a full model was designed using all the vari-
ables, and then biologically logical models were con-
structed containing fewer variables. The Akaike informa-
tion criterion corrected for small sample sizes (AICc) was
used to select the best model. The model with the lowest
AICc was considered the most plausible for describing
the data, and the importance of alternative models was
estimated from the difference in AICc between the mod-
el and the best model (AAICc). Notably, models with a
difference in AAICc values <2 were also considered plau-
sible (Burnham and Anderson, 2002). Generalized linear
models were performed in R (vers. 3.6.3; R Core Team,
2020) using the HH (Heiberger and Holland, 2015) and
MuMIn packages (Bartord, 2020).

Results

Environmental data

Temperature varied from 13.6°C to 24.1°C in spring,
14.4°C to 27.3°C in winter, and 14.3°C to 28.5°C in
autumn (Table 1). Salinity varied from 34.4 to 37.9 in
spring, 35.4 to 37.6 in winter, and 35.3 to 37.9 in au-
tumn (Table 1).

The temperature and salinity at 20 m were signifi-
cantly different among the 3 sampling periods (P<0.05).
Temperatures in spring were different from those in win-
ter and autumn. Salinities in winter were significantly
different from those in spring and autumn. Temperatures
at 100 m varied between spring and winter (P=0.0075),
whereas the salinity values showed variation in the 3 pe-
riods (P=0.0439). At 200 m, temperatures did not vary
among the 3 periods (P=0.0516), but the salinity values
in spring differed from those in the winter and autumn
(P=0.0019).

Temperature-salinity plots showed that during the 3
cruises, TW was mainly in the upper 100 m, and SACW
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was registered at 200 m. Nevertheless, TW
reached 200 m and SACW reached 100 m
in some sampling stations (Fig. 2, A-C).
During the 3 periods, the highest water
temperatures at depths of 20 m and 100
m were observed north of the Abrolhos
Bank, and the lowest values were found
close to the Espirito Santo and Rio de Ja-
neiro coasts. Temperatures below 20°C
near the Rio de Janeiro coast showed the
presence of SACW at a depth of 100 m
in the 3 sampling periods. Temperatures
at 20 m and 100 m varied little between
the continental shelf and the oceanic and
seamount regions in the 3 periods. At 200
m depths, slightly cooler temperatures oc-
curred at stations closer to the coast, with

Table 1

Minimum (Min) and maximum (Max) temperature (°C) and salinity values
obtained at 20 m, 100 m, and 200 m depths during spring 1998, winter
1999, and autumn 2000 in the in the central region of the Brazilian Exclu-
sive Economic Zone.

Depth
20 m 100 m 200 m
Min Max Min Max Min Max
Temperature (°C)
Spring 1998 15.6 27.4 14.7 24.8 13.6 20.5
Winter 1999 22.5 27.3 18.8 26.8 14.4 19.4
Autumn 2000 18.4 28.5 16.8 25.6 14.3 21.0
Salinity
Spring 1998 35.7 37.9 35.4 37.3 34.4 36.8
Winter 1999 36.1 37.6 36.1 37.6 35.4 36.3
Autumn 2000 35.4 37.9 35.8 37.3 35.3 37.7

SACW observed near Abrolhos Bank and

the Rio de Janeiro coast.

At 20 m, the lowest salinities were
close to the Rio de Janeiro coast and the highest were
north of Abrolhos Bank in all seasons. At 100 m and
200 m depths, the lowest salinities were near the Rio de
Janeiro coast and the highest were north of Abrolhos
Bank in autumn and winter. Similar to temperature, sa-
linity values at 20 m and 100 m varied little between the
continental shelf and the oceanic and seamount regions.
However, at 200 m depths, slightly lower salinity values
were measured over the continental shelf.

Larval fish abundances

Although larval abundance and size frequency structure
would normally be expected to differ between day and
night sampling, mainly reflecting daytime net avoidance
by larger larvae, the results of the Mann—Whitney U test
found no significant difference in larval abundance and
diversity between day and night. Therefore, subsequent
analyses combined day and night sampling with night-
time sampling.

Larval fish abundance at each station in the 3 peri-
ods was low (<100 larvae/100 m3), except for higher
values obtained over the continental shelf. Abundance
was highest during winter, with a maximum value of
405 larvae/100 m? (Fig. 3, A-C). Abundances were sig-
nificantly different (P<0.05) among the 3 sampling peri-
ods (P<0.05), and the values in winter were higher than
those in spring and autumn.

Larval assemblages

We observed 88 families, 130 species, and 53 taxa iden-
tified to genus in the study area (Suppl. Table 1). More
demersal families (52) were collected compared to epipe-
lagic (16) and mesopelagic (20) families, but in general,
mesopelagic taxa were most abundant.

Most taxa were classified as rare because their RA was
lower than 10% (Suppl. Table 1). Myctophidae larvae
were classified as abundant in all 3 seasons but were much
less abundant in spring and winter than in autumn (Sup-
pl. Table 1). Meanwhile, Engraulidae and Scaridae were
most abundant during winter and autumn, respectively.

Most taxa were classified as sporadic because their
frequency of occurrence was low, with occurrences in
<10% of the samples collected in each sampling pe-
riod (Suppl. Table 1). During the spring, Myctophi-
dae larvae were classified as very frequent; Paralepidi-
dae, darter goby (Ctenogobius boleosoma), and Scar-
idae were classified as frequent; and 29 families oc-
curred infrequently. Phosichthyidae, Paralepididae,
Myctophidae, Bregmacerotidae, darter goby, Scaridae,
and Serranidae were classified as very frequent in win-
ter. During this period, Sternoptychidae, Synodonti-
dae, Ophidiidae, Apogonidae, Carangidae, and Labri-
dae were frequent, whereas one order and 20 families
were less frequent (Suppl. Table 1). During autumn,
myctophids, darter goby, and Scaridae were very fre-
quent; Gonostomatidae, Paralepididae, Carangidae,
and Serranidae were frequent; and Anguilliformes and
14 families were less frequent (Suppl. Table 1).

Myctophidae were almost absent from continental
shelf stations in spring but were present in autumn and
winter (Fig. 4, A-C). Although abundances were low in
the study area, the highest values in winter were on the
continental shelf off the Espirito Santo and Bahia coast.
Scaridae larval abundances were also low, and they were
absent from many stations in spring (Fig. 5A). Abun-
dances were highest in winter near the Abrolhos and
Royal Charlotte Banks (Fig. 5B) and in autumn (Fig. 5C)
near Royal Charlotte Bank and Vitéria Seamount in the
Vitéria-Trindade Ridge.
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Figure 2

Temperature-salinity diagrams showing the water masses found during (A) spring 1998, (B) winter 1999, and (C) autumn
2000 at 3 depths in the central region of the Brazilian Exclusive Economic Zone. The water masses are the Tropical Water
(TW) and South Atlantic Central Water (SACW).

Ecological indices During autumn, diversity values were distributed evenly
across the study area (Fig. 6C). However, diversity var-

The diversity varied from 0.47 to 3.99 during spring, ied significantly among the sampling periods (P<0.05),

0.51 to 3.66 in winter, and 0.73 to 3.18 in autumn. Dur- and the higher values in winter differed from those in

ing the spring and winter, respectively, 40% and 70% of spring and autumn.

diversity values were greater than 2.00 (Fig. 6, A and B). Equitability varied from 0.20 to 1.00 during spring,
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Figure 3

Map showing larval fish abundances (circles) during (A) spring 1998, (B) winter 1999, and (C) autumn 2000 in the central
region of the Brazilian Exclusive Economic Zone. The x mark indicates the absence of larvae at that station. Solid gray

from 0.17 to 1.00 in winter, and from 0.40 to 1.00 in
autumn, reflecting the diversity results. Values obtained
during the 3 sampling periods were significantly differ-
ent (P<0.05). The equitability index showed differences
in the evenness of taxa abundances in many of the sam-
pling stations.

Spatial and temporal variations in larval fish
assemblages

The analysis of similarities test showed that larval fish
assemblages varied significantly among the 3 sampling
periods (Global R=0.201, significance level=0.1%). The
cluster analysis of the spring samples showed 135 station
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Figure 4

Map showing the distribution of Myctophidae larval abundance (circles) during (A) spring 1998, (B) winter 1999, and (C)
autumn 2000 in the central region of the Brazilian Exclusive Economic Zone. The x mark indicates the absence of larvae at
that station. Solid gray lines indicate depth contours in meters.
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groups (Fig.7A, groups A-Q). The similarity of percent-
ages analysis showed that larvae distributed in the oce-
anic, mesopelagic, and coral reef areas made the largest
contribution to assemblages in the oceanic region (Ta-
ble 2). The groups formed by samples from the oceanic
and seamount regions had greater contributions of lar-

vae from oceanic and coral reef families. In the continen-
tal shelf assemblage, the largest contribution was from
coastal taxa, whereas in the assemblage that included
the continental shelf, oceanic, and seamount stations,
the largest contributions were from coastal and coral
reef taxa (Table 2).
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Figure 5

Map of the distribution of Scaridae larval abundance during the (A) spring 1998, (B) winter 1999, and (C) autumn 2000
in the central region of the Brazilian Exclusive Economic Zone. The x mark indicates the absence of larvae at that station.

In winter, 15 assemblages also were found (Fig. 7B,
groups A-QO). Assemblages from the continental shelf
had a greater contribution of larvae from coastal fami-
lies and other families common in coral reefs, with the
occasional presence of mesopelagics (Table 3). Cor-
al reef larvae dominated the continental shelf and sea-

mount assemblage (Table 3). The assemblage that in-
cluded ocean and seamount stations had a greater con-
tribution of larvae from mesopelagic and coral reef
families. Mesopelagic taxa dominated the continental
shelf-oceanic assemblage, whereas reef families dom-
inated the assemblage that included the continental
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Figure 6
Map showing the distribution of larval diversity values during (A) spring 1998, (B) winter 1999, and (C) autumn 2000 in
the central region of the Brazilian Exclusive Economic Zone. The x mark indicates the absence of larvae at that station.
Solid gray lines indicate depth contours in meters.

shelf, oceanic, and seamount stations. Finally, mesope-
lagic and coral reef families contributed the most to the
oceanic assemblages.

During autumn, no significant difference in larval
fish assemblages was observed (Fig. 7C). Scaridae lar-
vae dominated most stations (71%). Notably, 2 sam-

pling stations separated from the others were represented
only by larval topside lanternfish (Notolychnus valdiv-
iae) (Myctophidae) and Eustomias sp. (Stomiidae). The
lack of Scaridae and Callionymidae also contributed to
the dissimilarity between these sampling stations and the
others (Fig. 7C).
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Table 2
Results of the similarity of percentages analysis showing the contribution of species to the differences among the groups
formed in the cluster analysis during spring 1998 in the central region of the Brazilian Exclusive Economic Zone.
Group A Group B Group C
Average similarity: 20.29% Average similarity: 17.88% Average similarity: 12.33%
Taxa % Taxa Y% Taxa %o
Myctophum nitidulum 80.86  Sudis atrox 42.23  Scorpaenidae 79.03
Cyclothone alba 19.14  Euthynnus alletteratus 37.94  Sigmops elongatus 10.48
Thunnus thynnus 13.18  Ranzania laevis 10.48
Group D Group E Group F
Average similarity: 23.87% Average similarity: 27.75% Average similarity: 18.43%
Taxa % Taxa Y% Taxa %o
Labridae 67.98  Coryphaena hippurus 64.59  Dactylopterus volitans 100
Myripristis jacobus 13.95  Ophidiidae 35.41
Cyclothone braueri 11.46
Group G Group H Group I
Average similarity: 29.67% Average similarity: 49.02% Average similarity: 33.55%
Taxa % Taxa Y% Taxa %o
Cyclothone braueri 41.60  Maurolicus stehmanni 31.97  Pollichthys mauli 25.77
Pollichthys mauli 22.89  Myctophum nitidulum 17.24  Scaridae 22.15
Lepidophanes guentberi 22.89  Pollichthys mauli 15.04  Maurolicus stehmanni 19.14
Sudis atrox 12.61  Myctophum affine 12.26  Bregmaceros atlanticus 14.48
Bothus ocellatus 7.64  Hygophum reinhardtii 8.11
Lestidium atlanticum 4.84  Cyclothone alba 4.26
Scaridae 4.14
Group J Group K Group L
Average similarity: 31.34% Average similarity: 24.68% Average similarity: 23.03%
Taxa Y% Taxa Y% Taxa Y%
Callionymidae 32.91  Pollichthys mauli 31.64  Scaridae 77.42
Scorpaenidae 17.86  Hygophum reinbardtii 31.64 Callionymidae 11.50
Lestidium atlanticum 15.57  Bothus ocellatus 14.81  Apogonidae 2.24
Pollichthys mauli 13.68  Ophidiidae 12.55
Lampanyctus sp. 5.94
Sudis atrox 5.48
Group M Group N Group O
Average similarity: 43.56% Average similarity: 30.17% Average similarity: 43.82%
Anchoa januaria 100.00 Taxa Y% Taxa Y%
Apogonidae 42.82  Scaridae 25.10
Labridae 35.63  Scorpaenidae 20.74
Haemulidae 4.85  Callionymidae 15.48
Ophidiidae 3.84  Apogonidae 14.41
Bothus ocellatus 3.66  Chloroscombrus chrysurus 8.88
Labridae 5.74

Influence of environmental conditions on larval
fish assemblages

Among the competing generalized linear models, the
most plausible model indicated that total larval fish
abundance was mainly related to depth, with a nega-
tive relationship in the 3 sampling periods and a posi-
tive or negative relationship with temperature and salin-
ity depending on the sampling period (Table 4). Salin-
ity (spring 1998; positive relationship) and temperature

(winter 1999; positive relationship) were the best predic-
tors of diversity, while salinity was positively related to
equitability during spring 1998 (Table 4).

Discussion

The water masses observed during the 3 sampling
periods showed a permanent vertical stratification that
is characteristic of this area (Andrade et al., 2004;
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Table 3

Results of the similarity of percentages analysis showing the contribution of species to the differences among the groups
observed during winter 1999 in the central region of the Brazilian Exclusive Economic Zone.

Group A Group B Group C
Average similarity: 28.17% Average similarity: 32.72% Average similarity: 39.27%
Taxa %o Taxa %o Taxa Y%
Decapterus punctatus 47.49  Engraulis anchoita 56.78  Apogonidae 56.60
Trachurus lathami 23.63  Chloroscombrus chrysurus 10.97  Scaridae 25.20
Chloroscombrus chrysurus 10.20  Sardinella aurita 10.70  Labridae 18.19
Bregmaceros cantori 10.07  Diplectrum radiale 5.79
Scaridae 3.41
Syacium papillosum 2.72
Group D Group E Group F
Average similarity: 31.89% Average similarity: 58.69% Average similarity: 51.40%
Taxa % Taxa % Taxa %
Pollichthys mauli 56.40  Maurolicus stehmanni 37.03  Maurolicus stehmanni 50.62
Scaridae 43.60  Pollichthys mauli 25.47  Pollichthys mauli 43.31
Bregmaceros atlanticus 13.27
Vinciguerria nimbaria 8.71
Lestrolepis intermedia 4.25
Lestidium atlanticum 3.13
Group G Group H Group I
Average similarity: 47.29% Average similarity: 38.36% Average similarity: 45.07%
Taxa Y% Taxa % Taxa %
Vinciguerria nimbaria 26.49  Scaridae 25.96  Bregmaceros cantori 38.68
Pollichthys mauli 21.86  Diplectrum radiale 17.51  Vinciguerria nimbaria 33.61
Lepidophanes guentheri 13.60  Labridae 14.71  Scaridae 27.71
Scaridae 10.83  Apogonidae 9.43
Bregmaceros atlanticus 8.25  Ophidiidae 6.02
Lestidium atlanticum 4.64  Serranus sp. 4.41
Scorpaenidae 3.87  Pollichthys mauli 3.80
Maurolicus stehmanni 2.88  Decapterus punctatus 2.77
Vinciguerria nimbaria 2.13
Mullidae 1.67
Scorpaenidae 1.58
Syacium papillosum 1.35
Group ] Group K Group L
Average similarity: 46.93% Average similarity: 49.47% Average similarity: 59.97%
Taxa % Taxa % Taxa %
Scaridae 44.38  Scaridae 59.33  Scaridae 22.46
Vinciguerria nimbaria 18.50  Labridae 11.42  Labridae 18.55
Pollichthys mauli 15.53  Vinciguerria nimbaria 5.93  Decapterus punctatus 15.51
Labridae 7.95  Callionymidae 4.48  Scorpaenidae 10.57
Lepidophanes guentheri 4.78  Lestrolepis intermedia 4.12  Apogonidae 8.33
Lampadena sp. 3.96  Lepidophanes guentheri 8.14
Lepidophanes guentheri 2.40  Lampadena sp. 5.20
Ophidiidae 5.20
Group M Group N Group O
Average similarity: 50.28% Average similarity: 53.43% Average similarity: 48.71%
Taxa Y% Taxa Y% Taxa Y%
Scaridae 41.33  Scaridae 4221  Vinciguerria nimbaria 28.87
Decapterus punctatus 14.19  Callionymidae 32.34  Scaridae 25.51
Pollichthys mauli 7.66  Vinciguerria nimbaria 14.44  Ophidiidae 15.98
Vinciguerria nimbaria 7.50  Lestidium atlanticum 5.55  Lestrolepis intermedia 11.53
Lepidophanes guentheri 517 Labridae 6.20
Labridae 4.30 Lestidium atlanticum 541
Apogonidae 4.02
Lutjanidae 3.16
Bregmaceros atlanticus 2.84
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Table 4

Results of generalized linear models used to examine the
effect of environmental parameters on larval fish abun-
dance, diversity, and equitability during the 3 sampling
periods in the central region of the Brazilian Exclusive
Economic Zone. Model selection based on Akaike infor-
mation criterion (AIC) scores was used to determine the
model with the most support. For each model, the AIC
corrected for small sample sizes (AICc), the difference in
AICc between the model and the best model (AAICc),
and the weight (wi) are provided. An asterisk (*) indi-
cates the model that best fits the data. The predictor
variables were temperature (Tem, at 20 m), salinity (Sal,
at 20 m), and local depth (Dep). The absence of a model
for one of the sampling periods was due to the test not
detecting biologically logical models.

Model AlCc AAICc wi

1 - Larval fish abundance
Spring 1998

(-) Tem/(-) Dep/(+) Sal*  101.17 0.00 0.96
Winter 1999
(-) Dep/(-) Sal* 14.14 0.00 0.74
Autumn 2000
(+) Tem/(-) Dep/(-) Sal* 45.98 0.00 0.51
(+) Tem/(-) Dep 46.17 0.18 0.46
2 — Diversity
Spring 1998
(+) Sal* -24.98 0.00 0.43
(-) Tem/(+) Sal -23.37 1.61 0.19
(-) Dep/(+) Sal -23.12 1.87 0.17
Winter 1999
(+) Tem* -578.71 0.00 0.30
(+) Tem/(+) Sal -577.43 1.28 0.16
(+) Dep/(+) Tem -577.09 1.61 0.14

3 — Equitability
Spring 1998
(+) Sal* -137.82 0.00 0.36

Bonecker et al., 2012). Other studies have also described
the dominance of TW and SACW in the upper 200 m
of the water column (Brandio et al., 2020; Santana et
al., 2020). The upwelling of SACW in the Cabo Frio up-
welling system (23-42°C) likely influenced lower tem-
peratures observed near the Rio de Janeiro coast (Val-
entin, 2001). This upwelling center has 2 phases: the
“upwelling phase from late September to March and a
relaxation phase from April to early September” (Calil
et al., 2021:1).

Although upwelling regions are known to have high
productivity (Eisele et al., 2021; Ramirez-Martinez et al.,
2022), our data did not seem to be influenced by this as,
in general, the study area was characterized by low lar-
val fish abundance. The Brazilian central coast is char-
acterized by oligotrophic waters, with low primary and

fishery productivities and dominated by tropical waters
transported southward by the Brazil Current (Bonecker
et al., 2006a; Ciotti et al., 2007). This oligotrophic water
most likely influenced the low abundances of fish larvae
recorded in the study area. As expected, the highest lar-
val abundance values were observed in the continental
shelf, as these regions are usually more productive than
the oligotrophic oceanic waters (Santana et al., 2020).
Souza and Mafalda (2019) also found lower larval abun-
dances towards oceanic waters in northeast Brazil, and
Torres-Barajas et al. (2021) showed a similar pattern in
Mexico.

Larval abundances generally increase during the hot-
test periods of the year (summer and spring) and de-
crease in winter (Nonaka et al., 2000). Although there
was no significant difference between day and night
abundances in spring and autumn, the higher abun-
dances we observed in winter may reflect the influence
of sampling only at night. Sampling at night common-
ly yields more larvae than sampling during the day in
both coastal and oceanic regions (Olivar and Beckley,
2022; Ramirez-Martinez et al., 2022; Wang et al., 2022).
Greater abundances of larvae observed during the night
may be associated with larval vertical migration, with
larvae moving from greater daytime depths to shallower
depths at night (Bonecker et al., 2019¢). However, be-
cause we sampled the entire water column where most
larvae live both day and night, migration into or out of
the sampling domain should have contributed minimal-
ly to the differences observed among sampling periods.
Several authors in Brazil (e.g., Nonaka et al., 2000) and
elsewhere (e.g., Funes-Rodriguez et al., 2002; Avalos-
Garcia et al., 2003) also recorded the seasonal change in
the composition of larval assemblages.

Furthermore, larval fish assemblages during spring
and winter revealed patterns of taxa distributions. Larg-
er, older larvae, which have greater visual capacity and
swimming abilities, often avoid capture from plankton
nets during the day (Morse, 1989; Whitney et al., 2021).
The size- or stage-frequency data are unavailable, and
it was not possible to evaluate the influence of avoid-
ance by larger larvae. However, the lack of a statistical-
ly significant difference in day versus night abundances
in spring and autumn suggests that the effect of any net
avoidance by larger, older larvae is minor.

The number of species identified (130) between Rio
Real (12°S) and Sao Tomé Cape (12°S) is considered
high compared to other larval fish studies in the same
area (Nonaka et al., 2000; Stocco and Joyeux, 2015).
Most of the taxa identified have already been recorded
on the Brazilian coast, mainly as adults (Figueiredo et al.,
2002; Menezes et al., 2003; Costa et al., 2005). How-
ever, there also were several first records for Brazilian
waters: maurolicine Type Alpha, Tiluropsis, benttooth
bristlemouth (Cyclothone acclinidens), nofin loosejaw
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(Photostomias guernei), Bregmaceros n. sp., and deep-
water pipefish (Cosmocampus profundus) (Harold and
Johnson, 2003; Bonecker and Castro, 2006; Bonecker
et al., 2006b). The range of the pipehorse (Amphelikiu-
rus dendriticus) was also extended to the Vitoria coast
in the Espirito Santo State. High numbers of taxa are
characteristic of tropical marine environments (Nonaka
et al., 2000; Katsuragawa et al., 2014), as observed in
the Gulf of Mexico (Flores-Coto et al., 2000; Espinosa-
Fuentes and Flores-Coto, 2004), the west coast of Mex-
ico (Franco-Gordo et al., 2002), and Australia (Beckley
et al., 2019).

The overall larval fish fauna included more demer-
sal fish families than epipelagic or mesopelagic families,
but mesopelagics, mainly Myctophidae, had more larvae
than the others. It is common for some taxa to be domi-
nant in ichthyoplankton assemblages (Katsuragawa et
al., 1993). Notably, Myctophidae commonly dominate
assemblages in studies in oceanic regions of the world
(Echeverri-Garcia et al., 2022). Analysis of similarities
showed that the 3 sampling periods differed significant-
ly. This result likely reflects a seasonal effect rather than
a sampling effect because there were no significant dif-
ferences between day and night abundances and diversi-
ties in spring and autumn. However, we cannot exclude
the possibility that it is also partly a sampling artifact,
as tows were conducted only at night during the winter.
A potential contributor to an increased number of spe-
cies at night may be the migration of mesopelagic taxa
into or out of the upper water column. Loeb (1979:777)
noted that larvae of most mesopelagic fish occur “within
the upper several hundred meters of the water column”
but also noted that in the California Current region, “the
majority of species occurred within the mixed layer and
upper thermocline.” Therefore, as we sampled nearly the
entire water column both day and night where most of
these larvae live, migration into or out of the sampling
domain is not likely to have contributed significantly to
the observed differences among sampling periods. Con-
tinental shelf assemblages were formed mainly by coast-
al families, some reef-associated families, and some me-
sopelagic families that may have been associated with
the upwelling of SACW. Coastal families with epipelagic
and demersal habitats, such as Engraulidae, Clupeidae,
and Gobiidae, are also common in other coastal areas
(e.g., Marancik et al., 2005; Katsuragawa et al., 2014).
The dominance of demersal and mesopelagic families in
coastal and oceanic waters, respectively, was also record-
ed in the tropical eastern Indian Ocean (Beckley et al.,
2019).

The oceanic assemblages were dominated by epipelag-
ic and mesopelagic families, as expected, and by reef-as-
sociated families due to the presence of seamounts. Sim-
ilar results were obtained in the Vitéria-Trindade Sea-
mount Chain (Stocco and Joyeux, 2015). Assemblages

found in oceanic, seamount, and continental shelf en-
vironments had a greater contribution of mesopelagic,
oceanic, and reef-associated families, a pattern seen in
other studies. For example, Harris et al. (2020) found
a dominance of mesopelagic families (e.g., Myctophi-
dae and Gonostomatidae larvae) in an area of shallow
seamounts in the southwest Indian Ocean, and Funes-
Rodriguez et al. (2002) observed overlap among larvae
from the 3 habitats in the eastern Pacific off Baja Califor-
nia, Mexico. This species overlap from different habitats
can occur due to the fluidity of the pelagic environment,
which allows larval dispersal and transport by currents
(Crochelet et al., 2020).

Oceanic islands and seamounts are favorable envi-
ronments for pelagic and demersal species that normally
do not occur in oceanic regions (Boehlert and Mundy,
1993); moreover, “currents can ensure connectivity be-
tween them and with adjacent ecosystems” (Crochelet
et al., 2020:2). Simon et al. (2022:558) state that “sea-
mounts are important to the connectivity between the
continental shelf and oceanic islands, in both ecologi-
cal and evolutionary timescales.” Upwelling and vorti-
ces can occur in seamount vicinities, increasing the pri-
mary productivity and zooplankton abundance and act-
ing as hotspots for many benthic and pelagic organisms,
including fishes (Stocco and Joyeux, 2015; Lima et al.,
2020). However, little is known about the fish larvae in
these ecosystems and whether these communities are dis-
tinct or “an extension of typical oceanic assemblages”
(Harris et al., 2020:1). In our study in oceanic waters,
the presence of larvae from reef-associated families (e.g.,
Scaridae, Labridae, Apogonidae) and those that have a
more coastal distribution (e.g., Carangidae, Serranidae,
Scorpaenidae, Gobiidae), in addition to the mesopelagic
ones, suggests that seamounts support a wide range of
fish families with different habitats.

The study area was characterized by high diversity
values with significant seasonal variation. Although the
greater diversity during winter may be related to the ex-
clusively nighttime collections, this sampling effect like-
ly had a minor influence on the observed results, as pre-
viously discussed. Another study on the Brazilian coast
also observed an increase in diversity values in a seaward
direction (Katsuragawa et al., 2014). The high diversity
values we observed during the 3 study periods were most
likely influenced by the habitat variability in the study
area, with the presence of seamounts and coral reefs. The
diversity values in our study were similar to those in Mo-
rocco and Mauritania (Arkhipov et al., 2022) and in the
northern Aegean Sea (Kallianiotis et al., 2023). Diversity
values were higher than the values observed in the north-
ern Red Sea (Abu El-Regal, 2017), the Gulf of Alaska
(Doyle et al., 2009), and the Gulf of Mexico (Meinert et
al., 2020). However, comparisons are limited in the last
study as the authors focused on the family level.
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The results of the generalized linear model with the
environmental parameters showed that the greatest lar-
val abundances were associated with the shallower sta-
tions on the continental shelf. In contrast, greater salin-
ity values, which are characteristic of the oceanic and
seamount regions, were associated with the greatest di-
versities. Furthermore, equitability reflected the environ-
mental stability of the oceanic region as it was positively
associated with higher temperatures.

Conclusions

The larval fish assemblages varied seasonally and re-
flected the behavior and distributions of adults. Fish lar-
vae abundances differed among the 3 sampling periods,
and we observed the highest abundances in fish larvae in
winter. Abundances were highest on the continental shelf
where depths were shallow, with peaks in the oceanic re-
gion near Abrolhos Bank and on the Vitdria Seamount
in the Vitéria-Trindade Ridge. We observed 6 assem-
blages in the study area: continental shelf assemblage;
oceanic assemblage; continental shelf and seamounts as-
semblage; coastal shelf and oceanic assemblage; oceanic
and seamounts assemblage; and continental shelf, oce-
anic, and seamounts assemblage. The distributions of
Myctophidae and Scaridae larvae revealed the highest
abundances in the oceanic region near the Abrolhos and
Royal Charlotte Banks and on the Vitéria Seamount in
the Vitéria-Trindade Ridge. Furthermore, diversity was
higher in oceanic waters of high salinity and tempera-
ture. Our study provides information on larval fish as-
semblages in Brazil’s tropical waters, from coastal to
oceanic and seamount regions, and will contribute to
future studies that evaluate larval fish dispersion.
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