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Spatio-temporal variation of planktonic decapods along the leeward 
coast of the Fernando de Noronha archipelago, Brazil

Tropical island environments are considered 
hotspots due to their high diversity, endemism 
and ecological importance. However, reports 
that discuss the composition and ecology of 
planktonic decapods in these environments 
are still very few. In order to ascertain the 
composition, abundance and spatial-temporal 
distribution of planktonic decapods, zooplankton 
samples were taken by means of sub-surface hauls 
with a standard plankton net of 300 μm mesh 
size. Sampling was carried out at five stations 
in the nearshore leeward area of the Fernando 
de Noronha archipelago, in July and December 
2013 and June and November 2014. A total of 
22 decapod taxa were recorded, among which 
the most abundant were Brachyura (zoeae), 
Clibanarius sp., Caridea and Callianassidae. 
Characteristic annual distribution and temporal 
tendencies were observed for the larvae of the 
hermit crab Clibanarius sp. and for the larvae of 
burrowing shrimps (Callianassidae). Some taxa 
showed differences between sampling stations. 
In general, higher abundances were observed in 
the southern (downstream) stations of the island 
(Baía dos Golfinhos and Cacimba do Padre), and 
lower abundances in the northernmost (upstream) 
station (Porto de Santo Antônio), indicating the 
existence of larval retention in the nearshore 
coastal zone of this oceanic island ecosystem.
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Ambientes insulares tropicais são considerados 
verdadeiros hostspots devido a sua alta diversidade, 
endemismo e importância ecológica. Contudo, 
ainda são poucos os trabalhos que abordam a 
composição e ecologia de decápodes planctônicos 
nesses ambientes. Para determinar a composição, 
abundância e distribuição espaço-temporal dos 
decápodes planctônicos, as amostras de zooplâncton 
foram coletadas por meio de arrastos subsuperficiais 
em rede cônico-cilíndrica com 300 μm de 
abertura de malha. A amostragem foi realizada 
em cinco estações na área costeira a sotavento do 
Arquipélago de Fernando de Noronha, em julho e 
dezembro de 2013 e junho e novembro de 2014. 
Foram registrados 22 táxons de Decapoda, dos 
quais Brachyura (zoea); Clibanarius sp.; Caridea e 
Callianassidae foram os grupos mais abundantes. 
Foram observadas tendências de distribuição 
anual e temporal para as larvas de Clibanarius sp. 
e Callianassidae, respectivamente. Alguns táxons 
apresentaram diferenças entres as estações de 
amostragem. De forma geral, as maiores densidades 
larvais foram observadas nas estações ao sul da ilha 
(Baía dos Golfinhos e Cacimba do Padre) em relação 
aos menores valores registrados para a estação mais 
ao norte (Porto de Santo Antônio), indicando a 
existência de uma possível retenção larval à jusante, 
na zona costeira interna desse ecossistema insular 
oceânico.
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INTRODUCTION
Decapod crustaceans are usually known, as adults, 

for their economic importance (De Grave et al., 2009). 
However, many of these organisms present a planktonic 
larval phase, with specific adaptive mechanisms that per-
mit this way of life (Williamson, 1969; Anger, 2001). 
During their larval stage marine decapods are dispersed 
by the displacement of water masses (Scheltema, 1988; 
Strathmann et al., 2002; Koettker and Freire, 2006). The 
distribution of these organisms is largely influenced by 
environmental factors such as currents, temperature, sa-
linity, nutrients, light, food availability and duration of 
the larval cycle. These factors can influence composition, 
abundance and diversity of planktonic decapods (Anger, 
2001; Strathmann et al., 2002; Gibson, 2003; Landeira 
et al., 2010). Studies on the larval ecology of Decapoda 
are essential to the understanding of the marine ecosys-
tems in which they are inserted (Schwamborn et al., 1999; 
Anger, 2001; Brandão et al., 2012, 2013). Even so, little 
effort has been made to assess the distribution and com-
position of decapod larvae in oceanic island environments 
in Brazil (Koettker et al., 2010; Brandão et al., 2012, 
2013; Marafon-Almeida et al., 2016), specifically for the 
Fernando de Noronha archipelago (Lira et al., 2014, 2017, 
2018).

Insular environments in the Tropical Atlantic Ocean 
are considered true oases in the middle of an oligotro-
phic blue desert (Boltovskoy, 1981). The phenomenon 
that enriches the waters around such islands is known as 
“Island mass effect” (Doty and Oguri, 1956). This effect 
increases considerably the planktonic biomass in these 
environments (Doty and Oguri, 1956; Gove et al., 2016). 
Additional factors are current, eddies and winds, which 
may lead to retention, depending on their interaction with 
the local geological features (Brandão et al., 2012, 2013; 
Landeira et al., 2013). Previous studies have observed that 
in more sheltered (leeward) locations of oceanic islands 
there was a higher abundance of planktonic organisms 
than at more external (windward) sites of the islands (e.g. 
Le Borgne et al., 1985; Hernández-León, 1991). However, 
there is no information available on the microscale dis-
tribution and potential retention patterns of planktonic 
decapods on the leeward side of tropical oceanic islands. 
Detailed small-scale studies of zooplankton in the leeward 
regions of oceanic islands are of paramount importance 
for the detailed description of the distribution of plank-
tonic decapods on different time scales (e.g. inter-annual 
and seasonal).

This study aims to assess the distribution of planktonic 
decapods in the nearshore leeward region of the Fernando 
de Noronha archipelago over a period of two years. We 
tested the hypothesis that planktonic decapods display 
spatial (as between stations) and temporal (as between 
seasons and years) differences in abundance. Specifically, 
this study seeks to ascertain the possible existence of a lar-
val abundance gradient between the stations in the north-
ernmost (upstream) and southern (downstream) zones in 
the nearshore leeward area of the Fernando de Noronha 
archipelago, that may be related to possible retention 
phenomena.

MATERIAL AND METHODS
Study area

This study was conducted in the leeward coastal region 
of the Fernando de Noronha archipelago (FN), (03°51’S, 
32º25’W) (Figure 1), a small archipelago of volcanic ori-
gin located in the Tropical Atlantic Ocean. This archipel-
ago is inserted in a specific marine protected area and in a 
National Marine Park. FN is a summit that rises 4,200 m 
above the ocean bed as one of a chain of seamounts (De 
Almeida, 1955; Weaver, 1990). The currents that influence 
the archipelago belong to the Southern Equatorial Current 
(SEC) system, which travels East-West, approximately 
parallel to the equator (Stramma, 1991; Silveira et al., 
2000).

During the study season, temperature and salinity pre-
sented minimum values of 26.53ºC (dry season of 2014) 
and 35.7 (rainy season 2013) and maximum values of 
29.23ºC (rainy season of 2014) and 36.3 (dry season of 
both years), respectively. The nutrient level was consid-
ered normal for the oligotrophic regions of the Tropical 
Atlantic Ocean, with inter-annual seasonal variation (2014 
with higher nutrient concentrations), though with low 
levels of ammonia. A sudden increase of nutrients was 
recorded during the rainy seasons of the two years (see 
Assunção et al., 2016).

Sampling strategy
Four oceanographic expeditions were carried out 

on the Fernando de Noronha archipelago (FN) during 
the rainy (July 2013 and June 2014) and the dry season 
(December 2013 and November 2014) along the lee-
ward coast. The samples were collected in a small boat 
at five stations: Porto de Santo Antônio (PSA), Praia do 
Cachorro (PC), Praia da Conceição (CON), located in the 
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Figure 1. Fernando de Noronha archipelago (FN) (03°51’S, 32º25’W) and the sampling stations: Porto de Santo Antônio (PSA), Praia do Cachorro 
(PC), Praia da Conceição (CON), Cacimba do Padre (CP) and Baía dos Golfinhos (BG).

northern part of the island, and Cacimba do Padre (CP) 
and Baía dos Golfinhos (BG), located in the southern part 
of the island (Figure 1). Local depth at the stations ranged 
from 2 to 30 meters, with an average depth of 16.6 me-
ters. Diurnal samples were collected in 10 min subsurface 
horizontal hauls, with a standard plankton net (300 μm of 
mesh size and 60 cm mouth diameter), equipped with a 
calibrated flowmeter (General Oceanics®). Subsequently, 
the samples were fixed with 4% formaldehyde, buffered 
with sodium tetraborate (0.5 g * L-1), in accordance with 
Newell and Newell (1963).

Laboratorial analysis
In the laboratory, samples were analyzed in toto or 

in fractions of up to 1/4 using a Motoda splitter (Omori 
and Ikeda, 1984). The specimens were identified under a 
stereomicroscope (Zeiss Discovery V8) and a microscope 
(Zeiss AxioScope A1), until the lowest possible taxonom-
ic level, except for the infraorder Brachyura, using stan-
dard taxonomic literature and larval descriptions (mainly 
Pike and Williamson, 1958; Kurata, 1970; Dos Santos and 
Lindley, 2001; Fernandes et al., 2006).

Data analysis
These abundance data (ind. m-³) were used to calculate 

the relative abundance (RA) of each taxon, the Shannon di-
versity (H’) (Shannon, 1948) and evenness (Pielou, 1966). 
The results of the total abundance were log-transformed 
(x + 1) to improve the normality and homoscedasticity 

of the data, which were tested using Shapiro Wilk’s and 
Levene’s tests, respectively (Zar, 1999). After those tests, 
non-parametric methods, such as Kruskal-Wallis ANOVA 
and Mann-Whitney U-tests (Zar, 1999) were used to de-
termine significant differences in larval abundance (taxa 
with more than 10% of relative abundance) between dry 
and rainy seasons, sampling years (2013 and 2014), sta-
tions (PSA, PC, CON, CP, BG) and northern sector (PSA, 
PC and CP pooled together) vs. southern sector (CP and 
BG). These analyses were carried out using the R (v. 3.2.5) 
statistical environment (available at https://cran.r-project.
org/) within the RStudio (v. 0.99) user interface (available 
at http://www.rstudio.com/).

The similarity between samples was calculated us-
ing the Bray-Curtis index (Bray and Curtis, 1957). The 
Bray-Curtis similarity matrix of log (X+1)-transformed 
abundance data was used to create MDS (multi-dimen-
sional scaling) plots (Clarke and Warwick, 2001) to al-
low the visualization of the similarity between samples. 
To test for possible differences in community structure, 
PERMANOVA (Anderson, 2001) was carried out based on 
the abundance of decapods with relative abundance great-
er than 2%. For the PERMANOVA, the same parameters 
were tested as for the univariate analyses (seasons, years, 
stations and sectors). SIMPER (Clarke and Warwick, 
2001) was used to identify the taxa responsible for the 
separation between groups. All multivariate analyses 
were carried out using PRIMER with PERMANOVA 
(Anderson et al., 2008).
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All the larval stages analyzed (from penaeid, serges-
tid and caridean shrimps and brachyuran and anomuran 
crabs) were in the zoeal and decapodid stages, except the 
larvae of axiid, gebiid and stenopodid shrimps and lob-
ster larvae (infraorder Achelata) wich were recorded only 
as zoeal stages. In the present study, we did not record 
decapods in the stage of nauplii or protozoea. The larval 
stage of decapodid/megalopae (settlement stage) was con-
sidered in the present work due to its representativeness in 
plankton samples, serving as an indicator in the contribu-
tion of the larval supply to the bentic community in the 
study area.

RESULTS
In this study 1,179 decapod larvae, belonging to 22 

taxa, were identified. The Dendrobranchiata were repre-
sented by Penaeidae, Sergestidae and Luciferidae repre-
sented only by shrimp Belzebud faxoni (Borradaile, 1915), 
while the Pleocyemata were represented by 19 taxa: 
Stenopodidae, Pasiphaeidae, Palaemonidae, Alpheidae, 
Hippolytidae, Caridea (others), Axiidea, Axiidae, 
Callianassidae, Palinuridae, Scyllaridae, Anomura, 
Porcellanidae, Paguroidea, Clibanarius sp. Dana 1852, 
Gebiidea, Brachyura (zoeae), Brachyura (megalopae) and 
Decapoda (others). The Pasiphaeidae, Palaeomonidae, 
Hippolytidae, Caridea (others), Alpheidae, Clibanarius 
sp., Brachyura (zoeae) and Brachyura (megalopae) were 
present throughout the sampling seasons in both years 
(Table 1).

The total abundance of planktonic decapods during 
the study period showed a mean of 0.72±0.87 ind.m-3. The 
most abundant groups were the zoeae-stage larvae of the 
hermit crab Clibanarius sp. (0.20±0.50 ind.m-3, 27.19%, 
all data) and zoeae of brachyuran crabs (0.15±0.28 ind.m-3, 
21.32%, all data).

During the rainy season of 2013, the total abundance 
of decapod larvae presented 1.21±1.51 ind.m-3 with a 
maximum of 1.20 ind.m-3. Zoeae of Brachyura and zo-
eae of Alpheidae were the most abundant, with a mean 
abundance of 0.46±0.50 ind.m-3 (38.06%) and 0.22±0.40 
ind.m-3 (18.11%), respectively (Table 1). During the dry 
season of 2013, the mean abundance of Decapoda was 
0.85±0.79 ind.m-3 with a maximum of 2.09 ind.m-3. Zoea-
stage larvae of the hermit crab Clibanarius sp. was the 
taxon with the highest average abundance (0.53±0.88 
ind.m-3, 62.48%) among all the decapods. Alpheidae was 

the second most abundant group for the dry season of 
2013 (0.11±0.17 ind.m-3, 12.58%) (Table 1).

In the year 2014, during the rainy season, the to-
tal abundance of decapods was 0.54±0.35 ind.m-3, with 
a maximum of 3.11 ind.m-3, Callianassidae (0.14±0.11 
ind.m-3, 24.84%) and Caridea (others) (0.08±0.13 ind.m-3, 
13.93%) being the most abundant taxa (Table 1). For the 
dry season of the same year, the total mean abundance 
of Decapoda was 0.15±0.16 ind.m-3, with a maximum of 
0.14 ind.m-3, Brachyura (zoeae) and Caridea (others) were 
the most abundant, with abundance values of 0.05±0.08 
ind.m-3 (36.89%) and 0.04±0.04 ind.m-3 (24.94%), respec-
tively (Table 1).

A clear tendency was observed for lower values of 
abundance at the northern stations (PSA, PC, CON), when 
compared to southern stations (CP, BG) (Figure 3). The 
station CP presented the highest abundance values among 
the sampling periods (Figure 2 and Figure 3).

The total numbers of decapods showed different ten-
dencies of abundance, depending on the year and season 
of sampling (Figure 2). The southernmost stations pre-
sented high values of abundances of organisms during the 
rainy season of 2013 (at station CP) (Figure 2a), and in the 
dry season of the same year (BG and PC stations) (Figure 
2b). During the year 2014 the northernmost stations pre-
sented high values of abundances in the rainy season (at 
station PC) (Figure 2c), and in the dry season (at station 
PSA) (Figure 2d).

The Shannon diversity index showed a mean value 
of 2.33±0.80 bits.ind-1 ranging from 0.15 bits.ind-1 at the 
southernmost station of the island (BG) during the dry 
season of 2013 to 3.01 bits.ind-1 at the northernmost sta-
tion of the island (PSA), during the dry season of the same 
year. Evenness showed mean values of 0.78±0.20 bits.ind-

1 ranging from 0.096 bits.ind-1 at the southernmost station 
(BG) during the dry season of 2013 to 0.93 bits.ind-1 at 
the northernmost station (CON) during the dry season of 
2014. The different factors (season, year and station) did 
not display significant differences.

Regarding the temporal analysis, Clibanarius sp. pre-
sented higher abundances in 2013 than in 2014 (p=0.012; 
Mann-Whitney; Figure 4a). The spatial analysis showed 
that in relation to the sectors (northern and southern) 
Clibanarius sp. presented higher abundances in the 
Southern sector (p=0.026; Mann-Whitney, Figure 4b). 
When comparing the two seasons, Callianassidae showed 
the highest relative abundance during the rainy season 
(p=0.002; Mann-Whitney; Figure 4c).
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Figure 2. Spatio-temporal distribution of the total abundance of decapod larvae (ind.m-3) sampled on the leeward coast of the Fernando de Noronha 
archipelago during the rainy and dry seasons of 2013 and 2014. The area of the circles is proportional to the abundance of decapod larvae at each 
station. Sampling stations: Porto de Santo Antônio (PSA), Praia do Cachorro (PC), Praia da Conceição (CON), Cacimba do Padre (CP) and Baía 
dos Golfinhos (BG). a) Rainy season, July 2013. b) Dry season, December 2013. c) Rainy season, June 2014. d) Dry season, November 2014.

Figure 3. Box-Plot (mean and quartile) of the transformed log (x+1) of the most abundant decapods (ind.m-3) from the plankton community in the 
nearshore leeward coast of the Fernando de Noronha archipelago in 2013 and 2014. Sampling stations: Baía dos Golfinhos (BG), Cacimba do Padre 
(CP), Praia da Conceição (CON), Praia do Cachorro (PC) and Porto de Santo Antônio (PSA).
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Figure 4. Box-Plot (mean and quartiles) representing the log (x + 1) of total abundance of decapod larvae (ind.m-3) of the plankton community in 
the nearshore leeward area of the Fernando de Noronha archipelago: a) interannual variation of zoeae of Clibanarius sp. b) variation between sectors 
of zoeae of Clibanarius sp., and c) seasonal variation of zoeae of Callianassidae.

The multidimensional scaling (MDS) plots created for 
the communities of decapods showed a clear distinction be-
tween stations (Figure 5c) and between years (Figure 5d). 
These differences in community structure between years 
and between stations were confirmed by PERMANOVA, 
that revealed differences in planktonic decapods between 
2013 and 2014 (p=0.04) and also between sampling sta-
tions (p=0.03) (Table 2). The sampling stations BG-Baía 
dos Golfinhos (p=0.03), CP-Cacimba do Padre (p=0.03) 
and CON-Praia da Conceição (p=0.02) presented differ-
ences when compared to PSA-Porto de Santo Antônio 
(Table 3). The SIMPER test showed a mean dissimilarity 

of 77.2 between years, and between stations BG vs. PSA 
(79.36), CP vs. PSA (75.5), PSA vs. CON (66.5). The main 
groups responsible for the dissimilarity among the fac-
tors were Clibanarius sp., Brachyuran zoeae, Alpheidae, 
Callianassidae and Caridea (Table 4).

The Simper test showed an average similarity of 70.11 
in the northern sector and 45.71 in the southern sector. The 
percentage of species composition showed a mean similar-
ity of 19.86 during the rainy seasons and 31.23 during the 
dry seasons. The main groups responsible for the similari-
ty among the factors were Brachyura (zoeae), Clibanarius 
sp., Callianassidae, Alpheidae and Pasiphaeidae (Table 5). 
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Figure 5. MDS ordination analysis (multidimensional scaling), to show the similarity between the factors based on the abundance of 22 planktonic 
decapod taxa; a. sector (northern and southern); b. season (rainy and dry); c. sampling stations: Baía dos Golfinhos (BG), Cacimba do Padre (CP), 
Praia do Cachorro (PC), Porto de Santo Antônio (PSA), Praia da Conceição (CON); d. year (2013 and 2014).

Factor df MS Pseudo-F p

Year 1 788.82 2.2595 0.04

Season 1 674.07 1.8894 0.09

Sector 1 649.43 1.812 0.10

Station 4 558.07 1.7654 0.03

Table 2. PERMANOVA results of the planktonic decapod 
community structure in relation to the factors “year” (2013, 
2014), “season” (rainy and dry), sector (northern and 
southern) and “station” (PSA, PC, CON, CP, BG) on the 
Fernando de Noronha archipelago.

Groups t p

BG, PSA 1.5609 0.03

CP, PSA 1.6857 0.03

PSA, CON 1.5923 0.02

Table 3. Pairwise PERMANOVA of the planktonic decapod 
community structure between stations Porto de Santo 
Antônio (PSA), Praia da Conceição (CON), Cacimba do 
Padre (CP) and Baía dos Golfinhos (BG) on the Fernando 
de Noronha archipelago.

The similarity between the sectors and seasons was high-
lighted by the multidimensional scaling (MDS) (Figure 5a, 
5b).

DISCUSSION
This study revealed tendencies of distribution (tem-

poral-spatial) and composition of planktonic decapods 
during the rainy and dry seasons of 2013 and 2014 in the 
nearshore leeward area of the Fernando de Noronha ar-
chipelago. A higher abundance of planktonic decapods 
was found at the southernmost stations of the island, 
however there were no great variations among stations 
in relation to taxonomic composition. Studies on abun-
dance of planktonic decapods were performed in the 
oceanic waters off Fernando de Noronha by Lira et al. 
(2014). However, these studies were conducted far away 
from the coast, and none of these previous studies inves-
tigated the distribution of decapods along the nearshore 
leeward area of the archipelago.
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Taxa Mean 
dissimilarity

Contribution 
(%)

Cumulative 
value (%)

Years 2013 - 2014 77.23

Clibanarius sp. 25.98 25.98

Brachyura (zoea) 20.48 46.46

Alpheidae 11.8 58.26

Callianassidae 11.34 69.6

Caridea 8.14 77.74

Stations BG - PSA 79.36

Clibanarius sp. 33.89 33.89

Brachyura (zoeae) 20.85 54.74

Callianassidae 9.46 64.2

Caridea 8.47 72.67

Stations CP - PSA 75.53

Alpheidae 21.04 21.04

Brachyura (zoeae) 19.78 40.83

Callianassidae 16.65 57.48

Clibanarius sp. 14.4 71.88

Stations PSA - CON 66.5

Brachyura (zoeae) 36.25 36.25

Clibanarius sp. 11.95 48.2

Caridea 10.67 58.86

Pasiphaeidae 9.46 68.32

Alpheidae 7.77 76.09

Table 4. Decapoda larvae contribution (< 80%) to the mean dissimilarity by year (2013 and 2014) and sampling station 
(PSA, PC, CON, CP, BG) in the leeward coast of the Fernando de Noronha archipelago, as determined by SIMPER analysis.

Taxon-specific distribution patterns
The larvae of benthic species represent the larger part 

of the planktonic decapods recorded in this study (such as 
the larvae of Brachyura, Clibanarius sp., Callianassidae 
and Alpheidae). This fact shows the great contribution of 
meroplankton in the region, an expected feature, since the 
coastal region of islands provide ecological niches suitable 
for larval settlement and adult development (evidenced 
by the presence of decapodids in plankton samples), as 
has been seen for other island environments, such as that 
of the island of Gran Canaria, in the North Atlantic Ocean 
(Landeira et al., 2013).

Larvae zoea of the hermit crab Clibanarius sp. presented 
the highest mean abundances among planktonic decapods. 
Their main abundance peak was during December 2013 
(dry season). The high abundance of early-stage larvae of 
this genus may be the result of a recent spawning event, 
which greatly increased the abundance of decapods at the 
southern stations during the dry season of 2013. Adults 
of this genus recorded at FN are Clibanarius antillensis 

Stimpson, 1859 (Alves et al., 2008) and Clibanarius tricol-
or (Gibbes, 1850) (Coelho, 1967/1969; Coelho and Ramos, 
1972; Coelho and Ramos-Porto, 1986; Fausto-Filho, 1974; 
Alves et al., 2008). C. antillensis has continuous reproduc-
tion, concentrated between November and March (austral 
summer) in the subtropical region of Brazil (São Sebastião/
SP) (Turra and Leite, 1999) and in the dry and hot months of 
October to December in tropical Brazil (Areia Branca/RN) 
(Bezerra, personal communication*1), in agreement with the 
high larval abundances found in this study in December.

Adults of both of species (C. antillensis and C. tricolor) 
occur in seaweed beds, on rocks or reefs, inside rocks, un-
der rocks on sandy-muddy bottoms, in intertidal pools and 
sublittoral zones (Alves et al., 2008) and the area sampled 
in this study covered many of these habitats. The impor-
tance of the spawning of Clibanarius sp. was evidenced 
by the large contribution of this taxon in the dissimilarity 
between the years 2013 and 2014; it was also one of the 
three main groups responsible for the dissimilarity between 
the southernmost and northernmost stations (BG, CP and 
CON), together with brachyuran zoeae and Alpheidae.

*1Personal communication of Luis Ernesto Arruda Bezerra, on May 24, 2017, received by electronic mail.
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Taxa Mean 
similarity

Contribution 
(%)

Cumulative 
value (%)

Northern 70.11

Brachyura 
(zoeae) 16.69 16.69

Alpheidae 15.3 31.99

Pasiphaeidae 13.8 45.79

Palaemonidae 12.3 58.09

Southern 45.71

Clibanarius sp. 26.05 26.05

Brachyura 
(zoeae) 21.46 47.51

Brachyura 
(megalopae) 13.65 61.16

Callianassidae 13.6 74.75

Rainy 19.86

Brachyura 
(zoeae) 28.56 28.56

Clibanarius sp. 18.13 46.69

Caridea 
(others) 16.99 63.68

Alpheidae 10.79 74.48

Dry 31.23

Brachyura 
(zoeae) 34.32 34.32

Callianassidae 23.84 58.17

Alpheidae 9.09 67.25

Pasiphaeidae 7.24 74.49

Table 5. Contribution of decapod larvae to the mean 
similarity (<80%) in the sectors (northern and southern) 
and during the seasons (rainy and dry) of 2013 and 2014, 
in the nearshore leeward area of Fernando de Noronha 
archipelago, as determined by SIMPER analysis.

Brachyuran crab larvae in early stages (zoeae) were 
present in most samples, being dominant at some sta-
tions. At the St. Peter and St. Paul’s archipelago (Tropical 
Atlantic), brachyuran zoeae were also the most abundant 
group among the Decapoda (Díaz et al., 2009; Brandão et 
al., 2013), and their relative abundance revealed that they 
were even more abundant than copepods during the rainy 
season, central bay of St. Peter and St. Paul’s (Díaz et al., 
2009).

The present study also highlights the role of the larvae 
of burrowing shrimps of the family Callianassidae, their 
major contributions occurring during the rainy season 
of 2014. The only adult specie recorded on Fernando de 
Noronha island is Neocallichirus grandimana (Gibbes, 
1850) (Alves et al., 2008). However, nothing is known 

about the reproduction of this specie, and little is known 
about the reproductive biology of tropical burrowing 
shrimps in general (Hernáez et al., 2012). Some reports that 
have addressed the reproductive season of Calianassidea 
of the same subfamily (Callichirinae) as the genus found 
on FN, point to the existence of reproductive peaks during 
the rainy months (Felder, 2002; Hernáez et al., 2012), sug-
gesting a possible relationship with the decrease in salinity 
(Hernáez et al., 2012).

Ecological indexes, abundance and taxo-
nomic composition

In the dry season of 2013, the low diversity recorded 
in southern stations of the island (BG), occurred due to 
the huge abundance of Clibanarius sp., while northern 
stations (PSA) showed greater diversity due to increased 
richness of planktonic decapod species during the same 
period. The diversity observed in the current study was 
very similar to that reported by Landeira et al. (2013) in 
waters close to the Canary Islands. Despite the differences 
found between the northern and southern sectors, the val-
ues of equitability showed that the community structure 
does not suffer from large fluctuations, being considered 
homogeneous during the study period.

In general, the abundance of planktonic decapods re-
corded off Fernando de Noronha presented much smaller 
values compared to the inlet coastal regions of St. Peter 
and St. Paul’s archipelago (e.g. Díaz et al., 2009; Koettker 
et al., 2010 and Brandão et al., 2013), the open area of this 
archipelago (Brandão et al., 2013) and alongshore of the 
Canary Islands (Landeira et al., 2013). The abundance re-
corded in the present study was like those recorded for the 
open area around St. Peter and St. Paul’s (Koettker et al., 
2010), being higher than the values recorded by Landeira 
et al. (2009, 2010) in waters around the Canary Islands 
and Torres et al. (2013) in the Balearic Sea.

Despite the species Lucifer typus H. Milne Edwards, 
1837 being recorded at insular environments in the 
Atlantic Ocean, like Canary Islands (Landeira et al., 2009, 
2010) and St. Peter and St. Paul’s (Díaz et al., 2009), this 
common luciferid shrimp was not recorded herein. The 
family Luciferidae was represented only by Belzebud 
faxoni, as this species occurs in waters closer to coastal 
regions, whereas L. typus occurs in open oceanic areas. 
Pandalidae is a family recorded by several authors in the 
Atlantic Ocean (e. g. Paula, 1987; Torres et al., 2013) in-
cluding insular environments (Landeira et al., 2009, 2010, 
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*2Personal communication of Simone Maria de Albuquerque Lira, on December 7, 2016.

2013; Koettker et al., 2010; Brandão et al., 2013), how-
ever this family was not recorded in the present study.

Stenopodidae was recorded in both years and seasons 
(except dry season of  2014), being common in our surveys. 
However, none Stenopodidea were recorded in previous 
reports from other Tropical Atlantic islands (Koettker et 
al., 2010, Brandão et al., 2013). Larvae of anomuran crabs 
were common in the leeward coast of FN during all the 
period of sampling, but they were absent around St. Peter 
and St. Paul (Koettker et al., 2010; Brandão et al., 2013).

Overall, the taxonomic composition recorded in the 
present study was similar to that recorded by Landeira et 
al. (2010, 2013) off Canary Islands, including the pres-
ence of the rare planktonic larvae of the caridean shrimp 
Amphionides reynaudii (H. Milne Edwards, 1833), record-
ed from the Tropical Atlantic by Lira et al. (2017), in the 
Fernando de Noronha archipelago.

Relevance of geographical features and 
possible retention phenomena

The tendencies in spatial distribution showed an in-
creasing gradient from the northernmost stations towards 
the southern stations, with the southern sector (CP and BG) 
presenting the highest abundances of decapod larvae. The 
greater abundance of decapods recorded to the south of the 
oceanic islands, due to these being more disturbed areas 
(“Island mass effect”) was also observed by Landeira et al. 
(2010), when he studied two transects (north and south) 
off the Canary Islands.

This general pattern can be related to local hydrody-
namics, as the predominant surface currents of the leeward 
part of the island usually flow from Porto de Santo Antônio 
to Baía dos Golfinhos (from northeast to southwest), and 
the current could thus carry the larvae from the north of 
the island and accumulate them in the south (Lira et al., 
2014; Lira, personal communication*2), highlighting the 
larval Island effect. However, there are still no published 
detailed data on the dynamics of currents in the nearshore 
leeward area of the Fernando de Noronha archipelago.

Large neritic larval abundances at coastal stations 
around oceanic islands are common and may suggest a 
larval retention (Brandão et al., 2012, 2013; Landeira 
et al., 2013) which ensures the maintenance of larvae 
near their areas of origin (Mcconaugha, 1992; Landeira 
et al., 2009).

Ecosystem processes affecting the plank-
tonic decapods

During our study, the Porto de Santo Antônio station, 
sheltered from currents, presented the highest concentra-
tion of ammonium (NH4

+), nitrate (NO3
-) and nitrite (NO2

-) 
in 2014, particularly in the rainy season (Assunção et al., 
2016). These results could be due to the sheltered nature 
of the port (hydrodynamics), or to the input of sewage 
from terrestrial sources (tourism), or from harbor activity 
(sewage from boats). Further, this peak in nutrients, albeit 
at very low concentrations, could be due to a decrease in 
phytoplankton (Dugdale, 1967). The decrease in the phy-
toplankton community affects the zooplankton commu-
nity (secondary consumers) directly, causing their decline 
(Costlow and Bookhout, 1959; Anger and Dawirs, 1981; 
Emmerson, 1984; Anger, 2001).

Despite the higher nutrient values found at the Porto de 
Santo Antônio station, the amounts registered were within 
the expected values for oligotrophic regions (Assunção et 
al., 2016). It is likely that the region experiences nutrient 
pulses over time, as the archipelago has a large number of 
nesting areas for sea birds, which produce a large amount 
of guano fertilizer (Bosman and Hockey, 1986; Polis et 
al., 1997). This guano can be transported by rain-water or 
washed into the sea by waves and high swell (Polis et al., 
1997), thus explaining the sudden increase in the nutrient 
concentration in the rainy season (Assunção et al., 2016). 
Other general factors that may be highlighted to explain 
the increase of nutrients are the sediment resuspension 
with the intense swell and an increment of the stools and 
vomiting of spinner dolphin populations that inhabit the 
Baía dos Golfinhos (Sazima et al., 2003). We observed a 
general trend of higher abundances of decapods during the 
rainy season in both years, coinciding with the highest lev-
els of salinity and lower temperatures in the surface layer 
(Assunção et al., 2016). This pattern has also been regis-
tered for the St. Peter and St. Paul archipelago (Brandão 
et al., 2013).

CONCLUSION
This study is one of the few that addresses the distribu-

tion, variation and composition of decapods in coastal ar-
eas of the oceanic islands of the equatorial Atlantic Ocean, 
considering seasons and years. Finally, the north-south 
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abundance increasing trend indicates a possible larval re-
tention, which is probably related to the current dynamics 
in the coastal region of the archipelago. However, further 
studies are necessary to better elucidate the patterns of 
alongshore transport and retention in this unique oceanic 
hotspot.
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