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Abstract:

The western tropical Atlantic is strongly influenced by the Amazon, receiving the full discharge from the largest

river basin of the world. In order to ascertain the coastal-oceanic gradient in abundance and composition of

planktonic decapod communities along the Amazon River Plume (ARP) and its retroflection, 33 plankton

samples were obtained along three sampling transects: Coastal and oceanic area influenced by the ARP ( Coastal

IARP and Ocean IARP, respectively), and oceanic waters without ARP influence (Ocean). A total of 13,117

specimens, belonging to 33 taxa, were analyzed. The distribution of planktonic decapod communities was

strongly influenced by the Amazon discharge, showing the following patterns: (1) The coastal-oceanic gradients

in decapod abundance are similar to other shelf areas of eastern South America, with higher abundance in the

area under ARP influence, (2) meroplanktonic decapods dominate in coastal and some oceanic areas due to the

offshore transport of coastal organisms along the ARP retroflection, and (3) the ARP is clearly responsible for the

observed differences in community structure between the three transects. Furthermore, this study highlights the

importance of coastal and shelf environments as main sources of planktonic decapods for pelagic ecosystems in

the tropical Atlantic during the period of strong North Brazil Current retroflection.

Keywords:  Decapod crustacean larvae Amazon River-Ocean Continuum

1. Introduction

The discharges of large tropical rivers have a huge influence on
adjacent coastal waters, mainly due to the transfer of sediments from
the continent, changes in nutrient dynamics and the input of organic
matter. All these mechanisms together can change the physical-che-
mical properties of coastal marine environments and consequently af-
fect their biological communities (Nixon et al., 1986; Meade, 1996;
Dagg et al., 2004; Wu et al., 2017).

The Amazon river basin, the world's largest hydrographic basin,
enriches not only the coastal area, but also the adjacent oceanic region
of the retroflection of the North Brazilian Current (NBC) through
complex hydrological processes that transport the Amazon buoyant
plume offshore (Araujo et al., 2017; Varona et al., 2019). The NBC
retroflection is associated with changes in trade wind patterns (south-
easterly trades), migration of the Intertropical = Convergence Zone
(ITCZ) and geostrophic gyres, jointly with the period of major discharge
at the Amazon river mouth and more intense flow of the strong NBC

North Brazilian Current retroflection

Western tropical Atlantic Mesoscale distribution

(Csanady, 1985; Lentz, 1995a; Lentz, 1995b). As the wind stress in-
creases, it creates an eastward water counter flow that feeds the North
Equatorial Countercurrent (NECC) along the tropical Atlantic
(Busalacchi and Picaut, 1983; Philander and Pacanowski, 1986). This
complex current dynamics also generates a series of anticyclonic eddies
ranging from 400 to 500 km diameter, which are displaced north-
westwards and are responsible for part of the water mass transport
between the South and North Atlantic Ocean (Johns et al., 1990; Hu
et al., 2004). Upwelling events associated with anticyclonic eddies
(Muller-Karger et al., 1988; Woods, 1988), can increase the nutrient
supply in the ARP, favoring the occurrence of phytoplankton blooms
and consequently an increase in the productivity of zooplankton com-
munities (Muller-Karger et al,, 1995; Carpenter et al., 1999;
Subramaniam et al., 2008; Goes et al., 2014; Conroy et al., 2016, 2017).
One of the key features of zooplankton in tropical coastal waters
under estuarine influence is the high abundance of decapod larvae
(Schwamborn et al.,, 1999; Brandao et al., 2015). This group of or-
ganisms is an important component of zooplankton communities in



many tropical marine environments, such as coastal areas lined by
extensive mangrove forests, such as on the north Brazilian shelf. In
these environments, the exportation of meroplanktonic decapod larvae
from mangroves to the open shelf is significant, since these habitats act
as nurseries for several brachyuran and anomuran crabs species, pe-
naeidean and caridean shrimps, and axiidean and gebiidean mud
shrimps (Schwamborn et al., 1999; Kathiresan and Bingham, 2001).
However, previous studies on the north Brazilian shelf influenced by

the ARP and NBC retroflection indicated a low abundance of decapod
larvae and a dominance of holoplanktonic decapods, mainly re-
presented by holoplanktonic shrimps of the families Luciferidae and
Sergestidae (Melo et al., 2014; Conroy et al., 2016; Neumann-Leitao
et al.,, 2018). A dominance of holoplanktonic decapod shrimps is
usually reported from oceanic areas without any estuarine influence
(Judkins, 2014). Thus, the abundance ratio of meroplanktonic/holo-
planktonic decapods may be useful as an indicator of estuarine influ-
ence.

Hydrological processes on micro- and mesoscale, such as eddies and
fronts, are described by many studies as important for the enhanced
abundance, dispersion and retention of decapod larvae (McConaugha,
1992; Epifanio and Garvine, 2001; Queiroga and Blanton, 2005;
Landeira et al., 2017; Brandao et al., 2020). These hydrological pro-
cesses act directly on the abundance and distribution of planktonic
communities and are potential factors that can cause disturbances on
the coastal-oceanic gradient of plankton distributions. Usually, there is
a gradient with higher abundance in coastal mesotrophic waters, as
opposed to oligotrophic oceanic areas (Boltovskoy et al., 1999; Lopes
et al., 2006).

Accordingly, a previous study on holoplanktonic luciferid shrimps
(Melo et al., 2014) showed that their abundance decreased substantially
along a gradient from the coast towards offshore waters, on the North
Brazilian Shelf. Other studies of decapods in the study area were con-
ducted by Cavalcante et al. (2012), de Oliveira et al. (2012), Carvalho
et al. (2013) and Nobrega et al. (2014). Nevertheless, most of these
studies were carried out on the continental shelf close to the Amazon
River mouth, and there are few published studies in oceanic areas near
the shelf break and slope (Melo et al., 2014) or following the ARP (Calef
and Grice, 1967; Conroy et al., 2016, 2017). Therefore, a possible in-
fluence of small estuaries and spatial fluctuations on abundance of
planktonic decapods in the Amazonian shelf influenced by ARP remain
undescribed. Furthermore, there is no published information available
on a possible large-scale transport of ARP decapods across the NBC
retroflection into the oceanic waters of the Tropical Atlantic.

The present study provides, for the first time, a detailed description
of the composition and spatial variability of planktonic decapods at
coastal and oceanic areas influenced by the ARP and the NBC retro-
flection. The main objective was to test the hypothesis that the ARP has
a significant influence on the abundance and community structure of
planktonic decapods in these areas.

2. Material and methods

2.1. Study area

This study was conducted in the North (Para and Amapa states) and
Northeastern (Ceara state) coastal and oceanic regions of Brazil. The
Northern Brazilian continental shelf and adjacent oceanic waters are
under the influence of the large Amazon and Tocantins river basins,
corresponding to the discharge of the Amazon and Para rivers in to the
western tropical Atlantic.

The Amazon river basin is the largest of the world, with an input of
206,000 m®s™", equivalent to 17% of all freshwater discharge into the
world's oceans (Callede et al., 2010). The dominant climates are
equatorial rainforest, fully humid (Af) and equatorial monsoon (Am)
(Kdppen-Geiger classification system) with rainfall during all months of

the year and the absence of a well-defined dry season (Kottek et al.,
2006; Peel et al., 2007).

Due to the difference in density between freshwater and marine
waters, a large-scale surface plume is formed when the Amazon reaches
the ocean. This huge plume carries a large amount of sediments, nu-
trients and organic matter that are transported by complex currents,
thousands of kilometers offshore, exceeding distances of 3000 km into
the open ocean (Hu et al., 2004). These plume waters are characterized,
in the oceanic province, by salinities lower than 35. Tides are an im-
portant factor acting in the mixing between plume and oceanic waters
(Muller-Karger et al., 1988; Varona et al., 2019). The Amazon river
discharge shows a characteristic seasonal pattern in consequence of
changes in rainfall across the basin, with a maximum in discharge be-
tween late May to early June and a minimum in mid-November, at the
river mouth (Lentz, 1995b).

The NBC flows along the shelf in northwestward direction and in-
tercepts the Amazon and Para waters, transporting the ARP along the
north Brazilian continental shelf. However, due to the NBC retroflection
(July to November) and consequent NECC intensification, the ARP is
dragged out from the shelf into the oligotrophic tropical Atlantic.
There, the ARP waters boost planktonic production due to the trans-
ported nutrients (Carpenter et al., 1999; Del Vecchio and Subramaniam,
2004; Subramaniam et al., 2008; Chong et al., 2014) (Figs. 1 and 2a).

2.2. Sampling strategy

Zooplankton sampling was carried out in the context of the
“Camadas Finas I’ cruise, from Belém to Fortaleza, from October 13th
to November 1st, 2012, on board NHo. Cruzeiro do Sul (H-38, Brazilian
Navy). Sampling stations were previously defined based on a satellite
image showing the chlorophyll-a distribution along the Amazon River
Plume. The cruise track followed the NBC along the northern border of
the North Brazilian shelf, then leading offshore towards northeast until
reaching 8°N latitude. From this latitude, the cruise followed the NECC
along 8°N until reaching the PIRATA buoy station at 8°N38°W (Bourles
et al., 2019). From there, the cruise followed straight southwards
(Fig. 1), towards the city of Fortaleza (Ceara State, Brazil).

Samples were collected along three transects: Coastal transect in-
fluenced by the Amazon River Plume (Coastal IARP), with 9 stations;
Oceanic transect influenced by the Amazon River Plume (Ocean 1ARP)
with 14 stations; and Oceanic transect without an influence of the
Amazon River Plume (Ocean), with a total of 11 stations. Samples were
taken at different times of the day (n = 18) and night (n = 16), fol-
lowing a continuous trajectory (Coastal IARP: 6 daytime and 3 night-
time stations; Ocean IARP: 6 daytime and 8 nighttime stations; Ocean
transect: 6 daytime and 5 nighttime stations). Local depth ranged from
9.2 to 65 m on the shelf and 1830 to 4816 m in the oceanic area.

At each station, oblique tows were carried out from the surface to
200 m (or 90% of local depth at shallow stations), using Bongo nets
with 60 cm diameter and 300 ym mesh size, equipped with a Hydro-
Bios (Kiel, Germany) flowmeter. The duration of the tows varied from 6
to 9 min at coastal stations and from 20 to 30 min at oceanic stations. At
the most shallow station, a subsurface horizontal tow was conducted
with a standard plankton net of the same mesh size, during 6 min,
because of the extremely shallow depth in Marajé Bay. All samples were
fixed with 4% formaldehyde buffered with sodium tetraborate
(05gL™).

2.3. Environmental data

During fieldwork, in situ temperature and salinity profiles were
obtained at each station with a CTD (Seabird 25). Discrete values were
used at two different water layers: surface and depth of the chlorophyll
a maximum (DCM). Results of extensive hydrodynamic simulations
using the Regional Ocean Modeling System model (ROMS)
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Fig. 1. Map of the study area and cruise route showing the sampling stations located along three transects: Coastal area influenced by the Amazon River Plume
(yellow line); Oceanic area influenced by the Amazon River Plume (red line); and Oceanic area without influence of the Amazon River Plume (blue line). Green
arrows indicate the current flow direction: North Brazil Current (NBC); NBC retroflection and North Equatorial Countercurrent (NECC). (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

(Shchepetkin and McWilliams, 2005) were used to analyze plankton
abundance in relation to the behavior of abiotic factors, taken from
Varona et al. (2019). Monthly and seasonal climatological patterns of
currents, temperature and salinity were simulated. The region was
spatially discretized with a spatial resolution of 0.25° and 32 vertical
levels from a bathymetry of 2 min resolution and concentrating the 20
higher levels in the first 500 m. Surface forcings were taken from a
weekly climatology of the Comprehensive Ocean Atmosphere Dataset
2005 (COADS), initial conditions and lateral boundaries were obtained
from the World Ocean Atlas 2009 (WOA).

2.4. Laboratory work

Most samples were analyzed in toto. Some coastal samples with very
large decapod abundances were analyzed in fractions containing ~300
decapods using a Motoda Splitter (Omori and lkeda, 1984). Planktonic
decapods were identified to the lowest taxonomic level possible (except
for the infraorder Brachyura), using standard literature and larval de-
scriptions, such as Kurata (1970); Calazans (1993); Dos Santos et al.
(2004); Fernandes et al. (2006) and Martin et al. (2014).

2.5. Data analyses

Decapod abundance was expressed in individuals per 100 m 2
(ind. 100 m 3 ) of filtered water. The abundance data of all taxa were
used to calculate the relative abundance (RA) and frequency of occur-
rence (FO) of each taxon. Abundance data were used to calculate the
meroplankton/holoplankton ratio.

All data were classified according to transect (Coastal IARP vs
Ocean IARP vs Ocean) and period of the day (day vs night). Total
abundances were logyo (x + 1)-transformed to improve the normality
and homoscedasticity of the data. Normality was tested by means of a
Kolmogorov-Smirnov test and homoscedasticity was tested with
Levene's test (Zar, 1999).

ANOVA one-way or Kruskal-Wallis ANOVA were used with post-hoc
comparisons (Tukey or Mann-Whitney tests, respectively), to test pos-
sible differences between factors (spatial and day/night) in total
abundance, for main taxa (with > 2% of relative abundance) and for
meroplankton/holoplankton ratios. A similarity matrix (between sam-
ples) was created using the Bray-Curtis index (Bray and Curtis, 1957),
based on square-root transformed abundances. This similarity matrix
was used for non-metric multidimensional scaling (hMDS) ordination
plots (Clarke and Warwick, 2001), and for a multivariate PERMANOVA,
to test differences in community structure between factors (Anderson,
2001). SIMPER (Clarke and Warwick, 2001) was carried out to identify
the taxa responsible for differences between groups. To verify the ex-
istence of characteristic species (i.e., bioindicators) for each sampling
transect and the ARP influence area, the Indicator Value (IndVal)
analysis (Dufréne and Legendre, 1997) was conducted, based on spe-
cificity and fidelity of each taxon in relation to the spatial factor.

All analyses mentioned above were performed using the R (v. 3.2.5)
statistical environment (available at https://cran.r-project.org/)
through the RStudio (v. 0.99) user interface (available at http://www.
rstudio.com/). Redundancy Analysis (RDA) was used to evaluate how
spatial and environmental factors may influence the planktonic dec-
apod community structure, using the CANOCO software (Legendre and
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Fig. 2. Weekly variability of environmental conditions during October in the Western Tropical Atlantic. (a) variability of surface current dynamics; (b) variability of
sea surface temperature (SST) °C; (c) variability of sea surface salinity (SSS); (d) variability of chlorophyll a concentration (mg®m obtained from MODIS
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interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Gallagher, 2001). Abundance data of the main taxa were Hellinger-  anticyclonic meandering ring in the NBC retroflection region, that de-
transformed previous to RDA. flects the Amazon River Plume towards the open ocean (Fig. 2a). The
retroflection water flow presented higher values in the second week
during the early October (Fig. 2a). Anticyclonic eddies originated from
the retroflection were dislocated northwestwards towards the Car-
ibbean Sea. The Amazon mouth area was mainly under the influence of
high-speed coastal waters from Brazilian Current and oceanic currents
flowing westward contributing to the maintenance of Amazon waters

3. Results

3.1. Environmental conditions

Surface currents during boreal mid-autumn showed a well-defined



Table 1

Variation (mean * standard deviation) of environmental parameters (temperature and salinity) in the superficial layer (surface) and deep chlorophyll maximum

layer (DCM), during the sampling period.

Temperature (°C) Salinity (psu)
Costal IARP Ocean |IARP Ocean Costal IARP Ocean IARP Ocean
Surface 28 * 289 + 0.8 275 £ 0.7 334 £ 6.1 347 + 14 358 + 0.6
DCM 271 £ 1.3 255 + 2.7 258 + 1 36.4 £ 0.3 36.2 + 0.2 36.3 + 0.1

close along the coast until the retroflection latitude. In oceanic areas,
the surface water flow is more intense in NECC meandering transport
and cyclonic and anticyclonic eddies of smaller size are present along
all NECC pathway stream (Fig. 2a).

The western tropical Atlantic showed great variability in surface
temperature and salinity within this short time period, due to the
complex distribution of ARP influence and current dynamics. Sea
Surface temperature (SST) varied from a minimum of 26.5 °C at station
E33 to maximum of 29.7 °C at station E22 (Table 1). In the deep
chlorophyll maximum layer (DCM) the mean temperature varied from a
minimum of 17.5 °C at station E20 to maximum of 28.2° at station E02.
Since the DCM deepens at most oceanic stations, its temperature de-
creases towards the oceanic transects influenced and without influence
of the ARP (Table 1). A warm pool of SST was observed, concentrated in
the region of the NBC retroflection and inside of retroflection-origi-
nated eddies (Fig. 2b).

Sea Surface Salinity (SSS) varied from estuarine plume conditions
with a minimum of 18.1 at the mouth of the Para River (station EO1) to
typically oceanic salinities, generally found at most oceanic stations
(maximum of 37 at station E02). At the DCM, salinity varied from a
minimum of 35.8 at station E17 to maximum of 37 at station E02.
Generally, the variation of salinity was greater in the Costal IARP and
Ocean IARP area due to the strong ARP influence (Table 1; Fig. 2c).

The distribution of surface chlorophyll-a (Chl-a) concentrations
from MODIS (Moderate-Resolution Imaging Spectroradiometer) data,
observed in October 2012, showed that highest values were recorded in
the coastal region, mainly in the NBC retroflection ring area, close to
stations EQ7, E08, E09 and E11. Chl-a values tend to decrease along the
NECC stream, being considerably lower in the oceanic transect without
influence, than in those directly influenced by the ARP (Fig. 2d).

3.2. Taxonomic composition and abundance

In this study 13,117 specimens of planktonic decapods were analyzed,

belonging to 33 taxa (Supplementary Table 1). Seventeen taxa were present

(station E18) to 66,527 ind. 100 i (station E10) (Fig. 3). There, the most
abundant taxa were: Luciferidae: 1141 = 4194 ind. 100 A7 (23%);
Brachyura (zoeae): 1107 + 4113 ind. 100 A¥ (22%); Callianassidae:
533 + 1972 ind. 100 m ~® (10.9%); Luciferidae (protozoeae): 406
+ 1492 ind. 100 m™ (8.3%), and Palaemonidae: 364 =
1324 ind. 100 m™3 (7.5%).

At the Ocean transect, total abundance of decapods presented a
mean of 74.3 + 22.8ind. 100m 3, range from 14.4ind. 100 m 3
(station E28) to 100.7 ind. 100 m 3 (station E31) (Fig. 3). There, the
most abundant taxa were: Sergestidae (protozoeae): 7.2 *
8.2ind. 100 m 3 (17.8%); Callianassidae: 6.8 + 8.1ind. 100m 3
(16.8% RA); Penaeoidea (protozoeae): 3.2 + 4.2 ind. 100 m™ (8.0%);
Luciferidae: 3.1 = 1.5ind. 100m 3 (7.6%), and Luciferidae (proto-
zoeae): 2.7 + 6.5ind. 100 m 3 (6.7%).

One striking feature of the distribution of decapods was the abun-
dance peak recorded at station E10 of the Ocean IARP transect, located
at the shelf break of the northern Brazilian shelf. Decapod abundance
was twice as large as observed at station EO9 and 28 times higher than
at station E31, the stations with the greatest abundance at the Coastal
IARP and Ocean transects, respectively (Fig. 3).

Overall, luciferid shrimps were the most abundant decapods (adults
and larvae: 1528 + 4619 ind. 100 m 3, all stations), contributing with
34.4% of decapod abundance. Considering life history stages sepa-
rately, the most abundant groups were brachyuran zoeae, with an
average abundance of 1067 + 2956ind. 100m ™ (24%), luciferid
adults with 876 + 2895ind. 100 m ~ (19%) and luciferid protozoeae
with 651 + 2091 ind. 100 m ~° (14%), Callianassidae 387 +
1415 ind. 100 m™ (8.7%) and Palaemonidae with 380 *
1187 ind. 100 m ™ (8.6%). All values of abundance, relative abundance
and frequency of occurrence of decapods specimens per transect are
summarized in Supplementary Table 1.

3.3. Variability in abundance

Total abundance of planktonic decapods showed significant differ-

in all transects, three taxa were only found at coastal stations (Penaeoidea ences between transects (p < 0.001, one-way ANOVA, Fig. 4). Higher
nauplii; Upogebiidae and Porcellanidae zoeae) and 11 taxa only at oceanic abundances of planktonic decapods were found in the coastal area

stations (Aristeidae; Sergestidae protozoeae; Caridea morphotype I;

under ARP influence (Coastal IARP) when compared to oceanic stations

Spongicolidae; Stenopodidae; Amphionides reynaudii larvae; Oplophoroideainfluenced (Ocean IARP) and not influenced (Ocean) by the ARP (Tukey

Lysmatidae; Axiidae; Enoplometopidae and Galatheidae). The coastal and

oceanic area influenced by the ARP showed four exclusive taxa

tests, p = 0.001). Nevertheless, station E10 in the Ocean IARP showed
the highest abundance among all samples (Fig. 3, *red circle). No dif-

(Solenoceridae protozoeae; Acetes protozoeae; Anomura and Paguridaeferences in total abundance were observed between oceanic areas in-
Only one taxon (Bresiliidae) was exclusive for the oceanic area without ARP fluenced and not influenced by the ARP. No differences in total abun-
influence. Total abundance of planktonic decapods in the present studydance of decapods were observed in relation to the periods of day,

showed a mean of 4445 + 12444 ind. 100 m°, varying between
765 ind. 100 m™3 | at station E28, to 66,527 ind. 100 m > at station E10.

whether pooling all data together or testing each transect separately
(p > 0.05 ANOVA one-way, Fig. 4). No significant interactions be-

At the Coastal IARP transect, total abundance of decapods presented aween spatial and day/night factors were observed.

mean of 9137 + 8691 ind. 100 m 2, ranging from of 765 ind. 100 m™3
(station E04) to a maximum of 28,986 ind. 100 m 3 (station E09). The
most abundant taxa at the CoastallARP were Brachyura (zoeae):
2307 + 2292 ind. 100 m™> (25.3%), Luciferidae (protozoeae): 1825
£ 3490 ind. 100 m 3 (19.9%); Luciferidae: 1534 = 2084 ind. 100 m 3
(16.8%); Palaemonidae: 869 + 1579 ind. 100 m™ (9.5%); and
Callianassidae: 625 + 1279 ind. 100 m> (6.8%).

Several taxa (with total RA > 2%) showed significant differences in
abundance between transects: Acetes sp. (protozoeae) (p = 0.02),
Luciferidae (p = 0.0001), Palaemonidae (p = 0.006) and Brachyura
(zoeae) (p = 0.0001) showed higher abundances at the Coastal transect
when compared to both offshore areas. Luciferidae (protozoeae)
(p = 0.01) and Caridea (others) (p = 0.02) presented higher abun-
dances at Oceanic stations influenced by ARP when compared to the

At the Ocean IARP transect, total abundance of decapods presented a Ocean transect without ARP influence. Diogenidae showed differences

mean of 4889 + 17,741 ind. 100 m 3, ranging from 16.8 ind. 100 m™3

in abundance between all the transects (p = 0.002), presenting higher
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abundance at Coastal stations and lower values at Ocean stations,
particularly at the Ocean transect without ARP influence (Fig. 5, Sup-
plementary data Table 1). No significant differences in abundance be-
tween day and night were found for any of the analyzed taxa
(RA > 2%).

In both transects influenced by the ARP, the meroplankton / holo-
plankton ratio presented values > 1 (1.11 and 1.07 for the Coastal
IARP and Ocean IARP respectively), indicating a major contribution of
meroplanktonic decapods (e.g., larvae of brachyuran and anomuran
crabs). Conversely, the oceanic area without ARP influence showed
ratios lower than 1 (mean: 0.81 for the Ocean transect), indicating
major contributions of holopelagic decapods (e.g., sergestid and pe-
naeid shrimps) (Fig. 6). The meroplankton/holoplankton ratio did not
display significant differences in relation to the spatial and day/night
factors.

3.4. Community structure

The nMDS ordination revealed considerable differences in commu-
nity structure between transects (Fig. 7). Samples taken at the coastal
region influenced by the ARP showed a clear distinction from those
collected at the oceanic transects, mainly in the oceanic region without
ARP influence. The three first stations of the Ocean transect are clearly
grouped with the Ocean IARP transect, indicating an influence of the
ARP on these sampling stations. These differences in community

structure of planktonic decapods in relation to the spatial factor
(transects) were confirmed by PERMANOVA. All pairwise PERMAN-
OVA tests revealed differences between all sampling transects (Tables 2,
3). None of the tests performed regarding community structure in-
dicated any differences between day and night (Table 2).

The SIMPER test showed average similarities of 37.1, 33.8 and 44.3
for transects Coastal IARP, Ocean IARP and Ocean, respectively. The
main taxa responsible for the similarity were brachyuran zoeae
(31.5%), Luciferidae (20.2%) and Palaemonidae (9.9%) for the Coastal
IARP; Sergestidae (protozoeae) (22.7%), Penaeoidea (protozoeae)
(16.6%), Luciferidae (15.3%) for the Ocean IARP; and Sergestidae
(protozoeae) (20.0%), Luciferidae (15.7%) and Callianassidae (11.5%)
for the Ocean transect. Dissimilarities between sampling transects were
very high (above 60%). The main taxa responsible for the dissimilarity
between areas are summarized in Table 4. The IndVal analysis showed
that some groups were indicative of a specific transect: Anomura (In-
dVal = 0.812, p = 0.005), Pasiphaeidae (IndVal = 0.796, p = 0.005),
Solenoceridae (protozoeae) (IndVal = 0.654, p = 0.045) and Upoge-
biidae (IndVal = 0.577, p = 0.020) were indicator taxa for the coastal
transect influenced by the ARP. Spongicolidae (IndvVal = 0.505,
p = 0.05) was the only taxon detected as indicator of the Ocean
transect without ARP influence. Despite the Ocean IARP transect not
showing any singular indicator taxa, the group consisting of transects
under the ARP influence together (Coastal IARP and Ocean IARP) in-
cluded Luciferidae (protozoeae) (Indval = 0.908, p < 0.01),
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Brachyura (zoeae) (IndVal = 0.885, p < 0.01) and Diogenidae (In-
dVal = 0.725, p < 0.05) as indicator species. The indicator taxa for

the group of ocean transects (Ocean IARP and Ocean, pooled together)
were Sergestidae (protozoeae) (Indval = 1.000, p < 0.005) and
Oplophoroidea zoeae (IndVal = 0.693, p < 0.020).

Redundancy Analysis (RDA) showed that 15% of the variance of the
main taxa was explained by the spatial factor (transects) (RDA,
p < 0.05) (Fig. 8). The Coastal IARP transect explained 10% of the
variance (p < 0,05). Axis 1 was represented by ARP influenced areas,

B Penaeoidea (protozoeae) MLuciferidae (protozoeae) M Palaeomonidae

B Sergestidae B Luciferidae

B Acetes sp. (protozoeae) Caridae (others)

M Callianassidae

hence describing the relation between decapod assemblages with hy-
posaline and mesohaline waters with the high primary production of
ARP, while Axis 2 was more related to the distance from the coast.

Two main groups were detected: one group mostly related to the
transects influenced by ARP, composed mostly by coastal mer-
oplanktonic  decapods (Luciferidae  protozoeae; Diogenidae;
Palaemonidae; brachyuran zoeae and other Carideans) and another
group mostly related to the ocean area under ARP influence, composed
mostly by oceanic holopelagic decapods (Penaeidae protozoeae;

B Brachyura (zoeae)

Decapoda demaged

HDiogenidae

...77,732 ind.100m"*

65,061 ind.100m"

231 ind.100m*

Coastal IARP

Ocean IARP Ocean

Fig. 5. Relative abundance of main decapod taxa (total RA > 2%) at three sampling transects: Coastal area influenced by Amazon River Plume (Coastal IARP);
Oceanic area influenced by Amazon River Plume (Ocean IARP); Oceanic area without the Amazon River Plume influence (Ocean). The total abundance of main taxa

is indicated by dashed lines.
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Fig. 6. Boxplot (median and quartiles) representing the ratio of meroplankton:
holoplankton abundance of planktonic decapods (log X + 1) at the sampling
transects. The gray area (ratio 21) indicates samples with higher contribution

of meroplankton. Coastal IARP: Coastal transect influenced by the Amazon
River Plume; Ocean IARP: Ocean transect influenced by the Amazon River
Plume; Ocean: Ocean transect without plume influence.

Sergestidae and Callianassidae). Acetes sp. protozoea larvae were more
related to the Coastal IARP transect, while Luciferidae (post-larvae and
adults) were more related to the Ocean IARP transect. Although cal-
lianassid zoeae showed greater abundances at the Coastal IARP and
Ocean IARP transects, they were more related to the Ocean transect,

due to the dominance in abundance, when compared to the other taxa

in the area without ARP influence (Fig. 8).

4. Discussion

This study brought new insights into the community structure of
planktonic decapods and their spatial variation in coastal and oceanic
waters influenced by the Amazon River Plume (ARP). A huge abun-
dance of planktonic decapods was recorded in coastal and oceanic re-
gions influenced by the ARP when compared to the oceanic region
without the direct influence of the ARP. These results corroborate

Transform: Square root
Resemblance: S17 Bray Curtis similarity (+d)

Table 2

PERMANOVA results of the planktonic decapod community structure in rela-
tion to the spatial factor (sampling transects) and periods of day (day/night)
along the Amazon River Plume.

Factor df MS Pseudo-F p

Spatial 2 13,048 6.9347 0.001

Day/night 1 1825.4 0.97014 0.468
Table 3

Pairwise PERMANOVA of planktonic decapod community structure between
sampling transects along the Amazon River Plume. Coastal IARP: Coastal
transect influenced by the Amazon River Plume; Ocean IARP: Ocean transect
influenced by Amazon River Plume; and Ocean: Ocean Transect without the
plume influence.

Groups t p

Coastal IARP, Ocean IARP 2.7001 0.001
Coastal IARP, Ocean 3.64 0.001
Ocean IARP, Ocean 1.5541 0.013

previous studies in the region that inferred this enormous plume as a
true fertilizer for the oligotrophic waters of the western tropical north
Atlantic, thus increasing planktonic productivity in this environment.
Previous studies on planktonic decapods of the Amazon river mouth did
not consider the oceanic waters of the NBC retroflection. Thus, this is
the first study to investigate the distribution of planktonic decapods
throughout the retroflection and oceanic region influenced by the ARP.

4.1. Planktonic decapods as indicators of river plume influence

Generally, the influence of river plumes is studied by the analysis of
physicochemical parameters (Chong et al., 2014; Gouveia et al., 2019).
However, the extent of this influence on the pelagic ecosystems can be
underestimated based only on such parameters. This can be observed by the
much wider spatial reach of the ARP effect on the biological community,
than its physicochemical signature. In the present study, many oceanic
stations with fully marine salinities (> 35) displayed large amounts of ty-
pical coastal planktonic decapods (e.g., adults of Belzebub faxoni and larvae
of Brachyura, Upogebiidae, Anomura, and Thallassinidea), showing that

2D Stress: 0.08

Transects

Coastal IARP
V¥ Ocean IARP
u Ocean

Fig. 7. Non-metric multidimensional scaling (nMDS) plot, based on the similarity between samples, based on the abundance of 33 planktonic decapod taxa.

Samples were taken at the coastal transect influenced by the Amazon River Plume (Coastal IARP); ocean transect influenced by the Amazon River Plume

(Ocean IARP) and ocean transect without Amazon River Plume influence (Ocean).



Table 4

Contributions (< 70%) of planktonic decapod taxa to the mean dissimilarity
between the sampling transects: Coast area influenced by the ARP (Coastal
IARP), Ocean area influenced by the ARP (Ocean IARP) and Ocean area without
influence of ARP (Ocean).

Cumulative value
(%)

Mean
dissimilarity

Group/taxa Contribution (%)

Coastal IARP and Oceafi4.17

IARP

Brachyura (zoeae) 17.13 17.13
Luciferidae 11.85 28.98
Luciferidae (protozoeae) 9.69 38.67
Palaemonidae 8.68 47.35
Callianassidae 6.07 53.43
Caridea (others) 5.27 58.7

Penaeoidea (protozoeae) 4.50 63.20
Acetes sp. (protozoeae) 3.35 66.55
Sergestidae 3.13 69.68

Coastal IARP and Oceafi0.72
Brachyura (zoeae) 18.32 18.32
Luciferidae 12.91 31.22
Luciferidae (protozoeae) 10.12 41.34
Palaemonidae 9 50.34
Callianassidae 5.74 56.08
Caridea (others) 5.57 61.65
Penaeoidea (protozoeae) 4.39 66.04
Acetes sp. (protozoeae) 3.10 69.14
Ocean IARP and Ocean 64.97

Luciferidae 7.83 7.83
Callianassidae 6.54 14.37
Luciferidae (protozoeae) 6.48 20.85
Sergestidae (protozoeae) 5.99 26.84
Brachyura (zoeae) 5.94 32.78
Penaeoidea (protozoeae) 5.58 38.35
Palaemonidae 5.14 43.5

Penaeidae 3.95 47.45
Brachyura (megalopae) 3.85 51.3

Sergestidae 3.62 54.92
Alpheidae 3.31 58.23
Caridea morphotype . 3.22 61.45
Solenoceridae (mysis) 2.99 64.44
Decapoda damaged 2.98 67.42

planktonic decapods may be relevant indicators of river plume influence,
additionally to physicochemical parameters.

In the hyposaline and mesohaline zones of the NBC retroflexion,
phytoplankton productivity and mesozooplankton grazing are high, and
consequently also plankton abundance, biomass and productivity
(Conroy et al., 2016, 2017; Gouveia et al., 2019). However, the Ocean
IARP area shows great variability in current dynamics and hydro-
graphical parameters (such as salinity and temperature) in a short time
period, mainly along the NECC flow (Araujo et al., 2017; Varona et al.,
2019). This complex hydrodynamics can act on the transport of the
decapods away from areas of low salinity lenses and high primary
production.

The lack of a quick response between food availability (mainly
phytoplankton) and mesozooplankton is not new and the plankton re-
sponse can be expressed in a variable time scale with a delay of days to
weeks (Yebra and Hernandez-Ledn, 2004; Decima et al., 2015). Once
the mesozooplankton shows a variable vertical migration behavior, this
group may be advected to regions which do not overlap with high
primary productivity areas, as already observed by Landry et al. (2011)
and Decima et al. (2011) in Equatorial Pacific upwelling zones. This
rationale may explain the high abundance found in stations erroneously
considered not influenced by ARP, based only on salinity. This ap-
proach can open new insights and help to find new ways to investigate
the patterns of productivity and plankton biomass in waters influenced
by the ARP and other large-scale river plumes.
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Fig. 8. Redundancy Analysis (RDA) plot, showing the distribution of the taxa
with relative abundance > 2%. Samples were taken at three sampling transects:
area influenced (Coastal IARP; Ocean IARP) and without the influence (Ocean)
of the Amazon River Plume in October-November 2012.

4.2. Taxonomic composition and spatial variability in abundance

Decapod abundance at coastal and oceanic areas influenced by the
ARP were considerably different from other coastal and oceanic regions
of the Atlantic, that present plankton enrichment processes (such as
continental runoff, upwelling events, island mass effect and the pre-
sence of eddies). Coastal abundance was lower than those recorded at
the shelf areas in northeastern Brazil (Schwamborn et al., 1999), and
greater than recorded in the Abrolhos Bank, eastern Brazilian shelf
(Koettker and Lopes, 2013), at the south Brazilian shelf (Brandao et al.,
2015) and in the Balearic Sea, during autumn (Torres et al., 2014).
Oceanic abundances were greater than those recorded for oceanic re-
gions in northeastern Brazil (Schwamborn et al., 1999) and southern
Brazil (Brandao et al., 2015). When compared to oceanic islands, the
abundance was greater than those observed in a coastal area off the
Fernando de Noronha archipelago, open waters off Saint Peter and
Saint Paul Rock's (SPSP) and off the Canary Islands, being lower than
the decapod abundance recorded in the inshore inlet area of SPSP
(Brandao et al., 2013; Landeira et al., 2013; Santana et al., 2018).

The planktonic decapod community was dominated by mer-
oplanktonic larvae, especially in transects directly influenced by the
ARP. The Amazonian coastal region concentrates the largest and most
biomass-rich mangrove forests of the world (Herz, 1991; Giri et al.,
2011), as well as the largest muddy coast (stretching from the Amazon
River mouth to Orinoco River mouth in Venezuela), due to the sedi-
ments transported by the Amazon River dispersal system (Kjerfve et al.,
2002). In addition to other complex habitats linked to the continental
shelf, such as the extensive reef area recently recorded by Cordeiro
et al. (2015) and Moura et al. (2016). These environments are potential
habitats for different decapod taxa that produce meroplanktonic larvae,
such as brachyuran and anomuran crabs, mud and reef shrimps. Man-
grove areas may provide food and shelter for both adults and larvae
(Robertson and Duke, 1987; Sasekumar et al., 1992; Loneragan et al.,
1997; Giraldes et al., 2015; de Carvalho et al., 2016). These huge adult
decapod stocks explain the dominance of meroplanktonic larvae in the
coastal region influenced by the ARP.



Despite the greater dominance of meroplanktonic larvae, luciferid
shrimps (larvae and adults) had the highest contribution in abundance,
in the coastal and oceanic region influenced by the ARP. Low salinity
coastal waters are preferred for the reproduction of many of these or-
ganisms, in particular for the luciferid Belzebub faxoni (Borradaile,
1915) (Harper, 1968; Lee et al., 1992; Teodoro et al., 2012), as well as
other sergestid shrimps, such as Acetes sp. (Robertson and Duke, 1987;
D'Incao and Martins, 2000). Thus, the low salinity and high pro-
ductivity observed at the coastal and oceanic regions influenced by the
ARP, associated with their holoplanktonic life history, may be an ex-
planation for the huge abundance of these planktonic shrimps.

In the present study, the strong discharge of the huge Amazon and
Para rivers played an important role in the export of planktonic larvae
from the coast towards the continental shelf. Migrations of decapod
larvae from more coastal regions to the shelf may reduce the mortality
by planktivorous predators (mainly planktivorous fish and gelatinous
plankton), but expose larvae to a greater risk of transport to adjacent
oceanic waters (Schwamborn et al., 1999; Landeira et al., 2009), which
result in a lack of adequate habitat for development and settlement.
Once on the shelf, transport in northwesterly directions is carried out by
the strong North Brazil Current, following the ARP. Along the NBC
transport, a large number of larvae exported from coastal habitats
northernmost of the Amazon River mouth, such as minor estuaries, are
incorporated into the ARP and during the months of retroflection these
larvae are transported to the oceanic region beyond the shelf break
through the NBC retroflection (present study) (Fig. 2a).

Trends of an ontogenetic gradient can be observed for some groups
of planktonic decapods in the study area. Coastal regions have con-
centrated higher abundances of early life history stages of holopelagic
shrimps (sergestids, penaeids and carideans) that reproduce in coastal
regions of lower salinity. These regions offer a greater supply of food
and shelter for their larvae (Robertson and Duke, 1987; Lee et al., 1992;
Krumme et al., 2004; Krumme, 2009).

A similar pattern was observed in the present study for the larvae of
brachyuran crabs, the most abundant meroplanktonic decapods.
Abundance of brachyuran zoeae decreased significantly from the coast
towards oceanic areas, thus being more associated with the coastal
regions. Crab larvae presented higher values within river plume areas
than in adjacent habitats (Schwamborn et al., 1999, 2001; Brandao
et al., 2015). Brachyuran zoeae were also recorded as the most abun-
dant taxa within the planktonic community of ARP in the recent study
of Araujo et al. (2017). However, the values of abundance and relative
abundance of their advanced larval stages (i.e., brachyuran mega-
lopae), did not vary greatly between the coastal and oceanic transect
with ARP influence. Thus, the advanced stages may be more related to
environments further from the coast, corroborating the hypothesis that
typically coastal planktonic decapods are dragged by the NBC towards
more distant oceanic regions. This explains the dominance of mer-
oplanktonic organisms in transects influenced by the ARP.

4.3. Comparing abundance between day and night

When compared to other studies on planktonic decapods, one
striking difference in our results was the absence of any differences in
abundance between day and night. Conversely, many studies showed
that marine zooplankton, including decapods, conduct diel vertical
migration (DVM) (Andersen and Sardou, 1992; Koettker et al., 2010;
Lezama-Ochoa et al., 2014; lvory et al., 2019). This is mostly thought to
be a mechanism to avoid visual predators (Cohen and Forward Jr.,
2009). This leads to higher abundances during the night in most stu-
dies, especially for nocturnal samplings near the surface in deep,
oceanic waters (Brandao et al., 2013; Koettker et al., 2010; lvory et al.,
2019). However, non-migrating taxa and even inverted diel vertical
migrations (i.e., aggregation at the surface during the day) have also
been reported (Forward Jr., 1988; Queiroga and Blanton, 2005; Criales-
Hernandez et al., 2008; Landeira et al., 2017). Several factors may have

contributed to the absence of any significant differences between day
and night in our data, including our sampling strategy that was not
primarily aimed at that purpose.

In the shallow coastal waters and on the shelf, the water column was
sampled almost entirely in an integrated way, so that DVM would not
be detectable our data. At the deep oceanic stations, we sampled the
upper 200 m. Thus, if the decapods analyzed in this study are vertically
migrating, this happens mostly within this upper layer. Supporting this
idea, previous studies in other geographic areas also showed zoo-
plankton migration within the upper 200 m (Criales-Hernandez et al.,
2008; Bianchi et al., 2013). In the Ocean |ARP transect the taxa that
prevail in abundance are of mostly larvae coastal origin and probably
remain in the surface layers that present favorable conditions for de-
velopment and dispersal due to influences of the ARP, since physical-
chemical barriers can limit the depth of the DVM (Ayon et al., 2008;
Criales-Hernandez et al., 2008; Bianchi et al., 2013; Lezama-Ochoa
et al., 2014).

4.4. Mesoscale processes influencing decapod distribution and assemblage
structure

The peaks of planktonic decapod abundance at some stations at the
NBC retroflection and ARP (e.g., stations E09 and E10), provide good
evidence of mesoscale processes enriching the plankton in this area.
The presence of strong surface currents with an almost anticyclonic
pattern and a warm pool in the region of the NBC retroflection
(Fratantoni and Glickson, 2002; Newinger and Toumi, 2015; Varona
et al., 2019) may be related to these abundance peaks (Fig. 2a, b and
Fig. 9), once coastal and oceanic transported decapods were crowding
over the shelf break and slope stations (Fig. 9). Anticyclonic eddies are
oceanographic phenomena known to cause disturbances that can in-
crease productivity at their outer limits (McWilliam and Phillips, 1983).
Higher abundances of planktonic decapods were recorded in waters
surrounding warm-core eddies off southeastern Australia (McWilliam
and Phillips, 1983) and in the Balearic Sea (Torres et al., 2014), the
outer boundaries of the NBC ring apparently show the same pattern. In
addition, low chlorophyll-a concentrations found in eddie cores
(Fig. 2a, b, d and Fig. 3) that originated from the NBC retroflection can
be considered indicative of low abundances found at stations (stations
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Fig. 9. Monthly variability of surface current dynamics at the Western Tropical
Atlantic during October, evidencing the presence of eddies along the NBC ret-
roflection and NECC. Proportional spatial distribution of total decapods abun-
dance in the sampling stations indicated by circles. *: stations with maxima of
planktonic decapod abundance (stations E09 and E10).



E11 and E12) located inside the warm pool (Fratantoni and Glickson, Thus, these distribution gradients, due to the influence of the ARP,

2002). may be responsible for the difference in community structure between
Extremely high values of phytoplankton and zooplankton biomass the three transects. Therefore, it is possible to identify three assem-

were recorded for stations E09 and E10 by Araujo et al. (2017). High blages of planktonic decapods: 1) Coastal ARP-influenced environments

phytoplankton productivity rates were also recorded for the area of with a dominance of benthic, shallow water and holopelagic coastal

these stations during the retroflection period in 2014 by Otsuka et al. taxa; 2) offshore ARP-influenced environments with a mixture of costal

(2018), which related the high productivity of the retroflection region and oceanic organisms, with a predominance of meroplankton; and 3)

to the transition zone of the ARP, regions of abrupt variation of water oceanic areas without ARP influence mostly dominated by holopelagic

transparency and high concentrations of nutrients, conditions that favor organisms.

phytoplankton blooms. Huge numbers of diatoms and diazotrophic The higher contribution of holoplanktonic decapods in oceanic

bacteria (such as Trichodesmium sp.) were recorded for the retroflection areas is a commonly observed pattern in other areas of the Atlantic

region, which may lead to greater abundance of planktonic organisms Ocean, as well as in coastal regions with high oceanic influence such as

(Araujo et al., 2017; Otsuka et al., 2018). oceanic islands in the tropical Atlantic (Brandao et al., 2013), sub-
In relation to the composition and structure of the community found tropical Atlantic (Landeira and Lozano-Soldevilla, 2018) and western

in these environments, stations influenced by the ARP were dominated Mediterranean (Torres et al., 2014), in addition to the southernmost

by large abundances of Luciferidae at different stages of development, Brazilian shelf (Brandao et al., 2015).

and brachyuran zoeae. These organisms are grazers and their abun-
dances have already been related to diatom and Trichodesmium sp.
blooms, including in the study area (Lee et al., 1992; Schwamborn

5. Summary and conclusions

etal., 2002; Araujo et al., 2017; Conroy et al., 2017). Mesozooplakton The present study provides information on the abundance distribution,
grazing is high in the retroflection region and decreases with increasing taxonomic composition and the relationship with oceanographic features of
salinity (Conroy et al., 2017). Therefore, the greater abundance of  pjanktonic decapod communities in the western tropical Atlantic influenced
planktonic decapods in the retroflection area is also due to this greater by the Amazon River Plume. The coastal-oceanic gradient in abundance
availability of phytoplankton and micro/mesozooplankton as main food shows a similar trend as in other tropical coastal regions, but with con-
resources. siderably higher abundances. The planktonic decapod communities in the
This cross-shelf gradient, with assemblages of planktonic decapods study area were mainly composed of larvae of benthic organisms in the

associated to b.enthic qrganisms hear th? most coastal a.nd nerlitic aréas,  coastal and oceanic areas with ARP influence. Conversely, Luciferidae was
and holopelagic species associated with more oceanic regions, is @  the most abundant taxon in areas influenced by the ARP and the con-

common pattern and has been described in several tropical and sub- tribution of holopelagic decapods was prominent in the oceanic transects,
tropical areas of the Atlantic Ocean (Gonzalez-Gordillo and Rodriguez, especially in oceanic waters without ARP influence. High abundances of
2003; Schwamborn et al., 1999; Lopes et al., 2006; Yoshinaga et al., brachyuran larvae and luciferid shrimps recorded in the present study are
2010; Brandéo et al., 2015). In most of the eastern continental shelf of an indicative of the important contribution of planktonic decapods in the
South America, there is a trend of dominance in abundance of bra-  rophic transfer of energy to the macrozooplankton community of coastal
chyuran zoeae, Luciferidae and caridean zoeae, respectively. However, and oceanic environments influenced by the ARP. Our results showed that
we observed some marked differences at the North Brazilian shelf, in complex current dynamics and mesoscale events can lead to offshore
relation to this general pattern. Despite the significant contribution of mixing of coastal and oceanic communities. However, it is unlikely that
meroplanktonic organisms in the neritic region, sergestid shrimps, these advected coastal organisms could encounter a suitable settlement
mainly Luciferidae, showed abundances greater than the other taxa  enyironment at deep oceanic areas or effectively return to coastal en-
mentioned above. The dominance of Luciferidae was also observed in vironments. The development of continuous long-term studies on the
the Ocean transect influenced by ARP. Amazon River retroflexion and plume is difficult due to the huge spatial

~ The community of decapods registered for the Amazonian coastal re-  scle of the ARP. Our results demonstrated that a coastal-oceanic sampling
gion was similar to other neritic regions of the Brazilian shelf, S,UCh aSperformed on the latitude of the retroflexion ring is an appropriate strategy
Schwamborn (1997) and Schwamborn et al. (1999), for the ltamaracé es- {5 ynderstand the influence and distribution of planktonic decapods directly

tuary in northeastern Brazil, Koettker and Freire (2006), in the Arvoredo related to the NBC advection processes without the need of long excursions

Archipelago; Fernandes et al. (2002) in Guanabara Bay and Brandéo etal. peyond that region. Future studies covering the annual and seasonal of

(2015) from the Cape of S&o Tomé to the Brazil - Uruguay border. abundance and biomass variation shall clarify the distribution and biomass
Generally, planktonic decapod abundance is low in the oligotrophic contribution of these organisms in the oceanic area during periods with and

tropical Atlantic, but we recorded a very high abundance at station E31 without the influence of the retroflection of the Amazon River Plume.

that was at least two times larger than at the other sampling stations of Supplementary data to this article can be found online at https:/

the oceanic transect without ARP influence. Callianassid larvae domi- doi.org/10.1016/j.jmarsys.2020.103428.

nated in abundance at this station. Adult callianassids are more related
to sandy and muddy bottoms in coastal, shelf and upper slope areas,
few being recorded on the ocean floor exceeding 2000 m depth
(Manning and Felder, 1991; Dworschak, 2000; Fernandes et al., 2006).
Decapod larvae related to continental shelf and slope have a wide The authors declare that they have no known competing financial
distribution offshore (Miller and Morgan, 2013; Landeira et al., 2017), interests or personal relationships that could have appeared to influ-
and the presence of sea mounts at shallower areas near station E31 are ~ ence the work reported in this paper.

potential sites for parental stocks.
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