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ABSTRACT. The vertical distribution of copepod assemblages, ascertained from the surface down to 1,200 m, was investigated
during two sampling periods (rainy and dry seasons), at four depths, in the oligotrophic waters of the southwestern Atlantic
Ocean. Total density, diversity, and richness differed among sampling depths. Copepod density decreased with depth in the
two sampling periods, with a maximum at 1 m and a slight decrease at 800 m. Higher diversities were observed at 250 m
and 1,200 m during the rainy season and at 1 m and 1,200 m during the dry season. The maximum number of species was
found at 1,200 m during the rainy season and at 1 m during the dry season. Various copepod assemblages were delimited in
the water column in the two sampling periods. The deeper copepod assemblages occupied a wider range of depths. Salinity
and temperature influenced the structure of copepod assemblages and reflected the hydrographic characteristics of the water
masses in the region. Candacia pachydactyla (Dana, 1849), Scolecithrix danae (Lubbock, 1856), and Agetus limbatus (Brady,
1883) were the indicator species found at 1 m. The effects of different environmental factors on the copepod assemblages
suggest that these consortia occupy distinct niches in the ocean.

KEY WORDS. Mesozooplanktonic copepod, Southeastern Brazil, Tropical environment.
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INTRODUCTION

Oligotrophic regions are more productive and dynamic
than previously thought, and have a high degree of biological
variability (Dias et al. 2015). Oligotrophic areas constitute more
than 75% of oceanic surfaces. They may play a significant role
in oceanic biogeochemical budgets and global elemental cycling
(Dufour et al. 1999, Corno 2006 and references therein). The
southwest Atlantic Ocean is one of the most oligotrophic areas
of all oceans worldwide (Andrade et al. 2007).

In zooplankton communities, copepods are known for
their diversity and importance in the food web. They are the
most abundant primary consumers in the ocean and the main
food source for several planktophagous fishes (such as herring,
anchovy, sardine, and corvine), fish larvae, and planktonic- and
benthic invertebrates (Bjornberg 1981).
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Unlike other oceanic regions of the southern hemisphere,
the southwestern Atlantic Ocean has seldom been qualita-
tively studied to obtain biogeographical data on zooplankton
dynamics, particularly in external slope areas. Most studies in
this region have been performed within the uppermost meters
of the water column (e.g. Bjornberg 1963, Valentin 1984a, b,
Campaner 1985, Valentin et al. 1987, Dias 1996, Bassani et
al. 1999, Lopes et al. 1999, Bonecker 2006, Lopes et al. 2006,
Bonecker et al. 2007, Dias et al. 2015). These studies examined
zooplankton (mainly copepod) composition, abundance, distri-
bution, and biomass and have demonstrated the influence of
hydrography on spatial variability. The deep sea zooplankton on
the Brazilian central coast has not been investigated in detail.
Information on the mesopelagic and bathypelagic communities
is scarce except for that reported by Bonecker et al. (2014) and
Dias et al. (2010). These authors described the compositions of
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the mesozooplankton and copepod communities, respectively.
The sampling range in both cases was from 0 to 2,300 m depth.

The aims of this study were as follows: (a) describe the
vertical variation in copepod density and assemblage structure
(composition, richness, and diversity) down to 1,200 m over two
seasons in the southwest Atlantic Ocean; (b) determine whether
copepod population characteristics and environmental parame-
ters are correlated; and (c) investigate copepod assemblages using
indicator species. The hypothesis was that copepod assemblages
are formed by characteristic indicator species groups arranged
along a vertical gradient determined by oceanographic conditions.

MATERIAL AND METHODS

The Campos Basin is located between 20.5°S and 24°S off
the central Brazilian coast and covers an area of approximately
100,000 km?2. In this region, the mean continental shelf width
is 100 km and the shelf break is located between the 80-m and
130-m isobaths in the northern- and southern portions, respec-
tively. The slope extends over a width of 40 km and has a mean
declivity of 2.5°. Its base is shallower at the northern limit (about
1,500 m) and deeper near the southern limit (about 2,000 m)
(Viana et al. 1998). The regional climate is warm and humid
with a rainy summer season from November to February and
a dry winter season from June to August (Lacerda et al. 2004).

The Brazilian coast is influenced by the warm, oligotrophic
Brazil Current, which is a western boundary and flows from
the northeast toward the southwest. It forms part of the South
Atlantic western boundary current system (Stramma et al. 1990).
The Campos Basin is characterized by its water column structure
and water mass distributions over the continental shelf and
slope. This region has various water masses each with distinct
temperatures, salinities, and dissolved oxygen (DO) levels that
provide different habitats for pelagic species (Fig. 1). The upper
depths include the nutrient-poor subsurface water (Tropical
Water, TW) and the relatively cold, nutrient-rich South Atlantic
Central Water (SACW, 142-567 m depth). Their temperatures
and salinities are below 20 °C and 36.4, respectively (Mémery et
al. 2000, Silveira et al. 2000, Pedrosa et al. 2006). Water masses
at lower depths include the Antarctic Intermediate Water (AAIW,
567-1,060 m), the Upper Circumpolar Deep Water (UCDW,
1,060-1,300 m), and the North Atlantic Deep Water (NADW,
1,300-3,260) (Viana et al. 1998, Pedrosa et al. 2006, Bonecker
et al. 2014).

Mesozooplankton (length >200 pm) samples were col-
lected during oceanographic cruises from February 25-April 13,
2009 (rainy season, RS) and from August 5 to September 17, 2009
(dry season, DS). The sampling stations were distributed along
six transects perpendicular to the coast (A, C, D, F, H, and I) in
a north-south direction. Each transect contained four sampling
stations on the slope between the 400-m and 3,000-m isobaths
(400 m, 1,000 m, 1,900 m, and 3,000 m; Fig. 2). Zooplankton
samples were not collected in transects B, E, and G. All samples
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Figure 1. Salinity and temperature of the five water masses (0-3260
m) in the Campos Basin, central Brazilian coast, modified from
Bonecker et al. (2014). Solid line = temperature; dashed line =
salinity; SS, Subsurface Water; SACW, South Atlantic Central Water;
AAIW, Antarctic Intermediate Water; UCDW, Upper Circumpolar
Deep Water; NADW, North Atlantic Deep Water.

41°44'0"W

40°43'0"W 39°42'0"W 38°41'0"W

10°8 BRAZIL

70°W 60°W 50°W 40°W 30°W

Figure 2. Study area showing sampling stations.

were collected between 6:18 pm and 5:08 am during the rainy
season and between 5:57 pm and 5:46 am during the dry season
(local time).

Environmental data included (a) water temperature and
salinity at all sampling depths, namely, 1 m, 250 m, 800 m,
and 1,200 m, by using a CTD (sonde); (b) inorganic nutrients,
determined by standard oceanographic methods (Grasshoff et
al. 1999); (c¢) DO, measured continuously in the water column
with a sensor coupling in the CTD; and (d) suspended particulate
matter (SPM), obtained from water sample filtration. Detailed
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methodology and discussion of the hydrochemistry of the study
area are presented elsewhere (Rodrigues et al. 2014, Dias et al.
2015, Suzuki et al. 2015).

Mesozooplankton samples were collected by horizontal
hauls in the previously named water mass nuclei (Tropical
Water [TW, 1 m], South Atlantic Central Water [SACW, 250
m], Antarctic Intermediate Water [AAIW, 800 m], and Upper
Circumpolar Deep Water [UCDW, 1,200 m]). The horizontal
hauls in the slope were taken at 2 knots for 10 min or until the
filtered water volume reached 50 m?®. Hauls were made using a
MultiNet type midi (Hydro-Bios, Altenholz, Germany, 200 pm
white mesh, 50 x 50 frame opening) fitted with a digital flow-
meter attached to the inner net mouth and an external meter
to assess filtration efficiency. Different nets were used at each
depth to prevent sample cross-contamination. The MultiNet
was also fitted with a depth gauge. Both the depth and water
volume were transmitted to a computer along with the hauls.
In the dry season, no samples were collected from the 3,000-m
isobath of transects H and I due to logistical problems. A total
of 145 samples were analyzed: 78 in the rainy season, and 67
in the dry season.

Samples were fixed and preserved in 4% buffered formalin.
In the laboratory, the preserved samples were divided into 1-10
fractions with a Folsom Plankton Splitter (Hydro-Bios) (McEwen
et al. 1957) and the resultant subsamples analyzed. All cope-
pods were sorted, identified, and counted under a stereoscopic
microscope according to the methods of Bradford-Grieve et al.
(1999) and Dias and Araujo (2006). Taxon abundance per cubic
meter and copepod species composition were determined for all
samples. The total abundance of each species was estimated from
both adult and juvenile forms. All specimens were deposited
in the copepod collection of the Integrated Zooplankton and
Ichthyoplankton Laboratory of the Federal University of Rio de
Janeiro (DZUFR] Copepoda 12622-12631, DZUFR] Copepoda
12791-12952, DZUFR] Copepoda 13058-14020, DZUFR] Copep-
oda 14059-14189, DZUFR] Copepoda 14618-14715, DZUFR] Co-
pepoda 14726-14760, DZUFR] Copepoda 14834-14975, DZUFR]
Copepoda 15024-15509, DZUFR] Copepoda 15560-15892, and
DZUFR] Copepoda 16316-16895).

The Shannon-Wiener diversity index (H’) and richness
were calculated for each station during the sampling period
to identify any differences in biodiversity. Pielou’s index of
evenness was also determined. The Shannon-Wiener diversity
index was calculated as follows: H" = =>pi * In (pi), where pi
is the fraction of species i in the total sample. These analyses
were run using PRIMER v. 6.1 (Clarke and Gorley 2006). Vertical
depth differences in copepod density, richness, diversity, and
evenness were tested using generalized linear models (GLM)
with gamma family (dispersion = 1). A low additive constant
(1) was applied to the copepod density density and evenness
data in each sampling station to eliminate zero values in the
matrix because the gamma family does not allow for zeros. The
analyses were performed using R v. 3.1.3 (R Core 3 Team 2015).
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“Station x copepod species” matrices (sampling depths as
rows, and copepod species density at each station as columns)
were analyzed for each sampling period. Species with occurrenc-
es of > 1% and the [log(x + 1)] transformed density data were
used to generate a Bray-Curtis similarity matrix. The following
multivariate techniques were used to identify various copepod
assemblages: (1) an analysis of similarity (ANOSIM) was used
to assess whether the copepod assemblage structure varied
with depth; (2) a similarity of percentages (SIMPER) analysis
was used to identify the species that contributed most to the
similarities within groups; and (3) an indicator species analysis
(ISA) was used to identify the indicator copepod species at each
sampling depth (Dufréne and Legendre 1997, De Caceres and
Legendre 2009). The ISA index is at a maximum (100%) when
all exemplary species are found in a single sample group and
the species occurs in all samples from that group. A species was
considered an indicator in a particular water mass when its ISA
value was significantly higher than that expected by chance
alone (compared to one thousand random samples from plots
with the same number of species occurrences) and higher than
70%. These indicator values were checked by the Monte Carlo
test to establish reliable significance levels (IV,% of perfect
indication, p < 0.05) The ANOSIM and SIMPER analyses were
performed using PRIMER v. 6.1 (Clarke and Gorley 2006). The ISA
was carried out using PC-ORD for Windows v. 5.0 (MjM Software,
Gleneden Beach, Oregon, USA) (McCune and Mefford 1999).

The relationship between variations in copepod assemblage
structure and environmental parameters (temperature, salinity,
suspended particulate matter, DO, nitrate, silicate, and inorganic-P
or orthophosphate) during the sampling period was analyzed by
distance-based linear models (DistLM). The Akaike information
criterion for small samples (AICc) was used to select the best mod-
el. A distance-based redundancy analysis (dlbRDA) was performed
to represent the best model selected by DistLM. Both DistLM
and dbRDA were performed in PRIMER v. 6.1 (Clarke and Gorley
2006) and PERMANOVA+ for PRIMER (Anderson et al. 2008).
All analyses were performed using the matrix for both sampling
periods. The results were considered significant when p < 0.05.

RESULTS
Hydrography conditions

The environmental conditions during the study period
were described in detail by Rodrigues et al. (2014), Dias et al.
(2015), and Suzuki et al. (2015). Therefore, they are only briefly
summarized here and in Table 1. The lowest temperature and
salinity values were obtained during the dry season. At 800 and
1,200 m, both temperature and salinity were relatively uniform.
The suspended particulate matter (SPM) ranged from 0.01 mg
L' at 800 m to 4.19 mg L'at 1 m in the rainy and dry season,
respectively. The DO values were homogeneous in both sampling
seasons except at 1 m. In both sampling periods, the highest
nutrient concentrations were observed in the deepest waters.
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Table 1. Minimum and maximum values recorded for temperature (°C), salinity, suspended particulate matter (SPM, mg L"), dissolved
oxygen (DO, mg L"), nitrate (umol L), silicate (umol L), and orthophosphate (umol L") in samples collected in the Campos Basin water
column during the rainy- and dry seasons of 2009. RS, rainy season; DS, dry season.

Denth sampling Temperature Salinity SPM DO Nitrate Silicate Orthophosphate
P Periods Min Max Min Max Min Max Min Max Min Max Min Max Min Max
Tm R.S. 36.68 37.28 25.96 28.50 0.29 1.82 5.78 6.38 0.56 219 0.41 9.06 0.01 0.08
D.S. 36.26 37.12 21.19 24.89 0.15 4.19 4.36 7.14 0.37 4.85 0.39 7.89 0.02 0.44
250 m R.S. 35.28 35.99 13.64 25.65 0.04 1.93 6.17 6.68 0.58 7.67 0.58 3.53 0.02 0.71
D.S. 35.12 35.79 12.09 16.75 0.17 0.87 6.22 6.77 1.48 11.41 1.35 7.15 0.26 0.81
R.S. 34.33 34.40 4.64 5.61 0.01 1.02 6.03 6.84 5.29 32.37 5.33 30.15 0.72 2.00
800 m D.S. 34.34 34.46 4.39 5.33 0.22 0.67 6.08 6.60 18.18 34.72 19.85 31.31 1.69 1.95
1,200m R.S. 34.45 34.57 3.20 3.53 0.33 1.1 5.90 6.06 17.58 31.76 20.93 51.11 1.71 2.08
D.S. 34.54 34.64 3.21 3.42 0.13 1.05 5.76 5.86 25.42 35.33 37.54 49.88 1.87 2.07

Mean and standard deviation of the copepod density
(log ind.m™)
1 10 100

1000 10000 1000000

Figure 3. Vertical distribution of the mean and standard deviation
of the copepod density (log ind.m3) during two sampling periods:
rainy season, RS; dry season, DS.

Abundance, biodiversity, spatial comparisons, and composition

The total copepod density varied among the sample
depths (p < 0.05). The highest values were recorded during
the rainy season except at 1 m where the copepod density was
higher during the dry season than the rainy season (Fig. 3).
The vertical pattern showed that copepod density decreased
with depth during both sampling periods. The highest densities
were observed at 1 m (Mean: RS, 1,102.44 + 844.03 ind.m; DS,
4,593.63 £ 8,743.59 ind.m?) and at 800 m (Mean: RS, 205.41 +
585.87 ind.m?; DS, 86.18 £ 232.34 ind.m™). The lowest densities
were observed at 1,200 m (Mean: RS, 8.52 £ 7.98 ind.m; DS,
1.29 + 1.93 ind.m?®) (Fig. 3).

A total of 139 species were identified in the Campos Basin
over both seasons: 111 calanoids, 18 poecilostomatoids, 6 har-
pacticoids, and 4 cyclopoids. The calanoid order was the most
abundant in both sampling periods. It constituted 66-87% of
the total copepod density (1 m: 76%; 250 m: 2%; 800 m: 4%;
and 1,200 m < 0.05%). Poecilostomatoids (14% of the total
copepod density) were the most abundant at 1 m and at 250
m. They were represented primarily by the Oncaeidae and Co-
rycaeidae families, which were relatively abundant at 1,200 m.

4/11

In both sampling periods, the cyclopoid copepods identified
came exclusively from the Oithonidae family, and the genus
Oithona Baird, 1843 was more abundant in 250 m. Harpacticoid
copepod density peaked at 1 m and was represented mainly by
Macrosetella gracilis (Dana, 1847). In the mesobathypelagic region
(250-800 m), the harpacticoids Aegisthus spp. predominated,
but their abundance was low compared to that of other genera.
Cyclopoid and harpacticoid copepods made up 1-1.5% of the
copepod density in both sampling periods (Suppl. materials 1, 2).

Higher diversity values were observed at 250 and 1,200 m
in the rainy season and at 1 m and 1,200 m in the dry season.
Significant differences in diversity were found across sample
depths (p < 0.05). Diversity was lower at 800 m (Fig. 4). The
maximum number of species was found at 1,200 m during the
rainy season (21) and at 1 m during the dry season (17) (Fig. 4).
As for total density and diversity, richness differed significantly
across water masses (p < 0.05). Mean evenness ranged from 0.97
(1 m) to 0.87 (1,200 m) during the rainy season and from 0.98
(1 m) to 0.83 (800 m) during the dry season (Fig. 4). The even-
ness also differed significantly across sample depths (p < 0.05).

Seven copepod species were abundant during the rainy
season: Undinula vulgaris (Dana, 1849), Clausocalanus furcatus
(Brady, 1883), Acrocalanus longicornis Giesbrecht, 1888, Para-
calanus quasimodo Bowman, 1971, Temora stylifera (Dana, 1849),
Oncaea venusta Philippi, 1843, and Farranula gracilis (Dana,
1849). These constituted 68% of the total copepod density.
In the dry season, thirteen species predominated, and repre-
sented 86% of the total copepod density: Calanoides carinatus
(Krayer, 1849), C. furcatus, Centropages velificatus (Oliveira,
1947), Lucicutia flavicornis (Claus, 1863), A. longicornis, P. quasi-
modo, Rhincalanus cornutus (Dana, 1849), Subeucalanus pileatus
(Giesbrecht, 1888), Temora turbinata (Dana, 1849), T. stylifera,
Oithona plumifera Baird, 1843, O. venusta, and Onchocorycaeus
giesbrechti (Dahl F., 1894) (Table 2). Contributions of the most
representative species varied at the different sampling depths
as follows: C. furcatus, F. gracilis, P. quasimodo, and T. stylifera (1
m); O. venusta, Scolecithricella minor (Brady, 1883), Ctenocalanus
vanus Giesbrecht, 1888, and Oithona similis Claus, 1866 (250 m);
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Table 2. Vertical distribution of the mean (standard deviation) density (ind.m) of the 20 most abundant copepods species found in

Campos Basin. RS, rainy season; DS, dry season.

) Tm 250 m 800 m 1,200 m
Species

RS DS RS DS RS DS RS DS
Calanoides carinatus 0.27 (1.30) 126.51 (499.99) 1.71 (7.00) 0.72 (3.18) 16.17 (30.56) 31.16 (105.22) 0.13 (0.36) 0.28 (0.04)
Nannocalanus minor 29.99 (76.58)  32.98 (104.26) 0.98 (2.18) 0.06 (0.19) 0.14 (0.31) 0.20 (0.76) 0.16 (0.23) (: 8'81)
Undinula vulgaris 69.34 (134.22)  39.35(139,42) 1.51 (3.68) 0.04 (0.13) 0.23 (0.62) < 0.01 (0.01) 0.17 (0.30) 0.02 (0.01)
Clausocalanus furcatus 132.82 (99.76) (12';32'23) 4.10(7.18) 0.38 (1.00) 0.78 (1.81) 0.76 (2.63) 0.72 (1.53) 1.66 (0.41)
Ctenocalanus citer - 7.76 (34.95) 0.37 (1.83) <0.01 (0.02) 42.07 (172.15) 3.26 (12.22) - -
Ctenocalanus vanus - 6.28 (28.47) 0.34 (1.64) 2.51(10.72) 46.76 (123.43) 0.57 (2.18) 0.12(0.22) -
Centropages velificatus 0.13 (0.47) 115.41 (524.23) - 0.15(0.72) - 0.12(0.38) - 0.05 (0.01)
Lucicutia flavicornis 219 (5.99) 49.94 (113.34) 0.53 (0.81) 0.32(0.61) 0.04 (0.10) <0.01 (0.02) 0.23 (0.43) 0.02 (0.03)
Acrocalanus longicornis 50.28 (44.69)  62.43 (162,69) 0.59 (1.76) - 0.27 (0.63) <0.01 (0.01) 0.05 (0.13) -
Calocalanus pavoninus 21.77 (34.57) 19.43 (58,56) 0.39 (1.53) <0.01 (0.02) 0.10 (0.25) <0.01 (0.01) 0.08 (0.14) -
Paracalanus quasimodo 68.62 (185.07) 296.29 (610.22) 3.70 (17.54) 0.56 (2.25) <0.01 (0.01) 0.09 (0.33) 0.02 (0.06) -
Rhincalanus cornutus 1.36 (5.06)  47.32(148.26) 0.14 (0.38) 0.02 (0.06) 0.03 (0.06) 0.51 (1.51) <0.01 (0.02) (z 8‘8])
Subeucalanus pileatus - 45.58 (175.51) - 0.01 (0.05) 0.10 (0.41) 0.02 (0.05) - < 0.01 (0.02)
Temora turbinata - 111.72 (419.15) - 0.20 (0.71) - 0.10 (0.26) 0.02 (0.07) <0.01(0.01)
Temora stylifera 80.97 (109.87) 221.94 (575.14)  3.38 (8.58) 0.05 (0.23) 0.43 (0.80) 0.03 (0.12) 0.10 (0.19) 0.01 (0.02)
Oithona plumifera 2.78(6.87)  47.91(115.36) 0.18 (0.57) 1.24 (3.59) - 0.20 (0.54) 0.05 (0.09) 0.04 (0.07)
Oncaea venusta 80.65 (75,70)  162.50 (278.93)  12.90 (20.78) 5.87 (19.05) 2.34 (3.57) 0.81 (2.25) 1.15(1.98) 0.24 (0.49)
Onychocorycaeus giesbrechti  24.60 (36.49) 79.38 (219.82) 0.11 (0.27) 0.07 (0.19) 0.005 (0.02) 0.02 (0.06) 0.07 (0.20) -
Farranula gracilis 204.93(222.99)  37.12(51.74) 3.88 (9.51) 0.02 (0.07) 0.60 (0.82) 0.65 (2.44) 0.59 (0.94) 0.03 (0.06)
Macrosetella gracilis 37.31(99,12)  11.87 (41.39) 3.60 (6.73) 0.27 (0.71) 0.15 (0.25) 0.11 (0.38) 0.32 (0.44) 0.02 (0.01)

Mean of diversity, richness and evenness of total copepods separated according to their copepod assemblages except for 800
0 5 10 15 20 25 m and 1,200 m (ANOSIM: p = 0.1%; global R = 0.662; Table 3).

Figure 4. Vertical distribution of the mean diversity, species richness,
and evenness of total copepods in the Campos Basin: dark blue
bars, diversity; cobalt bars, richness; cyan bar, evenness. RS, rainy
season; DS, dry season.

C. carinatus, Ctenocalanus citer Heron & Bowman, 1971, and C.
vanus, (800 m); O. venusta, C. furcatus, Conaea rapax Giesbrecht,
1891, and F. gracilis (1,200 m).

Spatial characterization of the copepod assemblages

The similarity analysis revealed that variations in species
density were important in determining changes in copepod
assemblages along the depths. Pairwise ANOSIM tests during
the rainy season demonstrated that sampling depth groups were
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The copepod species that contributed most to the similar-
ity of the copepod assemblages at 1 m, 250 m, and 800-1,200 m
(SIMPER test) are shown in Table 4. Oncaea venusta participated
in the copepod assemblages at all depth groups. Clausocalanus
furcatus and T. stylifera occurred in the 1 m, 250 m, and 800-
1,200 m assemblages. F. gracilis was detected in the 1 m, and
800-1,200 m copepod assemblages. In the 250 m assemblage,
O. similis, Triconia cf. conifera (Giesbrecht, 1891), Lubbockia
squillimana Claus, 1863, Pleuromamma abdominalis (Lubbock,
1856), L. flavicornis, and Pleuromamma gracilis Claus, 1863 were
also present. At 800-1,200 m, C. carinatus, T. cf. conifera, and C.
vanus contributed to the formation of the copepod assemblage.

During the dry season, pairwise ANOSIM tests indicated
that the structures of the copepod assemblages at 1 m and at
250 m were distinct from the others (ANOSIM: p = 0.1%; global
R =0.673; Table 3).

The copepod species that contributed most to the similar-
ity of the copepod assemblages at 1 m, 250 m, and 800-1,200 m
(SIMPER test) are shown in Table 5. Clausocalanus furcatus and
O. venusta contributed most (>30% similarity) to the formation
of the 1 m, 250 m, and 800-1,200 m copepod assemblages.
Farranula gracilis also contributed to the 1 m assemblage. At
250 m, T. cf. conifera and Heterorhabdus spinifrons (Claus, 1863)
contributed the most (along with O. venusta) to the formation
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Table 3. Analyses of similarity (ANOSIM) between sampling depth
groups during the rainy and dry seasons. R, strength of the difference
between groups (* significant differences, p < 0.05).

Table 5. Copepod species and their contribution (%) to the simi-
larity of assemblages obtained during the dry season through the
SIMPER analysis.

R Statistic Tm 250 m 800 m-1,200 m
Groups of sampling depths
Rainy season Dry season Species (%) Species (%) Species (%)
Tmx250m 0.689* 0.759* gz_téstzcsalanus 21.03  Oncaea venusta  35.81 Oncaea venusta ~ 27.63
T mx800m 0.774* 0.789*
Oncaea venusta 14.3  Triconia cf. conifera 17.72 Conaea rapax 14.26
Tmx1,200 0.951* 0.986* Heterorhaba Calanoid
i eterorhabdus alanoides
250 m x 800 m 0.365* 0.359* Farranula gracilis 8.94 spinifrons 4.96 carinatus 13.50
250 m x 1,200 m 0.474* 0.547* Paragalanus 8.20 Macrosg?ella 4.20 Clausocalanus 12.28
quasimodo gracilis furcatus
800 m x 1,200 m 0.087 0.024
Temora stylifera 6.69  Oithona setigera ~ 4.04 Macros‘e‘tella 6.58
gracilis
. . . . . Undinula vulgaris 4.62  Oithona plumifera  3.67  Triconia cf. conifera  4.31
Table 4. Copepod species and their contribution (%) to the sim-
A . . . Lucicutia flavicornis 4.37 Oncaea media 3.64 Others 21.44
ilarity of assemblages obtained during the rainy season through o
; Onchocorycaeus 386 Scolecithricella 2.92
the SIMPER analysis. giesbrechti - minor .
Acrocalanus 271 Clausocalanus 250
Tm 250 m 800-1,200 m longicornis . furcatus .
Species (%) Species (%) Species (%) Nannocalanus minor ~ 2.63 Others 20.54
Farranula gracilis  17.48 Oncaea venusta 27.45  Oncaea venusta  23.02 Triconia cf. conifera  2.54
fCuIerCuastZCSalanus 14.80 Oithona similis 14.71 C;IZZZ;Z? 903 Macrosetella gracilis ~ 2.32
Others 17.79
Oncaea venusta  13.93 Triconia cf. conifera 7.32 Clausocalanus 9.93
furcatus
fcro;alanys 9.69 Macrosetella gracilis 6.46 Tncorya cf. 8.42
longicornis conifera
Undinula vulgaris ~ 9.38 Oncaea media 5.47  Farranula gracilis  6.68 60 7
Temora stylifera 9.10  Clausocalanus furcatus ~ 5.20 Conaea rapax 4.91 Temperature
Nannocalanus 4 o7 ppockia squillmana ~ 3.47  Ctenocalanus 5 4q S 40
minor vanus =
Others 20.65 Pleuromamma 2.80  Undinula vulgaris ~ 3.37 <]
abdominalis =
5]
Lucicutia flavicornis 2.64  Temora stylifera ~ 3.15 ° 20 -
o
]
Temora stylifera 2.50 Macrosgfella 3.05 °
gracilis &
Pleuromamma gracilis ~ 2.26 Oithona similis ~ 2.97 "’_ 0
= .
Others 19.72 Others 20.88 2
E
-
]
°
of the assemblage C. rapax and C. carinatus also appeared in the % 204
©
copepod assemblages at 800-1,200 m. =
The Indicator Species Analysis identified indicator species D =l
. )]
only to 1 m depth (p < 0.05). They were Candacia pachydactyla & -40
(Dana, 1849), Scolecithrix danae (Lubbock, 1856), and Agetus ©
limbatus (Brady, 1883), with indicator values > 88.8%, and all
of which occurred in the low-density samples. 60 , , , , , .
-60 -40 -20 0 20 40 60

Relationship between structure of copepod assemblages and envi-
ronmental parameters

During the sampling period, the best model (DistLM, AIC
=1,128.4, R*= 0.212) captured 81.5% of the variability in the
fitted model and 16.9% of the variability in the dataset (first two
dbRDA axes in Fig. 5). The model included two variables: salinity
and temperature, Salinity explained 17% of the variability in
copepod assemblage structure. The first dbRDA axis is directly
correlated to salinity and temperature. The second dbRDA axis
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Figure 5. DbRDA ordination derived from DistLM analysis, including
the main environmental parameters explaining the variability in
copepod assemblage structures during the sampling period. Temp,
temperature; Sal, salinity. Black triangle, rainy season 1 m; open
triangle, dry season 1 m; black circle, rainy season 250 m; open
circle, dry season 250 m; black square, rainy season 800 m; open
square, dry season 800 m; black polygon, rainy season 1,200 m;
open polygon, dry season 1,200 m.
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is directly correlated to temperature and inversely correlated to
salinity. The first dbRDA axis separated the assemblages sam-
pled at 1 m and 250 m, and the deep assemblages (800 m and
1,200 m). The second axis discriminated the assemblages sam-
pled at the lower depths. The 800 m and 1,200 m assemblages
are separated in the plot below.

DISCUSSION
Hydrography conditions

The environmental parameters described along the water
column reflect the hydrological characteristics of the water mass-
es in this region (Niencheski et al. 1999, Rezende et al. 2007).
Temperature and salinity values recorded in the area decreased
from the subsurface (1 m) down to deep water (1,200 m). The
inorganic nutrient concentrations had a vertical distribution
pattern typical of oceanic regions, namely, increasing from the
surface to deeper waters. The nutrient concentrations recorded
in the surface layer of the Campos Basin are characteristic of
oligotrophic waters found in the Brazil Current. They are in-
dicative of the low primary production in the oceanic region
(Metzler et al. 1997). Deep waters are more enriched especially
along the continental margin of southeastern Brazil. Nutrients
are added when the surrounding currents remobilize sediment
(Silveira et al. 2000, Suzuki et al. 2015).

Abundance, biodiversity, spatial comparisons, and copepod as-
semblage composition

Copepod density and diversity distinguished the shallowest
(1 m) and deepest (250-1,200 m) waters during both sampling
periods. In both seasons, the total abundance decreased with
depth except for a slight increase at 800 m. Richness and diversity
increased in the mesopelagic and bathypelagic regions. Dusk-to-
dawn sampling in the present study may have introduced bias in
the data due to the diel vertical zooplankton migration. Never-
theless, other studies showed patterns similar to those observed
here. Vinogradov et al. (1998) found copepod richness maxima at
mesobathypelagic depths in both daytime- and nighttime vertical
hauls (0-3,774 m) in the frontal zone between the Gulf Stream
and the Labrador Current. In another study in the subtropical
and subarctic North Pacific Ocean, Steinberg et al. (2008) noted
density peaks at the surface and in the mesopelagic zone in both
day and night vertical hauls (0-1,000 m). The authors attributed
the density trend to the presence of a very high number of taxa
feeding on suspended or sinking detritus in the mesopelagic zone
and the occurrence of a large population of ontogenetically mi-
grating calanoid copepods. In the present study, the abundance
of large copepods — C. carinatus, R. cornutus, Undeuchaeta plumosa
(Lubbock, 1856), Heterorhabdus papilliger (Claus, 1863), Pleuromam-
ma spp. Giesbrecht & Schmeil, 1898, and Lophothrix latipes (Scott
T., 1894) — and cold water species (C. citer) in deep waters may
account for the observed vertical abundance and diversity patterns.
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Although vertical hauls were used at the greatest depths,
the very low density, richness, and diversity values found at
1,200 m follow the same trend reported in vertical studies of
the southwestern Atlantic Ocean (Dias et al. 2010, Bonecker
et al. 2014). In the oligotrophic Levantine Sea of the Eastern
Mediterranean, Weikert et al. (2001) also observed this pattern
for deep-sea plankton communities sampled in daytime- and
nighttime hauls (0-4,175 m).

Most of the copepods species observed in this study were
previously reported for the oceanic waters of Brazil (Gusmao
etal. 1997, Lopes et al. 1999, Cavalcanti and Larrazabal 2004,
Dias et al. 2010), the west-central Gulf of Mexico (Lopez-Sal-
gado et al. 2000), the eastern tropical Pacific (northwestern
Mexican coast) (Suarez-Morales et al. 2000), the Mediterranean
Sea and the North Atlantic (Andersen et al. 2001, 2004), and
the eastern tropical Atlantic Ocean from 6°S to 4°N and at
6°W, 12°W, 18°W, and 24°W (Piontkovski et al. 2003). Small
calanoids were dominant at 1 m (smaller calanoids) and large
calanoids (like C. carinatus) at 800 m during both sampling pe-
riods. Poecilostomatoid copepods (Oncaeidae and Corycaeidae
families) were more abundant than the calanoids at 1 m, 250
m, and 1,200 m. The same results were reported by Roman et
al. (1993) who found the concentrations of calanoids usually
decreased with depth in the tropical Pacific. Poecilostomatoids
dominated the deepest stratum off Bermuda (Paffenhofer and
Mazzocchi 2003) and in the Red Sea, the Arabian Sea, and the
Eastern Mediterranean Sea down to a maximum depth of 1,850
m (Bottger-Schnack 1994). Vertical- and horizontal zooplank-
ton distributions depend on food availability and predation
pressure (Fernandez-Alamo and Farber-Lorda 2006). In the
present study, an abundance of calanoid suspension-feeders
was reported in the chlorophyll-rich (upper) layers, whereas
the detritivorous poecilostomatoids had a slightly deeper
but wider distribution. Paffenhofer and Mazzocchi (2003)
hypothesize that feeding behavior determines the depth
ranges that are occupied by specific genera. According to
these authors, young forms and adults of a certain species
occupy a flexible vertical range that meets their main needs.
The major variables include temperature, food quality, food
quantity, and predation.

During the rainy season, the five most abundantly
identified calanoid copepod species were mainly tropical and
oceanic. During the previous dry season, an abundance of ner-
itic calanoids was noted (C. velificatus, S. pileatus, P. quasimodo,
and T. turbinata) and cold water species (C. carinatus). These
observations can be attributed to lower salinity and temperature
values, respectively. Lopes et al. (1999, 2006) reported similar
findings for the Rio de Janeiro coast, on the eastern continental
shelf of Rio de Janeiro State and the southern Brazilian shelf,
respectively, and, Dias et al. (2010) for the continental shelf of
the Campos Basin.

The vertical distribution of the copepod assemblages var-
ied due to differences in the environmental conditions along
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the water column. The copepod assemblages occupied different
niches at each sampling depth. Variations in the vertical distri-
bution of the species must be considered to understand their
relationships at each depth. Species-specific depth preferences
and ranges created statistically distinct communities at each
depth. The copepod assemblages detected at 1 m consisted
mainly of tropical- and subtropical species indigenous to the
tropical oceanic waters (TW) of Brazil (Cavalcanti and Larrazébal
2004, Lopes et al. 2006, Neumann-Leitdo et al. 2008, Nunes and
Resgalla Jr 2012). Candacia pachydactyla, S. danae, and A. lim-
batus are considered indicators at this depth. These species are
epi- and mesopelagic in oceanic waters and have been detected
in the tropical- and subtropical waters of the Atlantic, Pacific,
and Indian Oceans (Bradford 1973, Bradford-Grieve et al. 1999,
Razouls et al. 2000, 2005-2018).

In a study of the Campos Basin, Dias et al. (2010) sug-
gested that oceanic waters influence the differences in copepod
composition and abundance. Deep-water species contribute to
the upper water masses. The vertical distribution of C. carina-
tus is limited to the deeper waters below the thermocline and
the oxygen minimum layer (Verheye et al. 2005, Gaard et al.
2008, Teuber et al. 2013). The vertical distribution of plankton
assemblages helps explain the organization and dynamics of
pelagic communities and the vertical flux of organic matter
throughout the water column (Nogueira-Junior et al. 2015).
Large-scale spatial patterns of certain zooplankton groups co-
incide with surface water masses, circulation, and upwelling
regions. This coincidence aligns with the ecological and dy-
namic partitioning of the pelagic ecosystem (Fernandez-Alamo
and Farber-Lorda 2006). Sournia (1969) indicated that such
obvious seasonal changes are not always evident in tropical
oceans. What does occur is a succession of small changes in
plankton stocks determined by local weather conditions and
water mass movements.

The parameters responsible for the signatures of the water
masses sampled at each depth correlate with the separation
of the copepod assemblages along the water column. The
water masses at the four depths have their own hydrographic
characteristics. The physicochemical parameters (salinity and
temperature) were the main factors influencing copepod assem-
blage structure and distinction. McManus and Woodson (2012)
proposed that plankton interacts with their environment across
a range of scales and theorized that the spatial distributions
of oceanic organisms (from the smallest plankton to the
largest predators) are determined by the interactions between
organism behavior and physical oceanographic structure and
processes. It has been reported that in marine ecosystems,
vertical stratification along the water column influences the
distribution of fish larvae and zooplankton groups (Pilar Oli-
var et al. 2010, Nogueira-Janior et al. 2015, Doxa et al. 2016).
In this study, the model generated for the sampling period
influenced the compositions of the copepod assemblages at
each sampling depth.
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FINAL CONSIDERATIONS

This study shows that various environmental parameters
influenced the spatial patterns of copepod assemblages. This
observation implies that these consortia occupy distinct niches
throughout the Campos Basin. The sample grid included in this
study is more extensive than that used in any previous study
of the southwest Atlantic Ocean. The findings of this study
helped explain the vertical distribution of the copepod species
in this region.

ACKNOWLEDGMENTS

This study is part of the Habitats Project-Campos Basin
Environmental Heterogeneity by CENPES/PETROBRAS. The au-
thors thank the team of the Zooplankton and Ichthyoplankton
Integrated Laboratory of the Federal University of Rio de Janeiro.
We thank Claudio de S. Ressur and José R.S. Silva for sorting the
samples. We also wish to thank Luiz Fernando L. Fernandes and
Suzanna Vianna for help with sample identification, and Rodolfo
Paranhos and Marina S. Suzuki for providing the environmental
parameters. Finally, we wish to thank PETROBRAS who assisted
with the sampling and the analyses.

LITERATURE CITED

Andersen V, Gubanova A, Nival P, Ruellet T (2001) Zooplankton
community during the transition from spring bloom to olig-
otrophy in the open NW Mediterranean and effects of wind
events. 2. Vertical distributions and migrations. Journal of
Plankton Research 23: 241-263. https://doi.org/10.1093/
plankt/23.3.243

Andersen V, Devey C, Gubanova A, Picheral M, Melnikov V, Tsarin
S, Prieur L (2004) Vertical distributions of zooplankton across
the Almeria-Oran frontal zone (Mediterranean Sea). Journal
of Plankton Research 26: 275-293. https://doi.org/10.1093/
plankt/fbh036

Anderson M), Gorley RN, Clarke KR (2008) PERMANOVA+ for
PRIMER: Guide to Software and Statistical Methods. Plymouth,
PRIMER-E, 274 pp.

Andrade L, Gonzalez AM, Rezende CA, Suzuki M, Valentin L,
Paranhos R (2007) Distribution of HNA and LNA bacterial
groups in the southwest Atlantic Ocean. Brazilian Journal of
Microbiology 38: 330-336. https://doi.org/10.1590/S1517-
83822007000200028

Bassani C, Bonecker ACT, Bonecker SLC, Nogueira CR, Reis JML,
Nascimento LR (1999) Plancton do Litoral Norte do Estado
do Rio de Janeiro (21°00’ a 23°30’S) — Analise e Sintese do
Conhecimento. Oecologia Brasiliensis 7: 99-120. https://doi.
org/10.4257/0eco0.1999.0701.05

Bjornberg TSK (1963) On the marine free-living copepods off Bra-
zil. Boletim do Instituto Oceanografico de Sdo Paulo 13: 3-142.
https://doi.org/10.1590/50373-55241963000100001

ZOOLOGIA 35: e13886 | DOI: 10.3897/zoologia.35.e13886 | April 16, 2018


https://doi.org/10.1093/plankt/23.3.243
https://doi.org/10.1093/plankt/23.3.243
https://doi.org/10.1093/plankt/fbh036
https://doi.org/10.1093/plankt/fbh036
https://doi.org/10.1590/S1517-83822007000200028
https://doi.org/10.1590/S1517-83822007000200028
https://doi.org/10.4257/oeco.1999.0701.05
https://doi.org/10.4257/oeco.1999.0701.05
https://doi.org/10.1590/S0373-55241963000100001
https://doi.org/10.3897/zoologia.35.e13886

LOGIA

5.+ An International Journal for Zoology

Vertical distribution and structure of copepod assemblages

Bjornberg TSK (1981) Copepoda. In: Boltovskoy E (Ed.) Atlas del
zooplancton del Atlantico Sudoccidental. Mar del Plata, Institu-
to Nacional de Investigacién y Desarrollo Pesquero, 587-679.

Bonecker SLC (2006) Atlas de Zooplancton da Regido Central da
Zona Econoémica Exclusiva Brasileira. Rio de Janeiro, Museu Na-
cional, 232 pp.

Bonecker SLC, Dias CO, Fernandes LDA, Avila LR (2007) Zooplanc-
ton. In: Valentin JL (Ed.) Caracteristicas Hidrobiol6gicas da Re-
gido Central da Zona Econdémica Exclusiva Brasileira (Salvador,
BA, ao Cabo de Sao Tomé, RJ). Brasilia, Ideal Grafica e Editora,
125-140.

Bonecker SLC, Araujo AV de, Carvalho PF de, Dias CO, Fernandes
LFL, Migotto AE, de Oliveira OMP (2014) Horizontal and verti-
cal distribution of mesozooplankton species richness and com-
position down to 2,300 m in the southwest Atlantic Ocean.
Zoologia 31: 445-462. https://doi.org/10.1590/51984-
46702014000500005

Bottger-Schnack R (1994) The microcopepod fauna in the east-
ern Mediterranean and Arabian Sea: a comparison with the
Red Sea fauna. Hydrobiologia 292/293: 271-282. https://doi.
org/10.1007/978-94-017-1347-4_36

Bradford JM (1973) Revision of family and some generic defi-
nitions in the Phaennidae and Scolecithricidae (Copepoda:
Calanoida). New Zealand Journal of Marine and Freshwater
Research 7: 133-152. https://doi.org/10.1080/00288330.19
73.9515460

Bradford-Grieve JM, Markhaseva El, Rocha CEF, Abiahy B (1999)
Copepoda. In: Boltovskoy D (Ed.) South Atlantic zooplankton.
Leiden, Backhuys Publishers, 869-1098.

Campaner AF (1985) Occurrence and distribution of copepods
(Crustacea) in the epipelagial off southern Brazil. Boletim do
Instituto Oceanografico de Sdo Paulo 33: 5-27. https://doi.
org/10.1590/50373-55241985000100002

Cavalcanti EAH, Larrazabal MEL de (2004) Macrozoozooplancton
da Zona Econdémica Exclusiva do Nordeste do Brasil (segunda
expedicdo oceanografica— REVIZEE/NE II) com énfase em Co-
pepoda (Crustacea). Revista Brasileira de Zoologia 21(3): 467—
475. https://doi.org/10.1590/50101-81752004000300008

Clarke KR, Gorley RN (2006) PRIMER vé6: User Manual/Tutorial.
Plymouth, PRIMER-E, 190 pp.

Corno G (2006) Primary Production Dynamics in the North Pacific
Subtropical Gyre. PhD thesis. Oregon, USA, Oregon State Uni-
versity. Available online at: https://ir.library.oregonstate.edu/
concern/graduate_thesis_or_dissertations/zc77sv465

De Caceres M, Legendre P (2009) Associations between species
and groups of sites: indices and statistical inference. Ecology
90: 3566-3574. https://doi.org/10.1890/08-1823.1

Dias CO (1996) Copépodes da costa leste do Brasil. Brazilian
Archives of Biology and Technology 39: 113-122.

Dias CO, Araujo AV (2006) Copepoda. In: Bonecker SLC (Ed.) Atlas
do zooplancton da regido central da Zona Econémica Exclusi-
va. Rio de Janeiro, Museu Nacional, Série Livros/Documentos
REVIZEE Score Central 21: 21-99.

ZOOLOGIA 35: e13886 | DOI: 10.3897/zoologia.35.e13886 | April 16, 2018

Dias CO, Araujo AV, Paranhos R, Bonecker SLC (2010) Vertical
copepod assemblages (0-2300 m) off southern Brazil. Zoolo-
gical Studies 49: 230-242. http://zoolstud.sinica.edu.tw/Jour-
nals/49.2/230.pdf

Dias CO, Araujo AV, Vianna SC, Loureiro Fernandes LF, Paranhos
R, Suzuki M.S, Bonecker SLC (2015). Spatial and temporal
changes in biomass, production and assemblage structure of
mesozooplanktonic copepods in the tropical south-west At-
lantic Ocean. Journal of the Marine Biological Association of
the United Kingdom 95: 483-496. https://doi.org/10.1017/
$0025315414001866

Doxa A, Holon F, Deter J, Villéger S, Boissery P, Mouquet N (2016)
Mapping biodiversity in three-dimensions challenges ma-
rine conservation strategies: The example of coralligenous
assemblages in North-Western Mediterranean Sea. Ecolog-
ical Indicators 61: 1042-1054. https://doi.org/10.1016/j.
ecolind.2015.10.062

Dufour P, Charpy L, Bonnet S, Garcia N (1999) Phytoplankton nu-
trient control in the oligotrophic South Pacific subtropical gyre
(Tuamotu Archipelago). Marine Ecology Progress Series 179:
285-290. https://doi.org/10.3354/meps179285

Dufréne M, Legendre P (1997) Species assemblages and indicator
species: the need for a flexible asymmetrical approach. Ecolog-
ical Monographs 67: 345-366. https://doi.org/10.1890/0012-
9615(1997)067[0345:SAAIST]2.0.CO;2

Fernandez-Alamo MA, Farber-Lorda | (2006) Zooplankton and the
oceanography of the eastern tropical Pacific: A review. Prog-
ress in Oceanography 69: 318-359. https://doi.org/10.1016/j.
pocean.2006.03.003

Gaard E, Gislason A, Falkenhaug T, Sgiland H, Musaeva E, Veresh-
chaka A, Vinogradov G (2008) Horizontal and vertical cope-
pod distribution and abundance on the Mid-Atlantic Ridge
in June 2004. Deep-Sea Research Il 55: 59-71. https://doi.
org/10.1016/.dsr2.2007.09.012

Grasshoff K, Ehrhardt M, Kremling K (1999) Methods of sea-
water analysis. Weinheim, Wiley-VCH, 600 pp. https://doi.
org/10.1002/9783527613984

Gusmao LMO, Neumann-Leitdo S, Nascimento-Vieira DA, Silva
TA, llva APS, Porto-Neto FF, Moura MCO (1997) Zooplancton
oceanico entre os Estados do Ceara e Pernambuco-Brasil. Tra-
balhos do Instituto de Oceanografia da Universidade Federal
de Pernambuco 25: 17-30. Available online at: https://www.
researchgate.net/publication/316358751_Zooplancton_Oce-
anico_entre_os_Estados_do_Ceara_e_Pernambuco_Brasil

Lacerda LD, Rezende CE, Ovalle AR, Carvalho CE (2004) Mercury
distribution in continental shelf sediments from two offshore oil
fields in southeastern Brazil. Bulletin of Environmental Contam-
ination and Toxicology 72: 178-185. https://doi.org/10.1007/
s00128-003-0257-0

Lopes RM, Brandini FP, Gaeta SA (1999) Distribution patterns of
epipelagic copepods off Rio de Janeiro (SE Brazil) in summer
1991/1992 and winter 1992. Hydrobiologia 411: 161-174.
https://doi.org/10.1023/A:1003859107041

9/


https://doi.org/10.1590/S1984-46702014000500005
https://doi.org/10.1590/S1984-46702014000500005
https://doi.org/10.1007/978-94-017-1347-4_36
https://doi.org/10.1007/978-94-017-1347-4_36
https://doi.org/10.1080/00288330.1973.9515460
https://doi.org/10.1080/00288330.1973.9515460
https://doi.org/10.1590/S0373-55241985000100002
https://doi.org/10.1590/S0373-55241985000100002
https://doi.org/10.1590/S0101-81752004000300008
https://ir.library.oregonstate.edu/concern/graduate_thesis_or_dissertations/zc77sv465
https://ir.library.oregonstate.edu/concern/graduate_thesis_or_dissertations/zc77sv465
https://doi.org/10.1890/08-1823.1
http://zoolstud.sinica.edu.tw/Journals/49.2/230.pdf
http://zoolstud.sinica.edu.tw/Journals/49.2/230.pdf
https://doi.org/10.1017/S0025315414001866
https://doi.org/10.1017/S0025315414001866
https://doi.org/10.1016/j.ecolind.2015.10.062
https://doi.org/10.1016/j.ecolind.2015.10.062
https://doi.org/10.3354/meps179285
https://doi.org/10.1890/0012-9615(1997)067%5B0345:SAAIST%5D2.0.CO;2
https://doi.org/10.1890/0012-9615(1997)067%5B0345:SAAIST%5D2.0.CO;2
https://doi.org/10.1016/j.pocean.2006.03.003
https://doi.org/10.1016/j.pocean.2006.03.003
https://doi.org/10.1016/j.dsr2.2007.09.012
https://doi.org/10.1016/j.dsr2.2007.09.012
https://doi.org/10.1002/9783527613984
https://doi.org/10.1002/9783527613984
https://www.researchgate.net/publication/316358751_Zooplancton_Oceanico_entre_os_Estados_do_Ceara_e_Pernambuco_Brasil
https://www.researchgate.net/publication/316358751_Zooplancton_Oceanico_entre_os_Estados_do_Ceara_e_Pernambuco_Brasil
https://www.researchgate.net/publication/316358751_Zooplancton_Oceanico_entre_os_Estados_do_Ceara_e_Pernambuco_Brasil
https://doi.org/10.1007/s00128-003-0257-0
https://doi.org/10.1007/s00128-003-0257-0
https://doi.org/10.1023/A:1003859107041
https://doi.org/10.3897/zoologia.35.e13886

013°

# ZOOLOGIA

s-.-%°  AnInternational Journal for Zoology

C. de O. Dias et al.

Lopes RM, Katsuragawa M, Montd MA, Muelbert JH, Dias JF,
Gorri C, Brandini FP (2006) Zooplankton and ichthyoplank-
ton distribution on the southern Brazilian shelf: an overview.
Scientia Marina 70: 189-202. https://doi.org/10.3989/sci-
mar.2006.70n2189

Lépez-Salgado |, Gasca R, Suadrez-Morales E (2000) La comunidad
de copépodos (Crustacea) en los giros a mesoescala en el oc-
cidente del Golfo de México (julio,1995). Revista de Biologia
Tropical 48: 169-179.

McCune B, Mefford MJ (1999) PC-ORD. Multivariate analysis of
ecological data. Oregon, Gleneden Beach, MjM Software, v.
5.0.

McEwen GF, Johnson MW, Folsom TR (1957) A statistical analysis of
the performance of the Folsom plankton sample splitter, based
upon test observations. Archiv fiir Meteorologie, Geophysik
und Bioklimatologie 7: 502-527. https://doi.org/10.1007/
BF02277939

McManus MA, Woodson CB (2012) Plankton distribution and
ocean dispersal. The Journal of Experimental Biology 215:
1008-1016. https://doi.org/10.1242/jeb.059014

Mémery LM, Arhan XA, Alvarez-Salgado M|, Messia H, Merci-
er CG, Castro A, Rios F (2000) The water masses along the
western boundary of the south and equatorial Atlantic. Prog-
ress in Oceanography 47: 69-98. https://doi.org/10.1016/
$0079-6611(00)00032-X

Metzler PM, Gilbert PM, Gaeta AS, Lublan | (1997) New and re-
generated production in the South Atlantic off Brazil. Deep-
Sea Research 44: 363-384. https://doi.org/10.1016/S0967-
0637(96)00129-X

Neumann-Leitdo S, Eskinazi Sant’anna EM, Gusmao LMO, Nasci-
mento-Vieira DA, Paranagud MN, Schwamborn R (2008) Di-
versity and distribution of the mesozooplankton in the tropical
Southwestern Atlantic. Journal of Plankton Research 30: 795-
805. https://doi.org/10.1093/plankt/fbn040

Niencheski LF, Baumgarten MGZ, Roso RH, Bastos LAP (1999).
Oceanografia quimica — levantamento bibliogréfico e identifi-
cacao do estado atual do conhecimento. Rio de Janeiro, MMA,
CIRM, FEMAR, 171 pp.

Nogueira-Janior M, Brandini FP, Codina JCU (2015) Diel Vertical
Dynamics of Gelatinous Zooplankton (Cnidaria, Ctenopho-
ra and Thaliacea) in a Subtropical Stratified Ecosystem (Sou-
th Brazilian Bight). PLoS ONE 10: e0144161. https://doi.
org/10.1371/journal.pone.0144161

Nunes RD, Resgalla C Jr (2012) The zooplankton of Santa Ca-
tarina continental shelf in southern Brazil with emphasis on
Copepoda and Cladocera and their relationship with physical
coastal processes. Latin American Journal of Aquatic Research
40: 893-913. https://doi.org/10.3856/vol40-issue4-full-
text-7

Paffenhofer ), Mazzocchi MG (2003) Vertical distribution
of subtropical epiplanktonic copepods. Journal of Plank-
ton Research 25: 1139-1156. https://doi.org/10.1093/
plankt/25.9.1139

10/11

Pedrosa P, Paranhos R, Suzuki MS, Andrade L, Silveira ICA, Sch-
midt ACK, Falcao APC, Lavrado HP, Rezende CE (2006) Hidro-
quimica de massas de dgua oceanicas em regides da margem
continental brasileira Bacia de Campos. Estado do Rio de Ja-
neiro, Brasil. Geochimica Brasiliensis 20: 104-122. https://doi.
org/10.21715/gb.v20i1.238

Pilar Olivar M, Emelianov M, Villate F, Uriarte I, Maynou F, Alvarez
I, Morote E (2010) The role of oceanographic conditions and
plankton availability in larval fish assemblages off the Catalan co-
ast (NW Mediterranean). Fisheries Oceanography 19: 209-229.
https://doi.org/10.1111/j.1365-2419.2010.00538.x

Piontkovski S, Williams R, Ignatyev S, Bolyachev A, Chesalin
M (2003) Structural-functional relationships in the pelagic
community of the eastern tropical Atlantic Ocean. Journal of
Plankton Research 25: 1021-1034. https://doi.org/10.1093/
plankt/25.9.1021

R Core Team (2015) R: A Language and Environment for Statistical
Computing. Vienna, R Foundation for Statistical Computing, v.
17 3.1.3.

Razouls S, Razouls C, de Bovée F (2000) Biodiversity and biogeog-
raphy of Antarctic copepods. Antarctic Science 12: 343-362.
https://doi.org/10.1017/5S0954102000000407

Razouls C, de Bovée F, Kouwenberg ], Desreumaux N (2005-2018)
Diversity and geographic distribution of marine planktonic co-
pepods. Available on line at: http://copepodes.obs-banyuls.fr/
en [Accessed 27/03/2018]

Rezende CE, Andrade L, Suzuki MS, Faro BCMT, Gonzalez ASM,
Paranhos R (2007) Hidroquimica. In: Valentin JL (Ed.) Caracte-
risticas hidrobiolégicas da regido central da Zona Econdmica
Exclusiva brasileira (Salvador, BA, ao Cabo de Sdao Tomé, R|).
Brasilia, Ideal gréfica, Série Documentos REVIZEE/SCORE Cen-
tral, 31-60.

Rodrigues SV, Marinho MM, Jonck CCC, Gongalves ES, Brant VF,
Paranhos R, Curbelo MP, Falcdo AP (2014) Phytoplankton
community structures in shelf and oceanic waters off south-
east Brazil (20°-25°S), as determined by pigment signatures.
Deep-Sea Research | 88: 47-62. https://doi.org/10.1016/j.
dsr.2014.03.006

Roman MR, Dam HG, Gauzens AL, Napp JM (1993) Zooplank-
ton biomass and grazing at the JGOFS Sargasso Sea time se-
ries station. Deep-Sea Research Il 40: 883-901. https://doi.
org/10.1016/0967-0637(93)90079-1

Silveira ICA, Schmidt ACK, Campos EJS, Godoi SS, lkeda YA
(2000) Corrente do Brasil ao largo da costa leste Brasileira.
Brazilian Journal of Oceanography 48: 171-183. https://doi.
org/10.1590/51679-87592000000200008

Sournia A (1969) Cycle annuel du phytoplankton et de la pro-
duction primaire dans les mers tropicales. Marine Biology 3:
287-303. https://doi.org/10.1007/BF00698859

Steinberg DK, Cope S, Wilson SE, Kobari T (2008) A comparison of
mesopelagic mesozooplankton community structure in the sub-
tropical and subarctic North Pacific Ocean. Deep-Sea Research
I155: 1615-1635. https://doi.org/10.1016/j.dsr2.2008.04.025

ZOOLOGIA 35: e13886 | DOI: 10.3897/zoologia.35.e13886 | April 16, 2018


https://doi.org/10.3989/scimar.2006.70n2189
https://doi.org/10.3989/scimar.2006.70n2189
https://doi.org/10.1007/BF02277939
https://doi.org/10.1007/BF02277939
https://doi.org/10.1242/jeb.059014
https://doi.org/10.1016/S0079-6611(00)00032-X
https://doi.org/10.1016/S0079-6611(00)00032-X
https://doi.org/10.1016/S0967-0637(96)00129-X
https://doi.org/10.1016/S0967-0637(96)00129-X
https://doi.org/10.1093/plankt/fbn040
https://doi.org/10.1371/journal.pone.0144161
https://doi.org/10.1371/journal.pone.0144161
https://doi.org/10.3856/vol40-issue4-fulltext-7
https://doi.org/10.3856/vol40-issue4-fulltext-7
https://doi.org/10.1093/plankt/25.9.1139
https://doi.org/10.1093/plankt/25.9.1139
https://doi.org/10.21715/gb.v20i1.238
https://doi.org/10.21715/gb.v20i1.238
https://doi.org/10.1111/j.1365-2419.2010.00538.x
https://doi.org/10.1093/plankt/25.9.1021
https://doi.org/10.1093/plankt/25.9.1021
https://doi.org/10.1017/S0954102000000407
http://copepodes.obs-banyuls.fr/en
http://copepodes.obs-banyuls.fr/en
https://doi.org/10.1016/j.dsr.2014.03.006
https://doi.org/10.1016/j.dsr.2014.03.006
https://doi.org/10.1016/0967-0637(93)90079-I
https://doi.org/10.1016/0967-0637(93)90079-I
https://doi.org/10.1590/S1679-87592000000200008
https://doi.org/10.1590/S1679-87592000000200008
https://doi.org/10.1007/BF00698859
https://doi.org/10.1016/j.dsr2.2008.04.025
https://doi.org/10.3897/zoologia.35.e13886

5 ZOOLOGIA

An International Journal for Zoology

Vertical distribution and structure of copepod assemblages

Stramma L, lkeda Y, Peterson RG (1990) Geostrophic transport in
the Brazil Current region north of 20°S. Deep-Sea Research 37:
1875-1886. https://doi.org/10.1016/0198-0149(90)90083-8

Suarez-Morales E, Franco-Gordo C, Saucedo-Lozan M (2000) On
the pelagic copepod community of the central Mexican tropi-
cal Pacific (Autumn, 1990). Crustaceana 73: 751-761. https://
doi.org/10.1163/156854000504778

Suzuki MS, Rezende CE, Paranhos R, Falcdo AP (2015) Spatial dis-
tribution (vertical and horizontal) and partitioning of dissolved
and particulate nutrients (C, N and P) in the Campos Basin,
Southern Brazil. Estuarine, Coastal and Shelf Science 166:
4-12. https://doi.org/10.1016/j.ecss.2014.12.031

Teuber L, Schukat A, Hagen W, Auel H (2013) Distribution and
Ecophysiology of Calanoid Copepods in Relation to the Oxy-
gen Minimum Zone in the Eastern Tropical Atlantic. PLoS ONE
8: e77590. https://doi.org/10.1371/journal.pone.0077590

Valentin JL (1984a). Analyse des paramétres hydrobiologiques
dans la remontée de Cabo Frio (Brésil). Marine Biology 82:
259-276. https://doi.org/10.1007/BF00392407

Valentin JL (1984b) Spatial structure of the zooplankton communi-
ty in the Cabo Frio region (Brazil) influenced by coastal upwell-
ing. Hydrobiologia 113: 183-199. https://doi.org/10.1007/
BF00026607

Valentin JL, Monteiro-Ribas MA, Mureb E (1987) Sur quelques
zooplanctontes abondants dans I'upwelling de Cabo Frio (Bré-
sil). Journal of Plankton Research 9: 1195-1226. https://doi.
org/10.1093/plankt/9.6.1195

Verheye HM, Hagen W, Auel H, Ekau W, Loick N, Rheenen
I, Wencke P, Jones S (2005) Life strategies, energetics
and growth characteristics of Calanoides carinatus (Co-
pepoda) in the Angola-Benguela frontal region. Afri-
can Journal of Marine Science 27: 641-651. https://doi.
org/10.2989/18142320509504124

Viana AR, Faugeéres |C, Kowsmann RO, Lima JAM, Caddaah LFG,
Rizzo |G (1998) Hydrology, morphology and sedimentology
of the Campos continental margin, offshore Brazil. Sedimen-
tary Geology 115: 133-157. https://doi.org/10.1016/S0037-
0738(97)00090-0

Vinogradov ME, Shushkina EA, Nezlin NP, Arnautov GN (1998)
Vertical distribution of zooplankton in the frontal zone of the
Gulf Stream and Labrador Current. Journal of Plankton Re-
search 20: 85-103. https://doi.org/10.1093/plankt/20.1.85

Weikert H, Koppelmann R, Wiegratz S (2001) Evidence of episodic
changes in deep-sea mesozooplankton abundance and com-
position in the Levantine Sea Eastern Mediterranean. Journal of
Marine System 30: 221-239. https://doi.org/10.1016/50924-
7963(01)00060-4

ZOOLOGIA 35: e13886 | DOI: 10.3897/zoologia.35.e13886 | April 16, 2018

Supplementary material 1

Table S1. Vertical distributions of the mean, standard de-
viation (SD), relative abundance (RA), and occurrence fre-
quency (OF) of the copepod species found in Campos Basin,
during the rainy season.

Authors: Cristina de Oliveira Dias, Adriana Valente de Araujo,
Sérgio Luiz Costa Bonecker

Data type: species data

Copyright notice: This dataset is made available under the
Open Database License (http://opendatacommons.org/li-
censes/odbl/1.0/). The Open Database License (ODbL) is a
license agreement intended to allow users to freely share,
modify, and use this Dataset while maintaining this same
freedom for others, provided that the original source and
author(s) are credited.

Link: https://doi.org/10.3897/zoologia.35.13886.suppl1

Supplementary material 2

Table S2. Vertical distributions of the mean, standard de-
viation (SD), relative abundance (RA), and occurrence fre-
quency (OF) of the copepod species found in Campos Basin,
during the dry season.

Authors: Cristina de Oliveira Dias, Adriana Valente de Araujo,
Sérgio Luiz Costa Bonecker

Data type: species data

Copyright notice: This dataset is made available under the
Open Database License (http://opendatacommons.org/li-
censes/odbl/1.0/). The Open Database License (ODbL) is a
license agreement intended to allow users to freely share,
modify, and use this Dataset while maintaining this same
freedom for others, provided that the original source and
author(s) are credited.

Link: https://doi.org/10.3897/zoologia.35.13886.suppl2

Submitted: 29 May 2017

Received in revised form: 11 August 2017
Accepted: 18 August 2017

Editorial responsibility: Cassiano Monteiro Neto

Author Contributions: SLCB designed the study, participated in
fieldwork and revised the paper; COD and AVA analyzed the data
and wrote the paper.

Competing Interests: The authors have declared that no competing
interests exist.

11/1


https://doi.org/10.1016/0198-0149(90)90083-8
https://doi.org/10.1163/156854000504778
https://doi.org/10.1163/156854000504778
https://doi.org/10.1016/j.ecss.2014.12.031
https://doi.org/10.1371/journal.pone.0077590
https://doi.org/10.1007/BF00392407
https://doi.org/10.1007/BF00026607
https://doi.org/10.1007/BF00026607
https://doi.org/10.1093/plankt/9.6.1195
https://doi.org/10.1093/plankt/9.6.1195
https://doi.org/10.2989/18142320509504124
https://doi.org/10.2989/18142320509504124
https://doi.org/10.1016/S0037-0738(97)00090-0
https://doi.org/10.1016/S0037-0738(97)00090-0
https://doi.org/10.1093/plankt/20.1.85
https://doi.org/10.1016/S0924-7963(01)00060-4
https://doi.org/10.1016/S0924-7963(01)00060-4
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/zoologia.35.13886.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/zoologia.35.13886.suppl2
https://doi.org/10.3897/zoologia.35.e13886

	Vertical distribution and structure of copepod (Arthropoda: Copepoda) assemblages in two different seasons down to 1,200 m in the tropical Southwestern Atlantic
	ABSTRACT
	Introduction
	MATERIAL AND METHODS
	RESULTS
	Hydrography conditions
	Abundance, biodiversity, spatial comparisons, and composition
	Spatial characterization of the copepod assemblages
	Relationship between structure of copepod assemblages and environmental parameters

	DISCUSSION
	Hydrography conditions
	Abundance, biodiversity, spatial comparisons, and copepod assemblage composition

	FINAL CONSIDERATIONS
	ACKNOWLEDGMENTS
	LITERATURE CITED
	Supplementary material 1
	Supplementary material 2

