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ABSTRACT.—The composition and distribution of 
cephalopod paralarvae were investigated in the Campos Basin, 
a tropical area on the southeastern Brazilian continental 
margin with extensive oil exploration. Zooplankton hauls 
with a multimesh net system were conducted during two 
seasonal oceanographic cruises in 2009 along eight isobaths 
(25–3000 m) and vertical sampling in five water mass cores 
(1–2300 m depth). A total of 825 paralarvae belonging to 11 
families and at least 16 genera were captured. The majority 
had a dorsal mantle length of less than 2.60 mm, with a mean 
of 1.50 mm. The rainy summer showed higher total densities 
and number of families compared to the drier winter. Most 
paralarvae were collected at Surface Water (1 m depth), 
only four at South Atlantic Central Water (250 m), and two 
at Antarctic Intermediate Water (800 m). Enoploteuthidae 
and Ommastrephidae were the most abundant families 
and were positively associated with temperature, with 
higher densities during the rainy summer. Loliginidae were 
collected exclusively in the neritic zone. In the oceanic 
zone, Cranchiidae, Onychoteuthidae, Octopoteuthidae, 
and Tremoctopodidae were collected at 1 m depth, and 
Ancistrocheiridae and Thysanoteuthidae at 250 m depth. 
Density peaks of paralarvae occurred during the summer 
along the continental shelf break and slope, an area known 
for frequent upwelling driven by cyclonic meanders of the 
Brazil Current.

Cephalopods are important components of all marine ecosystems and both 
young and adults connect many marine trophic webs (Boyle and Rodhouse 2005). In 
addition, these mollusks are of great importance to fisheries worldwide (Arkhipkin 
et al. 2015, Sauer et al. 2021). Squids and octopuses have life cycles with direct 
development (i.e., absence of both metamorphosis and true larva) and many species 
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produce planktonic hatchlings that are referred to as “paralarva” to distinguish them 
from adults in ecological and morphological terms (Young and Harman 1988, Vidal 
and Shea 2023).

Understanding how the cephalopod paralarvae are related to plankton production 
and oceanographic processes is important for better knowledge about cephalopod 
biodiversity and zooplanktonic community dynamics. The taxonomic composition, 
abundance, and distribution of cephalopod paralarvae are associated with different 
oceanographic features, such as the pycnocline (Röpke et al. 1993), upwellings 
(González et al. 2005, Otero et al. 2009, 2016, Vidal et al. 2010, Roura et al. 2016, 2019, 
García-Cordova et al. 2023), marine currents (Rodhouse et al. 1992, Vecchione et al. 
2001), river discharge (Sluis et al. 2021), cyclonic and anticyclonic eddies (Sánchez-
Velasco et al. 2016, Aceves-Medina et al. 2017, Taite et al. 2020), and seamounts and 
oceanic islands (Haimovici et al. 2002, Diekmann and Piatkowski 2004).

In Brazil, the cephalopod fauna is relatively well known (Haimovici and 
Andriguetto 1986, Haimovici and Perez 1991, Haimovici et al. 2007, 2009, Vaske and 
Costa 2011, Alvarenga et al. 2024) and several oceanographic surveys have reported 
the taxonomic composition and distribution of paralarvae (Haimovici et al. 1995, 
2002, Santos and Haimovici 2007, Vidal et al. 2010, Araújo and Gasalla 2019, Ortiz et 
al. 2024). However, few studies have formally associated cephalopod paralarvae with 
oceanographic features and measured environmental variables in Brazilian waters 
(Vidal et al. 2010, Araújo and Gasalla 2018, Araújo and Gasalla 2022, Ortiz et al. 
2024).

The Campos Marine Sedimentary Basin (CMSB), located in the southeastern 
Brazilian continental margin, is a tropical and oligotrophic environment (Suzuki et 
al. 2017). The higher primary productivity is associated with river discharge points 
and upwelling induced by wind or cyclonic meanders/eddies of the Brazil Current 
(Castelão et al. 2004, Pedrosa et al. 2006, Rezende et al. 2006, Aguiar et al. 2014). 
The Campos Basin has been extensively explored for oil (Falcão et al. 2017). The risk 
of oil spills represents potential toxicity to marine biota (Brussaard et al. 2016) and 
therefore to the planktonic community (Hook et al. 2022). For cephalopods, the 
toxicity levels of crude oil have been quantified for paralarvae (Long and Holdway 
2002) and bioaccumulation of polycyclic aromatic hydrocarbons has been reported 
in adults even years after oil spills (Romero et al. 2020). Therefore, a multidisciplinary 
characterization of the pelagic environment and a biodiversity framework is desirable 
to monitor possible changes during oil exploration (Falcão et al. 2017).

At the request of the Brazilian Institute of Environment and Renewable Natural 
Resources (IBAMA), a series of baseline studies on the hydrography and biodiversity 
in the Campos Basin were carried out (Falcão et al. 2017). Among them, zooplankton 
sampling during two seasonal cruises provided the opportunity to collect cephalopod 
paralarvae at different depths and water masses (Bonecker et al. 2014, Moreira et al. 
2017). The aim of this study was to describe the cephalopod paralarvae assemblage 
and relate its distribution pattern to oceanographic features and water masses in the 
Campos Basin.
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Materials and Methods

Study Area.—The CMSB corresponds to an area of 115,800 km2 along the 
Brazilian continental margin, from the southern coast of Espírito Santo state (20.5°S) 
to the northern coast of Rio de Janeiro state (23°S; Fig. 1). The neritic zone covers the 
continental shelf and the oceanic zone covers the continental slope and the São Paulo 
Plateau. The shelf break is located 100 km from the coast and at a depth of 110 m, on 
average. CMSB extends to a maximum depth of 3600 m in the oceanic zone (Viana 
et al. 1998, Castro Filho et al. 2015).

In the neritic zone, the Coastal Water (CW) occupies the inner continental shelf 
and has low salinities due to fluvial discharge, mainly the Paraíba do Sul River 
(20.5°S; Castro-Filho et al. 2015). The warm salty Tropical Water (TW) and the colder 
nutrient-rich South Atlantic Central Water (SACW) occupy the outer continental 
shelf and the oceanic zone, both forming the Brazil Current, which flows southward 

Figure 1. Map of Campos Basin, Brazil. Zooplankton sample design by Habitats Project, with 
48 oceanographic stations. Eight sampling isobaths were selected: 25, 50, 75, and 150 m in the 
neritic zone/continental shelf (numbered as 01, 02, 03, and 05, respectively), and 400, 1000, 
1900, and 3000 m in the oceanic zone/continental slope and São Paulo Plateau (numbered as 06, 
08, 10, and 12, respectively). Each isobath crosses six transects perpendicular to the coast in the 
South–North direction (A, C, D, F, H, and I). ES = Espírito Santo state, RJ = Rio de Janeiro state.
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as a part of the South Atlantic Subtropical Gyre (Silveira et al. 2015). Beneath them, 
the Antarctic Intermediate Water (AIW) and Upper Circumpolar Deep Water 
(UCDW) run northward; at the bottom, the North Atlantic Deep Water (NADW) 
runs southward (Table 1; Foloni Neto 2010, Silveira et al. 2015). In Campos Basin, the 
summer is rainy with northeast dominant winds that promote coastal upwelling of 
SACW in Cape Frio (23°S) and Cape São Tomé (22°S). The winter is dry and colder due 
to the influence of the South Atlantic Subtropical Anticyclone in the atmosphere and 
more frequent frontal systems of polar air masses that move northward (Dereczynski 
and Menezes 2015). Cyclonic meanders and eddies of the Brazil Current occur 
during all seasons in the continental slope of Campos Basin. These rotating features 
promote upwelling in its leading edge, advecting upwelled water to the continental 
shelf break as well as downwelling in its trailing edge (Campos et al. 2000, Castelão 
et al. 2004, Aguiar et al. 2014).

Sampling.—The Habitats Project - Campos Basin Environmental Heterogeneity 
(CENPES/PETROBRAS) performed two oceanographic cruises in the Campos Basin, 
between latitudes 21°10´S and 24°26́ S: the first in the rainy season, from February to 
April 2009 (austral summer–autumn), aboard RV Gyre, and the second in the dry 
season, from August to September 2009 (austral winter), aboard RV Luke Tomas 
(Moreira et al. 2017). The sampling design in both cruises included eight isobaths: 25, 
50, 75, and 150 m in the neritic zone and 400, 1000, 1900, and 3000 m in the oceanic 
zone. Vertically, the water mass cores were previously identified through Optimal 
Multiparametric Analysis by Foloni Neto (2010) and were collected according to 
the isobaths (Table 1). Samples at 1 m depth were considered Surface Water (SW), 
corresponding to the Coastal or Tropical Water (Table 1).

Water and environmental samples were collected in nine transects perpendicular 
to the coast throughout the eight isobaths, totaling 72 oceanographic stations. A 
rosette was used, equipped with a CTD profiler (Sea-Bird Electronics Inc.) and a set 
of 12 bottles each with 10 liters of capacity (Niskin or GO-FLO, General Oceanics; 
Moreira et al. 2017). Zooplankton hauls were performed in six transects, throughout 
the eight isobaths, totaling 48 oceanographic stations (Fig. 1). A Multinet type midi 
(Hydro-Bios) was used, equipped with 64, 120, 200, and 500 µm mesh nets white in 
color with a frame opening of 50 × 50 cm (Bonecker et al. 2014, Moreira et al. 2017). A 
remote system for opening and closing the nets and a depth sensor allowed individual 
sampling of each water mass core. The volume of water filtered was determined using 

Table 1. Number and distribution of zooplankton hauls according to the isobaths and water mass cores. 
Isobaths: 25, 50, 75, 150 m on the neritic zone/continental shelf; and 400, 1000, 1900, 3000 m on the oceanic 
zone/continental slope and São Paulo Plateau. Water masses cores and their depth: SW = Surface Water, 
SACW = South Atlantic Central Water, AIW = Antarctic Intermediate Water, UCDW = Upper Circumpolar 
Deep Water, and NADW = North Atlantic Deep Water. SW can correspond to Tropical Water or Coastal Water. 
Modified from Bonecker et al. (2014) and Moreira et al. (2017).

Water mass cores 
and depth

Zones and isobaths depth
Neretic zone Oceanic zone

25 m 50 m 75 m 150 m 400 m 1,000 m 1,900 m 3,000 m
SW (1 m) 12 12 12 12 12 12 12 10
SACW (250 m) - - - - - - - - - - - - 12 12 12 10
AIW (800 m) - - - - - - - - - - - - - - - 12 12 9
UCDW (1200 m) - - - - - - - - - - - - - - - - - - 12 9
NADW (2300 m) - - - - - - - - - - - - - - - - - - - - - 8
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digital flow meters attached to the inner net mouth, while the filtration efficiency 
was assessed using an external meter (Bonecker et al. 2014). Zooplankton collections 
were performed at night, from 6 pm to 6 am, to standardize the sampling due to the 
diel vertical migration and to maximize the capture in superficial layers (Moreira 
et al. 2017). Hauls were conducted at a speed of 2 knots and varied according to the 
water mass: horizontal hauls in SW, SACW, AIW, and UCDW with a duration of 
5, 10, 15, and 15 minutes respectively, and vertical hauls in NADW with a duration 
of 15 minutes (Moreira et al. 2017). Some samples were unavailable for stations 
A12, H12, and I12. Zooplankton samples were fixed and preserved in 4% buffered 
formalin (Bonecker et al. 2014). Cephalopod paralarvae were screened from 120, 200, 
and 500 µm mesh net samples.

Morphological Identification.—Paralarvae were identified to the most 
precise taxonomic level according to the literature—Sweeney et al. (1992), Vecchione 
et al. (2001), Haimovici et al. (2002), Santos and Haimovici (2007) for all groups, and 
Roper and Lu (1978), Haimovici et al. (1995), and Fernández-Álvarez et al. (2017) 
for ommastrephid rhynchoteuthion paralarvae. Higher taxa classification followed 
Young et al. (2019).

Dorsal mantle length (ML in mm) was measured from the anterior to the posterior 
margin of the mantle in squids (orders Oegopsida and Myopsida), and from the 
midline between the eyes to the posterior margin of the mantle in octopuses 
(order Octopoda). Ommastrephid paralarvae proboscis length was measured and 
its sucker pattern was recorded. Arm proportions were recorded for all specimens 
and chromatophore and photophore patterns were documented if present. Few 
paralarvae were identified at the species taxonomic level because most of them lost 
the chromatophore pattern due to preservation in formalin or were too small to show 
specific diagnostic characters; most paralarvae of Octopoda Incirrata (n = 78) could 
not be differentiated into families for these reasons.

Data Analysis.—Paralarvae densities were standardized as the number of 
individuals per 100 m3 (ind 100 m−3) of filtered water. The scarce and patchy 
distribution of cephalopod paralarvae in the samples resulted in a data set that was 
zero-inflated (absence in 45.7% among hauls), nonnormal (Shapiro–Wilk test: W 
= 0.62, P < 0.001), and overdispersed (standard deviation greater than the mean). 
Therefore, we assumed the negative binomial distribution for density data (Zuur et 
al. 2012), since it provided the best fit (Kolmogorov–Smirnov test: D = 0.096, P = 
0.584) and showed suitable results for cephalopod paralarvae data (Roura et al. 2016).

Generalized Linear Models (GLMs) with negative binomial distribution were built 
to assess the effect of fixed factors and environmental variables on the paralarvae 
counts, using the log-transformed volume of filtered water as an offset to standardize 
the data as densities. A preliminary GLM was built only with the fixed factor mesh 
net (120, 200, and 500 µm) and the mean number of paralarvae per haul did not show 
significant differences among the mesh nets: 2.76 in 120 µm, 3.41 in 200 µm, and 
2.53 in 500 µm (Online Table S1). For this reason, we assumed that all nets had the 
same efficiency and the number of paralarvae per haul was pooled, in each station, 
according to the equation: 

(∑ paralarvae of the three nets ⁄ ∑ volume of water filtered in m3 of the three nets)*100. 
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This pooling allowed to reduce the number of hauls without paralarvae (i.e., zeros) 
from 45.7% to 16.1%.

Subsequent GLMs with pooled data evaluated the fixed factors season (rainy/
dry) and zone (neritic/oceanic), as well as quantitative environmental variables: 
seawater temperature (19.6–28.5 °C), salinity (35.4–37.3), and dissolved oxygen 
(4.7–7.7 ml L−1). Suspended particulate matter (SPM; 0.1–6.5 mg L−1) was obtained 
by 0.45 and 0.7 µm filtration (Moreira et al. 2017) and included both organic and 
inorganic matter. Chlorophyll-a concentration (0.03–5.93 µg L−1) was considered a 
proxy for primary production. The total zooplankton density ranged from 409.6 to 
166,955.5 individuals per m3, considering the pooled data from all mesh nets (64, 
120, 200, and 500 µm), and was considered a proxy for secondary production. The 
zooplankton community was dominated by copepods, with important representation 
of gastropods and cladocerans (Bonecker et al. 2017c). All environmental variables 
were previously scaled for GLMs (i.e., normalized using the mean value and standard 
deviation). Potential collinearity among environmental variables was assessed using 
pair plots and calculating variance inflation factors (VIF). The residual plots indicated 
heteroscedasticity in the dispersion of model residues.

The continuous data of dorsal mantle length were also nonnormal (Shapiro–Wilk 
test: W = 0.81, P < 0.001). GLMs with gamma distribution were independently built 
to assess the effect of the fixed factors mesh net, season, and zone on the paralarvae 
sizes. All GLMs in this study used the logarithmic link function and were considered 
satisfactory by diagnostics: residuals plots, half-normal plots, and deviance on 
degrees of freedom.

Multivariate analyses were performed on a matrix of the paralarvae densities 
(individuals per 100 m3) per station and per main taxa, using the pooled data 
among the mesh nets. For this, the data were previously square root–transformed 
and converted in a Bray–Curtis dissimilarity matrix. A Multivariate Permutational 
Analysis of Variance (PERMANOVA; Anderson et al. 2008) with 9999 permutations 
and sum of squares Type III was used to evaluate the significance of the fixed factors 
season (rainy/dry) and zone (neritic/oceanic) on the paralarvae assemblage. A priori, 
a Permutational Dispersion Analysis (PERMDISP) was conducted to verify the 
multivariate homogeneity between the levels of each factor. A two-way Similarity 
Percentage (SIMPER) was used to assess the contribution of the different taxa to the 
observed difference in assemblages between factors season and zone, with a cut-off 
for low contributions of 99%.

The exploratory analyses, graphics, and GLMs were performed in R 4.2.1 (R Core 
Team 2023) using MASS (Venables and Ripley 2002), car (Fox and Weisberg 2019), 
nortest (Gross and Ligges 2015), ggplot2 (Wickham 2016), sciplot (Morales 2020), 
and faraway (Faraway 2022) packages. Multivariate analyses were performed in 
Primer 6 (Clarke and Gorley 2006) with the PERMANOVA+ add-on (Anderson et 
al. 2008). The map and spatial plots were built in QGIS 3.28.12 (QGIS Development 
Team 2023).

Results

A total of 825 cephalopod paralarvae were collected belonging to three orders, 11 
families, and 16 genera (Table 2). Detailed taxonomic descriptions and paralarvae 
images can be found in the Online Supplementary Material (Online Table S2, Online 
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Figs. S1 and S2). During the rainy season, 611 paralarvae of 10 families were collected 
at 40 of 48 stations. During the dry season, 214 paralarvae of 7 families were 
collected at 39 of 46 stations sampled (Table 2). The families Enoploteuthidae and 
Ommastrephidae were more abundant during the rainy season, while Loliginidae 
(present only in the neritic zone) and Octopoda Incirrata showed the opposite pattern 
and were more abundant during the dry season (Fig. 2). The dorsal mantle length of 
the paralarvae ranged from 0.4 to 8.5 mm, with an overall mean of 1.50 mm (SD 0.67 
mm). Only specimens from the families Cranchiidae and Tremoctopodidae had a 
mantle length longer than 4 mm, while 95% of the data set was less than 2.6 mm (Fig. 
3A). The gamma GLM revealed a significant difference in the ML mean among the 
nets: paralarvae caught by the 500 µm mesh were larger than those caught by the 200 
µm mesh, which in turn were larger than those caught by the 120 µm mesh (Fig. 3B, 
Online Table S3). However, no significant differences were observed between periods 
or zones (Online Table S3).

Most paralarvae (n = 819) and nine families were collected in the Surface Water 
(Online Table S4). In this layer, the total paralarvae density ranged from 0 to 
16.8 ind 100 m−3 [mean 1.95 (SD 3.22); Fig. 4]. The families Enoploteuthidae and 
Ommastrephidae were the most abundant in Surface Water (Fig. 4) and their densities 
ranged from 0 to 9.7 ind 100 m−3 [mean 0.79 (SD 1.83)] and from 0 to 7.3 ind 100 m−3 
[mean 0.70 (SD 1.42)], respectively. The higher densities were along the isobath 150 
m, followed by the 75, 400, and 1900 m isobaths (Fig. 5). In the South Atlantic Central 
Water, the total paralarvae density ranged from 0 to 0.42 ind 100 m−3 and four specimens 

Figure 2. Relative abundance (%) of cephalopod paralarvae taxa in Campos Basin, during the 
rainy and dry seasons, in the neritic zone and oceanic zone. Other Oegopsida include the fami-
lies Cranchiidae, Octopoteuthidae, Onychoteuthidae, Ancistrocheiridae, and Thysanoteuthidae. 
Squid indeterminate includes any Oegopsida or Myopsida. Octopoda Incirrata includes the fami-
lies Argonautidae, Octopodidae, and Tremoctopodidae.
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Table 2. Taxonomic list of cephalopod paralarvae collected by Multinet in Campos Basin, Brazil. Sampling: 
rainy season from February to April 2009; dry season from August to September 2009. Mantle length in mm; 
ind = indeterminate. 

Taxon: superorder, order, family, genus 
(or type), and species

Abundance Mantle length
Rainy

(Summer)
Dry 

(Winter)
Total 

number
Min Max

DECAPODIFORMES 559 143 702 0.4 8.5
Oegopsida 517 122 639 0.4 8.5

Enoploteuthidae 262 72 334 0.5 3.8
Abralia spp. 41 7 48 1.5 3.8
Abraliopsis spp. 5 - - - 5 2.0 3.0
Enoploteuthidae ind. 216 65 281 0.5 2.8

Ommastrephidae 249 48 297 0.4 4.0
Hyaloteuthis pelagica 1 - - - 1 4.0 4.0
Sthenoteuthis pteropus 7 2 9 0.8 2.6
Rhynchoteuthion Type A 
(Ommastrephes cylindraceus)

111 30 141 0.5 3.3

Rhynchoteuthion Type B 
(Ornithoteuthis antillarum, 
Hyaloteuthis pelagica)

109 11 120 0.5 3.2

Rhynchoteuthion Type C (Illex 
argentinus, Illex coindettii)

7 - - - 7 1.0 2.8

Rhynchoteuthion ind. 14 5 19 0.4 3.0
Ancistrocheiridae 1 - - - 1 1.9 1.9

Ancistrocheirus cf. lesueurii 1 - - - 1 1.9 1.9
Cranchiidae 1 2 3 4.0 8.5

Liocranchia sp. 1 - - - 1 4.0 4.0
Megalocranchia spp. - - - 2 2 7.2 8.5

Octopoteuthidae 1 - - - 1 2.4 2.4
Octopoteuthis sp. 1 - - - 1 2.4 2.4

Onychoteuthidae 2 - - - 2 1.3 1.7
Onychoteuthis spp. 2 - - - 2 1.3 1.7

Thysanoteuthidae 1 - - - 1 2.0 2.0
Thysanoteuthis sp. 1 - - - 1 2.0 2.0

Myopsida 20 7 27 1.1 3.5
Loliginidae 20 7 27 1.1 3.5

Decapodiformes ind. 22 14 36 0.5 2.0

OCTOPODIFORMES 44 67 111 0.7 4.3
Octopoda Incirrata 44 67 111 0.7 4.3

Argonautidae 9 1 10 0.7 1.4
Argonauta spp. 9 1 10 0.7 1.4

Octopodidae 15 5 20 1.2 3.7
Macrotritopus spp. 11 5 16 1.2 3.7
Octopodidae ind. 4 - - - 4 1.3 2.5

Tremoctopodidae - - - 3 3 4.0 4.3
Tremoctopus spp. - - - 3 3 4.0 4.3

Octopoda Incirrata ind. 20 58 78 1.0 2.5
Cephalopoda ind. 8 4 12 0.6 1.5

All Cephalopod Paralarvae 611 214 825 0.4 8.5
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were collected: one indeterminate enoploteuthid, one Ancistrocheirus cf. lesueurii, 
and one Thysanoteuthis sp. during the rainy season, and one rhynchoteuthion Type 
A during the dry season (Fig. 4). In the Antarctic Intermediate Water, the total 
paralarvae density ranged from 0 to 0.0039 ind 100 m−3 and two specimens were 
collected during the rainy season: one Abralia spp. and one rhynchoteuthion Type B 
(Fig. 4). No paralarvae were caught in the Upper Circumpolar Deep Water or in the 
North Atlantic Deep Water (Online Table S4).

Negative binomial GLMs were built with densities of total paralarvae and the most 
abundant families, Enoploteuthidae and Ommastrephidae, only for Surface Water. 
Data for the other taxa were insufficient for meaningful results. Model I considered 
only the season and zone as factors, Model II added the interaction between the two 
factors. Model III considered only the environmental variables (quantitative), Model 
IV included both factors and environmental variables (full model), and Model V was 
an optimization of Model IV using the backward stepwise method, selecting the 
best model based on the Akaike Information Criterion (AIC). The models for total 
paralarvae and Ommastrephidae retained the variables season and temperature; 
however, given the high correlation between these predictors (VIF from 6.2 to 29.4), 
Model VI excluded the factor season (Table 3). The mean density of total paralarvae 
was significantly higher during the rainy season (2.84 ind 100 m−3) compared to the 
dry season (1.08 ind 100 m−3) and showed a significant positive relationship with 
temperature in most models, a pattern that was also observed for Enoploteuthidae 
and Ommastrephidae (Tables 3 and 4, Fig. 6, Online Fig. S3). Suspended particulate 
matter showed a negative relationship, significant for Ommastrephidae and retained 
for Enoploteuthidae by AIC, despite no significance (P = 0.52), where higher density 
of these paralarvae was associated with SPM < 2 mg L−1 (Tables 3 and 4, Fig. 6, Online 
Fig. S3). In some models, dissolved oxygen had a significant and positive relationship 
with total paralarvae and Ommastrephidae, where higher paralarvae density was 
related to dissolved oxygen >6 ml L−1 (Tables 3 and 4, Fig. 6, Online Fig. S3). There 
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Figure 4. Spatial distributions of cephalopod paralarvae in Campos Basin, during the rainy and 
dry seasons, for Surface Water (SW), South Atlantic Central Water (SACW), and Antarctic 
Intermediate Water (AIW). ES = Espírito Santo state, RJ = Rio de Janeiro state.
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were no significant effects for the factor zone, the interaction between zone and 
season, salinity, chlorophyll-a, and total zooplankton (Table 3).

Among the less abundant families, Loliginidae was exclusively present in the neritic 
zone at the 25 and 50 m isobaths (Figs. 2 and 4). Taxa exclusive from the oceanic zone 
in Surface Water were Liocranchia sp., Onychoteuthis spp., and Octopoteuthis sp. 
only during the rainy season and Megalocranchia spp. and Tremoctopus spp. only 
during the dry season. Ancistrocheirus cf. lesueurii and Thysanoteuthis sp. were 
collected only in SACW during the rainy season (Figs. 2 and 4). Octopoda Incirrata 
were slightly more abundant during the dry season in both neritic and oceanic 
zones (Figs. 4 and 6). We could not establish a distributional pattern for the families 
Argonautidae and Octopodidae.

The assemblage multivariate analyses in the Surface Water were performed 
with a matrix of 94 objects (lines) and seven taxa (columns): Enoploteuthidae, 
Ommastrephidae, Cranchiidae, Onychoteuthidae, Octopoteuthidae, Loliginidae, 
Octopoda Incirrata. PERMANOVA applied to the paralarvae assemblage indicated 
a significant difference between the rainy and dry seasons (pseudo-F = 5.30, P < 
0.01) and between the neritic and oceanic zones (pseudo-F = 3.88, P < 0.05), with 
no interaction between the factors season and zone (pseudo-F = 0.11, P = 0.91; Table 
5). PERMDISP identified multivariate dispersion only to the season (F = 5.77, P < 
0.05) and not to the zone (F = 0.32, P = 0.62; Table 5). SIMPER showed the family 
Enoploteuthidae as the main contributor to the neritic zone assemblage (40.9%) and 
the family Ommastrephidae to the oceanic zone (57.7%) and the rainy season (56.3%) 
assemblages. Octopoda Incirrata and Enoploteuthidae had similar contributions to 
the dry season (35.0% and 34.4%, respectively). The other taxa had less expressive 
contributions (Fig. 2, Online Table S5).

Table 4. Statistical parameters of the selected Generalized Linear Models (GLMs) from Table 3 for densities 
of total paralarvae, Enoploteuthidae, and Ommastrephidae in the Campos Basin. 

Paralarvae density Coefficients Estimate Standard error Z P (>|z|)
Total
(Model VI)

Intercept −4.07 0.14 −28.85 <0.001
Temperature 0.62 0.14 4.31 <0.001

Enoploteuthidae
(Model V)

Intercept −5.19 0.23 −22.37 <0.001
Temperature 0.73 0.22 3.27 0.001

SPM −0.95 0.49 −1.94 0.052
Ommastrephidae
(Model VI)

Intercept −6.05 0.25 −24.09 <0.001
Temperature 1.00 0.20 5.00 <0.001

SPM −2.56 0.62 −4.10 <0.001

Table 5. Multivariate Permutational Analysis of Variance (PERMANOVA) results for total paralarvae 
assemblage in Campos Basin. Fixed factors: season (rainy/dry) and zone (neritic/oceanic). Previously, 
Permutational Dispersion Analysis (PERMDISP) verified the multivariate homogeneity between the levels 
of each factor.

Source PERMANOVA PERMDISP
Degrees of 

freedom
Sum of 
squares

Mean 
square

Pseudo-F P F P

Season 1 4,271.60 4271.60 5.30 0.004 5.77 0.03
Zone 1 3,124.30 3124.30 3.88 0.017 0.32 0.62
Season × Zone 1 90.87 90.87 0.11 0.907 - - - - - -
Residual 90 72,472.00 805.25 - - - - - - - - - - - -
Total 93 80,086.00 - - - - - - - - - - - - - - -
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Discussion

Paralarvae Distribution Patterns.—This is the first study in the Brazilian 
continental margin investigating the presence of cephalopod paralarvae in deep 
water masses and one of the few describing the paralarvae distribution on the 
continental slope. Eleven families and 16 genera of cephalopod paralarvae have been 
identified, the majority in small sizes, indicating reproductive activity in or around 
this area. Previous studies in Brazil using Bongo net reported 11 to 15 families of 
cephalopod paralarvae from northeastern to southern Brazil (Haimovici et al. 2002, 
Santos and Haimovici 2007, Araújo and Gasalla 2019, Ortiz et al. 2024), while a study 
using rectangular midwater trawl reported six families for a restricted area around 
coastal upwelling in southern Brazil (Vidal et al. 2010; Table 6).

The efficiency of the open/close systems of the Multinet allows to determine the 
vertical distribution of plankton in each depth layer separately. The Surface Water 
(1 m depth) showed a higher number of taxa and density of cephalopod paralarvae, 
as well as a higher density and biomass of zoo- and ichthyoplankton (Bonecker et al. 
2017b,c). This pattern was already expected due to the horizontal hauls conducted 
at night, which maximize the zooplankton capture in the surface layers (Moreira 
et al. 2017). In posterior samplings, Bonecker et al. (2017a) investigated the vertical 
and nictemeral variations in Campos Basin and reported the different zoo- and 
ichthyoplankton communities in Surface Water through the daytime, with higher 
densities at night. The distribution of zooplankton in the water column changes 
throughout the day due to diel vertical migrations (Cohen and Forward 2016) and 
this behavior is also known for early cephalopod stages (Diekmann and Piatkowski 
2004, Roura et al. 2016, 2019, Castillo-Estrada et al. 2020, Sluis et al. 2021). Paralarvae 
preferentially ascend in the water column during the night, so the probability 
of capturing them in the surface layer is higher during the nocturnal period 
(Diekmann and Piatkowski 2004, Zaragoza et al. 2015, Otero et al. 2016, Roura et al. 
2019). On the other hand, along the water column, Röpke et al. (1993) indicated the 
pycnocline (20–50 m) as the center of mass for paralarvae; moreover, Diekmann and 
Piatkowski (2004) indicated that paralarvae of Enoploteuthidae, Ommastrephidae, 
and Ancistrocheiridae were generally more numerous between 50 and 70 m depth 
at night and twilight. For this reason, other studies carried out in Brazilian waters 
using oblique hauls of Bongo net were more efficient in capturing rare families and 
larger paralarvae or juveniles (Haimovici et al. 2002, Santos and Haimovici 2007, 
Ortiz et al. 2024; Table 6), as they collected through the water column and integrated 
different layers where paralarvae are more abundant.

The presence of six oegopsid squids in the SACW (250 m depth) and AIW (800 
m depth), ranging from 1.5 to 2.8 mm ML, can be explained by passive movement 
induced by currents and/or by active vertical migration. Cyclonic meanders and 
eddies of the Brazil Current are present in the continental slope of the Campos 
Basin during all seasons and can transport paralarvae from the surface to deeper 
layers through downwelling (Campos et al. 2000, Castelão et al. 2004, Aguiar et al. 
2014). For example, cephalopod paralarvae have been observed at 200–290 m depth 
(Diekmann and Piatkowski 2004) and 500 m, the so-called deep scattering layer 
(Roura et al. 2019). However, the occurrence of paralarvae is not expected in layers 
deeper than 1000 m, where there is a predominance of juvenile and adult cephalopods 
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(Judkins and Vecchione 2020), which may explain the absence of paralarvae in our 
samples at UCDW and NADW.

Enoploteuthidae and Ommastrephidae were present in the three upper water 
masses and were the main contributors to the cephalopod paralarvae assemblage 
of Surface Water. These are among the most abundant squid families in planktonic 
surveys throughout tropical and subtropical waters (Haimovici et al. 1995, 2002, 
Santos and Haimovici 2007, Zaragoza et al. 2015, Aceves-Medina et al. 2017, Castillo-
Estrada et al. 2020, Sluis et al. 2021, Ortiz et al. 2024). Both families have a broad 
dispersion of eggs and hatchlings: enoploteuthids release planktonic eggs freely in the 
water column (Boyle and Rodhouse 2005), while ommastrephids produce egg masses 
neutrally buoyant that tend to float above the pycnocline (Boyle and Rodhouse 2005, 
Vijai 2016). In addition, midwater and bottom trawl surveys for adult cephalopods 
from the northeastern to southern Brazilian coast reported high abundances of 
the enoploteuthids Abralia veranyi and Abralia redfieldi, and the ommastrephids 
Illex argentinus, Illex coindettii, and Ornithoteuthis antillarum (Haimovici et al. 
2007, 2008). In lesser abundance was also reported the enoploteuthids Abraliopsis 
atlantica, Abraliopsis morisii, Enoploteuthis anapsis, and Enoploteuthis leptura, 
and the omastrephids Ommastrephes cylindraceus (from Ommastrephes bartramii 
complex; Fernández-Álvarez et al. 2020), Sthenoteuthis pteropus, and Eucleoteuthis 
luminosa, all predominantly living in the oceanic zone (Haimovici et al. 2007, 2008). 
These squid species can potentially breed and spawn throughout the study area.

Loliginidae paralarvae occurred exclusively in shallow waters, consistent with 
the neritic habits described for both adults and paralarvae of the family (Rosa et al. 
2013, Roura et al. 2019), where breeding and spawning occur close to the coast and 
the egg capsules are attached to the substrate (Rodrigues and Gasalla 2008, Rosa et 
al. 2013). Lagrangian models indicate that the southeastern Brazilian continental 
shelf is a retention zone for loliginids, where oceanographic conditions are favorable 
for squid recruitment (Martins et al. 2014). Autumn surveys for adult nekton in the 
Campos Basin found concentrations of Doryteuthis sanpaulensis around Cape Frio 
and Doryteuthis pleii around Cape São Tomé (Haimovici et al. 2017). Paralarvae of 
Doryteuthis were also found around these capes and coastal islands during periods 
with enriched water column by SACW upwelling, while Lolliguncula brevis was 
found in bays and estuaries (Araújo and Gasalla 2018).

The families found exclusively in the oceanic zone were Cranchiidae, 
Onychoteuthidae, Octopoteuthidae, and Tremoctopodidae in Surface Water, and 
Ancistrocheiridae and Thysanoteuthidae in SACW. All these families occur in a wide 
depth range (Jereb and Roper 2010). Octopoda Incirrata occurred in both neritic 
and oceanic zones in Surface Water, had higher densities during the dry season, 
and was one of the main contributors to the cephalopod assemblage of this season. 
However, a clear distinction between Octopodidae and Argonautidae was not 
possible for our samples. Octopodidae spawn eggs attached to the bottom in neritic 
zone and the adults occupy different habitats (Boyle and Rodhouse 2005). Octopus 
americanus (Octopus vulgaris type II) inhabits tropical and temperate waters and 
a high concentration of adults has been reported around Cape Frio associated 
with SACW (Haimovici et al. 2017), while the genus Macrotritopus inhabits sand 
and mud bottoms in tropical waters (Haimovici et al. 2009, Alvarenga et al. 2024). 
Argonautidae spawn continuously in the water column and high abundances of 
paralarvae were reported in southeastern and southern Brazil, mainly during the 
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summer and autumn (Araújo and Gasalla 2022, Ortiz et al. 2024). Genetic analysis 
and alternative fixatives that preserve chromatophore patterns are recommended in 
further studies for better differentiation among cephalopod paralarvae species in the 
Brazilian continental margin.

Paralarvae Related to Environmental Variables, Plankton 
Production, and Oceanographic Features.—Temperature was the 
main environmental variable associated with the densities of total paralarvae, 
Enoploteuthidae, and Ommastrephidae. Densities were up to three times higher in 
warmer waters of the rainy season. A positive relationship between temperature and 
paralarvae abundance was also found for Abralia (García-Cordova et al. 2023, Ortiz 
et al. 2024), Ommastrephidae (Staaf et al. 2013, Zaragoza et al. 2015, Sánchez-Velasco 
et al. 2016), Loliginidae, and Octopus vulgaris (Otero et al. 2016) using different 
statistical methods. In general, temperature directly affects the reproductive success 
of cephalopods and accelerates the eggs development (Boyle and Rodhouse 2005). 
Dissolved oxygen and SPM showed some relationship with the paralarvae densities, 
especially Ommastrephidae. Paralarvae were associated with well-oxygenated 
waters, consistent with previous studies (Sánchez-Velasco et al. 2016, Castillo-
Estrada et al. 2020), and with low levels of SPM. The negative relationship between 
SPM and rhynchoteuthions was unexpected, given that these paralarvae can use 
particles retained in the skin as a substrate for microbial development and take this 
mucus as a food source (Vidal and Haimovici 1998).

Cephalopod paralarvae depend on primary and secondary productivity, since 
most prey on zooplankton (Boyle and Rodhouse 2005, Roura et al. 2012) and 
rhynchoteuthions even feed on bacteria, flagellates, and ciliates (Vidal and Haimovici 
1998). However, chlorophyll-a and total zooplankton were not significant in any of 
the models and there was low or no synchronicity between paralarvae and other 
plankton groups. Paralarvae density and zooplankton biomass (caught by the 120 
and 200 µm meshes) were higher during the rainy season, whereas orthophosphate 
and chlorophyll-a concentrations and zoo- and ichthyoplankton densities were 
higher during the dry season (Bonecker et al. 2017b,c, Gonzalez-Rodriguez et al. 
2017, Suzuki et al. 2017). This mismatch is probably due to a lag time for the nutrient 
incorporation by primary and secondary productivity and finally by the paralarvae 
assemblage (Otero et al. 2009, Zaragoza et al. 2015).

Although the SACW intrusion in the surface was not reported at any point in 
Campos Basin during the sampling period (Castro Filho et al. 2015), several authors 
suggested that upwelling occurred previously, since peaks of nutrients, chlorophyll-a, 
and all plankton groups were found in the vicinity of Cape Frio and Cape São Tomé 
(Cabral et al. 2017, Bonecker et al. 2017b,c, Gonzalez-Rodriguez et al. 2017, Rodrigues 
et al. 2017, Suzuki et al. 2017, Tenenbaum et al. 2017). Peaks of paralarvae density 
were observed during the rainy season along the continental shelf break and slope 
(Fig. 4), which could be related to upwelling and water column enrichment promoted 
by the cyclonic meandering of the Brazil Current (Campos et al. 2000, Castelão et al. 
2004, Aguiar et al. 2014). Unexpectedly, stations near Cape Frio, Cape São Tomé, and 
the Paraíba do Sul River showed low paralarvae densities. For a better investigation 
of coastal upwelling or fluvial influence, a finer sample design and a larger temporal 
sampling would be necessary, since these regions are described as reproductive zones 
for cephalopods and consequently contain a higher concentration of paralarvae 
(González et al. 2005, Vidal et al. 2010, Roura et al. 2016, Sluis et al. 2021, García-
Cordova et al. 2023).
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Conclusions

This study showed the composition and distribution of cephalopod paralarvae for a 
tropical area with extensive oil exploration in the southeastern Brazilian continental 
margin, through seasonal variations, eight isobaths from 25 m to 3000 m, and in five 
water mass cores from 1 to 2300 m depth. Higher paralarvae density was associated 
with warmer temperatures of Surface Water during the rainy season (summer), 
especially along the upwelling region of the continental shelf break and slope. The 
squid families Enoploteuthidae and Ommastrephidae were the most abundant and 
the small paralarvae indicate reproductive activity and recent spawning in or around 
this area. Further studies are needed to better understand how paralarvae density 
relates to plankton production and suspended particulate matter, as well as their 
sensibility to potential oil spills.
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Table S1: Statistical parameters of the preliminary Generalized Linear Model (GLM), 

built with negative binomial distribution, relating the total paralarvae density to the factor 

mesh net: 120 µm (incorporated into the intercept), 200 µm and 500 µm. 

Coefficients Estimate Std. Error Z value P-value 

Intercept -3.85 0.18 -21.30 <0.001 

200 µm mesh 0.21 0.25 0.84 0.403 

500 µm mesh -0.41 0.25 -1.60 0.110 

 

 

Table S2: General morphological characteristics used to identify the cephalopod 

paralarvae in Campos Basin, Brazil. 

Taxa Description and remarks on cephalopod paralarvae 

DECAPODIFORMES - 

Oegopsida - 

Enoploteuthidae Cone-shaped mantle, prominent eyes, arm formula II>I>III>IV, 

rounded fins in the posterior extremity of the mantle. 

Abralia spp. Three rounded photophores forming a single row on the ventral 

surface of the eyeball, arms shorter than the mantle. 

Abraliopsis spp. One photophore at the end of the arms IV, absence of photophores 

on the eyeballs, robust tentacles, arms equal or longer than the 

mantle. 

Ommastrephidae Tentacles fused into a proboscis with eight suckers at the distal tip. 

Hyaloteuthis pelagica One photophore on the ventral surface of each eyeball and one 

central photophore on the intestine. 

Sthenoteuthis pteropus  Proboscis length longer the mantle length. All suckers in the 

proboscis with similar diameter. 

Rhynchoteuthion Type A 

(Ommastrephes cylindraceus) 

The two lateral suckers of the proboscis are 2 to 3 times the diameter 

of the remaining six suckers. Ommastrephes cylindraceus from 

Ommastrephes bartramii complex (Fernández-Álvarez et al. 2020). 

Rhynchoteuthion Type B 

(Ornithoteuthis antillarum, 

Hyaloteuthis pelagica) 

The two lateral suckers of the proboscis are slightly larger than the 

remaining six suckers, but below 2 times the diameter.  



Rhynchoteuthion Type C 

(Illex argentinus, Illex coindetti)  

All suckers in the proboscis with similar diameter. 

Ancistrocheiridae, 

Ancistrocheirus cf. lesueurii  

Rounded and cup-shaped mantle, gelatinous tissue layer on the 

head, relatively small eyes broadly separated by the arm bases, stout 

and long tentacles, arm formula II>I=III>>IV. More morphological 

studies with adults and paralarvae are necessary for taxonomic 

confirmation, once barcode genes recently suggested the cryptic 

species Ancistrocheirus alessandrinii (Roura et al. 2019). 

Cranchiidae Semitransparent body and a thin-walled mantle, which is fused to 

the head at the nuchal region and to funnel at posterolateral corners.  

Liocranchia sp. Spindle-shaped broad mantle, sessile eyes, relatively short tentacles. 

We could not observe the hyaline strips in the ventral mantle. 

Megalocranchia spp. Spindle-shaped mantle with diamond-shaped lanceola and without 

ventral hyaline lines, stalked eyes, long stout tentacles, short arms 

in a stalked arm-crown. 

Octopoteuthidae, 

Octopoteuthis sp. 

Short and rounded mantle, gelatinous tissue layer on the anterior 

head, stout tentacles with up to eight large suckers, stalked eyes, 

stalked arm-crown. 

Onychoteuthidae, 

Onychoteuthis spp.  

Elongate mantle, thinned posteriorly, short tentacles, arm formula 

I=II>>III=IV  

Thysanoteuthidae, 

Thysanoteuthis sp. 

Short and rounded mantle, protruded eyes, stout tentacles, short and 

equal arms. 

Myopsida - 

Loliginidae Elongated and bullet-shaped mantle, head squarish, eyes covered by 

a corneal membrane, well-developed ventral arms longer than the 

dorsal ones (arms IV>I). 

OCTOPODIFORMES - 

Octopoda Incirrata - 

Argonautidae, 

Argonauta spp. 

Short mantle, short head wider than the mantle, wide eyes laterally 

protrude, equal-sized arms and conspicuous cuff-shape brachial 

membrane surrounding arms. One specimen of 1.3 mm ML had 

slightly longer arms I and probably was a female. We could not 

detect the mantle-locking apparatus in our specimens. 

Octopodidae 

Macrotritopus spp. 

Longer arms III, already recognizable in specimens of 1.2 - 1.5 mm 

ML and becoming conspicuously longer in those over 2.0 mm ML. 

Octopodidae indeterminate Equal-sized arms, remaining preserved chromatophores pattern that 

excludes the argonautids. 

Tremoctopodidae, 

Tremoctopus spp. 

Much longer arms I bearing large suckers, with arm formula 

I>>II>IV>>III. 

References: Sweeney et al. (1992), Vecchione et al. (2001), Haimovici et al. (2002), Santos and 

Haimovici (2007) for all groups; Roper and Lu (1978), Haimovici et al. (1995) and Fernández-

Álvarez et al. (2017) for ommastrephid rhynchoteuthion paralarvae. Higher taxa classification 

followed Young et al. (2019). 

 

 

 

 

 



Table S3: Statistical parameters of the Generalized Linear Model (GLM), built with 

gamma distribution, relating the dorsal mantle length to the factors season (rainy and dry), 

zone (neritic and oceanic) and mesh net (120, 200 and 500 µm). The first level of each 

factor was incorporated into the intercept.  

Coefficients Estimate Std. Error Z value P-value 

Intercept 0.34 0.03 9.48 <0.001 

Dry Season 0.01 0.04 0.17 0.867 

Oceanic Zone -0.07 0.03 -2.04 0.041 

200 µm mesh net 0.14 0.04 3.66 <0.001 

500 µm mesh net 0.18 0.04 4.40 <0.001 

 

 

 

 

Table S4: Number of cephalopod paralarvae collected per water mass core and season in 

Campos Basin, Brazil. Sampling: rainy season from February to April 2009; dry season 

from August to September 2009. Water mass cores and their depth: Surface Water (SW), 

South Atlantic Central Water (SACW), Antarctic Intermediate Water (AIW), Upper 

Circumpolar Deep Water (UCDW) and North Atlantic Deep Water (NADW). SW can 

correspond to Tropical Water or Coastal Water. 

Water mass cores  

and depth 

Rainy Season 

(Summer) 

Dry Season 

(Winter) Total 

SW (1 m) 606 213 819 

SACW (250 m) 3 1 4 

AIW (800 m) 2 0 2 

UCDW (1200 m) 0 0 0 

NADW (2300 m) 0 0 0 

Total 611 214 825 

 

 

 

 

 

 

 



Table S5: Two-way Similarity Percentage (SIMPER) results show the taxa contribution 

to assemblages in each season (rainy/dry) and zone (neritic/oceanic). Average abundance, 

average similarity, similarity standard deviation, percentage of contribution, percentage 

of cumulative contribution. 

Rainy Season (Average similarity: 27.87) 
    

Taxon Av.Abund Av.Sim Sim/SD Contrib% Cum.% 

Ommastrephidae 0.74 15.7 0.77 56.35 56.35 

Enoploteuthidae 0.69 9.12 0.6 32.72 89.07 

Octopoda 0.24 2.86 0.31 10.28 99.35 

Dry Season (Average similarity: 23.05) 
    

Species Av.Abund Av.Sim Sim/SD Contrib% Cum.% 

Octopoda 0.32 8.06 0.42 34.98 34.98 

Enoploteuthidae 0.34 7.93 0.46 34.42 69.4 

Ommastrephidae 0.26 5.65 0.38 24.49 93.9 

Loliginidae 0.07 1.34 0.14 5.81 99.71 

Neritic Zone (Average similarity: 20.12) 
    

Taxon Av.Abund Av.Sim Sim/SD Contrib% 

 

Cum.% 

Enoploteuthidae 0.51 8.22 0.51 40.86 40.86 

Octopoda 0.27 6.52 0.38 32.42 73.28 

Ommastrephidae 0.39 3.94 0.35 19.57 92.85 

Loliginidae 0.14 1.44 0.15 7.15 100.00 

Oceanic Zone (Average similarity: 31.16) 
    

Taxon Av.Abund Av.Sim Sim/SD Contrib% Cum.% 

Ommastrephidae 0.63 17.99 0.82 57.72 57.72 

Enoploteuthidae 0.52 8.88 0.54 28.49 86.22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplemental Figures: 

 

 



Figure S1: Cephalopod paralarvae of Campos Basin, orders Oegopsida and Myopsida 

(squids): (A) Abralia spp., ML 2.5 mm, ventral view. (B) Abralia spp., ML 3.8 mm, 

ventral view. (C) Abraliopsis spp., ML 3.0 mm, ventral view. (D) Enoploteuthidae 

indeterminate, ML 1.2 mm, ventral view. (E) Rhynchoteuthion Type A, ML 1.3 mm, 

ventral view. (F) Rhynchoteuthion Type B, ML 1.0 ML, ventral view. (G) Rhynchoteuthion 

Type C, ML 1.8 ML, dorsal view. (H) Hyaloteuthis pelagica, ML 4.0 mm, ventral view. (I) 

Sthenoteuthis pteropus, ML 0.8 mm, dorsal view. (J) Liocranchia sp., ML 4.0 mm, ventral 

view. (K) Megalocranchia spp., ML 8.5 mm, ventral view. (L) Octopoteuthis sp., ML 2.4 

mm, dorsal view.  (M) Onychoteuthis spp., 1.7 mm ML, dorsal view. (N) Ancistrocheirus 

cf. lesueurii, ML 1.9 mm, dorsal view.  (O) Thysanoteuthis sp., ML 2.0 mm, dorsal view. 

(P) Loliginidae indeterminate, ML 3.2 mm, dorsal view. ph = photophore; pr = proboscis; 

se = stalked eyes. 

 



 

Figure S2: Cephalopod paralarvae of Campos Basin, order Octopoda (octopus): (A) 

Argonauta spp., ML 1.3 mm. (B) Octopodidae indeterminate, ML 1.3 mm. (C) 

Octopodidae indeterminate, ML 2.5 mm. (D) Macrotritopus spp., ML 1.8 mm. (E) 

Macrotritopus spp., ML 3.7 mm. (F) Tremoctopus spp., ML 4.3 mm. (G) Octopoda 

Incirrata indeterminate, ML 1.6 mm. All with dorsal view. 

 

 



 

Figure S3: Total paralarvae, Enoploteuthidae and Ommastrephidae densities (individuals 

per 100 m3) related to temperature, suspended particulate matter (SPM) and dissolved 

oxygen. 

 


