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Abstract

Cephalopod paralarvae were collected in the southeast—south Brazilian outer shelf and continental slope (24°-34°S) from
2009 to 2015 to evaluate their distribution and abundance in relation to water masses during Autumn and Spring seasons.
A total of 801 paralarvae were caught with Bongo nets (500 um mesh) in oblique tows at sample depths of up to 250 m.
Fourteen families, 22 genera, and 15 species were identified. The most abundant families were Argonautidae (40.1%),
Ommastrephidae (31%), and Enoploteuthidae (23.7%). The highest abundances were recorded on Autumn 2014 (667 ind
1000 m~3) and Argonauta nodosus was the most abundant species in the study area (437 ind 1000 m™>). Ommastrephes sp.,
Illex argentinus, and Abralia spp. paralarvae were also abundant (124, 131, and 135 ind 1000 m~>, respectively) during Spring
2009, 2010, and 2014, respectively. These species were collected under the influence of Tropical Water (TW), Subtropical
Shelf Water (STSW), and South Atlantic Central Water (SACW). Illlex argentinus and Ommastrephes sp. paralarvae occupy
different niches. The latter was significantly more abundant in the northern area, in TW and TW + SACW water masses, while
L. argentinus was more abundant in the outer southern shelf, in the STSW. This is the first study evaluating the composition,
distribution, and abundance of cephalopod paralarvae in the study area, while also providing the first record of Bolitaena
pygmaea, Egea inermis, Pterygioteuthis sp., and Promachoteuthis sp. paralarvae.
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Introduction

Cephalopods are considered key species in marine ecosys-
tems, acting on the transport of matter and energy between
the benthic and pelagic environment, as they perform verti-
cal migrations to eat close to the surface at night (Boyle and
Rodhouse 2005). They are key predators of zooplankton in
the oceans (Passarella and Hopkins 1991) and important in
the diet of elasmobranchs, cetaceans and birds (Clarke 1996;
Fonseca and Petry 2007; Petry et al. 2008). As such, they
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represent an important component in marine trophic webs
due to their role as preys and predators (Boyle and Rodhouse
2005; De La Chesnais et al. 2019; Ibafiez et al. 2021).

Cephalopods living at depths greater than 200 m are
considered deep water species and includes representa-
tives of almost all the main taxonomic groups of the class,
comprising 42 Families of the 50 currently known (Hoving
et al. 2014; Urbano and Hendrickx 2018). These families
are poorly studied due to the difficulties of sampling this
environment and their ability to escape from nets, in addi-
tion to the uneven distribution (Vecchione 1987; Collins
et al. 2002). Thus, the occurrence of the early phases of the
life cycle in the plankton is an indirect, but efficient way
of assessing the abundance, occurrence, distribution, life
cycle and the population structure of species that inhabit
the pelagic and deep-sea environment as adults (Hoving
et al. 2014).

Cephalopods are direct developers and lack a true larval
phase undergoing metamorphosis. Newly hatched organ-
isms have the same body plan of the adults, but there is
varying degree of behavioral, ecological, and morphological
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differences to the adult conespecifics (Vidal and Shea 2023).
In general, newly hatched squids and small-egged octopods
are planktonic and called “paralarva” (Young and Harman
1988). Hatchlings of all sepiids, most sepiolids, and large-
egged octopods adopt the habitat and behavior of adults
immediately after hatching and are called juveniles (Boletzky
1992).

Many studies have been conducted around the world to
study the composition and distribution of cephalopod par-
alarvae on the continental shelf and slope region (Okutani
and McGowan 1969; Rocha et al. 1999; Zaragoza et al.
2015a; Lin et al. 2020; Martinez-Soler et al. 2021). Recent
studies were conducted in the Gulf of Mexico (Sluis et al.
2021; Guarneros-Narvaez et al. 2022) and around oceanic
islands in the Southeast Pacific Ocean (Carrasco et al. 2019,
2020), using zooplankton samples to identify cephalopods
paralarvae and juveniles and provided new information on
their distribution and diversity. In the south western Atlantic
Ocean, most studies carried out with cephalopods to date are
limited to oceanic islands in the northeast of Brazil and the
continental shelf (Haimovici and Perez 1991; Haimovici et al.
2002; Martins and Perez 2006; Vidal et al. 2010; Martins et al.
2014; Aratjo and Gasalla 2018, 2019). Currently, the faunal
composition and distribution of cephalopod paralarvae on the
outer shelf and the continental slope of the southeast—south
Brazilian coast is poorly known.

In southern Brazil, the region between Cabo Frio (24°S)
and Chui (34°S) has a dynamic hydrography and is under the
influence of the Subtropical Convergent Zone, which occurs
due to the confluence between the Brazil Current (BC) and
the Malvinas (MC), which is a branch of the Antarctic Cir-
cumpolar Current (ACC). The BC transports Tropical Water
(TW) toward the south, adjacent to the continental shelf up to
38°S, and the MC flows toward the north and transports cold
and relatively fresh subantarctic waters (Piola and Matano
2010). The confluence zone oscillates seasonally between 30
and 46°S (Fig. 1), causing the offshore southward displace-
ment of the BC in the summer, and an alongshore northward
penetration of the MC in the winter (Ciotti et al. 1995; Vidal
et al. 2013). As a consequence, the region is influenced by
a variety of water masses with thermohaline characteristics
that vary seasonally (Vidal et al. 2010; Campos et al. 2013).
High phytoplankton biomass is associated with the supply
of nutrients from the MC, and freshwater discharge from La
Plata River and Patos Lagoon Estuary in this region. The bio-
logical productivity increases in the vicinity of the Subtropi-
cal Convergence, due to the complex hydrography, and the
southeastern Brazilian continental shelf is one of the most
important fishery grounds of the Brazilian coast (Ciotti et al.
1995; Haimovici et al. 2007).

The upper circulation in the study area is strongly influ-
enced by the BC, which is associated with the South Atlan-
tic Subtropical Gyre (Cirano et al. 2006) (Fig. 1). The BC
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Fig. 1 Southwestern Atlantic Ocean schematic circulation. The Brazil
Current (BC) flows southwards (red arrows) and the Malvinas Cur-
rent (MC) flows northward (blue arrows). The Subtropical Conver-
gence is indicated by the gray arrow and the study area by the light
gray rectangle

transports in the upper 200 m, the warm (> 18.5 °C), saline
(=36) and poor in nutrients TW (Silveira et al. 2000; Cirano
et al. 2006). The South Atlantic Central Water (SACW) is
found at depths between 200 and 700 m and is character-
ized by relatively lower temperatures (6-21 °C) and salini-
ties (34.3) (Emery and Meincke 1986; Cirano and Campos
1996). Coastline irregularities around Cabo Frio and pre-
vailing NE winds can cause upwelling of SACW during the
Summer, Spring, and early Autumn (Castro et al. 2006).
Over the Southwestern Atlantic continental shelf on the
Southern Brazilian coast, there may be a predominance of
Subantarctic Shelf Water (SASW) (temperature 5-17 °C
and salinity 33.5-34.2) during spring and winter months.
This water mass is transported northward by the Patagonian
Current together with cold (> 10 °C), and low salinity water
(>33.5) called the Plata Plume Water (PPW). This water
mass is formed by the mixture of fresh waters from the
continental discharge of the La Plata River with Subantarctic
Shelf Water (Piola et al. 2000, 2008; Moller et al. 2008).
Rich in nutrients, the PPW flows north and can be found
up to 28°S during the winter and 32°S during summer and
influences the primary production in the southern portion of
South America (Ciotti et al. 1995). Due to the intense mixing
that occurs on the continental shelf of the southern region
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of South America, the Subtropical Shelf Water (STSW)
is a result of the dilution of SACW with water masses of
different sources found in the shelf, basically a mix of the
PPW with TW and other riverine inputs (Piola et al. 2000;
Moller et al. 2008).

The high dynamic between the shelf break and the slope
can cause seasonal changes that modify mixing processes,
water volumes, and properties between the shelf and the open
sea (Matano et al. 2014), which profoundly influences the
marine ecosystems in the area off southern Brazil (Acha et al.
2004). Due to seasonal hydrodynamic features of the study
area, the distribution and abundance of cephalopod paralar-
vae in this environment represent valuable information. Thus,
the aim of the present study is to determine the faunal com-
position, distribution, and abundance patterns of cephalopod
paralarvae from the outer shelf and continental slope of the
southeast—south of Brazil in relation to the main water masses
during autumn and spring seasons.

Materials and methods
Sample collection

Zooplankton samples were collected during the Talude Pro-
ject (Distribution and abundance of cetaceans on south—south-
eastern Brazilian outer shelf and continental slope ecosys-
tem), in which 10 cruises were carried out on board of the
R/V Atlantico Sul of the Federal University of Rio Grande
(FURG). Collections were conducted between 2009 and 2015
on Autumn and Spring (Table 1). The sampled area com-
prised the outer shelf and the continental slope between the
150 and 3000 m isobaths from Chui (34°S), in the south of
Rio Grande do Sul state (RS), to Cabo Frio (24°S), in the
Rio de Janeiro state (RJ) over the Brazilian South and South-
east continental shelf, respectively (Fig. 1). Latitudinally, the
study area was subdivided into two sectors based on their
respective oceanographic characteristics: the northern region
(N) (22°S-28°S), which covers the latitudes of the South-
ern Embayment of Brazil (Palma and Matano 2009) and the
southern region (S) (28°S—35°S), which encompasses part of
the Southern Subtropical Shelf (Piola et al. 2000; Moller et al.
2008). Temperature and salinity data were obtained through
a CTD Seabird (SBE19) in all oceanographic stations from
surface to approximately 15 m from the bottom in collections
on the shelf, and from surface to 1290 m depth on the slope,
always checking bottom depth.

Zooplankton samples were collected using a 60 cm diame-
ter Bongo net fitted with 300 and 500 um mesh, and equipped
with calibrated flow meters (General Oceanics 2030R). A
total of 243 tows were carried out, 108 during Spring and
135 during Autumn (Table 1). The hauls were oblique from
250 m deep to the surface in collections on the slope, and up

Table 1 Seasonality, duration, number of zooplankton samples, and
number of CTD stations, collected on cruises in the south—southeast-
ern Brazilian outer shelf and slope from 2009 to 2015

Year Season Period Number  Number
of of CTD
samples  stations

2009 Spring  October 21-November 07 16 50

2010 Autumn April 22-May 14 27 47

Spring  October 19—November 19 38 74

2011 Autumn April 09-May 10 33 64

2012 Spring  October 25-November 24 26 67

2013 Autumn May 08-June 13 19 64

2014 Autumn May 06-June 06 28 512

Spring  November 11-December 22 50
11
2015 Autumn April 21-May 19 28 54
Spring  October 17-October 23 6 12%
Total 243 533

ACTD data discarded (Autumn 2014, n=45; Spring 2015, n=12)

to approximately 5 m from the bottom in collections on the
shelf, where the depth was less than 200 m (Muelbert et al.
2018; ICES 2023). After collection, samples were immedi-
ately preserved in a 4% formaldehyde solution, neutralized
with borax (Steedman 1976). All samples were classified
among those that were towed in the outer shelf or in the con-
tinental slope for further analysis. Samples were also clas-
sified according to the time they were collected, as daytime
(0600 h to 1759 h) and nighttime (1800 h to 0559 h).

Identification of cephalopods early-life stages

All cephalopod paralarvae found in the 243 samples from
the 500 um mesh were sorted and identified at the most
precise level possible according to Sweeney et al. (1992),
Vecchione et al. (2001), Diekmann et al. (2002) and
Zaragoza et al. (2015b). Ommastrephidae rhynchoteuthion
paralarvae were initially differentiated by the morphology
of the proboscis suckers based on Wormuth et al. (1992).
Type A rhynchoteuthions have the two lateral suckers
enlarged twofold in relation to the remaining six suckers;
rhynchoteuthions Type B have the two lateral suckers slightly
larger than the other six; and in Type C rhynchoteuthions,
all eight suckers have the same size. After paralarvae were
differentiated by Type, they were identified to species based
on Haimovici et al. (1995) and Wormuth et al. (1992). The
only genus with rhynchoteuthions Type A found in the study
area is Ommastrephes.

The dorsal mantle length (ML, mm) of each individual
was measured with a micrometric scale coupled to
the stereomicroscope eyepiece. The mean (+ standard
deviation—SD) of the ML were calculated for each species.
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The relative abundance of paralarvae was estimated
as the number of individuals per 1000 m? (ind 1000 m~3)
of filtered seawater. The filtered volume was indirectly
estimated by multiplying the area of the net’s mouth by the
distance traveled (number of revolutions of the flowmeter).
Abundances were categorized in discrete intervals and
plotted to show the horizontal distribution of paralarvae.

Water masses

Based on the temperature and salinity data obtained by
the CTD (0-1290 m depth), the water masses present in
the sampled areas during the Spring (2009, 2010, 2012,
2014), and Autumn (2010, 2011, 2013, 2015) cruises
were identified. Due to problems with the CTD, data from
Autumn 2014 and Spring 2015 were not available (Table 1).

The water masses were identified and classified seasonally
based on thermohaline indices already established for
Autumn (April-June) and Spring (October—-December)
(Emery and Meincke 1986; Piola et al. 2000; Moller et al.
2008; Aseff 2009). Temperature and Salinity (TS) diagrams
were made using the Ocean Data View program—ODV
(Schlitzer, R., Ocean Data View, http://odv.awi.de, 2023).
Horizontal distribution maps of temperature were elaborated
for the surface (the average of data obtained between 1 and
10 m) and graphed using the ODV.

Statistical analysis

Paralarvae abundance was log x+ 1 transformed prior further
analyses. Differences in overall abundance of paralarvae
and of the most abundant species in relation to seasonality
(Autumn or Spring), latitude (northern or southern area),
distance from the coast (outer shelf or continental slope),
and time of day (daytime or nighttime) was assessed through
the ¢-test or the Mann—Whitney U test when normality
assumptions were not satisfied. The analyses were performed
using Past Statistic software (https://palaeo-electronica.org/
2001_1/past/issuel_01.htm).

The relationships between paralarval abundances and
environmental variables were explored by canonical
correspondence analysis (CCA; Ter Braak and Prentice
1988), using the R program (R Development Core Team
2023) and the Vegan package (Oksanen et al. 2012).

The biotic variable was represented by the abundance
of paralarvae (ind 1000 m™) of species with a frequency
of occurrence (FO) above 5% (percentage of samples
that each species occurred out of the total samples). The
environmental variables tested were: bottom depth, mean
temperature and mean salinity of the water column (up to
the depth reached by the Bongo net), sea surface temperature
(SST) and sea surface salinity (SSS) (mean up to 10 m deep,
when there was CTD data, or satellite data), and temperature
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and salinity index (variation in temperature and salinity
throughout the water column, calculated by the difference
between the values found on the surface and the values found
at the maximum depth reached by the Bongo net at each
station, Baldoni 2019). To complement the data where it was
not possible to collect with CTD, sea surface temperature
(SST) data were obtained from MODIS (MODerate
Resolution Imaging Spectroradiometers) Aqua satellite
from NASA’s Earth observing system, available in https://
podaac.jpl.nasa.gov/dataset/MODIS and sea salinity surface
(SSS) data were obtained from PO.DAAC Multi-Mission
Optimally Interpolated Sea Surface Salinity (OISSS),
available in https://podaac.jpl.nasa.gov/dataset/OISSS.

The matrix created with the environmental variables was
subjected to a standardization transformation (“standardize”
from the Vegan package). This procedure was taken to
reduce the effect of different scales between variables.
Considering oceanographic features, two models of CCA
were created, one for northern region and other for southern
region. First, both models were created with all the variables
obtained and through an ANOVA test for CCA, it was
possible to identify which variables were most significant in
the analysis (P <0.05). Later, the CCA was performed only
with significant variables for both regions. Subsequently,
an ANOVA test was applied based on 499 permutations to
evaluate the significance of the CCA.

Results
Species composition and abundance

A total of 801 cephalopod paralarvae and juveniles were
collected in 129 out of 243 samples. Fourteen families were
found (Table 2). The most abundant Family was Argonauti-
dae (321 paralarvae, 40.1%) followed by Ommastrephidae
(248 paralarvae, 31%) and Enoploteuthidae (187 paralar-
vae, 23.7%). Species in other families appeared in smaller
percentages and were found in lower abundances (Table 2).
In the family Cranchiidae, two species and one genus were
identified, Egea inermis Joubin 1933, Liguriella podoph-
talma Issel 1908, and Megalocranchia sp., and one specimen
only identified to the family level. In addition, the follow-
ing species were also collected: Ancistrocheirus lessueurii,
Chtenopteryx sicula (Vérany 1851), Onychoteuthis banksii
(Leach 1817), Onykia carriboea Lesueur 1821, Bolitaena
pygmaea (Verrill 1884), and Scaeurgus unicirrhus (Delle
Chiaje [Férussac and d’Orbigny], 1841). Some specimens
were identified only to the genus level as Brachioteuthis sp.,
Chiroteuthis sp., Mastigoteuthis sp., Promachoteuthis sp.,
and Pterygioteuthis sp. Two specimens of Octopodidae were
only identified at the family level. The ML of the specimens
ranged from 0.9 to 11.5 mm (Table 2). It was not possible to
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identify only two paralarvae due to damage during collec-
tion. Paralarvae of B. pygmaea, E. inermis, Pterygioteuthis
sp., and Promachoteuthis sp. were recorded for the first time
in the study area.

Among these species, Promachoteuthis sp. deserves
attention as the smallest paralarvae of the genus ever col-
lected, with 3.8 mm ML, 3.0 mm mantle width (Fig. 2). The
diagnostic features of paralarva are the large fins that pro-
trudes anteriorly to the anterior part of the mantle (fins width
4 mm; fins length 2 mm). Arms are long (length 3.2 mm)
and tentacles very long (7 mm). Arms are more robust at
base with two series of large suckers (2 times larger than
the tentacles’ suckers) (Fig. 2c), that decrease in size toward
the arms tips (Fig. 2a). The brachial formula is IL:L:IILTV.
Tentacular club is defined, but with small suckers distributed
along the tentacle stalk; manus with 8-9 series of suckers

Fig.2 Promachoteuthis sp. (a)
dorsal and (b) ventral view,
scale bar=1 mm; (c¢) arm crown
showing large suckers, two
times the size of tentacle suck-
ers, swimming keel in the arm
pair IV, scale bar=0.5 mm

Fig.3 Horizontal distribution
of cephalopod paralarvae abun-
dance (ind 1000 m~>) during (a)
Spring (2009, 2010, 2012, 2014,
and 2015) and (b) Autumn
(2010, 2011, 2013, 2014, and
2015) in the southeast—south
Brazilian outer shelf and con-

and dactyllus with 6 series of suckers. Swimming keels at
the tips of the tentacles and in all arms, but more robust and
prominent in the arm pair IV (Fig. 2c). Eyes are large, cover-
ing most of the ventral area of the head (Fig. 2b).

The horizontal distribution of total paralarval abundances
showed the highest values in Spring 2010 and Autumn 2014,
and the lowest in Spring 2012 (Fig. 3). In general, abundance
was significantly higher on the outer shelf (14 ind 1000 m™>)
than on the slope (4 ind 1000 m™>) (Mann—Whitney U test,
U=5795,N1=97,N2=146, P=0.01). However, no statis-
tical differences were observed between the abundances in
the northern and southern regions (7 and 9 ind 1000 m~2,
respectively) (Mann—Whitney U test, U=7058, N1 =97,
N2=146, P=0.9), between Autumn and Spring collections
(8 and 8 ind 1000 m~>, respectively) (Mann-Whitney U test,
U=7102, N1=135, N2=108, P=0.6), or during day and

tinental slope. The dotted line
at 28°S separates the northern
region (between Cabo Frio and
Santa Marta Grande Cape), and
the southern region (until Chui).
Isobaths of 200 and 1000 m are
shown
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night (7 and 11 ind 1000 m~3, respectively) (Mann—Whit-
ney U test, U=4856.5, N1 =184, N2=59, P=0.19). The
species with the highest abundances were Argonauta nodo-
sus (Lightfoot 1786), Illex argentinus (Castellanos 1960),
Ommastrephes sp., and Abralia spp. and their distribution
and abundance are described below.

Argonauta nodosus

The horizontal distribution of A. nodosus paralarvae during
Spring and Autumn cruises, along with subsurface water
temperature (1 up to 10 m depth) are shown in Fig. 4. On the
Spring 2012 and 2014, the species did not occur. On Spring
2009 and Autumn 2015 only three individuals were caught,
and the abundances recorded were the lowest among all
cruises (Table 2). Autumn 2014 showed the greatest abun-
dance of A. nodosus (437 ind 1000 m~?), represented by 238
paralarvae of 1.6 +0.5 mm ML (Table 2).

Argonauta nodosus was significantly more abundant in
the southern region of the study area than in the northern
region (4 and 2 ind 1000 m~, respectively) (Mann—Whitney
U test, U=5980.5, N1 =97, N2=146, P=0.016) (Fig. 4).
The mean abundance of this species was significantly
higher on the outer shelf than on the slope (7 and 0.6 ind
1000 m~3, respectively) (Mann—Whitney U test, U=5019.5,
N1=97, N2=146, P=0.000001) and in Autumn than in
Spring (5 and 1 ind 1000 m~, respectively) (Mann—Whitney
U test, U=5801, N1=135, N2=108, P=0.002) (Fig. 4).
No statistical difference was found between day (3 ind

Fig.4 Horizontal distribution of
Argonauta nodosus paralarvae
abundance (ind 1000 m~3)

and subsurface temperature
during (a) Spring (2009,

2010, 2012, 2014, and 2015)
and (b) Autumn (2010, 2011,

1000 m™) and night (4 ind 1000 m™) (Mann-Whitney U
test, U=4928.5, N1 =184, N2=59, P=0.42).

Densities peaked in Autumn 2014, in the southern region,
at the outer shelf, during the day, and the highest abundance
(121 ind 1000 m~3) was registered in a station of 186 m
bottom depth. Sixty-four paralarvae were recorded with sizes
ranging from 1.0 to 2.7 mm ML. Another station (140 m
bottom depth) showed a high abundance of this species (100
ind 1000 m~3) (81 paralarvae, 1.0 to 3.0 mm ML).

Ommastrephidae paralarvae

Illex argentinus was the most common ommastrephid
species (138 paralarvae), followed by Ommastrephes sp. (88
paralarvae). The other three species, Hyaloteuthis pelagica
(Bosc 1802), Ornithoteuthis antillarum Adam 1957, and
Sthenoteuthis pteropus (Steenstrup 1855), appeared in
smaller numbers (Table 2).

lllex argentinus showed a significantly higher mean abun-
dance in the southern region than in the northern region
(2 and 0.5 ind 1000 m~3, respectively) (Mann—Whitney
U test, U=8090, N1 =97, N2=146, P=0.0015), and on
the outer shelf than on the slope (2 and 0.7 ind 1000 m~>,
respectively) (Mann—Whitney U test, U=5017, N1 =97,
N2=146, P=0.03) (Fig. 5). No statistical difference was
found on mean abundance between Spring and Autumn
(1.4 and 1.1 ind 1000 m=, respectively) (Mann—Whitney
U test, U=6634, N1 =135, N2=108, P=0.6), and day (2
ind 1000 m~) and night (1 ind 1000 m~*) (Mann—Whitney

2013, 2014, and 2015) in the
southeast—south Brazilian outer
shelf and continental slope. The
dotted line at 28°S separates the
northern region (between Cabo
Frio and Santa Marta Grande
Cape), and the southern region
(until Chui). Isobaths of 200
and 1000 m are shown
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Fig.5 Horizontal distribution
of Illex argentinus paralarvae
abundance (ind 1000 m™>)
and subsurface temperature
during (a) Spring (2009,
2010, 2012, 2014, and 2015)
and (b) Autumn (2010, 2011,

Northern region ?

2013, 2014, and 2015) in the
southeast—south Brazilian outer
shelf and continental slope. The
dotted line at 28°S separates the
northern region (between Cabo
Frio and Santa Marta Grande
Cape), and the southern region
(until Chui). Isobaths of 200
and 1000 m are shown
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U test, U=5029.5, N1 =184, N2=59, P=0.6). The highest
abundance (35 ind 1000 m~?) was registered during Spring
2010, in a station of 150 m bottom depth, in which 19 par-
alarvae were caught (1.1 to 4.8 mm ML) (Fig. 5). In the
same cruise, another station (126 m bottom depth) showed a
high density of paralarvae (29 ind 1000 m~>), ranging in size
from 1.8 to 3.3 mm ML (n=6). The two juveniles (8.4 and
10.4 mm ML) were collected in the southern region, during
Spring, over the continental slope (1240 m bottom depth).

Ommastrephes sp. abundance was significantly higher
in the northern region (2.0 ind 1000 m™?) than the south-
ern region (0.4 ind 1000 m™%) (Mann—Whitney U test,
U=5586, N1 =97, N2=146, P=0.0002), and in Spring
(2.0 ind 1000 m™?) than in Autumn (0.3 ind 1000 m~3)
(Mann—-Whitney U test, U=15850, N1 =135, N2=108,
P=0.001) (Fig. 6). No statistical difference was found on
mean abundance on the slope and the outer shelf (1.4 and
0.5 ind 1000 m~>, respectively) (Mann—Whitney U test,
U=6634, N1 =97, N2=146, P=0.4), and between day and
night (0.8 and 2 ind 1000 m~>, respectively) (Mann—Whit-
ney U test, U=6323, N1 =184, N2=59, P=0.4). Abun-
dance peaked during Spring 2009 in the northern region
at night, on the continental slope (1551 m bottom depth),
reaching 61 ind 1000 m~2 (19 paralarvae, 1.2-2.7 mm ML)
(Fig. 6). In the same cruise, another station at the northern
region (1232 m bottom depth) showed a high density (25 ind
1000 m~?), and eight paralarvae (1.0-2.4 mm ML) were col-
lected. There were no records of the species during Autumn
2011 and Autumn 2013 (Fig. 6, Table 2).

Autumn H

Ind 1000 m= | [70°C
+ No catch

0 <20

O 20-50

ainjesadwa] 9oepng eag

| 5 °C

Enoploteuthidae paralarvae

Among Enoploteuthidae, Abralia reached the largest number
of specimens collected (117 paralarvae, 2.4 +0.6 mm ML).
Forty-one paralarvae were identified as Abralia redfieldi
(Voss 1955), while the genus Enoploteuthis and Abraliopsis
were found in low abundance (Table 2).

Abralia spp. showed significantly higher mean abundance
in the northern region (2 ind 1000 m~>) than in the southern
region (1 ind 1000 m®) (Mann—Whitney U test, U=6119.5,
N1=97, N2=146, P=0.04), and on the outer shelf than on
the slope (3 and 0.3 ind 1000 m~3, respectively) (Mann—Whit-
ney U test, U=5872, N1=97, N2=146, P=0.01) (Fig. 7).
A peak of abundance occurred in Spring 2014 (122 ind
1000 m_3), in the southern region, at the outer shelf (138 m
bottom depth), during the day and 36 paralarvae were caught
(1.2-3.1 mm ML) (Fig. 7). No statistical difference was found
on mean abundance between Spring and Autumn (2 and 1 ind
1000 m~3, respectively) (Mann—Whitney U test, U=6677.5,
N1=135,N2=108, P=0.6), and day (1.4 ind 1000 m~>) and
night (1.5 ind 1000 m™) (Mann—Whitney U test, U=4998,
N1=184,N2=59, P=0.5).

Canonical correspondence analysis (CCA)
The ANOVA test showed that the CCA was significant for
the northern (ANOVA, F=4.18, P=0.001) and southern

(ANOVA, F=6.5, P=0.001) regions. Among the varia-
bles tested, the most significant for the CCA analysis were
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Fig.6 Horizontal distribution
of Ommastrephes sp. paralar-
vae abundance (ind 1000 m™3)
and subsurface temperature
during (a) Spring (2009,

2010, 2012, 2014, and 2015)
and (b) Autumn (2010, 2011,
2013, 2014, and 2015) in the
southeast—south Brazilian outer
shelf and continental slope. The
dotted line at 28°S separates the
northern region (between Cabo
Frio and Santa Marta Grande
Cape), and the southern region
(until Chui). Isobaths of 200
and 1000 m are shown

Fig.7 Horizontal distribu-

tion of Abralia spp. paralarvae
abundance (ind 1000 m™>)

and subsurface temperature
during (a) Spring (2009,

2010, 2012, 2014, and 2015)
and (b) Autumn (2010, 2011,
2013, 2014, and 2015) in the
southeast—south Brazilian outer
shelf and continental slope. The
dotted line at 28°S separates the
northern region (between Cabo
Frio and Santa Marta Grande
Cape), and the southern region
(until Chui). Isobaths of 200
and 1000 m are shown
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the salinity index, bottom depth and mean temperature for ~ indices might indicate less saline water on the surface,
the northern region, and the bottom depth, salinity index,  indicating the presence of shelf waters, possibly PPW in
and SST for the southern region (Table 3, Fig. 8). Posi-  the southern region.

tive salinity index indicates more saline water on the sur-

For the northern region, the first three canonical axes

face, possibly associated with TW, while negative salinity ~ generated by the model explained 76% of the accumulated

@ Springer
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Table3 Canonical . Northern region Southern region

correspondence analysis (CCA)

of species with a frequency of Inertia  Proportion Inertia  Proportion

occurrence above 5% in relation

to environmental variables in Total 3.2064 1 Total 3.3641 1

northern and southern regions Constrained 0.7663  0.239 Constrained 0.7885 0.2344
Unconstrained  2.4401  0.761 Unconstrained  2.5755  0.7656

CCAl1 CCA2 CCA3 CCAl1 CCA2 CCA3

Temperature 0.7471  —-0.6618 —-0.06173  SST 0.7577 —0.3412  0.5563
Salinity index  0.3121  0.8319 —0.45887  Salinity index  0.8874  0.2508 —0.3869
Depth 0.6688 0.5148 0.53635 Depth 0.1442  0.7664 0.6259

Total inertia is the total variance in species abundance, constrained inertia is the abundance explained
by environmental variables, and proportion values represent the percentages of variance in species
distributions explained by environmental variables

Fig.8 Canonical correspond- a) , | North - Salinit b) 2 | South - Abraliopsis sp

. orthern region alinity outhern region g :
ence fmalysm (C(;A) gtaph Index . Depth
showing the relationships Abraliopsis sp.
between cephalopod species 4 —{ Argonautanodosus Depth 1 - Ommastrephes sp.

collected in the plankton and lilex argentinus

environmental variables in

B
Ommastrephes sp.

Salinity
index

Illex arge‘ inus

(a) northern and (b) southern
regions of the study area. Tem-
perature refers to mean values

CCA (26%)
o
|

°
Abralia redfieldi

oAbra/ra redfieldi

B
Argonauta nodosus

CCA (21%)
o
|

m SST
(12-24 °C). SST sea surface -1 1 -
temperature Temperature
P Abralia ospp. .
2 2 _| : Abralia spp.
‘ ' ' ‘ ' I I | I !
2 -1 0 1 2 2 1 0 1 2
CCA (44%) CCA (54%)

variance in species abundance, while for the southern
region it was 78% (Table 3).

The results for the northern region showed that Argonauta
nodosus and Illex argentinus were negatively related to tem-
perature and bottom depth, but positively related to salinity
index (Fig. 8a). Abralia redfieldi was inversely related to salin-
ity index, depth, and temperature (Fig. 8a), and Abralia spp.
was related to temperature, but inversely to salinity index and
bottom depth (Fig. 8a). Ommastrephes sp. and Abraliopsis
sp. were positively related to the variables salinity index and
bottom depth, being found in deeper waters with high surface
salinities (Fig. 8a).

For the southern region, Illex argentinus, Abralia redfieldi,
Ommastrephes sp. and Abraliopsis sp. were positively related
to salinity index and bottom depth (Fig. 8b), with A. redfieldi
and Abralia spp. positively related to SST (Fig. 8b), and .
argentinus and A. nodosus inversely related to SST (Fig. 8b).
Also, A. nodosus was negatively related to bottom depth and
salinity index (Fig. 8b). Therefore, this species was more
abundant in southern region, in shelf waters, at shallower bot-
tom depth, with lower salinity index and lower SST.

Water masses and paralarvae occurrence

Six water masses were identified in the study area: Tropical
Water (TW), South Atlantic Central Water (SACW),
Subtropical Shelf Water (STSW), Plata Plume Water
(PPW), Subantarctic Shelf Water (SASW), and Antarctic
Intermediate Water (AIW), the temperature and salinity
ranges of which are described in the introduction. The TS
diagrams from Spring and Autumn cruises show the water
masses up to 250 m, which was the maximum depth of
collection of the zooplankton net. Thus, only the first five
water masses found up to 250 m are mentioned below.

The TS diagrams show that the TW was present between
the surface and approximately 200 m depth, both on the
slope and on the outer shelf in Autumn and Spring cruises,
and in the north and south regions of the study area (Fig. 9a,
b). The SACW was found up to 700 m on the slope in both
seasons, but was also found in lower depths, as observed in
the Spring and Autumn TS diagrams (Fig. 9a, b).

The SASW, STSW, and PPW water masses were found on
the outer shelf of the southern region. The SASW was only
found during the Spring cruises, in the southern region, on the

@ Springer
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Fig.9 TS Diagram of Spring a) Spring
2

Deptha(m) b) Autumn Deptho(m)

(a) and Autumn (b) cruises. The
water masses found up to 250 m
depth are: Plata Plume Water
(PPW), Subtropical Shelf Water
(STSW), Tropical Water (TW),
South Atlantic Central Water
(SACW) and Subantarctic Shelf
Water (SASW). The gray lines
represent the density of seawa-
ter (kg m™)
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outer shelf; additional data are given in Online Resources 1.
The STSW was present up to approximately 50 m depth,
mainly in the southern region, but also appeared in some
stations in the northern region, in both seasons (Fig. 9a, b);
(Online Resources 1). The PPW was restricted to the southern
region, in both seasons (Online Resources 1). However,
on Autumn, this water mass is weaker and appears at few
sampling stations (Fig. 9b). The PPW was more frequent in
Spring than Autumn (Fig. 9), because during the winter and
spring months, this water mass is more intense due to rainfall
and winds.

The water masses mixtures in which paralarvae were caught
during the cruises and their ML range are shown in Table 4.

Argonauta nodosus paralarvae were more frequently
found in stations under the influence of TW. The highest
mean abundances occurred in the mixture of TW
with other water masses: TW + SACW, TW + STSW,
TW + STSW + SACW, PPW, PPW + STSW (Table 4).
Illex argentinus paralarvae highest abundances were
found associated with STSW and TW + STSW (Table 4).
Ommastrephes sp. was caught in greater abundances in TW
and in the mixture of TW 4+ SACW. Abralia spp. was found
associated with TW and STSW, with specimens being found
in several water masses and their mixtures (Table 4).

The other species occurred under the influence of TW,
such as Egea inermis and Mastigoteuthis sp., or in mixtures
of TW +STSW +SACW as Promachoteuthis sp. and Ptery-
gioteuthis sp., and in the mixture of TW +SACW as Boli-
taena pygmaea (Table 4).

Discussion
This is the first study to document cephalopod paralarvae

faunal composition and abundance in the area. Argonautidae,
Ommastrephidae, and Enoploteuthidae were the most
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abundant families found in the study area. Argonauta
nodosus was the most abundant species followed by Illex
argentines, Abralia spp., and Ommastrephes sp.. The faunal
composition and distribution of cephalopod paralarvae on the
outer shelf off the southeast—south Brazilian coast is poorly
known, while on the continental slope there is information
only for I. argentinus paralarvae (Haimovici et al. 1995).
More than 30 cephalopods species have been recorded
in the study region (Haimovici and Perez 1991), some of
them identified as paralarvae here, such as A. nodosus, A.
redfieldi, Ornithoteuthis antillarum, Hyaloteuthis pelagica
and Scaeurgus unicirrhus. New records of paralarvae were
found, such as Ancistrocheirus lessueurii, Sthenoteuthis
pteropus, Chtenopteryx sicula, Onykia carriboea, Egea
inermis, Liguriella podophtalma and Bolitaena pygmaea, as
well as paralarvae of the genera Enoploteuthis, Abraliopsis,
Mastigoteuthis, Promachoteuthis, Pterygioteuthis, and
Megalocranchia.

The study area is extremely dynamic with a mixture of water
masses with different properties and from different sources
(Piola et al. 2008). During the cruises, however, TW influenced
the entire study area, and higher paralarval abundances were
recorded in this water mass, as well as in its mixture with SACW
and STSW. The SACW is more prominent near the continen-
tal slope, but can upwell into subsurface on the outer shelf and
even shallower close to the shore. This water mass was found
between 100 and 200 m depths close to the shelf break during
Autumn and Spring in the present study, being more prevalent
on Spring cruises. The SACW coastal upwelling phenomena is
well documented in Cabo Frio (24°S) and Santa Marta Grande
Cape (28°S) during spring and summer (Gonzalez-Rodriguez
et al. 1992; Vidal et al. 2010, 2013; Coelho-Souza et al. 2012;
Campos et al. 2013), when prevailing northeast winds cause
the transport of surface waters offshore, favoring the intrusion
of SACW on the shelf and consequently increasing primary
productivity. High paralarvae abundances were observed in



Marine Biology (2024) 171:84

Page130f19 84

Table 4 Species, mantle length (ML mm) range, water mass, and mixtures in which paralarvae were found in the cruises of southeast-south Bra-

zilian outer shelf and continental slope system

Genus/species ML range (mm) Water mass

Argonauta nodosus 1.0-6.1 (n=321)

lllex argentinus 1.0-10.4 (n=138)

TW, TW +SACW, TW + STSW, TW 4+ STSW 4+ SACW, STSW, STSW + SACW, PPW,
PPW +STSW

TW, TW +SACW, TW +STSW, TW +STSW + SACW, STSW, STSW + SACW,

STSW + SACW +PPW, PPW, PPW +STSW

Ommastrephes sp. 0.9-4.5 (n=288) TW, TW + SACW, TW + STSW + SACW, STSW, PPW
Hyaloteuthis pelagica 1.2-5.8 (n=15) TW, TW +SACW, TW + STSW, TW + STSW + SACW
Ornithoteuthis antillarum 1.9-11.0 (n=2) ™

Sthenoteuthis pteropus 39(m=1) STSW +SACW +PPW

Abralia spp. 1.2-4.0 (n=117) TW, TW +SACW, TW + STSW, TW + STSW + SACW, STSW, STSW + SACW, PPW
Abralia redfieldi 1.5-7.5 (n=41) TW, TW +SACW, TW +STSW, TW + STSW + PPW, STSW
Abraliopsis sp. 1.8-5.1 (n=24) TW, TW + SACW, TW + STSW, PPW

Enoploteuthis sp. 73 (n=1) ™

Ancistrocheirus lessueurii 1.0-8.5 (n=06) TW, TW +STSW + SACW + STSW

Chtenopteryx sicula 22-4.1(n=4) TW, TW 4+ STSW + SACW, STSW +SACW
Onychoteuthis banksii 23 (n=1) TW +SACW

Onykia carriboea 24 (n=1) TW +SACW

Brachioteuthis sp. 2.8-4.8 (n=4) TW+SACW, TW +STSW, STSW + SACW
Chiroteuthis sp. 2.6-6.5 (n=10) TW, TW +SACW, TW + STSW, TW + STSW + SACW
Mastigoteuthis sp. 6.0 (n=1) ™

Promachoteuthis sp. 3.8(n=1) TW +STSW +SACW

Pterygioteuthis sp. 48 (n=1) TW +STSW 4+ SACW

Egea inermis 57n=1) ™

Liguriella podophtalma 4.5-79 (n=2) ™

Megalocranchia sp. 5.0-10.2 (n=3) ™

Bolitaena pygmaea 3.0-5.5(n=2) TW, TW+SACW

Scaeurgus unicirrhus 1.5-3.0 (n=3) TW, TW + SACW

The water masses are: Tropical Water (TW), South Atlantic Central Water (SACW), Subtropical Shelf Water (STSW), and Plata Plume Water
(PPW). The water masses where the highest abundances were found for each species are highlighted

sampling stations with mixtures of SACW with TW and STSW.
During autumn, upwelling of SACW was reduced due to mini-
mum wind action, leading to increased volume of TW over the
shelf and slope, especially in the northern region (Cerda and
Castro 2013).

Lower paralarvae abundances were found on the shelf
under PPW and STSW influence. These water masses
showed few points in the TS diagram in the northern region.

Argonauta nodosus was the most abundant species in
the study area, and most paralarvae collected were hatch-
lings. This suggests the occurrence of spawning areas and
nursery grounds in the vicinity. Other two studies report
the distribution and abundance of Argonautidae paralarvae,
one on the continental shelf of the northern region of our
study area (Southeastern Brazilian Bight; 23°-28°40'S)
(Aratjo and Gasalla 2019, 2022) and the other on the Santa
Marta Grande Cape (28°S; southern part of our study area)
(Vidal et al. 2010). Both regions are known for upwelling
events of SACW during summer and spring months, respec-
tively. Vidal et al. (2010) found small Argonauta nodosus

paralarvae (<3 mm ML) on the outer shelf associated
with TW and high abundances of small juvenile males and
females in midshelf at stations with high concentrations of
Chl a under the influence of SACW. Previous analysis of
Argonauta paralarvae, found a weak association with SACW
and low temperatures and suggested a cross-shelf transport
of paralarvae from open waters to the shelf by cyclonic
meanders and eddies (Aradjo and Gasalla 2022), due to
the intrusion of the TW from the BC over the shelf, above
SACW (Campos et al. 2000).

In the present study, A. nodosus paralarvae were found
mainly under influence of TW and SACW, and the peak of
abundance registered in the mixture of TW +STSW +SACW
during Autumn, when an increased volume of TW is
found over the area. High abundances were also found
associated with PPW, TW + STSW and PPW + STSW in the
southernmost area outer shelf. Paralarvae mean abundances
were lower only in the core of TW. The high abundances
of A. nodosus paralarvae found associated with PPW and
STSW in the southernmost area suggest that paralarvae
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prefers cold and less saline waters than the core of TW. The
CCA analysis also indicated a negative relationship between
A. nodosus paralarvae with salinity index, greater depths
and high surface temperatures in the southern region. Adult
females with brooding chamber carrying eggs have been
collected in the outer shelf and slope area (Haimovici and
Andriguetto 1986). These studies suggest that paralarvae
may hatch on the slope under influence of TW and are
transported to the shelf where juveniles have been collected
(Vidal et al. 2010) due to onshore intrusion of TW promoted
by meanders and eddies of the BC (Araidjo and Gasalla
2022). Our results, along with previous studies show that A.
nodosus is abundant in the southeast—south Brazilian shelf
during Autumn, Spring, and Summer months.

The Argentine shortfin squid, Illex argentinus, is the most
abundant ommastrephid species in the southwestern—south
Atlantic Ocean and occurs from Rio de Janeiro, Brazil to
southern Argentina (22°S-55°S), and offshore around the
Falkland Islands, the tip of Tierra del Fuego, Staten Island
and Burwood Bank (Jereb and Roper 2010). Accordingly, I.
argentinus was the most abundant ommastrephid paralarvae
in the study area, agreeing with other studies that also
found paralarvae and small juveniles in high abundances
in the region during winter and spring (Haimovici et al.
1995; Vidal et al. 2010). The abundances recorded with
Bongo nets over the shelf (28°-34°S) by Haimovici et al.
(1995) ranged from 0.31 to 11.7 ind 1000 m~3, while in
the present study (24°-34°S) were higher, from 3-131 ind
1000 m~3. Illex argentinus paralarvae develop in warmer
waters and in meanders of the Brazil Current (Vidal 1994,
Jereb and Roper 2010). Small paralarvae and juveniles have
been found associated with the Subtropical Shelf Front,
slope waters, and subtropical waters, while small juveniles
were recorded over the shelf in colder waters (Vidal 1994;
Haimovici et al. 1995). Indeed, this pattern is in accordance
with the results of the present study, where the highest
abundances of I. argentinus paralarvae were associated
with STSW water mass and in its mixture with TW, while
the lowest were found in the TW and PPW. The STSW was
more evident in the southern region of the study area and
on the outer shelf, where paralarvae were more abundant,
while TW and SACW were prevalent in the slope and in
the northern region, where paralarvae abundances were low.
The influence of PPW on the abundance of I. argentinus
paralarvae was restricted to the southern region of the study
area, mainly during Spring cruises in 2010 and 2014, when
paralarvae were found in mixtures of this water mass with
STSW and SACW.

Four subpopulations of I. argentinus are recognized,
each one with its own maturation and spawning season. In
one of these subpopulations, which is probably associated
with the paralarvae found in our study region, adults
mature over the outer shelf in autumn and concentrate
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for spawning over the slope in winter, between 35°S and
39°S. Spawning extends until early spring to the north,
between Santa Marta Grande Cape (28°S) and Chui (34°S)
(Haimovici and Perez 1990). In addition, the northward
transport of egg masses in subtropical waters from
Argentina and Uruguay subpopulations could also explain
the high abundances of paralarvae recorded during winter
and spring in our study area. Hence, paralarvae found in
the study area may originate from adults spawning off
the Southern Brazilian shelf, and from winter and spring
spawners from Uruguay and Argentina (Haimovici et al.
1995). The presence of small paralarvae (2.4 +1.3 mm
ML) during the surveys provides further evidence that
spawning grounds and nursery areas occurs in our study
area, with high abundances recorded in Spring 2010, and
in Autumn 2014, mainly in the southern region.

The third most abundant paralarvae was the
ommastrephid, Ommastrephes sp. Recent molecular analysis
indicated that Ommastrephes bartramii, considered a
cosmopolitan species with a discontinuous distribution
(Jereb and Roper 2010), includes other cryptic species
(i.e., O. brevimanus, O. caroli, and O cylindraceus) with
distinct geographical distributions (Fernéndez-Alvarez
et al. 2020). The species distributed in the South Atlantic
Ocean would be Ommatrephes cylindraceus; however,
morphological characters of both adults and early-life phases
and stages are still needed to separate O. bartramii from O.
cylindraceus. Thus, the rhynchoteuthion Type A collected
in the present study were attributed to Ommastrephes sp..
Ommastrephes species inhabits oceanic waters with a
true oceanic distribution, different from ‘offshore’ squids
more associated with the continental shelf break, as Illex
argentinus (Jereb and Roper 2010; Fernandez-Alvarez
et al. 2020). Similarly, paralarvae of Ommastrephes sp.
and I. argentinus, the two most abundant ommastrephid
paralarvae in the present study, occupy different niches. Illex
argentinus paralarvae occurred in high abundances in the
outer shelf, in the southern area, in the STSW water mass.
Instead, Ommastrephes sp. paralarvae was significantly
more abundant at the northernmost area, associated with
TW and TW + SACW water masses. As already mentioned,
TW and SACW are water masses commonly found in the
slope region, but were also present on the outer shelf in the
present study. Here, no statistical difference was found in
Ommastrephes sp. abundance between the outer shelf and
slope, but the results suggest that paralarvae are associated
with slope waters, and may be transported to the outer shelf
through water masses exchange, as they were found in low
abundances in shelf waters and their mixtures. Our study
area is within the known geographic distribution area of
reproduction and spawning of Ommastrephes sp. in the
western part of the South Atlantic that occurs in subtropical
waters, mainly between 20°S and 35°S, while foraging areas
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occur in temperate waters (35°S-50°S) during the summer
(Jereb and Roper 2010).

Enoploteuthid paralarvae were represented by Abralia
spp., A. redfieldi, Abraliopsis sp., and Enoploteuthis sp..
Abralia spp. paralarvae are difficult to identify to the species
level, because the three photophores on the eyes that are
diagnostic characters of species develops in larger specimens
than those collected in the present study (Young et al. 1992).
In the Brazilian coast, two species are known to occur,
mainly on the slope, A. redfieldi and A. veranyi (Haimovici
1997; Haimovici et al. 2007). Here, only A. redfieldi were
identified, and found frequently under TW influence, and
in lesser abundance on shelf waters (STSW, PPW) in the
southern region of the study area. The same was observed
for Abralia spp. of smaller sizes, which were significantly
more abundant in the northern area. Both A. redfieldi and
Abralia spp. paralarvae were more abundant on the outer
shelf, but there were no differences by season and time of
day. Due to the small size of the paralarvae collected, we can
infer that spawning occurs on the outer shelf of our study
area. Our results also suggest that Abralia spp. hatch in the
northern region of the study area, under influence of TW,
and are transported southward in the BC, developing on the
continental shelf before migrating to slope waters.

The amphitretid holopelagic octopod, Bolitaena pygmaea
has a wide distribution, occurring in tropical and subtropical
waters worldwide, from 100 to 1400 m. To our knowledge,
there are no records of the occurrence of B. pygmaea paralar-
vae in the Southwest Atlantic. Although two paralarvae (2.5
and 2.8 mm ML) were collected at the tropical seamounts
and oceanic islands off the northeastern coast of Brazil
(1-4°N) (Haimovici et al. 2002). In a study in the Mexican
Pacific, with a benthic sampling gear that operated as mid-
water trawls during the ascent of the nets, only two speci-
mens of B. pygmaea (5.92 and 10.5 mm ML) were collected
at a sampling depth between 1050 and 1600 m (Urbano and
Hendrickx 2018). In the northern Gulf of Mexico, B. pyg-
maea (6.0-64.0 mm ML) were collected from 0 to 1500 m
deep, with the highest abundances between 600 to 1000 m and
lower from 0 to 200 m deep. The species probably displays an
ontogenetic migration to deeper waters, since all individuals
larger than 20 mm ML were caught below 600 m deep (Jud-
kins and Vecchione 2020). Our results support these observa-
tions, as the two paralarvae recorded in the present study were
smaller (3.0 and 5.5 mm ML) and collected at 0-200 m, at
bottom depths of 183 and 566 m, although it was suggested
that the species is deep meso and bathypelagic non-migrators
(Judkins and Vecchione 2020).

Little is known about the abundance and distribution of
cranchiid paralarvae off Brazil. Megalocranchia sp. and Lig-
uriella podophtalma paralarvae were recorded in St. Peter
and St. Paul Archipelago (0°55'N, 29°20'W) off the north-
eastern coast of Brazil (Haimovici et al. 2002), while Egea

inermis juveniles have been found in the northeastern Brazil
(Haimovici et al. 2009). However, these are the first records
of these paralarvae in the study region, and the first record
of an E. inermis paralarva on the Brazilian coast. Egea
inermis and L. podophtalma were collected on the slope,
while Megalocranchia spp. was found on the outer shelf.
All paralarvae collected were found in warmer and saline
waters of TW. Cranchiid paralarvae are epipelagic, occur-
ring from the surface to 200 m day and night, but undergoes
an ontogenetic migration to mesopelagic and bathypelagic
zones (Voss et al. 1992).

This is the first record of a Pterygioteuthis paralarva
in the region. This specimen was collected during Spring
2010 in the southern slope region (800 m bottom depth,
32°18'S, 050°06'W), at night, and the water masses present
were TW, STSW, and SACW. Haimovici (1997) report the
occurrence of Pterygioteuthis giardi adult off southern
Brazil. This species is cosmopolitan, occurring in tropical
and subtropical meso and bathypelagic oceanic waters.

The family Promachoteuthidae is poorly known due
to extreme rarity and for including truly bathypelagic to
abyssopelagic species (Jereb and Roper 2010). Individuals
ranging in size from 10.5 to 104 mm ML were captured
from 1550 to 3431 m deep. Specimens are known from
Japan (Promachoteuthis megaptera), North Atlantic Ocean
(Promachoteuthis sloani), South Atlantic Ocean (Promacho-
teuthis sulcus), eastern and western South Pacific Ocean,
western North Atlantic Ocean (Promachoteuthis sp. B), and
eastern South Atlantic Ocean (Promachoteuthis sp. D) (Jereb
and Roper 2010). Also, a recent study reported the possi-
ble occurrence of P. sloani (1000 mm ML) by unobtrusive
cameras at a depth of 647 m in the northern Gulf of Mexico
(Robinson et al. 2021). The Promachoteuthis sp. paralarva
collected during the present study was the smallest specimen
of the family ever found (3.8 mm ML) (Voss 1992; Young
et al. 2007; Jereb and Roper 2010). This specimen was found
at the same collection station as Pterygioteuthis sp. paralarva
mentioned above. The morphological characteristics of the
paralarva included: large fins (length about 100% ML, width
50% ML) protruding anteriorly to the anterior part of the
mantle; arms long (85% ML) with two series of large suck-
ers; tentacles very long (185% ML) with 8-9 rows of small
suckers. But, some features of this paralarva differ from the
five species currently described: the mantle is not fused to
the head, the tentacles are wider than arm pair III, eyes are
large, covering most of the ventral area of the head (Jereb
and Roper 2010). However, our specimen is smaller and may
undergo changes in morphology during growth. The closest
described species to our study area is P. sulcus (25 mm ML),
collected off Tristan da Cunha (36°49'S, 12°17'W) 3504 km
away (Young et al. 2007).

In this first study, we evaluated the paralarval composi-
tion and abundance from the shelf and slope region of the
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southeast—south Brazil over six successive years, filling a gap
in the distribution of cephalopods in this region and allowing to
deepen knowledge on unreported species from Brazilian waters.
Future studies on well-defined strata and at greater depths, and
the use of other fixatives that preserve the chromatophore pat-
terns and allow molecular analysis should be encouraged.

Conclusion

Argonauta nodosus was the most abundant species, followed
by Illex argentinus, Ommastrephes sp., and Abralia spp.
The small size of paralarvae indicates the occurrence of
spawning and nursery grounds in the southern area for
A. nodosus and I. argentinus, and in northern area for
Abralia spp. The TW influenced the entire study area, and
high paralarvae abundances were recorded in this water
mass, as well as in its mixture with SACW and STSW.
Bolitaena pygmaea, Egea inermis, Pterygioteuthis sp., and
Promachoteuthis sp. were recorded for the first time in the
study area. Promachoteuthis sp. paralarva was the smallest
specimen collected so far providing new morphological
information for the genera.
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