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ARTICLE INFO ABSTRACT

The vertical distributions of early developmental stages of oceanic fishes were investigated across the tropical
and equatorial Atlantic, from oligotrophic waters close to the Brazilian coast to more productive waters close to
the Mauritanian Upwelling Region. Stratification of the water column was observed throughout the study region.
Fishes were caught with a MOCNESS-1 net with mouth area of 1 m? at 11 stations. Each station was sampled
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i?n}:fg;}?:es both during the day and at night within a single 24-h period. The investigation covered both larvae and
Hftchetﬁshes transforming stages from the surface to 800 m depth. Distribution patterns were analysed, and weighted mean

depths for the larvae and transforming stages of each species were calculated for day and night conditions. Forty-
seven different species were found. The highest number of species occurred in the three stations south of Cape
Verde Islands, characterized by a mixture of South Atlantic Central Water (SACW) and Eastern North Atlantic
Central Water (ENACW). There was a marked drop in species richness in the three stations closer to the African
upwelling, dominated by ENACW. The highest abundances occurred in the families Myctophidae,
Sternoptychidae, Gonostomatidae and Phosichthyidae. Day and night vertical distributions of larvae and
transforming stages showed contrasting patterns, both in the depths of the main concentration layers in the
water column, and in the diel migration patterns (where these were observed). Larvae generally showed a
preference for the upper mixed layer (ca. 0-50 m) and upper thermocline (ca. 50-100 m), except for sternop-
tychids, which were also abundant in the lower thermocline layer (100-200 m) and even extended into the
mesopelagic zone (down to 500 m). Transforming stages showed a more widespread distribution, with main
concentrations in the mesopelagic zone (200-800 m). Larvae showed peak concentrations in the more illumi-
nated and zooplankton-rich upper mixed layers during the day and a wider distribution through the upper 100 m
during the night. For most species, transforming stages were concentrated in the mesopelagic layers both day
and night, although in some species (Diaphus cf. vanhoeffeni and Vinciguerria nimbaria), the transforming stages
displayed vertical migration into the upper 100 m at night, in a manner similar to their adult stages.

1. Introduction

Oceanic regions are inhabited by a great diversity of fishes
(Weitzman, 1997) from large pelagic fishes such as tuna, which migrate
to reproduce near the continents, to others that occupy the open sea for
their entire lives. Many of the latter are small meso- and bathypelagic
species which inhabit the poorly illuminated, deeper zones, and many
of them perform diel vertical migrations into the surface layers. The
larvae of these groups constitute the main component of ichthyo-
plankton samples from oceanic regions (Moser and Ahlstrom, 1970,
1996; Kinzer and Schulz, 1985; de Macedo-Soares et al., 2014),
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although these larvae are also commonly reported above slope regions
and even over continental and insular shelves (Maso et al., 1998; Funes-
Rodriguez et al., 2011; Koubbi et al., 2011; Contreras-Catala et al.,
2016). The present investigation focuses on the early developmental
stages of species reproducing in the tropical and equatorial Atlantic,
and includes only the larvae and transforming stages. An earlier paper
has dealt with the juvenile and adults distributions in relation to
oceanography and biogeography (Olivar et al., 2017).

There have been numerous, previous investigations on larval dis-
tribution patterns in the central Atlantic and in most of them mesope-
lagic species are key components: for the eastern North Atlantic
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Fig. 1. Location of MOCNESS and CTD stations sampled in March-April 2015 and vertical profiles of temperature; salinity; dissolved oxygen; fluorescence. Black line: mean value profile;

grey lines: individual value profiles).

100 W Myctophidae
M Sternoptychidae
&0 1 Gonostomatidae
60 M Phosichthyidae
M Microstomatidae
40 Nomeidae
M Scaridae

20

M Scombridae

m Melamphaidae

2 3 4 5 6 7 8 9 10 11 12

m Scopelarchidae

Fig. 2. Family contributions at each station (% by number) of the larvae collected with
the MOCNESS net.

(Canary Current sector) (Badcock and Merrett, 1976; John et al., 2001;
Rodriguez et al., 2004; Moyano et al., 2014; Olivar et al., 2016); and for
the western North Atlantic (Richards, 2006 and references therein). The
Sargasso Sea has received particular attention, mainly devoted to eel
leptocephali (e.g. Miller and McCleave, 1994), but a few also addres-
sing other fish larvae (Ayala et al., 2016). Although many ichthyo-
plankton investigations for the western South Atlantic (Brazilian sector)
have targeted shelf species (Matsuura and Kitahara, 1995; de Macedo-
Soares et al., 2014; Katsuragawa et al., 2014), a few others have ex-
tended to oceanic regions (de Castro et al., 2010; Bonecker et al., 2012;
Namiki et al., 2017).

Notwithstanding that expatriation is a process commonly reported
in myctophids, where adults of some species occur beyond its home
range and are not able to reproduce there (Hulley, 1984a,b; Young
et al., 1987), larval fish distributions usually mirror adult distributions,
and generally tend to be broader due to the susceptibility of larval
stages being transported by ocean currents (Carassou et al., 2012; Leis
et al., 2013). Specific spawning strategies adapted to oceanographic
structures, such as eddies or surface currents, have been advocated to
explain species-specific horizontal distribution patterns through local
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Fig. 3. Abundances (a) and numbers of species (b) per station for larval and transforming
stages.

retention and/or larval transport (Hare et al., 1999; Watanabe et al.,
1999; Sassa et al., 2004; Gaither et al., 2016).). Therefore, the vertical
location of larvae in the water column is a key factor influencing larval
transport (Leis, 1986; Moser and Smith, 1993; Hernandez et al., 2009;
Garrido et al., 2009). Following the pioneer study by Ahlstrom (1959),
investigations on larval vertical distributions have been performed for
many geographical regions (Pacific Ocean: Loeb, 1979; Sassa et al.,
2002; Suthers et al., 2006; Indian Ocean: Ropke, 1993; Muhling et al.,
2007; Atlantic Ocean: John et al., 2001; Garrido et al., 2009; Moyano
et al., 2014; and Mediterranean Sea: Olivar and Sabatés, 1997; Sabatés,
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