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ABSTRACT

Horizontal and vertical distribution patterns afimdance of larval phosichthyids were investigated
from oblique and depth-stratified towns off Soutiteen Brazilian waters, from Sdo Tomé cape
(41°W.; 22°S.) to Sao Sebastido island (45°W.; 24°Bhe sampling was performed during two
cruises (January/2002 - summer; August/2002 - win@verall 538 larvae of Phosichthyidae were
collected during summer and 158 in the winter. €hspeciesPollichthys mauli, Vinciguerria
nimbaria and Ichthyioccoccussp. occurred in the area, Hahthyioccoccusp. was extremely rare
represented by only one specimen, caught in thaniceegion during the summer. Geographically,
larval were concentrated in the oceanic region,\artically distributed mainly between the surface
and 80 m depth in the summer and winter. Larvae were abundant during the night, performing a
diel vertical migration in the water column. Theuklis suggest that the meandering and eddies of
Brazil Current play important role on the transpemt distribution patterns of larval phosichthyids
over the oceanic and neritic area in the SoutheaBt@zil.

Resumo

Padrées de distribuicdo horizontal e vertical endncia de larvas de peixes de Phosichthyidae
foram examinados a partir de arrastos obliquosratiéisados em aguas do Sudeste Brasileiro, entre
cabo de Sdo Tomé (41°W.; 22°S.) e a ilha de Saas8ab (45°W.; 24°S.). A amostragem foi
realizada durante dois cruzeiros (Janeiro/2002&07eAgosto/2002 - inverno). Foi coletado um total
de 538 larvas de Phosichthyidae durante o ver&8end inverno. Trés espécié®llichthys mauli,
Vinciguerria nimbaria e Ichthyioccoccussp. ocorreram na area, mas Ichthyioccoccus sp. foi
extremamente rara representada somente por ung leapturada na regido oceénica durante o
verdo. Geograficamente, as larvas estiveram carcks na regido oceanica e verticalmente entre a
superficie e 80 m de profundidade nos cruzeiroged#o e inverno. As larvas foram mais abundantes
durante a noite, apresentando uma migragéo vedi@ad na coluna d’agua. Os resultados sugerem
um importante papel dos meandramentos e vértic&od&nte do Brasil no transporte e padrdes de
distribuicéo das larvas dos Phosichthyidae nas @ezénica e neritica do sudeste brasileiro.

Descriptors: Phosichthyidae, Larval fish, Distribat Tropical water mass, Brazil current.
Descritores: Phosichthyidae, Larva de peixe, Distgdo, Massa de agua tropical, Corrente do
Brasil.

INTRODUCT|ON (TORTONESE, 1970; LOEB, 1979) They are
important in the diet of pelagic predators such as
Phosichthyidae are mesopelagic fishesCOTYPhaena hippurys Alepisaurus ferox Alopias
known as lightfishes due to the bioluminescenc@€!agicus and Thunnus —albacares(ZAVALA -
produced by special cells (photophores) locatedgalo CAMIN, 1978, MOTEKI et al, 2001) and are
the ventral region of the body (FAHAY, 1983; recognized as contributing to the distribution wha

SCHAEFER et a) 1986). These fishes are also known" th_e water column (MARCHAL; LEBOURGES,
for performing active diel vertical migration 1996, LEBOURGES-DHAUSSY et al.,, 2000). They

(CLARKE, 1971) from the mesopelagic to thefeed on zooplankton, squid and other fish (LERMAN,

epipelagic zones. Mesopelagic fish are dominattién 1986). o
oceanic regionboth in number of species and Larvae of mesopelagic fishes occur all year

individuals, and represent one of the most importafound in high abundance, mainly ithe offshore
links in the food chain in the marine ecosystenf€dion (MATSUURA etal., 1980). Phosichthyidae
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species are oviparous and pelagic spawning, witBrazilian waters,e.g. BONECKER AND HUBOLD
planktonic eggs and larvae (SANZO, 1930, 1931(1990); NONAKA ET AL. (2000) and BONECKER
AHLSTROM; COUNTS, 1958; AHLSTROM; BALL, ET AL. (2006), have shown that Phosichthyidae larva
1984). The planktonic fish eggs and larvae can beccur mainly in the offshore region, their disttilon
transported in the sea by oceanic circulation,hst t being associated with cold water in the Abrolhos
their distribution and abundance are affected byyma region (Bahia) but with a warmer water mass and
biological processes including ontogeny, themixed water in the southernmost area. However,
concentration and varied size of th#od, intra and information in the literature about the distributiof
inter specific competition, and physical processes this group in Brazil is still scant. The presentdstu
the water column such as temperature, light intgnsi aims to investigate the horizontal and vertical
oceanic fronts, tides, winds, currents, upwellingdistribution and the abundance of Phosichthyidae
thermoclines and haloclines (BLAXTER, 1973;larvae in relation to environmental factors in the
LASKER, 1975; LOEB, 1979; HEMPEL, 1979; region between Sdo Tomé cape and S&o Sebastido
FORTIER; LEGGETT, 1983; PHONLOR, 1984; island, in southeastern Brazil.
NEILSON; PERRY, 1990).

Acknowledge of the distribution patterns of M ATERIAL AND METHODS
larval fish and of environmental factors igery
important for the understanding of the ecological Two cruises were carried out off
processes that influence larval abundance in tearoc o, theastern Brazil by the R/V "Prof. W. Besnard",
(BRODEUR; RUGEN, 1994). Studies have showryom 530 Tomé cape (41°W.; 22°S.) to Sdo Sebastido

that  Phosichthyidae larvae are distributedigiang (45°W.; 24°S.). The sampling plan for the
preferentially, in the oceanic region, in warm ands,mmer cruise (January, 2002) covered 72
saline waters, with higher abundance between O angleanographic stations distributed on 14 trang@ts
100 m depth, in the Gulf of California, the' East Ghin to R14) and that for the winter cruise (August, 200
Sea, off the coasts of Japan, Angola and in the1§anggg stations on 13 transects (R1 to R13), the station
Islands (AHLSTROM, 1959; OZAWA, 1976; JOHN jnteryal was 20 nautical miles (Fig. 1). The cdiles

et al, 2001; RODRIGUEZ et .al2004; FUKUL a5 performed in all the periods of day (dawn, day,
KURODA, 2005, OKAZAKI; NAKATA, 2007 guc and night.

MOYANO et al., 2009). Some studies undertaken in

N

South America

Fig. 1. Map of sampling stations performed in
January/2002 and August/2002 between Sé&o
Tomé cape (Rio de Janeiro) and Sao Sebastido
island (S&o Paulo) in the southeastern coast of
Brazil. Where there is letteB refers to
ichthyoplankton collection stations with bongo
net andVl with multi plankton sampler.




GOCALO ET AL.: DISTRIBUTION AND BUNDANCE OF LARVAL PHOSICHTHYIDAE 215

A CTD (conductivity-temperature depth 200 m isobaths), and c) oceanic (deeper than the 20
profiler) cast provided hydrographic data for eachm isobath). The non-parametric Mann-Whitney U-test
station. The temperature-salinity diagrams (T-Syas used to evaluate differendeslarval abundance
provided the identification of water massesand density as between summer and winter and the
(EMiLSSON, 1961; MIRANDA, 1985). different sub-areas. Differences between layersewer

Two sampling methods were used to collecexamined by using a Kruskal-Wallis test and Dunn
ichthyoplankton: 1) oblique tows with a 61 cm bongdest a posteriori (ZAR, 1999). A multivariate
fitted with 0.333 and 0.506 mm mesh nets (SMITHstatistical analysis (Redundancy Analysis - RDA), in
RICHARDSON, 1977), of which only samples fromthe CANOCO software package (TER BRAAK;
the 0.333 mm mesh net were used in the present;stuSMILAUER, 2002), was used to investigate the
and 2) stratified tows with a 1 ‘nmulti-plankton contribution of the environmental factors to the
sampler (MPS), equipped with 5 nets of 0.300 mndistribution and density of larvae and their resivec
mesh size, to target 20 m depth layers. The voloime development stages. A Monte Carlo test was used to
water filtered was measured with a flowmetertest the significance of the contribution of the
mounted at the mouth of each net. Plankton samplesivironmental variables to the biological data.
were preserved aboard in 4% buffered formalin

Sseawater. RESULTS
Larvae  were examined under a
stereomicroscope and the identification of Oceanographic Conditions
Phosichthyidae species was based on descriptions
from the literature (AHLSTROM; COUNTS, 1958; The mean water temperature for all the study

GREY, 1964; FAHAY, 1983, 2007; WATSON, 1996; area, from surface to 200 m depth, was signifigantl
BONECKER et al., 2006; RICHARDS, 2006). Thehigher (Mann-Whitney U-testP < 0.0001) in the
occurrence frequency of larvae (%) was calculatedummer (20.33°C; sd = 3.79) than in the winter
based on the Guille (1970) expression: [F =20.28°C; sd = 2.73). Concerning the salinity, the
(Ni/Nt).100)] Where, F = occurrence frequency, Ni =mean observed during the summer was 36.24 (sd =
the number of positive stations of the taxonomyp.63) and that during the winter 36.14 (sd = 0.73),
category i, and Nt = the total number of stationsindicating significantly greater salinity in theramer
Abundance of larvae (larvae.jnof bongo samples according to a Mann-Whitney U-tesP (< 0.0001)
was estimated to represent the horizontal disidbut (Table 1).
using Tanak41973) expression: [Y = (d-x) ¥ where During the summer the water column was
Y = number of larvae per rof sea surface, d = depth strongly stratified, ranging from 24.31°C (sd = 2.2t
of haul (m), x = number of larvae taken on samplingthe 0-20 m layer to 19.62°C (sd= 2.90) at the 80-100
and V = volume of filtered water (jnmeasured by m layer. A significant difference was observed
flowmeter. Larval density (larvae.100mof MPS, between the upper layers (0-40m) and the 60-100 m
describing larval distribution in different layersas layer (Kruskal-Wallis testP < 0.05). On the other
calculated by the ratio between the number of Rrvahand, during the winter the water column was
taken in the sample and the volume of water filtererelatively homogeneous, with the temperature rapgin
(m) as measured by flowmeter, multiplied by 100from 22.63°C (sd = 0.82) at the 0-20 m layer to
(HENSEN, 1887). 20.22°C (sd = 2.53) at the 80-100 m layer (Table 1).
Larvae were measured by a digitizing tabletThe salinity of the water column was homogeneous,
a stereomicroscope equipped with a drawing tube, amo significant differences being observed between
the size-frequency distributions obtained for 0.61m layers in the summer and winter (Kruskal-Wallisttes
classes, and were categorized as belonging to tie> 0.05). In the summer, the salinity presentedrmea
preflexion, flexion, or postflexion stage, accoglito = 36.37 (sd = 0.57) at the 0-20 m layer and 36583
the state of notochord flexion (AHLSTROM; BALL, 0.58) at the 80-100 m layer and in the winter, mean
1954). The body length (BL) of the preflexion and36.08 (sd = 0.85) at the 0-20 m layer and 36.49=(sd
flexion larvae was measured from the tip of theusno 0.56) at the 80-100 m layer.
to the end of the notochord (equivalent to notodhor Geographically, during the summer, the
length, NL), and of postflexion larvae from the 8 oceanic waters was significantly warmer (mean =
the snout to the posterior edge of the developing1.08°C, sd = 3.59) than the coastal waters (mean =
hypurals (equivalent to standard length, SL). 19.37°C sd = 4.01) and intermediate waters (mean =
Based on previous studies 19.30°C, sd = 3.72) (Mann-Whitney U-ted®, <
(KATSURAGAWA; MATSUURA, 1992; LOPES et 0.0001), but during the winter, the coastal (mean =
al., 2006), the study area was divided into three sulp0.84°C, sd = 1.95) and oceanic regions (mean =
areas parallel to the coast: a) coastal (from desicto  20.53°C, sd = 2.85) were significantly warmer thae t
the 100 m isobath); b) intermediate (from 100 m tantermediate region (mean = 19.65°C, sd = 2.76)
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(Mann-Whitney U-testP < 0.0001). The salinity was Water (SACW) and Coastal Water (CW). The
significantly lower (Mann-Whitney U-testP <  Tropical water mass occupied the layer between the
0.0001) in the coastal region (mean = 35.68, sd surface and 100 m depth, mainly in the oceanioregi
0.62), than in the intermediate (mean = 36.03, sd i the deep layer (> 100m depth) values below 18°C
0.54), and oceanic regions (mean = 36.48, sd =)0.56nd salinity between 35 and 36 were registered,
during the summer and the same occurred in thedicating the presence of the SACW mass. The
winter (mean = 35.39, sd = 0.94 in the coastal;;ea SACW was also found at the surface in the coastal
36.05, sd = 0.49 in the intermediate and mean 4736. region, between Frio cape and Guanabara bay (RJ)
sd 0.57 in the oceanic regions) (Table 2). region, indicating a coastal upwelling event. Ire th

The T-S diagrams (Fig. 2) indicated thesouthern coastal area the temperature was aboGt 20°
influence and interactions of three water massd¢baen and salinity 34 during both summer and winter,
area: Tropical Water (TW), South Atlantic Centralindicating the presence of a CW mass.

Table 1. Temperature (°C) and salinity registeradng) the summer and winter in southeastern Beazilvaters. Minimum,
maximum, mean and standard deviation (sd) estinfateithe water column (from surface to 200 m depth strata sampled
by multi-plankton sampler (from zero to 100 m d¢pth

Temperature °C Salinity

Season Stratum minimum maximum mean sd minimum  maximum Mean sd
0-200 m 13.08 27.64 20.33 3.79 33.42 37.24 36.24 0.63
0-20m 15.52 26.51 2431 221 34.65 37.01 36.37 0.*57
20-40m 13.77 26.39 2229 3.46 35.20 37.09 36.50 O.FZ
Summer 40-60m 13.53 26.15 21.26 3.35 35.22 37.23 36.52 OFG
60-80m 13.08 25.18 20.21 3.29 35.18 37.24 36.42 0.61
80-100m 14.15 23.67 19.62 2.90 35.31 37.24 36.33 0.58
0-200 m 14.11 24.54 20.28 2.73 33.12 37.39 36.14 0.73
0-20m 20.44 24.45 22.63 0.82 33.88 37.39 36.08 0.#35
i 20-40m 19.31 24.48 2251 1.05 34.10 37.39 36.42 0.?5
Winter 40-60m 17.87 24.54 21.79 175 34.29 37.39 36.61 0.59
60-80m 16.57 23.63 2099 2.10 35.72 37.38 36.60 0.48
80-100m 15.68 23.13 20.22 2.53 35.57 37.37 36.49 0.56

Table 2. Temperature (°C) and salinity registeradngdy the summer and winter by region in southeasBrazilian waters.
Minimum, maximum, mean and standard deviation ¢stijnated fothe water column (from surface to 200 m depth).

Temperature °C Salinity
Season region minimum maximum mean sd minimum maximum mean Sd
Coastal 13.53 27.64 19.37 4.07 33.42 37.18 35.68 0.62
Summer | Intermediary 13.08 26.61 19.30 3.72 34.92 37.17 36.03 0.54
Oceanic 13.26 26.54 21.08 3.59 35.22 37.24 36.48 0.56
Coastal 14.11 23.67 20.84 1.95 33.12 37.04 35.39 0.94
Winter Intermediary 14.58 23.48 19.65 2.76 34.19 37.07 36.05 0.49
Oceanic 14.21 24.54 20.53 2.85 35.35 37.39 36.47 0.57
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Fig. 2. Temperature-Salinity diagrams (T-S) of tbil oceanographic stations realized during tharsar (a) and winter (b)
cruises, in 2002. Where TW refers to Tropical Waterss (>20°C and >36), SACW refers to South Atta@tentral Water
mass (<20°C e salinity between 35 and 36) and G¥vsréo Coastal Water mass (>20°C and <34).

Larval Abundance and Horizontal Distribution (22%), but no significant difference was observed i
Bongo Net Samples the abundance between the seasons (mean = 1.08

A total of 411 (summer) and of 139 (winter) larvae.m; sd = 2.79, in summer and mean = 0.82
larvae of Phosichthyidae were collected with théarvae.m; sd =1.92, in the winter) (Mann-Whitney U-
bongo net. These amounts correspondecat®% of ~€StP > 0.05). Concerning the horizontal distribution,
the total fish larvae sampled each season (14,879 the result suggests that higher larval concentratio
the summer and 7,828 in the winter). Two€ither for P. mauli or V. nimbaria tended to be
phosichthyid species occurred in the samplegPserved far offshore (Fig. 3). The larval
Pollichthys mauliandVinciguerria nimbaria P. mauli ~ concentrations were significantly higher in the arde

being predominant (62% of total Phosichthyidachia t region (50.56 larvae.m in the summer and 38.80

summer and 54% in the winter). Larwdl nimbaria larvae.m in the winter) than in the coastal region
accounted for 25% of total phosichthyids in the(l.72 larvae.min the summer and 0.48 larvae.in
summer and 45% in the winter. the winter) (Kruskal-Wallis tes < 0.05).

The occurrence frequency & mauli was
50% in the summer and 45% in the winter. No
significant difference was recognized in the aburoga
between these seasons (mean = 2.64 larvasth=
7.42, in the summer and mean = 0.95 larvapsd =
2.61, in the winter) (Mann-Whitney U-tef,> 0.05).
Larvae were widely distributed in the study areat b
higher abundance was observed in the intermedi
sub-area in the summer (102.65 larvad,nollowed

Larval Density and Vertical Distribution - MPS Sdewp

A total of 127 (summer) and of 19 (winter)
larvae of Phosichthyidae were collected with MPS.
Three species were identifieB. mauli, V. nimbaria
and Ichthyioccoccus sp but Ichthyioccoccus spwas

xtremely rare with only one specimen caught in the
-40 m depth layer in the oceanic region during th
summer. LarvalP. mauli predominated in summer

by the oceanic sub-area (85.29 Iarvae),rwhlllle in the (65% of total Phosichthyidae), where¥s nimbaria
coastal sub-area the abundance was significantlgrio : ; .
larvae were predominant in the winter (57% of total

- < . . .
(1.'82 Iaryae.m) (Kruskal-Wallis tes}P O'QS)' In t.he Phosichthyidae).P. mauli occurred at 60% of the
winter, higher abundance was estimated in the éacean : . .
. 2 - . oceanographic stations on the summer cruise and 14%

region (36.56 larvae.n), followed by the intermediate . . )

L L . in the winter, but the summer mean density of 3.37
subarea (22.70 larvae.ijy both significantly different e _ 2

; -2 larvae.100m (sd = 7.25) was not significantly
from the coastal region (3.71 larvae)m(Kruskal- . . .
Wallis testP < 0.05) (Fig. 3) different from that observed in the winter of 0.33

: : 9. 2). . . larvae.100m (sd = 1.61) (Mann-Whitney U-ted®, >
The occurrence frequency of. nimbaria

was higher in the summer (29%) than in the winteP'OS)'



218 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 59(3), 2011

3 Tomé Capa ) a5 Vinciguerria nimbaria

i a5
|
-Summer {

| Pollichthys mauli
© Summer

FAEEGE GAREV

R

z3*

| s - s8a
20 240
Lafuma.m- Larvase.m-?
o nolarvae o nolanas
aHe¥Im . 0t et | 2 SEm o ot met| 28
1 1
= ® 1< ® 1lo=ip
200N Yo 2500M P ® 10io<z5 2"*"-5‘0“-\,““ 2590m ® 10 w=is
o I | & 0 o e
| LI TE RPN i I LS
LW 450 440 437 420 417 40® BT 45 447 430 4z 412 400
s . s 1 ; | . . me . 3 o
Pollichthys mauli Sl 380 Torné Cane B ams | Vinciguerria S50 Tom Cane B amg
Winter 1 Winter
BAY PO | A0 PAULD
23 25
st - o
Eckusfde. " | Bubuaii
o
Z 240 24°
Larvag m-? LarveRms
o nolarvae = nolanvag
soiogi o DO ey |2 b « 0nttast | 2
Totm 10im -
® 1ls<i0 S st ® 110
300 10CCm ® Wi 200m A00Am S — . W
@ =5 - @ 25D
1500m 1500m =3
@ =T VB4 1506 17 18 19 20 21 253 24 20 FE BT B @ 0wt et
| ———————{-age
AW 45 as® 43 4 at® awe 45 ag 4= a3 az 412 a0°

Fig. 3. Horizontal distribution oPollichthys mauliin the summer (a) and in the winter (b); horizbrdastribution of
Vinciguerria nimbarialarvae during the summer (c) and winter (d) crise 2002, between S&o Tomé cape (RJ) and Sé&o
Sebastido island (SP). Whekeis the total number of larvae collected and thendance larvae is estimated in larva&.m
Temperature registered to 10 m depth.

Larval P. mauli occurred in all layers and from 20 to 40 m depth in the winter (mean 51.6
sampled in the summer, with higher density estithatelarvae.100m, sd = 6.21), no significant differences
in the 60-80 m layer (mean of 6.87 larvae.100sd = being observed among layers (Kruskal-Wallis tes,
11.41). In the winter, larvae occurred only betwg6n 0.05) (Figs 4 and 6).
and 60 m depths, of which the 20-40 m layer was

extremely poor with only 2 larvae collected, wherea Larval Length Frequency
the mean density estimated for the 40-60 m layesr wa _ _
1.16 larvae.100m (sd = 2.84) but no significant The size oP. maulilarvae ranged from 3 to

difference was observed between layers in eithétd mm, indicating the presence of all the early
season (Kruskal-Wallis ted?,> 0.05) (Figs 4 and 5).  developmental stages. About 60% were in postflexion
The occurrence frequency of larval. (>7 mm SL) in the summer and winter. The larvae of
nimbaria was 25% on both the cruises, based on th&-5 mm NL were in preflexion stage and 5-7 mm SL
MPS collections. Larval abundance in the summer wd$ the flexion stage. Although no significant (Mann
0.84 larvae.100m(sd = 3.51) and in the winter 0.51 Whitney U-test,P > 0.05) differences were observed
larvae.100m (sd =3.04), no significant difference in the size-frequency larvae among regions, in géne
being recognized in the density between seasofm@rvae larger than 15 mm SL tended to occur
(Mann-Whitney U-testP > 0.05). This species was predominantly in the shallower stations of the
absent in the 80-100 m layer in both seasons. Highiétermediate sub-area, while the smaller larvae (3-
density was estimated in the surface layer (0-20nm) mm NL) occurred in the oceanic region, mainly ig th
the summer (mean = 1.33 larvae.160md = 3.27) summer. The most frequent size classes in the @cean
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region were of 5.75 and 6.25 mm in the summer anpredominated in the summer, and the 10.75 mm class
of 4.75 and 6.25 mm in the winter. In the internag¢eli predominated in the winter (Fig. 7).
subarea the 5.75 and 9.25 mm size classes

Pollichthys mauli @)

mean density (larvae.100m-*)
5 10 15 20

80-100 B Summer|
oOWinter
Vinciguerria nimbaria (b)
mean density (larvae.100m-*)
0 5 10 15 20
S
0-20 F_'
20-40 !—,
T
£ 1080
3 ]
E0-80 E
80-100 W Summien
i o Vinter

Fig. 4. Mean density d?. mauliandV. nimbariafish larvae estimated to each
layer sampled by multi plankton sampler (MPS) ia titeanographic stations,
during the summer and winter cruises, in 2002. dhesity is expressed in
larvae.100m and error bars are standard deviation about themensity.
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Fig. 5. Vertical profiles of temperature (°C) aneértical distribution of P. mauli larvae on transect
perpendicular to Brazilian coast (R) during the man and winter, 2002. The density is expressed in
larvae.100m®.
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Fig. 6. Vertical profiles of temperature (°C) arettical distribution ofV. nimbarialarvae on transect perpendicular
to Brazilian coast (R) during the summer and wir2€02. The density is expressed in larvae.180m
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In the water columnP. mauli larvae in more frequent between the surface and 20 m and from
preflexion were collected more frequently betweén 420 to 40m depth, there being no significant diffee
and 100 m, while, postflexion larvae were moren the size-frequency larvae among layers (Kruskal-
frequent between the surface and 20 m, these datéallis test,P > 0.05) and no clear ontogenetic vertical
suggesting an ontogenetic vertical movement oflarv movement because the number of larvae was very low.
(Fig. 8).

The length ofV. nimbaria larvae ranged Diel Variation
from 3 to 23 mm, indicating the presence of all the ] ] )
early stages. More than 45% of the larvae were in Larval P. maulioccurred during all periods

postflexion. The length in the preflexion stagegeah ©Of the day (dawn, day, dusk and night), byt
from 3 to 6 mm NL, and in the flexion stage fronto Nimbaria was absent at dusk. No significant
8 mm SL. So that specimens > 8 mm SL were iglifferences were observed among periods, but
postflexion. The predominant size classes durirgy thRbundance was higher at night than in the other
summer in the oceanic sub-area were those of Bi@5 aperiods for the two species in both seasons (Kiuska
6.25 mm, and in the intermediate sub-area were §¥allis testpP>0.05). .

4.75 and 6.25 mm. During the winter the predominant In the water column,P. mauli larvae
size classes were of 4.25 and 5.75 mm in the ocearficcurred in higher density in the upper layer (0r60
region and 4.75 mm and 6.75 mm in the intermediatduring the night but in the 60 to 80 m layer thesiy
region, but no significant differences were foundtie ~Was high during the day in the summer and at dawn i
size-frequency larvae among regions in either seasée winter. In the deepest layer (80-100 m) a great
(Mann-Whitney U-testP > 0.05) (Fig. 7)V. nimbaria dgnsny of larvae was estimated but no significant
larvae in preflexion were collected more frequentlydifference was observed (Kruskal-Wallis tet, >
between 60 and 80 m, while postflexion larvae wer®-05) (Fig. 9).
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In the summer, larval stages \df nimbaria  correlation betweeN. nimbarialarvae and the winter,
were collected during dawn, day and night from thalso observed in terms of the values of larval igns
surface to 40 m but were more concentrated duhiag t (Fig. 9).
day in the 60-80 m layer. The highest larval degnsit The preflexion stage ofP. mauli and V.
was estimated during the day between 20 and 40 mimbaria presented a positive correlation to depth and
depth in the winter. No significant differences wer a negative one to temperature. Larvae occurredlynain
found among the densities estimated for any of thm the deeper layers (40 and 100 m) of the water
layers (Kruskal-Wallis test? > 0.05) and it was not column analyzed, where the temperature is lower.

possible to verify any diel vertical migration. Postflexion larvae were more frequent between the
surface and 20 m depth, presenting a negative
Environmental and Biological Relationships correlation to depth and a positive one to tempeeat

The Redundancy analysis indicated that the In relation to diel variation, both species
seasons and the temperatures (axis 1: 34.5%; axis'$ere collected in greater density during the night
24.4%, respectively) were the most marked?0th summer and winter cruises. Rs mauliandV.
determ'ining environment factors in the larvaiNimbaria larvae in the postflexion stage presented a
distribution ofP. mauliandV. nimbarig according to POSitive correlation to night, while preflexion and
ontogenetic stage and diel variation (Monte Céls, flexion larvae presented a.neg.atlve c;c.)(relatlon, we
0.05). The diagram of ordination showed a positivé"@y Suppose that the swimming abilities and the
correlation between different development stage, of change in visual perception related to the stades o
mauli and the summer, when the larval densit))arval development, exercise an influence in the

(larvae.100m?) presented its highest values, and &apture of the larvae.
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Fig. 10. RDA ordination plot oP. mauliandV. nimbariain different development larval stages
according to the state of notochord and environnfeetbrs that presented significant difference,
according to Monte Carlo ted? € 0.05).V. nimbariaandP. maulipre =V. nimbariaandP. mauli

in preflexion stagey. nimbariaandP. mauliflex = V. nimbariaandP. mauliin flexion stage and
V. nimbariaandP. maulipos =V. nimbariaandP. mauliin postflexion stage.



GOGCALO ET AL.: DISTRIBUTION AND BUNDANCE OF LARVAL PHOSICHTHYIDAE 225

Larval P. mauli and V. nimbaria occurred winter in the present study, but the occurrencinese
throughout the study area, presenting their highetarvae has also been reported in spring by
abundance values at those oceanographic statioBONECKER and HUBOLD (1990), and in autumn by
located in the intermediate and oceanic sub-areds aNONAKA et al. (2000), suggesting that these species
distributed in the upper 100 m depth of the watespawn all the year round.

column, where the Tropical Water (TW) mass was Overall, abundance did not differ
present. Probably larval distribution is relatedthe significantly between seasons fé&. mauli or V.
TW transported by the Brazilian Current. nimbarialarvae, but a slight trend to higher abundance
was observed for both species in the summer. This
Discussion result agrees with BADCOCK (1984) who observed a

spawning peak oP. mauliduring the summer in the

Phosichthyidae  species compose thaVestern North Atlantic and the Mediterranean Sea. O
mesopelagic group of fishes in the marine ecosystefj€ Other hand, STEQUERT et €2003) reported that
but are not the dominant ones. The proportion of nlmbarla_larvae are predomlnant_all the year round
Phosichthyidae larvae cd 2% of total larvae and that_thls species spawns (_:ontlnuously throughou
collected) was relatively low in the present study, the yearin the equatorial Atlantic Ocean.
one compares this result with the relative valu¢hef  Our results showed that the pattern of
other mesopelagic fish larvae, such as those yertical dlSiEI’IbUtI.OI’l ofP. mgull larvae dlffered with
Sternoptychidae cb. 15%) and Myctophidaecg  S€aSON, belng.W|despreaq |n.aII layers in the sutnme
14%). However, this low proportion of occurrence of?Ut With a higher density in the 60-80 m layer,
larvae is similar to that observed in other regjans. whereas in the winter larvae tended to concenirate
off eastern Brazil (NONAKA et al., 2000), in the ®ul the 40-60 m layer. But the distribution \éf nimbaria
of California (AVALOS-GARCIA et al., 2003), the did_qot overlap that of the former species an_d
western North Pacific (SASSA; KONISHI, 2006) and€Xhibited a preference for the 20-40 m layer both i
on the shelf break of the East China Sea (OKAzAK|{he summer and in the winter. ~ Muhling and Begkle
NAKATA, 2007). (2007). undertook collections in south-western

Although eight species of Phosichtyidae aréiUstralia from the surface to 1000 m depth;
known to inhabit southeastern Brazilian waterd Ollichthyssp. larvae were caught only at 1000 m
(MENEZES: FIGUEIREDO, 2003), only three depth during the winter anW¥inciguerria sp. were
speciesPollichthys mauliPOLL, 1953)Vinciguerria collected in layers below 40 m, and in greater dgns
nimbaria (JORDAN and WILLIAMS, 1895) and at 300 m depthV. nlmbar_lalarvae were coII_ected in
Ichthyococcusp, were collected in the present study./2yers deeper than 50 m in the North Atlantic (GREY,
The sampling method may influence the collection of964) and LOEB (19796 1980) observed more
some species due to the vertical migration to fyefccurrences of larvae (90%) between 25 and 75 m
deeper than those attained by the bongo net. ggepth and collected the highest qumbeVohlmbarla 3
studies indicate that the majority of fish larveeen of 1arvae between 25 and 50 m in the North Pacific
the mesopelagic species, are distributed in thesuppCentral gyre. ) o )
200 m of the water columnefy LOEB, 1980: Diel vertical migration is known to occur in
BRODEUR: RUGEN. 1994: SASSA et al. 2002)_several groups of fish and their larvae, especially
Larval Ichthyioccoccus spthat was extremely rare in SPECies with light  organs (CLARKE, 1971;

the samples, is exceptional as it inhabits depths NEILSON; PERRY, 1990; WATANABE et al
from 200 to 500 m (SCHAEFER et al., 1986)1999) Our results indicated a tendencyPofmauli

According to BERNARDES et al. (2005), adult larvae to concentrate in the surface layer (0-20 m)
Vinciguerria poweriaeand Polymetme thaeocoryla during the night, and to occur in higher densitytie
tend to be distributed in the southernmost Brazilia®0-80 m layer during the day, indicating a movement
waters, far from the area of this present studyhdges of organisms in the water column during the day, k_)u
the same pattern of geographical distribution @ thSOMe larvae were observed at 80-100 m both at night

larvae may explain the absence of these speciesrin @nd by day. This diel movement was not clear with
results. regard toV. nimbarialarvae, but a vertical migration

Larvae of P. mauliand V. nimbaria have ©f adultV. nimbariarelated to its feeding activity is
been registered, by many authors, in the Atlantid?oWn (MARCHAL and LEBOURGES' 1996;
Pacific and Indian Oceans (SCHAEFER et al., 1086:EBOURGES-DHAUSSY et al., 2000; STEQUERT
RICHARDS, 2006; OKAZAKI: NAKATA, 2007: et al., 2003), so further studies are necessaenable
MOYANO et al., 2009, among others). In Brazilian4S to come to a conclusion regarding the behavior o
waters these species have previously been reponted V- Nimbarialarvae. _ _
the eastern coast by BONECKER AND HUBOLD . P_ostflexu?n larvae were mal_nly assoua’_[ed
(1990). Both these species occurred in summer affth the night period, whereas preflexion and ftexi
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larvae were associated with other periods of the daal., 2000; BONECKER et al., 2006). In the case of the
This fact may be related to the increase in thiétgbd  present study the environmental boundaries of both
move associated with growth. Postflexion larvaeehavspecies appear to be in close association with the
greater swimming ability and are capable of migrat§ropical Water (TW), that embraces the oceanic but
vertically, rising to the surface at night and dgsting also the neritic area, at least as far as the hatf-s

to deeper layers during the day. Net avoidanc&he overall picture of the present study area, fthen
associated with the development of the visuahydrographic point of view, follows the classical
perception of the larvae (BLAXTER; HUNTER, description given in the literature for both season
1982) may also have had some influence in th€CASTRO; MIRANDA, 1998; SILVEIRA et a)
sampling of larger specimens during the day. SASSR000; CASTRO et gl2006; among others) and shows
and KONISH (2006) observed no clear ontogenetithe interactions of the three water masses, TW,
vertical migration of jack mackerel larva&€rachurus SACW, and CW. The shapes of the T-S diagrams of
japonicug with <3 mm standard length. According tothis study (Fig. 3) resemble the shape of those
those authors, migratory behavior tends to develogescribed by CASTRO and MIRANDA (1998) based
with the increased swimming ability of the larvaela on historical data. Among the many hydrographic
greater intensity is observed in the vertical ntigra features of the Southeastern Brazilian Bight, the
after the postflexion stage. perturbations of the Brazil Current flow in the fooh

In the present study the early larfalmauli  meanders or eddies seem to be crucial to the spead
(by 3 mm NL) was concentrated in the deeper layesf the larvae of mesopelagic fish over the nedtiea.
(60-80 m) of the oceanic sub-area, whereas the As the presence of early larvae indicates the
postflexion larvae were found mainly near the stefa proximity of the spawning ground (JONES, 2002), the
(0-40 m) and in the intermediate sub-area. Thspawning ofP. mauli and V. nimbariais probably
postflexion larvae ol. nimbariaalso had their peak concentrated in the deeper layers of the watemmolu
distribution in the intermediate sub-area and ia thof the oceanic area, where the early larvae werado
surface (0-20 m) layer. The occurrence of preflexio After hatching, the larvae tended to expand their
larvae in layers deeper than 60 m was also obsdayed distribution, either vertically or geographicallgs
LOEB (1979) in the North Pacific Central gyre. Thesaliscussed above. Our findings that both species
patterns of vertical distribution related to ontoge exhibited increased mean lengths in an offshore-
may be strategically important to development durin coastal direction, supports the idea of their mguin
the early life stages, as food requirements, a$ agel the neritic area. This distribution must be favolsd
the ability to detect prey, increase with the gif¢he the meandering patterns or eddy activities (CASTRO;
larvae. In this case the presence of larger laivdbe MIRANDA, 1998) which enhance the transport of
upper surface layer, with higher prey abundancestmularvae toward the mid-shelf. One of the benefitthio
be advantageous for feeding. On the other handpecies is that, as the demand for food increaghs w
changes in oceanographic conditions, which varlarval growth, the movement from oligotrophic
according to the different layers of the water ocuhl  oceanic water to areas of higher concentrationrey p
may affect the larval stages in other ways, fomgpl@ organisms may contribute to the improvement of the
by transporting them to more or less favorable saredarval condition as also therefore to the chance of
(CHA et al., 1994). success in surviving during early development.

The larval phosichthyids were, in some case, The larval transport strategy, from
found in the TW-SACW interface. This pattern ofoligotrophic to productive regions, has been actedin
distribution associated with the transition areaved as important for mesopelagic species in other reggio
water masses has also been observed in other segioRor example, in an analysis of distribution patseor
LOEB (1979, 1980) studying the vertical distributio larval myctophids in the transitional region of the
of Vinciguerria collected in the mixing layer and western North Pacific, SASSA et al. (2004) discdsse
Ahlstrom (1959) collectedV. lucetia larvae in the the role of hydrographic structures, such as tbet&
mixed layer and above the thermocline in Bajaand rings related to the Kuroshio and Oyashio odirre
California. In Brazil, BONECKER and HUBOLD systems, in larval transport from spawning to niyrse
(1990), observed the occurrence\af nimbariaand grounds. Concerning the  phosichthyids  of
Vinciguerria sp. associated with the mixture betweerSoutheastern Brazil, further studies are necessary t
TW and SACW. obtain information such as will enable us accuyate!

Several works have shown thatcorrelate the increment of age to distance offshase
phosichthyids are distributed mainly in the oceanievell as information on the speed at which thosk fis
region (e.g. OKAZAKI; NAKATA, 2007; MOYANO larvae can be transported within the system, irioral
et al., 2009), although distribution in a shallowene evaluate the use of the area as a nursery ground.
(50-100 m isobaths) has been reported in eastern Another hydrographic feature important to
Brazil (BONECKER; HUBOLD, 1990; NONAKA et the biological processes in southeastern Brazilian
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waters is the intrusion of the SACW toward the coast the eastern Pacifidrishery Bull.,U.S. v. 58, p. 359-
in the bottom layer. The position of the bottom  409,1958. o .
thermal front changes seasonally, being closehg¢o t AVALOS-GARCIA, = C.;  SANCHEZ-VELASCO, L.
coast during summer and farther offshore during ngl.?AS.AGOa BH I__arve|1| fish asshen;blagesr:_n th;ﬂ(_;:ﬁlfo
. K . alifornia and their relation to hydrographic véarlgy

winter (CASTRO; MIRANDA, 19_98)’ a_nd depending (autumn 1997-summer 1998ull. mar. Sci., v. 72, n.
on the strength of the SACW intrusion the coastal 1 , 63-76, 2003.

upwelling may occurs, mainly near Frio cape. The8ADCOCK, J. Photichthyidae. In: WHITEHEAD, P. J.; P.
spawning strategies associated with these dynamic BAUCHOT, M. L.; HUREAU, J. C.; NIELSEN, J;
processes have already been intensively discussed TORTONESE, E. (Ed.)Fishes of the North-Eastern
(MATSUURA, 1996; LOPES et al2006), and it has Atlantic and the Mediterranean. v. 1. Paris: UNESCO,
been observed that the input of the nutrient richd ¢ 1984, p318-324.

. ERNARDES, R. A.; FIGUEIREDO, J. L. DE;
water of the SACW contributes to the enhancement @f RODRIGUES, A. R FISCHER, L. G.: VOOREN, C. M.:

primary productivity in the coastal area (LOPESlet HAIMOVICI, M.: ROSSI-WONGTSCHOWSKI C. L.
2006). For some small pelagic fish species, such as p g, peixes da Zona Economica Exclusiva da Regido
sardine and rough scad, studies have shown a teyiden  sudeste-sul do Brasil:Levantamento com armadilhas,
of the peak spawning period to correspond to the pargueiras e rede de arrasto de fundo. S&o Paulo:
period when the intrusion of SACW becomes more EDUSP, 2005. p. 119 -121.

frequent, i.e., during spring and summerBLAXTER, J. H. S. Monito_ring the vertical movemen_md
(MATSUURA et al., 1992; KATSURAGAWA et al., 'g;‘ fjsrgo\f/‘sg; of %%fé'%% ?”fgg';'ce lan@emar.biol.
2006). However, for th_e phos_lchthylds of the StUd%LAXTER, J’.H.S; ’HpUNTER, IR Theiology of the
area, apparently there is no direct dependencé@n t Clupeoid fishes.New York: Academic Press, 1982. 223
coastal events as no significant difference indarv.  , (advances in Marine Biology, v. 20).

abundance between summer and winter has beg®NECKER, A. C. T; HUBOLD, G., Distribution and
found, but rather these species seem to be abundance of larval gonostomatid fishes in thersoest
opportunistic in taking advantage of the eddiesaas  Atlantic. Meeresforschung, v. 33, p. 38-51, 1990.

way to spread throughout the neritic area, and thUBONECKER, F. T.; BONECKER, A. C. T; CASTRO, M. S;
improve the chance of finding the prey organisms. gﬁgﬂgggn?ét%a:? BQES}S;;;;EA?- Gpsﬁg;‘é'rf]%’;zze .
Further studies comparing t_he nutritional condgiarf Stomiidae. In- BbNECKER, AC .ﬁ'; CASTRO, M. S.
larvae collected in oceanic and coastal areas may

. ; : (Ed.). Atlas de larvas de peixes da regido central da
contribute to an evaluation of the advantage of thi  zona Econsmica Exclusiva Brasileira Rio de Janeiro:

distribution pattern. Museu Nacional, 2006. p. 86 - 87.
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