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ABSTRACT

Diapterus rhombeus is one of the most abundant fish species in tipet8® bay, which is a 520 Km
semi-closed coastal area in Southeastern Brazd.sTte and distribution of this species have been
described in order to assess the use of the ar@araaring ground in both spatial and temporal
(seasonal) dimensions. A fish sampling program e@sducted monthly by using an otter trawl
between October 1998 and September 1999, in thagednes (outer, middle and inner), defined
according to depth and salinity gradient. Highlgrsiicant differences were found for CPUEs
(number and biomass) among seasons and zonesa8gesl from 50 to 230 mm TL, and three size-
groups were defined according to a maturation gecete1435): 1 - immature (< 80 mm Total Length
- TL); 2- individuals at the first maturation (L5080-90 mm TL), and 3 - adults (L100) (> 100 mm
TL). Immature and L50 individuals were more aburidanmber and biomass) during Autumn in the
inner zone, while adults (L100) predominated durBigmmer in the outer zone. Evidences of
movements of young-of-the-year (50-90 mm TL) induls from the inner to the outer zone were
detected as they reach larger sizes (180 mm Tthdrsecond year of life. Condition (k) was higher
in larger sized individuals in the outer zone dgr8pring, when they are apt to start the reprodecti
process. Two cohorts were detected according tahmdgression: the first (smaller size) showing
faster growth than the second, evidencing a slgn@nth rate as they reach larger size. Distina siz
classes occupying different bay zones suggestthieatage-groups optimize their coexistence by
partitioning the available resources, avoidingargpecific competition.

Resuwmo

Diapterus rhombeus € uma das espécies de peixes mais abundantesandeB&epetiba, ambiente
costeiro de 520 kfnde area semifechada no sudoeste do Brasil. O tamandistribuicio dos
individuos desta espécie foram descritos com ctivbjele determinar o uso das areas de criagao
numa dimenséo espacial e temporal (sazonal). Ugrgma de amostragem de arrasto de fundo foi
conduzido mensalmente entre outubro 1998 a seteh®9®, em trés zonas da baia (externa, central,
interna), definidas através de gradientes de pdifiade e salinidade. Diferencas altamente
significativas foram encontradas para CPUEs (nUraésiomassa) entre estacdes do ano e zonas. O
comprimento variou de 50 a 230 mm CT. Trés grumtathanhos foram definidos de acordo com
uma escala de maturacéo gonadal (n = 1435): 1tuim&< 80 mm Comprimento Total - CT); 2-
individuos em primeira maturagédo (L50) (80-90 mm);G¥ 3 - adultos (L100) (> 100 mm CT).
Imaturos e individuos L50 foram abundantes (nimnedb@dmassa) durante o outono na zona interna,
enquanto adultos (L100) predominaram durante oovegdzona externa. Evidéncias de movimento
de individuos jovens (50-90 mm CT) da zona intqgrae zona externa foram detectadas conforme
os animais foram atingindo maiores tamanhos (180Gijn no segundo ano de vida. A condicéo (k)
aumentou em individuos maiores na zona externantiugaprimavera, quando estes se tornam aptos
a iniciar o processo reprodutivo. Duas coortesnfiod@tectadas de acordo com a progressao modal: a
primeira (menores tamanhos) mostrando crescimeais rapido do que a segunda, evidenciando
uma taxa menor de crescimento a medida que atingerares tamanhos. Diferentes classes de
comprimento ocupando diferentes zonas da baia emgeue grupos de idades otimizam sua
coexisténcia compartilhando os recursos disponieetgitando competicéo intra-especifica.

Descriptors: Growth, Coastal fishes, Life cyclep&éa Bay.
Descritores: Crescimento, Peixes costeiros, Cielvida, Baia de Sepetiba.
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INTRODUCTION Southeastern Rio de Janeiro State (Lat. 23°S)nksra
as the sixth most abundant species, accounting fo
Bays are coastal areas used as rearin 6 % of the total number of fishes, being present

grounds by a large number of juveniles of marisé fi ©0-7% of all samples (Aratjo et al., 1998).
species due to abundant feeding resources and less@derstanding the way in which this species
predation risks favored by shallow depths and turbiSuccessfully uses the bay in such high abundange an
waters. Members of the Gerreidae family rank amont/ith such wide distribution is important for fishes
those most abundant fishes in tropical bays, aed affanagement. , ,
distributed along the Western Atlantic from the It is largely accepted that species of wide
Caribbean (20°N) to Southern Brazil (30°S). There igeographical Filstrlbutlon tend to.be high abundant
little information on their life cycle, and whatists 0cally (Hanski et al,, 1993). In this study, westtsl
relates mainly to possible uses of bays as feeafieas the hypothesis thatD. rhombeusattains high
and the nearby platform as spawning areas (Cyrugpundance by shifting its occurrence in the bay
Blaber, 1984; Thayer et al., 1987). Gerrids popylarl S€asonally, over its life cycle, aiming to optimie
known as mojarras are typically eurihaline speciedSe Of the available resources and attains great
and take part in the trophic web as transferomefgy abundgnce in the area. The focus of th|§ studytwas
between the primary consumers and top piscivoreéi€termine the pattern of usage of Sepetiba Bap by
since they prey on components of the bemhiéhombegs, based on the size structure of the
macrofauna (Livingston et al., 1976; Aguirre-Ledn e PoPuUlation.

al., 1982; Cervigon; Gomez, 1986; Santos; Aralijo,
1997). There is some indication thdiapterus
rhombeus spawns in deep areas whereas juveniles use . . . .
shallow waters in estuaries, bays and mangroves, gs Sepetiba bay is Iocatfd n soout,hgastem Rio
part of their life cycle (Chaves; Otto, 1998). eoJa’nelrg S’tate (Igtltudes 22°54'-23°04°S; lontgl
High primary productivity in bays provides favorabl 43°34-44°10 W.) (Fig. 1)' It ha? an area @i 520
conditions for recruitment and rearing grounds f0|k.m2 and receives _fluwal sediment transported by
juveniles of several fish specieBiapterus rhombeus rivers andfrom tidal creeks and mangrove

is one of the most common species in experimentgrvamps’Bpresem'qggSg trend of semi-confinement to
bottom trawls in the Sepetiba bay, on the coast osure (Barroso, )-
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Fig. 1. Map showing the three zones (outer, middie inner) of Sepetiba Bay, Brazil.
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The bay has distinct zones: an inner zond996). Seasons were assessed as follows: Spring
greatly affected by rivers and tidal creeks; aneput (October, November and December); Summer
zone, closer to the sea limit, and a transitiooahfral) (January, February and March); Autumn (April, May
zone located between the former zones and pregentiand June), and Winter (July, August and September).
intermediate environmental characteristics. In théength-weight relationship was determined by the
outer bay, the substratum is predominantly coanse a power function Wt = a * Lt b (Le Cren, 1951), where
sandy, and rocky islands are common. In the inagr b Wt is the total weight, Lt the total length, “Hie
the substratum is mostly muddy and the beaches amegression constant, related to the fish's conditmd
rocky, sandy and muddy, in places fringed byb” the regression coefficient, related to the foah
mangrove formations in that area. In spite of baipg the fish. The “a” and “b” values were estimated by
to 30 m deep near the sea limit, about 40 % of therdinary least square (predictive model), afterlidbg
bay's area presents depths of less than 5 m. {galintransformation according to the following equation:
ranges from 28.3 to 34, and temperature varies frofoglOWt = log a + b * log10Lt. The null hypothesis
21.5°C in winter to 27°C in summer (Araudjo et al.for isometry was tested for the regression coeffiti
2002). Tide amplitude isa. 1 m, and southwestern using Student’st-test and the value was compared
and northeastern winds help, respectively, to bringith the criticalt value. The condition factor (K) was
seawater into the bay and out of it towards thealculated by the equation K = Wt/ Ltb (Santos,&)97
continental shelf (Signorini, 1980). Size structure was assessed to estimated
Three zones were designated in the bay according itedirect growth by the monthly length frequency
depth and salinity gradient: 1) an inner zone, veith distributions, with individuals grouped in 5 mm esiz
depth of less than 5 m, located in the innermogt baclasses. Monthly frequency distributions were
area, affected by rivers and tidal creeks; 2) adieid submitted to the ELEFAN | subroutine of the FISAT
zone, with depths of between 5 and 10 m; and 3) asoftware Gayanilo-Jr and Pauly (1997), giving K
outer zone, with a depth of more than 10 m, in thégrowth coefficient) and A (performance index). The
outmost bay area, subject to marine influencelLoo parameter (asymptotic size) was determined by

Taylor's (1962) equation ¢.= TL maximum / 0.95).

MATERIAL AND METHODS
ResuLTs

Fish samplingwas conducted monthly in
each of the three bay zones, by using an otter,traw o
between October 1998 and September 1999. A total of 1435 individuals were caught,
Samplings were performed during the day on thaveighting 30,788.1 g. Asubsamplg of 741 |nd!V|®uaI
bottom, for 20 min. at 2 knots, thus covering¥@S measurefbr Total Length (in mm). Highly
approximately 1.5 Km. Tows were performed insignificant differences in CPUEs (number and w_elght)
triplicate and the catch per unit effort (CPUE) tuni were found between seasons and zones for different

used for the study was the total number and wesght Phases of the life cycle (Table 1).
fish caught per tow. Adult fish (TL > 90 mm; L100) were more
All fish were fixed in 10 % formalin and @Pundantin Summer in the outer zone and in Autumn

preserved in 70% alcohol. Fishes were measurduto tin the inner zone, while immature and individuals a
nearest mm and weighed to the nearest 0.1g. VasichdifSt maturity (L50) were more abundant during the
were deposited at fish collection of the FederalaRur AUtUmn in the inner zone. Higher biomass (weight)
University of Rio de Janeiro. characterized by large weight groups (Adults)

Relative abundance was assessed by cpugscurred mainly in Summer and Autumn in the outer
in numbers and weight. Size groups were define@one (Fig. 2).
according to the following maturity scale (Aradjo e Size structure ranged from 50 to 230 mm

al., 1999): 1 — Immature individuals < 80 mm TL; 2 total length (TL), with mode of 90 mm in the inner
Individuals at first maturity (L50) = 80-90 mm TL; Z0N€, 145 mm in the middle zone and 190 mm TL in

and 3 — adult individuals (L100) > 90 mm TL. the outer zone (Fig. 3) suggesting size segregation
Two-way analysis of variance (ANOVA, P < &long the bay zones (Fig. 3).
0.05) was used to compare relative abundance (CPUEs The smallest sized group (TL < 110 mm)

— number and weight) of size groups among zones affs recorded mainly in Autumn, being absent in
seasons followed by an a posteriori Tukey HSD tesPPring and poorly represented in Summer and Winter.
with the rejection of the null hypothesis. All thaw Conversely, the I_arge_st sized individuals (TL > 160
data were log-transformed (log 10 (X + 1)) in themm) occurred mainly in Summer and to a lesser éxten

attempt to accomplish with ANOVA assumptions (zar" Autumn (Fig. 4).
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Table 1 F-values from two-way ANOVA and significant difeerces in CPUE — Number and
Weight of Diapterus rhombeus in Sepetiba bay, RJ, Oct-1998 to Sep-1999. Sea®ns:
spring, Su = summer, A = Autumn and W = Winter; €snl = inner, M = middle and O =
outer. Number = N and Weight = W. * = p < 0.05;2%p <0.01; Ns=not significant.

Seasons (S) Zones (2) Interaction (S x Z) Tukely tes
Size Classes
Immature - N 3.90 * 7.32*%* 3.90* Seasons: A>S, W
Zones: 1> M, O
Immature - W 6.22** 12.91** 6.22** Seasons: A > W,
Zones: 1> M, O
L50 - N 5.69** 12.79** 5.69* Seasons: A> S, Su, W
Zones: 1>M, O
L50 - W 6.14* 16.58** 6.14* Seasons: A> S, Su, W
Zones: 1>M, O
L100 - N 4.51* 4,98* Ns Seasons: Su, A>S
Zones: O > M, |
L100 - W 4,43 Ns 3.79* Seasons: Su, A>S
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Fig. 2. Means and standard error (vertical barsEBUEs (number and weight-g) fbr. rhombeus by zones and seasons in
Sepetiba bay, RJ, Oct-1998 to Sep-1999.
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Asymptotic length, determined by Taylor’s Early young-of-the-year (TL > 50 mm)

formulae, was 358 mm TL, recorded in the outer zonéndividuals appeared first in February and reached
Estimation of the growth curve parametdsased on modal size of 90 mm TL in May, and 110 mm TL in
length-frequency distributions, considering non-August. Individuals showing TL = 120 mm in
oscillatory growth, were: K = 0.57 year-1 Rn = 0.1480ctober, are probably entering the second vyear,
and A = 4.86 calculated by using the ELEFAN Ireaching 210 mm TL in June. Individuals during the
subroutine, resulting in two cohorts for Sepetibg'Ba first year showed faster growth than those in the
population (Fig. 5). second year, as a slower growth rate is to be ¢xpec
as they reach larger sizes.
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Fig. 5. Monthly modal progression with the respeesi cohorts, obtained from ELEFAN |
subroutine of FISAT software. Number of individualxt-98 - 19, Nov = 8, Dec — 2, Jan-99 = 33,
Feb = 61, Mar = 93, Apr = 76, May = 295, Jun =88,= 51, Aug = 13 e Sep-99 = 4.

The length-weight relationship  was between February and May, with this size group
determined as the following power equation: Wt remaining in the shallow beach areas until
0.0051 Lt>%%®3showing good adherence of the data tdhe Autumn, when they moved to deeper bay areas.
the model, according to the determination coeffitie That movement pattern coincides with the findings o
(r2 = 0.972). The alometric coefficient (slope)this study, which, differently from the beach sesine
departed significantly from 3, according to theused by the authors quoted, was based on ottelstraw
Student'st-test, indicating positive alometry, that is, in deep areas of the bay, which recorded smaiezd
the individuals tend to reach the maximum weighfishes (TL > 50 mm) in the Autumn in the innermost
(asymptotic weight) at a relatively small size. §hi bay zone, suggesting that this size group corraspmn
allometric coefficient also indicates that this cpe early recruits from the inner bay beaches. Aftedsar
tends topresenta relatively “hollow” form as itfishes larger than 50 mm TL are incorporated ihi® t
grows. bottom trawls in the inner Bay zone.

Condition factor showed slight seasonalAccording to Ricklefs (2003), patterns of abundance
variation, tending to higher values in Spring andand distribution of animal populations reflect the
Summer (k > 0.0054) and lower values in Winter andapacity of a given population to adjust to
Autumn (k < 0.0053) although no significant environmental constraints, in accordance with hbéh
difference was detected (F = 0.21; p = 0.38). @figti phenotypic and/or genotypic peculiarities of each
the best condition was recorded for the outer lmaez species. Two main factors can explain the diffeesnc
(k > 0.0058), where the Ilargest sizedin abundance and distribution patterns of fish Egec
fishespredominate. A significantly lower condition (F between bays and coastal areas: 1) differences in
=5.71; p<0.01) was recorded for the central ame&in environmental constraints, and 2) presence or absen
Bay zones (k < 0.0053), where there is a mixture obf suitable microhabitats. It is hypothesized ttia

different size classes. higher abundance db. rhombeus in the inner bay
zone was associated with the muddy substrate, where
Discussion food availability is favoured by inputs of organic

matter due to the presence of streams and mangrove
Diapterus rhombeus is aspecies which has creeks that drain effluents from the nearby urban-

adapted well to Sepetiba bay by partitioning the afs  industrial areas into the bg¢oelho; Carvalho, 1973;
the available resources among different size ciase Pfeiffer, 1985). Organic loads trigger primary
space and time, avoiding intraspecific competitionProductivity in the bay, and they are not constsaor
This strategy is probably responsible for the sssa# I|m|t|ng factors for early D. rhomber_ recruits. _
this species which is abundant and widely distetut Juveniles can usually face such organic constraints
in the bay. Adults concentrate in the outer bayezonPetter than adults which seem to be more sensitive
and possibly undertake littte movement between thgnvironmental changes (Martino and Able, 2003).
outer bay and the adjacent coastal shelf duringonversely, the larger-sized fishes, mainly adults,
Summer when the main reproductive events probabfgcorded in the more stable environmental condiibn
occur. Eggs and larvae are brought by currents i€ outer bay zone, are evidence of such diffextedi
sandy beaches in the bay, where this species qEve|gnV|ronmentaI selection by fish. Furthermore, thaee
their early life phases during Summer and earlptrong evidences that fish which are ready to spawn
Autumn. (L100) move to outer bay zones, near to adjacent

Aratjo and Santos (1999), using beactfoastal areas where the spawning takes place ia mor
seines, found early recruits (TL = 15-75 mm) irgar Stable and more favorable environmental conditions

abundances off the sandy beaches in the inner b&§ratjo etal 1999).
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Shallow bay zones provide goodusing different coastal habitats through seasonal
recruitment and early growth conditions, beingnovements as part of their life cycle, optimizirug t
used as rearing grounds by several fish speciasse of the resources of the system. Although feshin
which take advantage of the suitable sheltel areffort and equipment were not similar at the défer
food availability. Feeding is favored by the inmft localities, different size groups indicate the s$pgc
organic matter, while protection against predation adaptability as a characteristic strategy to enéltie
favored by less transparent and shallower watkeset  exploit different habitats.
are the fundamental characteristics for the Two well define modal classes were
development of the fishes' early life cycle (Blaberobserved in the present study; the first appeauniitiy
Blaber, 1980; Blaber et al., 1985; Peterson; Whdfiel 60 mm TL in February, reaching approximately 130
2000; Griffiths, 2001). mm TL in September. The second showing 140 mm

Diapterus rhombeus is considered a coastal TL in October and reaching 210 mm TL in June.
marine fish species with greater dependence on-senhlodal progression along seasons and bay zones
closed areas such as bays and estuaries. Juvaniles indicates the movement of smaller-sized fishes in
adults of this species are the main component ummer/Autumn from the inner to the outer zone
Sepetiba bay ichthyofauna, and only adults werehere larger individuals predominate, suggestireg th
recorded in the outer bay zone near to the adjacetiitey are apt to start the reproductive process,tlaaid
coastal shelf as they reach larger size and adytea this coincides with the most favorable conditiorthie
spawn (Chaves; Otto, 1998; Araujo; Santos, 199%uter zone in Spring/Summer. Size at first matuoity
Santos et al., 1997; Ayala-Perez et al., 2001)gérar 80 mm TL for both sexes was recorded for Sepetiba
(>160 mm TL)D. rhombeus individuals influxes to bay by Aradjo and Santos (1999). Etchevers (1978)
the outer bay zone occur in Summer, suggesting threcorded a size df32 mm SL for females and 126
movement of adults toward the adjacent coastaf.shemm SL for males at first maturation at Margaritée |s
Fishes perform small-scale movements or large-scalenezuela. Besides modal progression, indirect
migrations to explore other areas in order to na@int methods to estimate growth parameters used in this
large population sizes (Weinstein et al., 1980; Mémg work confirmed the hypothesis that recruitment sake
Austin, 1999; Thiel; Potter, 2001). Gibson et alplace mainly in Summer. The growth rate (k) in the
(1998) reported three main reasons for seasonal fipresent study (0.57) was comparatively lower than
migration, diel and tidal movements: (1) Feedir®), ( those recorded for the Puerto Rico coastal area
Protection from predation, and (3) Preference fotk=0.66) by Austin (1971) and for Términos Lagoon,
favorable environmental conditions. Therefore, théMexico (r=0.74) by Ayala-Perez et.4R001). In the
highest abundance recorded in the inner bay amde present study differences in growth rate between th
movements to the deeper bay zones reflect present awo cohorts detected were observed, and they
past environmental conditionsto which theseare probably due to the tactics and strategies
populations adapted and in which they developedieveloped by this species to ensure stsvival in
Hence, it is reasonable to hypothesize tlat changing environmental conditions.
rhombeus shows great ability to adjust to changing The best condition in the outer zone
environmental conditions, moving along differerght indicates thatD. rhombeus is prepared to start the
habitats according tthe need to seek better conditionsreproductive season. Large k parameter indicate
to feed, reproduce and take refuge. greater fish weight for a given size (in length),

Size structure in Sepetiba bay (TL = 50 —coinciding with maturation and larger gonads, while
230 mm) was similar to those reporfed other lower values are associated with spent/spawned
related systems. Chaves and Otto (1998) recordedganads (Vazzoler, 1996). Therefore, a subjective
size range between 58 and 205 mm TL for Guaratukenalysis of this parameter suggests that the spawni
bay (26°S); Teixeira and Helmer (1997) found fishperiod is concentrated in Summer. Araéj@l. (1999)
ranging from13-115 mm TL in the Mundad/Manguabgound along spawning period fdd. rhombeus in
coastal lagoon system (90S). Etchevers (1978epetiba bay, ranging from Spring to Autumn. Chaves
recorded individuals ranging from 22 to 190 mm 8L i and Otto (1998) defined the Spring as #pawning
a Venezuelan coastal lagoon (100N) and Ayala-Pereseason in the Guaratuba bay. Different spawning
et al. (2001) reported a similar simnge (25-180 mm periods have been reported in Spring, Summer and
TL) in the Términos lagoon (190N), Mexico. Muto etAutumn at Margarita Isle, Venezuela (Etchevers,
al. (2000) reported individuals ranging from 153-2351978) or Summer, Autumn and Winter in Puerto Rico
mm TLon the S&o Sebastido coast (24°S), affustin, 1971), suggesting the wide reproductive
indication that smaller sizes are found in semsetb plasticity of this species when exploiting diffetren
areas such as bays and estuaries and only adelts anvironmental conditions.
distributed in adjacent coastal areas. Yanez-Alaaci Both  length-weight  relationship  and
and Sanches-Gil (1988) observed different sizesekas condition factor were calculated for both sexesl@bo
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Consequently, gonads of females may have influencestientific and Technological Development (Proc.
seasonal changes in individual weight more thaAd74813-03-7).

males. Therefore, the highest condition factor (&)

expected to occur just before the spawning peifibe. REFERENCES
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