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ABSTRACT

The seasonal dynamics of the fish community inRaedo estuary on the Uruguayan coast were
studied in relation to environmental sampled mgntidtween May 2002 and June 2003. Individuals
collected were identified, and classified into stgjuveniles, adults) and functional groups.
Relationships between community dynamics and enmiental variables were evaluated using uni-
and multivariate techniques. Twenty-one speciestiméreshwater stragglers, estuarine and marine
migrants were collected. The most abundant speeées Micropogonias furnieri Mugil platanus
Paralichthys orbignyanuand Brevoortia aureaand were represented by juveniles. The community
varied seasonally with rapid shifts in spring antbenn associated with changes in temperature and
salinity. Significant correlations between abundaand temperature may be related to the timing of
life cycle events. In this estuary, the salinitpegrs to play a key role in the functional struetand

in the use of the habitat by juveniles. This igvaht for the definition of estuaries as nursepaar
this definition is context-dependent and is deteediby the salinity conditions.

Resumo

Foi estudado a dinamica sazonal da comunidade idespem relagdo as variaveis ambientais do
estuario Pando, localizado na costa uruguaia. Gepéram amostrados mensalmente entre maio
de 2002 e junho de 2003. Os individuos coletadmnfddentificados e classificados em estagios
(jovens, adultos) e grupos funcionais. Relacdeseeatdinamica da comunidade e as variaveis
ambientais foram avaliadas utilizando-se técnicas & multivariada. Vinte e uma espécies foram
coletadas, principalmente visitantes de agua destearinas e marinhas migratérias, sendo as mais
abundantes e representadas por juveNigropogonias furnieri Mugil platanus Paralichthys
orbignyanuse Brevoortia aurea A comunidade variou sazonalmente com rapidas nuadana
primavera e no outono, associadas a variacdesmetatura e salinidade. Correlag6es significativas
entre abundancia e temperatura parecem estaromdalzis com a sincronizagao de eventos dos ciclos
de vida. Neste estuério a salinidade parece desdrapam papel-chave na estrutura funcional e uso
do habitat por juvenis. Este fato é relevante padafinicdo dos estuarios como areas de criadouro e
pela influencia da salinidade sobre o ciclo dafatina local.

Descriptors: Estuary, Fish assemblage, Pando Estuary, Rio déldéa, Annual variation,
Environmental variables.

Descritores: Estuario, Assembléia de peixes, Caostguaia, Rio de la Plata, Variagdo anual,
Variaveis ambientais.

INTRODUCTION transit, exclusively estuarine fish that remain
throughout life in the estuary and marine fish the¢
Estuaries are complex and highly variableEstuaries as nursery grounds or spawning areas
environments and often exhibit abrupt changes iffOTTER; HYNDES, 1999; COSTA et al., 2002).
salinity, temperature, turbidity and river and tida The relationships especially between temperatura on
currents (WHITFIELD, 1999; VORWERK et al. temporal scale and salinity and turbidity on a ispat
2003). Estuarine fish assemblages are adaptegreto [iS¢@le, along with the abundance of different specie
under such changing conditions; generally, the@'® Partly the result of seasonal migrations imi aut
consist of freshwater fishes that occasionallyetite ~ Of the estuaries and, for resident species, peiéyto

brackish waters, anadromous and catadromous §gCruitment and mortality within the area (MAES et
al., 2004; AKIN et al.,, 2005SELLESLAGH et al.,
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2009). The high ecosystem productivity constitutenformation as to the relationships between fish
important feeding reservoirs, providing suitabledo assemblage variation and abiotic conditions istéchi
for larvae and juveniles (KJERFVE, 1994; MOYLE; Long periods of extreme salinities could lead
CECH JR, 2004). As a consequence of low predaticio high osmotic stress and trigger the migration of
pressure, estuaries offer refuge and breeding dgounfishes from these estuary systems. In the Pando
for many fish species both resident and migranéstuary, salinity can be affected by both local and
(POTTER; HYNDES, 1994, 1999; LEVINTON, regional sources. If low salinities reduced the afe
1995; THIEL; POTTER, 2001; ELLIOTT et al., these habitats by fish communities, then the essiar
2007). would not function permanently as juvenile habitats
Estuarine ecosystems are essential not onlyursery areas. Peaks of abundance can be related to
for marine life but also for humans. As many fisheseriods of juvenile production since estuariesumed
spend most of their life cycle and have migratoryy juveniles as nursery areas (BECK et al.,, 2001;
routes there, the environmental integrity of iruasine  KRAUS; SECOR, 2005). Seasonal patterns in the
habitats is threatened by development of urbaabundance of fish species using the estuary dwing
communities on their shores (BECK et al., 2001particular period of their life history are causky
ABLE, 2005; ELLIOT et al.,, 2007; FRANCO et al., sequential, enforced migrations that occur
2008a; SELLESLAGH,; AMARA, 2008). independently of estuarine environmental conditions
Environmental assessment studies have declared {RROTTER et al., 1997). The variations in the fish
Uruguayan coastal zone an area of high ecologicakssemblage abundance of the Pando estuary could be
value and biodiversity but subject to the increglsin related to life cycle events (e.g. recruitment,ejoile
adverse effects of anthropogenic activitiesnigrations) but presumably they could also occua as
(EcoPLATA, 2000; FREPLATA, 2005). In this consequence of limitation by, e.g., extreme salinit
coastal area, semi-closed systems such as coastahditions.
lagoons and open areas (river and stream moutés) ar This paper seeks to determine the
to be found. These estuarine habitats are connéztedcomposition, structure and specific abundance ef th
the Rio de la Plata and the Atlantic Ocean, wherfish assemblage in the Pando estuary, by seasdn, an
southwesterly and southeasterly winds raise thestidto analyze its temporal patterns in terms of edokig
and give rise to influxes of brackish water, depegd categories and the impact of abiotic factors. Githen
on the location of the saline intrusion limit oktiRio  bioecological importance and current ecological
de la Plata, which varies by season (GIMENEZ et alfragility of the estuaries on the Uruguayan coast
2005). The Pando stream, which has a basin of 8ZBEFEO et al., 2009), this study should contribiate
km? and estuarine characteristics at its mouth, ian interpretation of the use of the Pando estuiiysb
subject to these effects. The Uruguayan coast reay barious fish populations and to present knowledfe o
regarded as a significant fish and crustacean nursethe level and characteristics of this estuary asraery
area (FREPLATA, 2005; RETTA et al., 2006). In thearea.
Rio de la Plata, fishery species (eMicropogonias

furnieri, Cynoscion guatucupaMacrodon ancylodon M ATERIAL AND METHODS

Mugil platanus Urophycis brasiliensi@ndBrevoortia

aurea)~ have their spawning and breeding area Study Site

(ACUNA et al., 1996, 2000; MACCHI et al., 1996,

2003; ACHA et al., 1999; ACHA; MACCHI 2000; The Rio de la Plata is a micro tidal coastal

VIZZIANO et al., 2001; BRAVERMAN et al., 2009). plain temperate estuary draining the second largest
Juveniles and larvae of, e.®, furnieri (whitemouth basin of South America. The main tributaries are th
croaker), a target of Uruguayan fisheries and s#@on Parand and Uruguay rivers which together provide
economic importance, find refuge and food in thi®7% of the water discharge (NAGY et al.,, 1996;
area, benefiting from the coastal productivityGUERRERO et al., 1997). Several streams distributed
(ACUNA et al., 1996; JAUREGUIZAR et al., 2003; along the northern coast of the Rio de la Platazegt
NORBIS et al., 2006). Despite the role of Uruguayamischarge their waters into it (Fig. 1). One of gbo
coastal habitats for fish nurseries, there is €littl streams, the Pando stream, drains a basin of 974 km
quantified information available for the ichthyofeu and has an average flow of 10.8sth At the mouth of
of estuaries of the region. Fish community studiethe Pando stream there is a small, shallow, pirigtect
were undertaken in estuarine and oceanic coagtas ar estuary, characterized by strong erosion that resdif
along the Uruguayan coast by Giménez et al. (2003he regional morphology (GUTIERREZ; PANARIO,
during spring 2002 (unpublished data) and Rettd. et £2006). This study focuses on the Pando estuary (34°
(2006). However, no information is available47'S — 55°52°W) (Fig. 1). It has a maximum width o
regarding seasonal variations in fish abundance ar&¥0 m, decreasing at the mouth, and delimitingta to
area of approx 170,000°mvith an average depth of
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1.5 m. During 1995 and 1996 salinity and tempegaturbag: mesh size 12 mm; cod-end, 6.70 m long, 2 m
were recorded in summer (S = 17-20; T= 21-23 °Chigh with two lateral wings each 5 m in length).eTh
and in autumn (S = 5-15; T= 13-14 °C) (AMORIN; capture of the latter gear was characterized tigrce
CABAL, 1996). The marine-fluvial water of the Pandonumber of species, juveniles of target speciesgoein
estuary may be affected by two different sourc@s: aignificantly represented, and adult individualsoal
local, as a consequence of variations in the fragttw being collected. Sampling efficiency inevitably iesr
flow entering the estuary from the Pando stream; R)y species and size-class (ROZAS; MINELLO, 1997),
regional, as a result of brackish water from the /&0 but reasonable consistency between samples was
la Plata. Winds generally blow from the E-NE duringassumed (ELLIOTT; HEMINGWAY, 2002). A beach
the summer and produce an outflow of water from theeine was used, as suggested, for shallow water and
estuary along the Uruguayan coast (north—northsoft bottom estuary characteristics (e.g., Patgmba:
easterly drift).(GUERRERO et al., 1997There is no Garcia et al., 2001; shallow water-Singapore:
clearly defined annual rainfall cycle on the Urugara Hajisamaea et al., 2003; Ria Aveiro: Pombo et al.,
coast. Minimum rainfall in winter and in summer is2005; Guadiana Estuary: Sa et al., 2006; Zrmanja
mainly recorded. In the last two decades there hdsstuary: Matic-Skoko et al., 2007). The capturehwit
been an increase in precipitation in the interntediathe beach seine was considered for calculatiohig t
seasons, with an especially large increase in gprirpaper. Six hauls were made, three on each margin of

(BIDEGAIN et al., 2005). the Pando estuary, at 500 m from its mouth, at anme
depth of 1.5 m, at sunset (Fig 1). Two 25 m ropes,
Sampling design each of which joined to one end of the beach seine,

were used for the haul. One of the ropes was edain

Fish samples were taken monthly betweerbn the beach while the other end, together witmtte
May 2002 and June 2003. A survey was undertaken {gas deployed by a small rowing bo@he haul was
assess the adequacy of the sampling equipment wittade manually and perpendicularly towards the shore
regard to the physical characteristics of the saigpl using both ropes. The net was kept as close to the
sites and the efficiency of the nets (ROZASottom as possible to force the catch into the exent
MINELLO, 1997; GUEST et al., 2003). Two sets ofpag. The beach seine was pulled in such a way as to
gear were used: a guild net (50 m in length wiDa cover an area of ca. 30Gm
mm mesh) and a beach seine (12 m long with a dentra

il
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Fig. 1. Geographical location of Pando estuary showingfigteng trawl area (rectangles) on
both margins of the Pando mouth.
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Environmental data amphidromous; freshwater migrant; estuarine (reside
Environmental data from the Pando estuary,+ migrant).
the Rio de la Plata estuary and the Uruguay Rivee wer Statistical Analyses

obtained from several sources (Table 1). The The environmental variables (Table 1) were

temperature and Cond_uct|V|ty O.f the_ Pand_o eStuarXnalyzed by Principal Component Analysis (PCA) to

were measured a_t the fish sampll_ng sites (Figsio etermine the most influential variables. The detae

fa WT\{Y] condluctlmetstr, .thz sfallnlty W(;is t.catlcmate(;ﬁentere(hnd standardized before the analysis in order
rom € values obtained for conductivity and, adapt the variables to one common scale; the
temperature. Daily and monthly average temperatur%%ntribution of each variable to the formation atle

and .;h% galit?]itysof th dRioOde la Plz?ta &de),wir xis being established from the coefficients of the
provided by the Servicio de Dceanogrania, Hidroaval oiqqnyectors  (CLARKE;  WARWICK,  1994).

y Meteorologia de la Armada (SOHMA), from theCommunit . . .
. y dynamics were evaluated using species
Punta Carretas station (28 km to the west of theystu abundance data through principal coordinate arslysi

area). The Uruguay River runoff was also provided b - : )
SOHMA. Rainfall and wind speed records were¥PCO) after logarithmic transformation and the Bray

ided by the Di i6n Nacional de Met logi Curtis similarity index. The relationships between
[L)Jrow € fy fh |recci[|rc])n E’i(;!onatg eeoro;f'stommunity dynamics and environmental variables
tOrltJf?éj?]):)rtrf?vTesteofV\ftﬁi Sﬁ: di/zlrgg)aRa;’ﬂfglsfj%éaN Were explored (1) by correlating the axes of PCQwit
used for: (1) the cumulative rainfall of the 10 slay environmental - variables and (2) by means of

: . . Redundancy  Analysis (RDA: LEGENDRE;
before each sampling date, gnd (2) the d.a'ly rdiofa LEGENDRE, 1998) and the Canonical analysis of
the day before each sampling date. Wind data we

used to provide: (1) the maximum and (2) the awvera incipal coordinates (CAP: ANDERSON; WILLIS,

- . ) -<2003) was computed using Anderson (2003, 2004) and
V‘fn? (sjpeed during the six hours before the sampllng]e latter one based on the Bray-Curtis similarity
started. index. For RDA, the data analysis made was similar t
Fish data analyses that made for PCO (i.e. logarithmic transformatiod a
d Bray-Curtis similarity index); the environmental data
; . were centered and standardized as in the case of PCA
by taxonomic keys (FIGUEIREDO: MENEZES, For both RDA and CAP multicollinearity among

1978, 1980, 2000; MENEZES et al., 1980, 1985(3 . tal variabl tested using th h
MENNI et al., 1984). Fish total length and body. nvironmental variables was tested using the vaeian

weight were measured to the nearest 1 mm and 0.01I flat_lon_ fac_tor (VIF: ZUUR et _aI., 2007).
respectively. Size classes (juveniles, adults) o uI_tlcoll_lnearltY "among explanatory "a“a.b'e? IeaQS
Micropogonias furnieri Mugil platanus Paralichthys ﬁlno'gng?g soeft levFaILJSese. \L\{\e/aﬁzlrj]??on;qujltic?g;{e)agty
orbignyanusandBrevoortia aureawere established in ( q . b -8)
accordance with Cortina and Lasta (1986) and Las p we dropped three yanables. (1) monthly average
(1995), Esper et al., (2001), Mellito et al., (189&nd emperature of the Rio de la Plata and (2) daily
Acha a{nd Macchi (2'000) réspectively Té Classiy t temperature of the Rio de la Plata. These variables
fish assemblage of the |5ando estuary, the fish’e&pecwere correlated with the temperature of the Pando

were grouped in accordance with Elliott et al. (200 es‘!*agly (both R 1.78 >0'9.0’dp <O'0§1)' Thletﬂ:j'rd ith
The groups considered were: marine straggle?‘alrlal € was maximum wind Speed, correlated wi

; 2,
freshwater straggler; marine migrant; catadromoug,he average wind speed”(R 0.84,p <0.001).

anadromous; semi-catadromous; semi-anadromous;

Table 1. Environmental variables for the Pando agtyPE), Rio de la Plata (RP) and Uruguay RiveR)Uthe units and
abbreviations are shown. The variables considesedREdundancy analysis (RDA) and Canonical Analydidrincipal
Coordinates (CAP): are marked with an “X". All valbies were considered in Principal Component aisalys

All individuals were counted and identifie

Variables Units Abbreviation RDA CAP
PE temperature °C TPE X X
PE salinity PSU SPE X X
RP monthly average temperature °C TMRP

RP monthly average salinity PSU SMRP X X
RP daily temperature °C TRP

RP daily salinity PSU SRP X X
Average wind speed (6 hours priors@mpling) knots AW

Maximum wind speed (6 hours prior to sampling) tkno MW X X
UR runoff monthly average més?t URR X X
Rainfall, daybefore sampling date mm P1 X X

Cumulative rainfall ovel 0 days mm P10 X X
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cm were common and dominated the January and
February samples (Fig. 3. valenciennisepresented

1.3% of the total annual capture and the remaining
species did not represent more than 1% individually

(Table 3).
Temperature showed seasonal variations
(Fig. 2). TPE temperatures typically fell to their
minimum (12.4°C) in June and rose to their maximum

(25.5°C) in February (Fig. 2). Similar temperature 30
values were recorded for the Rio de la Plata. Howeve &
the SPE and salinities of the Rio de la Plata pteden g 20
a different annual pattern. In the first case, nigli 2
varied markedly between values near O in winter g 4q
spring and a maximum of 14.6 at the end of summe &
(February) (Fig. 2). = 0
The highest values of cumulative rainfall
occurred during summer (January and February 200:
and that for highest daily rainfall in November 200 20
(Fig. 2). Maximum wind speeds were observed ir
August 2002, October 2002, December 2002 an g‘
February 2003 (Fig. 2). Uruguay River runoff showec ‘5 10
a marked increase in spring, reaching maximum galue =
in October and December 2002, (Fig. 2). The firs 0
three components of the PCA explained 74.1% of tot:
variance. The variables with the most importan 100
temporal variation (i.e. largest contribution toeth € gg
formation of the components) were: for PC-I: daily 8 £
and SMRP and TPE; for PC-II: URR; and for PC-lll: £ §
SPE (Table 2). EET 4
g2
<o 20
(=X
Species Composition and Size Structure 0
A total of 2027 individuals of 21 species 4
belonging to 12 families of fish were collectedtire g
Pando estuary. The most abundant species were 1 I
whitemouth croaker Micropogonias furnier), the §
mullet Mugil platanug, the flounder Raralichthys ]
orbignyanu}, the Brazilian menhadenB¥evoortia é
aured and the catfishRarapimelodus valenciennis
Abundance (85.4%) and biomass (44.4%) Mf
furnieri reached a peak from late summer to autum 257 . URR
and their minimum values in spring (Table 3). Akt g 20|
individuals ofM. furnieri were juveniles belonging to £2
the O+ (<12 cm) and 1+ (13 — 25 cm) age classes. TIZ 5 15
dominant size class was the 0+, except betwee gém-
October and December when the 1+ dominated (Fit g."é
3). M. platanus <40cm, (4.2%) were collected and ~ 3
peaked in summer and autumn (Fig. 3). In terms ¢ M J J A SONDJEMAJ

biomass P. orbignyanus(31.4%) was the second

dominant species (Table 3). High abundance (2.8%)

occurred in winter and spring. The total lengthtted  Fig. 2. Environmental variables recorded betweery 21202
larger individuals was <65 cm; juveniles (size slasand June 2003. Water temperature (°C) and salafitthe
<30 Cm) were dominant in the Samples in autumn arﬂando Qstuary (PE) and adjacent waters of the KRla E_Iata
winter (Fig. 3). Al individuals ofB. aurea (2.6%) (RP), rainfall (mm), wind speed (knots) and Urugdiyer

were juveniles (< 20 cm); individuals smaller thEh runoff (URR) are shown.
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Fish Assemblage Structure and Relationships with
Environmental Variables

The fish assemblage of the Pando estua
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low at salinities >8 while they reached maximum
levels at low salinity (Fig. 4). However, estuarine
species correlated positively with TPE, whém

BUrnieri, the most abundant species, was not included

was composed of 92.9% estuarine resident and that group. The inclusion d¥l. furnieri led to a

migrant speciesM. furnieri, Macrodon ancylodon,
Odontesthes argentinensikycengraulis grossidens,
Platanichthys platana, B. auredM. platanusand P.

orbignyanu$; of 4.7% of marine migrantPfgonias
cromis, Menticirrhus americanusind Pomatomus

saltatrix) and of 1.8% of freshwater straggler specie

(P. valenciennis, Hoplias lacerdaeProchilodus

lineatus, Cyprinus carpio, Oligosarcus oligolepis,

Pimelodussp. and_uciopimelodus pati Anadromous
(Genidens barbysand marine stragglersJ{ophycis
brasiliensisandPeprilus par) species were classified.
They were represented by values lower than 0.4n%.

positive correlation with salinity (Fig. 4).

Table 2. Contribution of each environmental vagatd the
formation of the main components (PC-I, PC-Il ar@HIR)
of the Principal Component Analysis.

terms of species richness, freshwater straggl
(33.3%) and estuarine species (33.3%) dominated t

assemblage. Multiple-stepwise correlation betwee

fish abundance by functional groups showe
significant associations with SPE and TPE. Th

PC1 PC2 PC3
TPE -0.470 0.060 -0.353
SPE -0.233 0.282 -0.640
SMRP -0.475 -0.258 -0.021
URR -0.159 -0.634 0.276

AW -0.104 -0.434 -0.256

n%l -0.382 0.284 0.444

i P10 -0.262 0.414 0.344

© SRP -0.498 -0.084 0.097

marine migrants were positively correlated to SP
(Fig. 4) and freshwater stragglers were consistent

Table 3. Fish assemblage composition of the Pastimey from May 2002 to June 2003.

Data preserged@nthly and total

abundance (N: number of individuals) and biomass{@mass in kg. k).

Ma. Tul. Aug. Sep.

SPECIES

Dec. Feb Jun. Total

N B

N B N B

1314 110 718 142 744 159 120 130

7 869

08

48 427 10 12718 6

5 2018 125 1461 182 183.6 33 5.5 139 1329 1732 15664

404
200§ 416
116
163 880
104
100 166

13 11

0.1

17,

101
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Fig. 3. Total monthly abundance and size structiirmain fish speciesvlicropogoniasfurnieri,
Brevoortia aureaParalichthys orbignyanuandMugil platanus
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abundance (individuals total number) is an ordemafnitude higher than that of other species. All
determination coefficients are significant (p <0.05
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The first two axes of the PCO explainedtemperature (r = 0.81, p <0.01) and salinity (r.#10p
about 70% of the temporal variability in the<0.01) of the Pando estuary. Correlations with the
assemblage (Fig. 5a). There was a clear seasorsa&cond axis were not significant (p >0.05).
pattern with community shifts from winter-spring Both RDA and CAP gave similar results
sampling occasions (July - October) to late springfFig. 6). The most important environmental variable
early summer (December - January) and then shiftingere the TPE - SPE and URR. In RDA, variations in
to late summer-autumn (February - May). Duringabundance ofM. furnieri and M. platanus were
winter-spring the community was dominated byassociated with SPE; whil. aureg O. argentinensis
individuals of estuarine species (60 - 90% of totahnd G. barbuswere associated with TPE. In CAP
abundance). However, in this analysisfurnieri was there were the same trends it furnieri was also
not considered while in other periods dominance walnked with TPE. In addition, variations in abundan
below 60% of the total abundance; freshwateof P. orbignyanuswvere associated with low TPE and
stragglers were more abundant in early spring-earlyigh URR runoff. Multiple-forward stepwise
summer (40 - 50%) while marine migrants wereregressions confirmed these findings (Table 4)hbot
abundant during late summer-autumn (35 - 70%). M. furnieri andM. platanuswere positively correlated
plot of the temporal changes on the first axish# t with SPE; the other species were related to the, TPE
PCO shows a strong seasonality with rapid shifts oeither positively B. aureg or negatively P.
the first axis during spring and autumn (Fig. 5Si)e  orbignyanu$. Correlation with URR was significant
first axis of PCO was positively correlated with thefor P. orbignyanus

30
Dec 02
- \ ’
Jun 02
e . Jan 03
<
> 10 Aug 02
= \ 4
3 0 Jul 02
g Oct 02 Fely 03
-10 Sep 02 Mar 03
May 02
20

40 -30 20 -10 0 10 20 30 40
PCO-I (47.8 %)

40
20
%]
Q
=
g0
3
o Fig. 5. Ordination based on Principal
-20 Component Analysis (PCO) applied to
logarithmically transformed data of fish: (a) the
first two principal coordinates for all sampling
occasions; (b) temporal changes in the first two
-40 principal coordinates showing seasonality on the

MJ JASONDUJFMAJ axis .
Sampling occasions
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Fig. 6. Triplots of Redundancy analysis (RDA) and
Canonical analysis of principal coordinates (CAP)
based on fish abundance, logarithmically
transformed data and environmental variables.
Species and variables refer to the upper and right
axes while sampling occasions refer to the lower
and left axes. The sampling occasions are
represented by black circles, species by dotted
lines and environmental variables by lines. Species
abbreviations are: B.aWBrevoortia aurea G.ba:
Genidens barbysM.fu: Micropognias furnier;
M.pl:  Mugil platanus P.or: Paralichthys
orbignyanus P.va: Parapimelodusvalenciennis

-12 08 04 0.0 04 08

0.6

42  Pim: Pimelodussp.; P.cr:Pogonias cromisO.ar:
Odonthestes argentinensand P.sa:Pomatomus
saltatrix. Environmental variables are: URR:

04
02
gf 0.0
02
04

Uruguay River runoff; AW: average wind speed,;
P1: rainfall of the previous day; P10: cumulative
rainfall over the previous 10 days; SPE: salinity o
the Pando estuary; SMRP: salinity of Rio de la
Plata-mean monthly values; SRP: daily salinity of
Rio de la Plata; TPE: temperature of the Pando
estuary. Canonical eigenvalues for first and second
axes were as follows: RDA 0.29, 0.21; CAP 0.98,
0.94.

.0'90.8-0.6-0.4-0.20.0 02 04 06

CAP4

Table 4. Multiple-forward regression analysis bgaps with
salinity (SPE) and temperature (TPE) of Pando egtaad
Uruguay River runoff (URR). Only significant valuese

shown.
Species SPE TPE URR Mzultiple
R
M. furnieri 0.78 0.55
M. platanus 0.88 0.74
B. aurea 0.74 0.52
P. orbignyanus -0.61 0.62 0.68

Discussion

Fish Assemblage Composition

0.8

2003; Retta et al., 2006; Patos Lagoon: Chao et al.
1985; Vieira; Musick, 1994; Mar Chiquita: Gonzélez
Castro et al., 2009a). The Pando estuary may, fyrthe
be considered to represent temperate region systems
with 20 to 50 species in contrast to estuaries of
tropical and subtropical regions where up to 200
species have been recorded (BLABER, 2002;
ELLIOTT; HEMINGWAY, 2002; BARLETTA et al.,
2003). Estuarine characteristics are low diverbity

with high abundance of a few dominant species
(VEIGA et al.,, 2006). The reduce number of some
species and the abundance of a few species are a
consequence of the dynamics of stressed systems, to
which species adapt (ARAUJO; COSTA DE
AZEVEDO, 2001). Hence, the Pando estuary also
shows the characteristics of an estuary with a low
number of species and in addition, is the habitd#l.o
furnieri, the only species that reaches maximum

The number of species in the Pando estuargbundance annually. Similarlythe majority of
was consistent with what has been found in thehsoutindividual species were only represented by jusesnil
west Atlantic Ocean region (Rio de la Plata: Abella ewhich brings out the role of the Pando estuary as a
al., 1979; Nion, 1996; Jaureguizar et al., 2003420 nursery site. In fact, many authors (e.g., POTTER et
2006; Chuy Stream: Pereira et al., 1998; several., 1990; ROUNTREE; ABLE, 1992; LAZZARI et

estuaries of the Uruguayan coast: Giménez et aRl., 2003; VEIGA et al., 2006; MARTINHO et al.,
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2007) have previously reported that estuaries aitd slarval development, maturation). The wide latitwdin
marshes are important for many fish species bglistribution of P. orbignyanus(from Rio de Janeiro,
providing food and nursery areas, shelter an@razil to the Argentinian coast at 40°50°S) daRd
protection from large piscivorous fishes (PATERSONaurea (Bahia, Brazil to the Argentinian coast at
WHITFIELD, 2000; ELLIOTT et al., 2002). This is 41°30°S) suggests that temperature is not be &rgni
consistent with studies of estuarine fish worldwide factor in our study area (COUSSEAU; PERROTA,
most estuarine fish communities are dominated b2000, p. 145 and 59, respectively). Most of #e
juvenile stages (BLABER; BLABER, 1980; POTTER orbignyanuswere captured in winter; in accordance
et al., 1990; VALESINI et al., 1997; PATERSON; with the analysis of Lépez Cazorla (2005) for the
WHITFIELD, 2000). Bahia Blanca estuary, they were mostly juveniles of
the 0+ group. In Bahia Blanca, spawning occurs in
summer and larvae are also found near the estuary
Life Cycle, Seasonal Variation and Environmentéilience  mouth in summer (January - February). If in the Rio
de la Plata spawning also occurs in summer, jugenil
The Rio de la Plata fish assemblage is alswould be expected to appear in autumn, which
dominated byM. furnieri, which begins its life cycle coincides with the increase in the abundance of the
when spawning in theturbidity front betweensmaller individuals in the Pando estuary from late
November and February (ACUNA et al., 1996; ACHAautumn to winter. FurthermoreB. aurea spawns
et al., 1999; BRAVERMAN et al., 2009). The agebetween September and January off the Rio de la Plat
groups ofM. furnieri occupy different habitats in the (ACHA; MACCHI, 2000) and on the Brazilian coast
Rio de la Plata estuary during the year, as detednin (COUSSEAU; DIAZ DE ASTARLOA, 1993), so we
by environmental factors (JAUREGUIZAR et al.,would expect juveniles during the summer-autumn
2003). After the spawning, the 0+ class preferlelal period. This is consistent with our findings: the
and low salinity waters (CASTELLO, 1986; smallest juveniles (<10 cm) were very common in
JAUREGUIZAR et al., 2003). Therefore, the greatsummer-autumn (January - March).
abundance of juveniles < 12 cm in the Pando estuary There have been many interpretations
demonstrates that this estuary is an importantgeefu offered as to what regulates fish lifespan cycled a
and feeding ground for juveniles of the specieshow they are regulated Some researchers have even
During the spring, in the Rio de la Plata, along theéejected the hypothesis that seasonal changes in
Uruguayan coast, bigger whitemouth croakers arestuarine fish assemblages are directly driven by
predominant, and these are observed in the Pandariations in abiotic conditions (POTTER et al., 638
estuary due to the presence of some individualsr at least recommend that such correlations shoeild
approximating to that size (JAUREGUIZAR et al.,interpreted with great care (POTTER et al., 2001).
2003). In late spring resumes the replacement of Ofhey attribute seasonality in estuarine fish
juveniles coming from the Rio de la Plata into theassemblages to the phasing of events that regulate
Pando estuary. Moreover, although juvenilesMf spawning times and larval dispersal. In temperate
furnieri remain in the inner estuary, where salinityestuaries, seasonal variations in abundance may be
conditions may be low (see also COSTA; ARAUJOyelated to the timing of life cycle events (e.g.
2003), they do not invade freshwater habitatsiecruitment, migration: DAY et al, 1989;
Extremely low salinities in the Pando estuary miaga LEVINTON, 1995; THIEL; POTTER, 2001; VEIGA
lead to osmotic stress, thereby reducing the iitrus et al., 2006). The observed correlations betwesn fi
of individuals. Mugil platanuswas the next species abundance and temperature should be related to life
found in order of abundance and number and all thgycle variations rather than to direct responses to
mullet in the Pando estuary were juveniles. Thisemperature; otherwise, correlations would refteot
species reproduces in the open ocean and its Jasenicause-effect relationships. For instance, it wamdb
grow within the estuaries (GARCIA et al., 2001;in M. platanus that reproductive migration is also
GONZALEZ CASTRO et al., 2009b). This estuarinetriggered by the sudden decrease of temperature
migrant is not found in the inner Rio de la Plat§ GONZALEZ CASTRO et al., 2009b).
estuary as frequently a8. furnieri (JAUREGUIZAR
et al., 2006). Both in the Patos Lagoon (SW Brazil)
and Mar Chiquita (NW Argentine) estuaries juvenile
mullet are at maximum abundance when salinities are
low (VIEIRA, 1991; GONZALEZ CASTRO et al.,
2009a). In their turn, in the Pando estuary, trekpef
abundance of Paralichthys orbignyanus and
Brevoortia aurea juveniles should be timed with
respect to other events in the life cycle (e.giqueof

Functional Groups

The basic ichthyofaunal structure appears to
have an underlying stability and to be predictahle
terms of the response of individual species to ifipec
conditions (WITHFIELD, 1999). Hence, different
taxonomic groups using the estuaries, whether on a
regular or permanent basis, take advantage of the
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robust nature of the food webs within these systemassemblage of the Pando estuary, salinity can @lay
In terms of habitat use, the European estuarirte fianarked structuring role in the community. This
assemblages are significantly dominated by marinsuggests that in the Pando estuary a process of
species, both migrants and stragglers, followed bgecruitment disrupted by low salinity is observ&tis
estuarine, freshwater, anadromous and catadromoiss therefore, consistent with previous reportsxshg
species (FRANCO et al., 2008b). The functional groughat variability in fish abundance can also reflect
of the Pando estuary was mainly composed ofarying salinity and freshwater flow (BLABER;
estuarine and freshwater straggler species while BLABER, 1980; FORBES; CYRUS, 1993;
terms of number of individuals the majority wereMARSHALL; ELLIOTT, 1998; VORWERK et al.,
classified as estuarine species (ca. 93%). Althangh 2003; WHITFIELD; HARRISON, 2003;
some cases estuarine species make an importafUREGUIZAR et al., 2004). The salinity conditions
contribution to the total abundance of the fishin the Pando estuary during the present study were
community (e.g. Western Australia: POTTER;indeed extremely low (Fig. 2) as compared with éhos
HYNDES, 1999), in most estuaries, the marineof previous studies (5-15 in autumn and 17-20 in
migrants dominate when species biomass and numbsrmmer ( AMORIN; CABAL, 2006 unpublished
are considered (see ELLIOT et al., 2007). The measalata). The sampling period included an EI Nifio
for the dominance of freshwater stragglers an&outhern Oscillation (ENSO) event from October
estuarine species may lie in the particular hydyigcll 2002 to March 2003 (BIDEGAIN et al., 2005), while
conditions of the Pando estuary. Apart from thehe study of Amorin and Cabal was carried out during
rainfall impact on the basin and freshwater flowlLa Nifia of 1995-1996. The ENSO of 2002-2003
salinity fluctuations must occur as the consequerice caused a great increase in river discharge ondhéhS
the interplay of freshwater from the rivers, emgri Atlantic coast of South America (BIDEGAIN et al.,
through the head of the estuary, and seawaterirgter 2005), including the Pando estuary. It is, themsfor
through the mouth. However, the Pando estuary hgmssible that the ENSO has an indirect effect @n th
the Rio de la Plata estuary as a second source ude of the Pando estuary by juvenile fish. The ENSO
irregular salinity water whose entrance dependthen has profound effects on the biota of the Pacifiasto
wind-driven currents (GUERRERO et al., 1997;of the Americas (THATJE, 2008) and affects the
GOMEZ-ERACHE et al., 2000; CALLIARI et al., recruitment and migration dynamics of fish spediés
2001). The influence of surrounding habitat colditi  the Atlantic coast through changes in freshwatew fl
(marine and freshwater) has also been mentiondd wi(GARCiA et al., 2001; GARCIA; VIEIRA, 2002).
regard to tropical estuaries (LONERAGAN et al.Large-scale, long-term processes can thus affect th
1989; POTTER; HYNDES, 1999; THIEL; POTTER, use of the estuary by juveniles and the definitidn
2001). In our study, this high species diversityhiase particular habitats as nurseries.
groups will also be the consequence of a diversd po Summarizing, this is first time that the
of freshwater and estuarine species present in tlanual variation of the composition and ichthyofaun
region. South American streams and rivers presentsaructure has been studied in Uruguayan estuaries.
high diversity of freshwater fish (MATTHEWS, Both seasonality and variations in salinity play an
1998). important role in the use of the estuary by 17 sec
of juvenile fish. If salinity affects the abundanoé
juvenile fish, any temporal fluctuation will be eghnt
for the definition of estuaries as nursery arease T
results presented are in agreement with Whitfield a
Q@rrison's (2003): the value of any estuarine laalis
nursery for fish or other species may fluctuate
according to the salinity and freshwater flow
conditions. This fluctuation may occur at seasdmail
also on longer time scales. To put things in
perspective, we need to evaluate the role of other
cromig. Moreover, the dominance of freshwatereStuarieS ine Sogth America, including thqse of the
stragglers and estuarine species together with t uguayan coastin o.rde.r.to understand t.he Impoetan
correlations between abundance of the most impbrta‘@ gnqunmental variability for community struceur
species suggest a key role when the communit}y luveniles.
structure and dynamics in this system are to be

Salinity as a Limiting Factor

The effects of salinity in the community
dynamics of the Pando estuary were detected throu
correlations with functional groups (marine migsnt
freshwater stragglers). This reflects the fact thast
of the species of fish collected in the Pando egtua
occurred occasionally or seasonally (eMacrodon
ancylodon Odontesthes argentinensisPogonias

explained. Previous studies of the estuaries on the CONCLUSIONS
Uruguayan coast found no clear relationship between
the fish density and salinity and temperature \alue In brief, the results show that low salinity

(RETTA et al., 2006). In the present study, forfish  affects the abundance of the most important species
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and most diverse functional groups. The dynamic Uruguayan coastl. appl. Ichthyol., v. 16, p. 48-55,

nature of fish communities suggests that the difin 2000. _ N

of nursery areas in many estuaries may be xpbnte*CHA. E'dM"BMACCH" G. J. Spﬁwr‘éﬁg gf ‘?ragl“a”

(= salinity) -dependent. These results also supipert menhaden Brevoortia aurea in the Rio de la Plata
. . . estuary off Argentina and Urugudyish. Bull., v. 98, p.

conclusion that both seasonality and extreme $@lini 557 535 2000.

conditions affect the fish community of the Pandoycpa, E M.. MIANZAN, H. LASTA, C. A.:

stream. Seasonality is related to the periods\afrjile GUERRERO, R.A. Estuarine spawning of the
production since most of the individuals capturextev whitemouth croakerMicropogonias furnieri (Pisces:
juveniles. Sciaenidae), in the Rio de la Plata, ArgentiNr.

Freshw. Res, v. 50, p. 57-65, 1999.
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