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1) Introduction

The aim of this chapter is to show how and whyeheironment affects the fish
community and the life history stage and how thgsenges can impact on the fisheries
management. We begin by describing of physicaladtaristic and processes that mainly
affect the fish diversity. We give a descriptionmoéin species that inhabit the estuary
considering its biology, followed by a descriptiohinfluence of the environment on the
spatial and seasonal pattern of fish communityctire, and on the trophic structure, and
the influence throughout life history of species gpatial and seasonal habitat use
considering age and mature state. Throughout thpteh we emphasize the effect of

environment on the fish distribution that deterrsitige fish vulnerability to fishing.

2) Rio de la Plata physical characteristic and pesses

The Rio de la Plata is an extensive microtidallethatoastal-plain estuary (Balay
1961) on the western South Atlantic coast (36°SA6@Rig. 1A). The freshwater input,
mainly coming from the Parand and Uruguay riverserages 24,000 fs' with
maximum values as high as 70,008smunder extreme wet conditiorfdaimeet al,



2002). A salt wedge system in the estuary is aiqueEsnanent feature as a result of the
interaction between the freshwater discharge aetf slaters. This mixohaline region is
characterized by strong vertical and horizontaldomats (Guerreroet al, 1997a;
Framifanet al, 1999). The combination of the bathymetry andsdoee with the
prevailing wind variability is highly favorable tthe maintenance of this salt wedge

structure in the Rio de la Plata (Guerretal, 1997a; Simionatet al, 2007).

The estuarine system, covers an area of roughl§085knf (Mianzanet al,
2001) with depths ranging from 5 to 15-25 m, whigtbounded by two border front and
constitutes an extensive surface area for progesgiehange between adjacent waters
(Guerreroet al 1997a; Framifaret al, 1999). The upper estuarine water boundary
(riverine—mixohaline front) is where the haloclimeersects the bottom (Fig. 1 C), that
corresponds to the bottom salinity fronts defingd3uerrercet al. (1997a) and coincides
with the estuarine turbidity maximum zone (ETM)4dfifianet al.,1999). Simionatat
al. (2006) suggest that physical forcing may generajh particle retention within this
front area, independently on the wind directioneTdown estuarine waters boundary
(mixohaline - coastal waters front) defined by tmaximum horizontal gradient of
surface salinity and is identified by the extensidrthe 27-30 ups isohaline (Guerrero et
al., 1997a, b). Both frontal systems have annuaigtence and the geographical location
throughout the year depend on the dynamics of eswavaters (forced mainly by
winds). The surface salinity front displays higlsgratial variability than the bottom
salinity front in seasonal and inter-annual timésca(Framifian and Brown, 1996;
Guerreroet al, 1997a, Framifiaat al, 1999, Simionatet al, 2001, 2007; Bava, 2004).
The bottom salinity front remains mostly lockedatsubmersed shoal known as Barra del
Indio (Figure 1A) following the 10 m isobath as thkelf water intrusion along the

bottom to the estuary is controlled by the bathyyn@buerrercet al, 1997a)

Because the Rio de la Plata estuary is a shallstersy(< 20 m) the structure of
the entire water column is highly influenced by aspheric conditions, which determine
the spatial and temporal distribution of the terap@e and salinity fields. Thermally, the
estuarine waters show a warm (December — Marckg 22°C) and a cold period (June —

September, 10 to 12°C). For both, the estuarineergaare nearly homogeneous in



temperature, vertically and horizontally (Guerrabal, 1997a, b, Simionatet al,
2010).

The upper layer waters in the estuary show a damibamodal discharge as
result of most frequent synoptic and intra-seasamadls acting along those seasons, and
constrained by the coast line orientation, whiclindetwo conditions understood as
spring-summer and autumn-winter (Guerretal, 1997a; Simionatet al 2001, 2004,
2007). During autumn-winter months, a weak domieaofcoffshore winds and a weak
maximum in the RDP discharge allow the extensiothefRDP fresh water plume along
the Uruguayan coast, resulting in penetration ddlfstvater from the south into the
estuary along the Argentinean coast (Gueretral, 1997a, Simionat@t al, 2004).
During spring and summer, dominant NE sector wi(folst quadrant) force the RDP
estuarine waters to the south along the Argentossstcas far south as 37°S, while shelf
subtropical waters penetrate from the north upunot® del Este (Uruguay), constraining
the NNE drift. The southward overshooting of esnamwaters latter interact and mix
with coastal shelf waters up to the shelf breaktl{@uerreroet al, 1997a, Lucast al
2005) (Fig. 1C). A particular surface intrusionsoirface shelf water, far into the estuary,

occurs under southeasterly winds (Simiorettal 2007).

The wind has differential effect on the water massgertical distribution in the
Rio de la Plata. Results based on observation (Gwezt al, 1997, Simionatet al,
2007) show that wind stronger than 10 T garticularly from the SW, cause a breakage
of the salt wedge which is a semi-permanent feaititbe central and southern portions.
However, recently numerical model (Meccet al, in press) shows that only
southeasterly winds can weaken the stratificatibveneas the other wind directions are
favorable to the maintenance of a salt wedge s ¢stuary. Also, the wind produces a
recirculation between surface and bottom layer {@uwatoet al.,2007). When the wind
blows from directions between NW (315°) and E (4pf9duce an inflow (outflow) of
bottom (surface) waters, while the outflow (inflow) bottom (surface) waters occurs
when the wind blow from directions between SE (336%d W (270°) (Simionatet al.,
2007).



The Rio de la Plata continental discharge varigbilighly correlated to the
ENSO cycles (Robertson and Mechoso, 1998), has besociated to produce large
variations on the spatial distribution of enviromta# condition and frontal location
(Framifian and Brown, 1996; Bava, 2004). The fresbwedischarge time series show
large variations, reaching the extreme averageegaitu 1983 (57346.91 3s1") and 1998
(47340.08 rsY) associated to El Nifio phenomenon and minimumevaksociated to La
Nina phenomenone(g. 1970-71, 1973-1975, 1988, 1995-1996, 2005). Theatwn in
the discharge has strong effect on the inner gagstarine zone, as it is observed in the
location of estuarine turbidity maximum zone (ETBRva, 2004). During months with
higher discharge than the average it is observéovan-river displacement of the ETM,
while the up-river displacement increase relatedetcrease in the discharge (Fig. 2).
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Figure 1 A)Location and bathymetry of the study area, B) gpdistribution of turbidity,
C) seasonal distribution of estuarine water indicpathe inner (Bottom salinity front,
BSF) and external boundary (Surface salinity fr@®F), D) high resolution salinity

distribution along a central transaction of theiasy.

A o,
2 ¥ EiNifo
f'?:n 50,000 i ww e o s wov
g 40,000 {
L2 S
o La Nifia
0

1970 1975 1980 1985 1990 1995 2000 2005 2010
Year

Year 1999

30,000
26,000
22,000
18,000

14,000 |

Freshwater Discharge (m/s) [ov

T T T
12/8 [12/18 12/28

T T T T T T T T T T T T T
7/31  8/10 820 8/30 9/9 919 929 10/9 1¢/19 10/29 11/8 11/18 11/28

Month/Day

T T
7m721

Figure 2 A) Time series of annual freshwater disgbaf Rio de la Plata (mean, standard
deviation), indicating the averages (------- 24,0087, Jaimeet al, 2002), and the main
El Nifio (®) and La Nifa Q) years, B) daily freshwater discharge between Jame
December of 1999 and the turbidity spatial disttidou



3.1) Fish diversity

A total of 119 fish species (24 Chondrichthyes @Bd)steichthyes), belonging to
25 order and 64 families inhabit the Rio de ladt#tuary (Boschi (1988) and Cousseau
(1985). Within the OsteichthyesAcipenser baerii baerii Cyprinus carpio and
Oreochromisniloticus, are invader species (Cousseau, 1985; Boschi, 1288eguizaet
al., 2003; Jaureguizar, 2004; Solaet, al 2009; Garcieaet al.,201Q 2011). Along the
main estuarine axis from deep water to freshwétere is a decreasing in the number of
species mainly related with the diminishing of sadater intrusion (Boschi, 1988;
Cousseau 1985) and the inner and outer salinitydiemy of estuarine waters coincide
with minimum (among riverine and estuarine fisheasllages) and maximum (among
the estuarine and coastal shelf fish assembladesperzies richness (Margalef index;
Ludwig & Reynolds, 1998), respectively (Barlegtizgal, 2010).

Following the functional group classification sugtgel by Elliotet al. (2007),
based on Estuarine Use, Feeding Mode and Repredudide, on the presence/absence
species data (Cousseau, 1985; Jauregaizak, 2003, 2004, 2006) show that the Rio de
la Plata estuary is dominated for marine straggkgpscies (44.5%), followed by
freshwater stragglers species (23.5%), estuarireziep (15.1 %), marine migrants
species (10.9%), and with lower percentage anadner{ib.7%) and freshwater migrants
(4.2%). The first three groups represent more 8@¥ of fish species within the Rio de
la Plata, and the dominance of marine speciedaserkto scale of estuarine area (38000
km?) and the mouth length (~257 km) that allow thetision of marine species along the
salinity penetration and even occurs, forced bywived and low freshwater discharge
condition, marine species associated to subtropieér masses a&Balistes capriscus
(Garcia & Menni, 1982)Dactylopterus volitangDevincenzi, 192Q) Eucinostomus
melanopterugSolariet al, 2010) Selene vomeandLagocephalus laevigaty€ousseau,
1985)andTrachinotus carolinusin general, the presence of freshwater straggleesies
(n=28 species) is associated to shallow water ibuttaries rivers (Rio Salado, Rio
Samborombdn, Rio Santa Lucia, freshwater chanaet)n deeper water its presences is
sporadic and associated to low salinity spreadefibitigh freshwater discharge or with
natural processes of biology of speciesothilodus lineatus, Salminus brasiliensishe

occurrence of anadromous species is related tofus@s nursery are during spring and



summer Genidens barbysor spawning area during autumhy¢engraulis olidup
(Fuster de Plaza & Boschi, 1961; Ringueleal., 1967).

At feeding mode functional group, the Rio de lat®las dominated by
zoobenthivores (35.3%), followed by zooplanktivo(26.9%) and piscivores (23.5.8%).
Most of the freshwater species are zooplanktiv§2&8o) or omnivores (24%), followed
by detritivores (15%) mainly feeding on copepodstaims and organic detritue.§
Milessi, 2008). Wile the freshwater migrant speaes mainly zooplanktivores (40%),
the freshwater straggler species are zooplankBvgi@b%) or omnivores (25%).
Particularly theAstyanaxgenus has wide trophic spectrum, and they has ¢c@®sidered
as carnivores (Ringuelet, 1975) insectivores (Goeizal, 1998; Barrost al, 2001),
zooplanktivores (Grosmaet al, 1996) or omnivores (Arcifat al, 1991; Vales & Haro,
1998) indicating that the feeding mode change whthfood availability. The estuarine
species are dominated by zooplanktivores (44.4%)zaobenthivores (38.4%) and in a
lesser degree piscivores (11.1%), which the maeygrare bivalves and gasteropds,
mysids and small crustaceans such us shrimps. Witis functional group there is one
omnivore Mugil platanu3 and one piscivore Macrodon ancylodon that feed on
diatoms and copepods and small pelagic respectii@igchomski, 1981). The more
abundant estuarine speciesMigropogonias furnieri Macrodon ancylodon
Paralonchurus brasiliens)sare mainly zoobenthivores at small size length (g0 LT)
and change the feed habit with increasing sizetheragMicropogonias furnieriwhere
the individual shorter than 100 mm consumes my@idomysis americanand shrimps
(Peisos petrunkevitchArtemesialonginarisand the larger individual mainly prey upon
bivalve mollusks Mactra isabelleana and secondarily upon shrimps, cephalopods and
polychaetes (Sanchezt al, 1991; Gibertoet al., 2007), orMacrodon ancylodorthat
after 100 mm of length size progressively changenfmysids eomysis americando
epibenthic (Peisos petrunkevitchi Artemesia longinaris and nektonic organism
(Engraulis anchoitaand Anchoa marini), or P. brasiliensiswhere the larger individual
mainly prey upon polychaete®fuphissp) (Giberto, 2008). The marine, just migrant or
stragglers, species are mainly zoobenthivore (382l 45.3% respectively) and
piscivores (38.5% and 32.1% respectively). Theysaomes principally crustaceans,

polychaetes (Goldstein & Cousseau, 1987) and gpeddics, small demersal fishes and



others fishes g.g Squatina guggenheinVogler et al, 2003; Percophis brasiliensis
Milessi & Mari, in press;Urophycis brasiliensis Acufia et al, 2007; Atlantoraja
castelnaui;Paesch, 2000Zapterix brevirrostris:Barbini et al, 2011, 2006Discopyge
tschudii: Garcia, 1984). The Rio de la Plata fish commuistynainly sustained by
organism related to bottom, and a transect frorahirater to marine water reflect a
transition from a fish community influenced by myddeposits originating from the
river, where the community is dominated by bottomdetritus feeders indicating that
main energy flow is coming from the detritus, tdish community where energy flow
originating from the bottom deposits is probablgsleimport and the zooplankton
production becomes more important (Gasdial, 2010).

Since the reproductive mode, 78% of species irRiilvede la Plata estuarine area
are ovuliparous (ovu, species that produces ouhisare liberated into the surrounding
waters), followed by species viviparous (14.3%) amgbarous (7.6%). The ovuliparous
species present diverse modes, the mostly of spgmieduce ovules, which when
fertilized, produced eggs which settle on the galsin (65.4%, ovub), followed by
species that produces ovules, which when fertilipedduced pelagic eggs (14%, ovup)
or produces adhesive eggs that become attachathsirata and/or vegetation (10.8%).
In the freshwater species, while the most straggpecies (60,7%, ovub) produce ovules,
which when fertilized, produced eggs which settie the substratum, the freshwater
migrant species (60%) produces adhesive eggs #tainte attached to substrata and/or
vegetation (ovub) (a€yprinus carpio carpip Odontesthes bonariensi®imelodella
laticepy. There are only two freshwater viviparous specigEnynsia multidentata
(migrant) and Cnesterodon decemmaculatstraggler), only freshwater stragglers
(21.5%) shows egg with parent protects, just onéherother parent guards their eggs
externally Australoheros facetus, Hoplias malabaricus, Hypogie commersoni,
Loricariichthys anu} or protects their eggs for a period in the mo(@weochromis
niloticus Trachycorystesp.). The estuarine species mainly produces ovweish when
fertilized, produced eggs which settle on the sabstin (61.1%) or produced pelagic
eggs (27.8%) which spawning area within the estisirselated to salinity fronte(g.
Micropogonias furnieri Macrodon ancylodon Pogonias cromis Brevoortia aurea,

Ramnogaster arcuajaor does not related to salinity frone.§. Paralonchurus



brasiliensisand Menticirrhus americanys(see below). There are only one species that
produce ovules, which when fertilized, the maletgets their eggs for a peRiod in an
incubation bag $yngnathus folleftiand one species that produces adhesive eggs that
become attached to substrata and/or vegeta@alor{testhes argentinengisind in both
cases mainly inhabit the inshore water of Bahia [®aombon (Lasta, 1995) that offer
extensive flooding plain and vegetation that camférprotection to water current and
abundant food. The male 8fyngnathus folletincubates egg produced by ovocites from
different female, and the individual of Rio de latR presents until three time of number
of egg than the male form Brasil (Gar@aal, 2008). The marine species are mainly
ovuliparus (47%) that produce ovules, which whenilieed, settle on the substratum
(ovub), and viviparous (22.7%), and within the marstraggler there are tow species that
show some kind of parent protectidBalistes capriscugguards their eggs externally)
and Hippocampus punctulatu@rotects their eggs for a period in a part ofrthedy).

The marine migrant present the spawning or matieg pist in the adjacent water to Rio
de la Plata, just in open coastal waté€gr(oscion guatucup@aralichthys patagonicuys
Prionotus punctatysParona signatasee details below) or in the nearshore waters along
Uruguay and Argentina coastMgstelus schmitti Myliobatis goodei Squatina
guggenheimsee below) and the juveniles of this speciesramly found in the Rio de

la Plata water.

Table 1; List of species indicating the EstuaringeJestuarine (es), marine stragglers
(ms), marine migrants (mm), freshwater stragglds, (freshwater migrants (fm),
anadromous (an)] and Feeding Mode functional gr¢desitivores (dv), Miscellaneous/
opportunist (OP), omnivores (OV), piscivores (mypbenthivores (zv), zooplanktivore
(zp)] classification suggested by Elliet al. (2007), and Reproductive Mode functional
groups [viviparous (V) species in which the fem@ieduces live progeny; oviparous (0)
producing eggs that are liberated into the surrougndaters; ovuliparus (ovu) Species in
which the female produces ovules that are liberatéal the surrounding waters. The
species in this group can be subdivided into tileviing five categories: Ovup Species
producing ovules, which when fertilized, producedgic eggs; Ovub Species producing

ovules, which when fertilized, produced eggs whsgitle on the substratum; Ovuv



Species producing ovules, which when fertilizedhyduced adhesive eggs that become
attached to substrata and/or vegetation; Ovug Bpgmioducing ovules, which when

fertilized, one or the other parent guards thegsegxternally; Ovus Species producing
ovules, which when fertilized, one or the othergmauprotects their eggs for a peRiod in a

part of their body.

Class Order Family Specie EUFG FMFG RMFG 12345 Class Order Family Specie EUFG FMFG RMFG 12345
Chondrichthyes Osteichthyes
Carcharhiniformes  Shymidae ‘Sphyma zygaona (Linne, 1758) ms v v x Mugiiformes Mugilidae Mugilplatanus Ginther, 1880 es o owp xxxxx
Triakidae Galeorhinus galous Do Buen 1950 ms v v x x Perciformes Blenniidae Hypleurochilus fssicomis (Quoy & Gaimard, 1824) ms oz owv  x
Mustelus schmit Springer, 1939 mm oy Xxx x Carangidae Parona signata (Jenyns, 1842) mmoopv owp X X X X X
Mustolus fasciatus (Garman, 1913) ms 2 v x Selene vomer (Linné, 1758) mm oz owb x
c o 1758 ms 2 o xxx Trachurus lathami Nichols, 120 ms oz owb  xxx
(Péron. 1807) msoopvv x Trachurus picturatus ausirais (Nari, 1950) ms oz owb x
Lamniformes Lamnidae Alopias vulpinus (Bonnaterre, 1788) ms v v x Trachinotus marginatus (Cuvier & Valenciennes, 1831) ms oz owb  x x
Rajiformes Dasyatidae Dasyats pastinaca (Line, 1758) ms b v X x x Trachinotus carofinus (Linné, 1766) mm oz owb x
Myliobatidae Mylobats goodei Garman, 1885 mmo v Xxx  x Vomer setapinnis (Mitchil, 1815) ms oz owb x
Mylobatis freminuili Le Sueur, 1824 ms oz v x Chellodactylidae  Nemadactylus bergi (Norman, 1937) ms oz owb x
Rajidac Allantoraja casteinaui (Miranda Ribeiro, 1907) ms v oy xxx Cichiidae Australoheros facetus (Jenyrs, 1842) s op  owg x
Allantoreja cyciophora (Regan. 1903) ms 2 o xxx Oreochromis nioticus (Linné, 1758) s ov  ows x
Atlantorsja pletana (Giinther, 1880) ms b ov  x Gerreidae Eucinostomus melanopterus (Bleeker, 1863) es oz own x
Rioraja agassizi (Miller & Henle, 1841) ms o o xxx Eucinostomus gula (Quoy & Gaimard, 1824) es oz own «x
Psammobatis bergi Marini, 1932 ms 2 o xxx Gobiidae Gobiosoma pari Ginsburg, 1933 ms 2 owv x
Psammabais extenta (Garman 1913) ms 2 o x x Haemulidae Boridia grossidens Cuvier, 1830 ms oz owb x
‘Symperygia bonaparti Miler & Henle, 1841 mmo oz o xxx Mulidae Mulus argentinae Hubbs & Marini, 1933 ms  zp  owb X x
Sympterygia acuta Garman, 1677 ms oz o xxx Nototheniidae  Paranotothenia magelanica (Forster, 1801) ms ov  owb x
Rhinobatidae Rhinobatos horkelii Miller & Henle, 1841 ms oz v X x x Percophidae Percophis brasiliensis Quoy & Gaimard, 1824 ms v owb  x x xx
Zapterix brovirosiris (Miler & Henle, 1841) ms oz v X x x Pomatomidae  Pomatomus saltatix (Linné, 1758) ms Py owp X X X X X
Squaliformes Saualidae ‘Squalus acanthias Linné, 1758 ms v v X x x Sciaenidae Cynoscion guatucupa (Cuvier, 1830) mmoopv owb X X x
Squatiniformes Squatinidae ‘Squatina guggenheim Marini, 1936 mmoopv v xx o x Macrodon ancylodon Schneider, 1801 es v owb X X XXX
‘Squaina argentine(Marini 1930) ms v v x Menticimhus americanus (Linne, 1758) es 2 owb xxxx
Torpeniformes Narcinidae Discopyge tschudii Heckel, 1846 ms v X x x Micropogonias furier; (Desmarrest, 1823) es  zb  owb X x XXX
Paralonchurus brasiliensis (Steindachner, 1675) es  zb  owb XX XXX
Osteichthyes Pogarnias cromis (Linne, 1766) es zb  owb xx xx
baeril Brandt 1869 s 2 o x Unmbrina canosai Berg, 1895 ms oz owb X xx
Anguiiformes Congridae ‘Conger orbignyanus Valenciennes, 1847 ms  pv owb XX XXX Scombridae ‘Scomber japoricus Houttuyn, 1782 ms oz owp x x
Pseudoxenomystax albescens (Bemard, 1923) ms  pv owb x Seranidae Acanthistius brasilianus (Valenciennes, 1828) ms oz owb X xx
1835) es oz owv xx xx Dules auriga Cuvier, 1829 ms z  owb x x
‘Odontesthes bonariensis (Valenciennes, 1835) m oz owv xx x Sparidae Diplodus argenteus (Valeniennes, 1830) ms oz owb XX XXX
2 1837) ms pv owb X X X X x Pagrus pagrus (Linné, 1758) mmoopv o owb X X x
c o 1837) fs o owb  x Stromateidae Peprilus paru (Linné . 1758) ms oz owp xx xx
Characiformes Characidae Cheirodon nterruptus (Jenyns, 1842) s o owb x Stromateus brasiiensis (Fowier, 1906) mmozp owp X x X x x
Astyanax eigenmannioram (Cope, 1894) sz owb x Trichiuridae Trichiurus lepturus Linné, 1758 ms pv owp X X X X x
Astyanax pampa Casciotta, Aimirén and Azpelicueta 2005 15 2p  owub x [ . 1876) ms oz owb x
Brycanamericus ineringii (Boulenger, 1897) sz owb x and Schneider, 1801) es 2 owb  x x
Hyphessobrycon anisitsi (Eigenmann, 1907) sz owb x ‘Symphurus jenynsi Evermann & Kendall, 1906 es 2 owb  x x
Hyphessobrycon togoi (Miquelarena and Lopéz, 2008) 5z owb x 1039) es v owb X X XXX
Oligosarcus jenynsii (Gnther, 1864) sz owb x Paralichthys patagonicus Jordan, 1889 mmo v owb  x x x x
Salminus brasilensis (Cuvier, 1816) s v owb x Xystrourys rasile (Jordan, 1891) ms b owb x
Characiformes Curimatidae Cyphocharax spilotus (Vari, 1987) s dv owb x Etropus longimanus Norman, 1933 ms 2 owb «x
Cyphocharax voga (Hensel, 1870) s v owb x Pleuronectidae  Oncopterus danwini Steindachner, 1875 es 2 owb xx x
Cynodontidae  Raphiodon vulpinus Agassiz, 1829 s pv o owb  x x D tiopt inné, 1758) mm oz owb x
Erythrinidae Hoplias malabaricus (Bloch, 1796) s pv owg x Triglidae Prionotus nudigula Ginsburg, 1950 ms  zb  owb  x xx
1837) s v owb  x Prionotus puncatus (Cuvier 1829) mm oz owb X X X X X
Clupeiformes Clupeidae Brevoortia aurea (Agassiz, 1829) ez owp xxxXxx Siuriformes Aviidae Genidens barbus (Lacépede, 1803) an oz ows xxXx X
Platanichihys piatana (Regan, 1917) es oz owp x Auchenipteridae  Trachycorystes sp. Bleeker 1858 s o ows x
Clupeidae Ramnogaster arcuata (Jenyns, 1842) es  zp  owp xx xx Callichthyidae  Corydoras paleatus (Jennyns, 1842) s o owv x
Engarulidae Anchoa marini Hidebrand, 1943 ez owp XX Xx Doradidae Rhinodoras dorbignyi (Kner, 1855) s 2 owb x
Engrauls anchoita Hubbs & Marini, 1935 ms oz owp xx Heptapteridae  Pimelodellalaticeps (Eigenmann, 1917) fm oz owv x
Lycengraulis grossidens (Agassiz, 1829) an oz owp xx xx Rhamdia quefen (Quoy and Gaimard, 1824) s 2 owv x
Cypriniformes Cyprinidae Cyprinus carpio carpio (Linné, 1758) fmop  oww x Loricariidae Hypostornus commerson (Valeniennies, 1836) s dv  owg  x
Cyprinodontiformes  Anablepidae Jonynsia multidentata (Jenyns, 1842) moozp v x Loricariidae Loricariichithys anus (Velenciennes, 1836) s dv  owg  x x
Poscilidae Cnesterodon decemmacuiatus (Jenyns, 1842) [ x Pimelodidae Lusiopimelodus pati (Valenciennes, 1840) s pv owb xx x
Gadiformes Merlucdiidae Mertuccius hubbsi Marin, 1933 ms v owb  xxx Parapimelodus valenciennesi (Kroyer, 1874) s ov  owb xx xx
Phycidae Urophycis brasilensis (Kaup, 1858) ms  pv owb X X X X X Pimelodius albicans (Valenciennes, 1840) Mmoo owb  x xx
Gasterosteiformes  Syngnatidae Hippocampus punctufatus Guichenot, 1850 ms oz ows x Pimelodus maculatus Lacepéde, 1803 5 o owb «x

Syngnathus follett (Herald, 1942) es oz ows x x Tetraodontiformes  Balistidae Balistos capriscus Gmelin, 1768 ms zb  owg X x
scens 1847) sz owv x Tetraodontidae  Lagocephalus laevigatus (Linné, 1766) ms pv owb




3.2) Fish community structure

The environmental gradient from deep marine wateshiallow freshwater is very
strong (Fig. 1) with soméottom fishesspecies restricted to a particular section of it,
demonstrating particular distribution pattern cf tbhthyofaunal compositiofBarlettaet
al., 2010;Garciaet al, 2010;Jaureguizaet al, 2003a; 2004; 2006b; Lorenzo Pereiro,
2007). Three fish assemblage areas (Inner, Central, Quidth persistent specific
composition and mainly linked foarticular salinity habitateave been defined along the
main axis of the estuary throughout the yelau¢eguizaet al, 2003a, 2004Garciaet
al., 2010Q. Their spatial differences in the species compasitaflect the recruitment of
marine species toward the head of the estuaryweatidy the shelf water intrusion along
the bottom, where the fish assemblage is dominatestly by freshwater species (Fig.
3).

The Inner area includes the stations from the iftierde la Plata estuarine zone,
has the shallowest depth range, the minimum bo#almities ranging from 0.5 to 15,
and has the maximum bottom salinity horizontal gmatdand partial vertical salinity
stratification for all seasons (Fig. 3). The hegenoeity of their ichthyofaunal is shown by
the affinity of freshwater stragglersLuyciopimelodus pati and Parapimelodus
valencienne$j anadromous specie&é€nidens barbys together with estuarine species
(Micropogonias furnieri Macrodon ancylodomand Brevoortia aureq Fishes associated
with the Central Area, with intermediate depth mangeans from 9.9 to 10.76 m),
intermediate salinities (between 14 and 29) antidsgvertical saline stratification, were
mainly estuarine speciesMicropogonias furnieri Brevoortia aurea Macrodon
ancylodon Paralonchurus brasiliensjs Paralichthys orbignyanus, Mugil sp
Menticirrhus americanys It shows great overlap of its fish compositiam,particular,
with marine species of the Outer Area. The OutezaAcover the deepest zone in the
estuary (means from 12.63 to 16 m), with saliniflestween 25 and 34), and maximum
surface salinity horizontal gradient and partidinsty stratification. The fishes associated
with the Outer Area were marine species, eitherramig Cynoscion guatucupa
Paralichthys patagonicys Mustelus schmitti Sympterygia bonapartii Stromateus

brasiliensis Squatina guggenheimMyliobatis goodeiand Prionotus punctatys or



stragglers Conger orbignyanusDiscopyge tschudiiPercophys brasiliensigAtlantoraja
castelnau) (Jaureguizaet al, 2003a, 2004, 2006).
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Figure 3. (A) Dendrogram of the cluster analyssuhes corresponding to summer, (B)
location of the groups on the distribution of tladirsty along of Sampling Station (St) on
the north transect of high resolution. (C) Areadadtribution of the groups [Inner (I)
Central (II) and Outer (lll) Areas] and speciesirafy [(ES) Exclusive species, (CS)
Common species] corresponding to each group (Jazagt al, 2004).

The fish assemblages show consistent seasonal eemgotal boundaries,
which occur near the location of the frontal zoGarciaet al., 2003; Barlettaet al.,
2010; Jaureguizar, 2004; Jaureguigtnl, 2003b, 2004, 2006b). The border among the
Inner and Central area is near the location whHezdnalocline intersects the bottom (Figs.
1 and 3), and corresponds to the bottom salintptf{Guerreroet al, 1997a). This
represents the boundary for intrusions of freshivgpecies into the estuarli(nelodus

maculatusL. pati, P. valenciennisL. obtusidensP. lineatusand species of Loricariidae)



and the incursion of marine species toward the loé#ite estuary through the shelf water
intrusion along the bottom (Boschi, 1988; Jauregyi2004; Jaureguizat al, 2003b,
2004, 2006b). The intrusions degree of freshwatel marine species to estuary is
determined by the vertical stratification of watamlumn (DCCA, Figure 4). When the
Rio de la Plata shows strong stratification (Trahde Fig. 4), it allows a maximum
intrusion of freshwatere(g Pimelodus maculatyd.oricariidae spp) and marine species
(Cynoscion guatucupdo estuary. As the vertical stratification arelen, and the water
column begin to be homogenous (the isohaline areemertical, from transect | to
transect 1), the Rio de la Plata show lesserrision of freshwater and marine species
and the inner zone is more dominated by estuaneeias icropogonias furnieri
Brevoortia aureaMacrodon ancylodonParalonchurus brasiliensidMugil sp) (Figure
4). The border zone between the central and outm @-ig. 3) coincides with the
location of the maximum horizontal gradient of sd salinity (Guerreret al, 1997a),
indicating the boundary between the estuary and dbetinental coastal waters
(Jaureguizaet al, 2007). This zone is the limit for the presenté¢hie estuary of marine
species Balistes capriscus, Engraulis anchoita, Rioraja sgjai, Rhinobatos horkelii,
Oncopterus darwini, Mullus argentinus, Psammobbé&syi, Sparus pagrus, Trachinotus
marginatus, Merluccius hubbsi, Trachurus lathamall@hynchus callorhynchusind

Dasyaatis spp.(Jaureguizaet al, 2003).
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Figure 4.(A) Detrended Canonical Analysis ordination diagrahthe sampling stations
corresponding to spring, showing the station grolgp$or) defined for axis 1 of DCCA
and its correspondent transect, (B) their averageposition, (C) area of distribution and

(D) location of the groups on the distribution loé tsalinity along of sampling station

At seasonal and temporal scale the fish assemblagepersistent in specific
composition, and the geographic variations of tlernolaries indicate contraction or
expansion of fish assemblage areas associated watker masses dynamics, as a
consequence of river flow and windsaureguizaret al, 2003a, 2004, 2006). The
seasonal changes observed in the fish assemblaggsosition suggest that these are
caused mainly by seasonal migrations, as a res@lalmity and temperature variations
(e.g, Trichiurus lepturus and Discopyge tschudii and reproductive movements
(Micropogonias furnieri Mustelus schmittand Cynoscion guatucupato spawning and



mating areas (Jaureguizat al, 2004).Trichiurus lepturusis a benthopelagic teleost
abundant in the continental shelf of southern Br@daimovici et al, 1989), and its
higher densities in the Rio de la Plata estuariatemis associated with the penetration of
subtropical continental water masses during warRiges forced by the southward flow
of southern Brazil water (Jaureguiztral, 2004). While, decreasing temperature in the
outer estuarine zone as consequence of cold (<18Gf&) water intrusion from the south
are associated with relatively large densitiedDadfcopyge tschudi{(Jaureguizaet al,
2004; Cortéset al, 2011). The seasonal variation in the spatialecage of fish
assemblage areas (Jaureguiaal, 2003a, 2004) reflects the seasonal discharderpat
of the Rio de la Plata (Fig. 5, Guerraal, 1997b). During autumn and winter, river
discharge is highest and continental winds almeastralize marine winds. Without wind
stress the continental runoff is affected only bg Coriolis force, and the river turns
north along the Uruguayan coast. During these smatloe Central Area is mainly
extended along the Uruguayan coast, reaching RightBste during winter, and there is
an intrusion of Outer Area on the Argentine coBsiring spring and summer, the marine
winds overcome continental winds and Ekman drifités waters southward generating a
flow of freshwater along the Argentine coast, pagdPunta Médanos (Guerreed al,
1997a). In this season, the Central Area showraatein along the Uruguayan coast, and

the Outer Area can get the location near to Modivi(Fig. 5).



ARGENTINA

Autumn N, A -
SN b

3 b1
“n, - 2
. %
35 —\ e
2
L

\\\\\

ARGENTINA

ereel8 &
g
- R , } | | . L
-
4 l

Figure 5 Seasonal spatial distribution of bottotmgg (Guerreroet al, 1997b) and fish
assemblage areas (Jaureguetaal., 2004).

The changes in the environmental conditions orctiestal system, in particular,
the influence of high freshwater discharge (flov)ttee Rio de la Plata during El Nifio
years, associated with high precipitation (Robertand Mechoso, 1998; Camilloni and
Barros, 2000), produced a movement of the estuargsemblage areas to the coastal
shelf (years 1983 and 1998, Fig. 6). Dependingnefspring dominant wind pattern, their
expansion is along the main axis of the estuan®@&1%r along the Argentine coast
(1983). Also, decreases in the freshwater dischafdbe Rio de la Plata estuary during
La Nifa years produced upriver movement of theagsta assemblage areas (years 1981
and 1999, Fig. 6) and the marine fish assemblagess acover a greater portion of the
estuary. Under normal freshwater discharge, thextbaies of the fish assemblages were

relatively more stable (Jaureguizral., 2006).
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Spring ECOPATH models for Rio de la Plata estuasystem (considering 25
groups of species, Fig. 7) during the expansior®&1gear, 0.651 pedigree index) and
contraction (1999 year, 0.658 pedigree index) tintécates that the differences in the
spatial coverage of the fish assemblage do not mapact in the trophic structure of
estuarine ecosystem (Table 1). Total biomass, T@&al, primary production, ascendancy
and others ecosystems indicators do not changesicigtly among models. However,
annual consumption by each species-group decref@asenhstance total consumption
marginally decreased (~7%), perhaps because tprésence of lower sea temperatures.
Consumption by demersal fish significantly decrdase 1999. When aggregated by
trophic level, consumption significantly decreasedll trophic levels. Increases in the
sum of consumption and exports are counterbalabgedsignificant decrease in the sum
of all flows to detritus (and a decrease in the sdimespiratory flows), resulting in no net

difference in the size of these systems.

There are also not differences in the sum of atlpction, net system production,

or calculated primary production, but Trophic TrfensEfficiency (TTE) show that the



ecosystem is more efficient during contraction @,994.0%) than expansion (1998,
16.5%) situation (Table 1). The high PP/R rati®Q¥. and 1.994) and low Ascendancy
(A, 33.1 and 35.4%) indicate a rather underdeveloptate of the Rio de la Plata
estuarine system. These metrics likely result frima disturbance of high frequency
resulting from the intermittent extension of inteate zone in which the community of
organisms are involved. This could preclude thaesysto reach a developed state; or
alternatively, affects attributes in a way that ythdo not fit into the ecosystem

classification scheme proposed by Odum (1969)ntadéd TTE and the high overhead
(~65%) also point in the same direction, furthergasging that the Rio de la Plata

estuarine system has high potential for adaptati@hresilience capacity.
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compartment area is a function of the biomass. §lawe given in t kif year® a) 1998

and b) 1999.

Table 2. Summary statistics after mass balancimgretwork flow indices for Rio de la

Plata models years 1998 and 1999.

Ecosystem Statistics 1998 1999 units
Sum of all consumption 1058,27 988,37 t'/km2/year
Sum of all exports 293,24 363,17 t'/km2/year
Sum of all respiratory flows 768,42 697,64 t/km2/year
Sum of all flows into detritus 451,56 457,51 t/km2/year
Total system throughput 2572 2507 t'/km2/year
Sum of all production 1581 1594 t'/km2/year
Mean trophic level of the catch 3,34 3,23
Gross efficiency (catch/net p.p.) 0,000146 0,000126
Calculated total net primary production 1388,58 1391,09 t'/km2/year
Total primary production/total respiration 1,807 1,994
Net system production 620,16 693,45 t'/km2/year
Total primary production/total biomass 16,41 16,67
Total biomass/total throughput 0,033 0,033
Total biomass (excluding detritus) 84,60 83,45 t/km?2
Total catches 0,202 0,175 t'/km2/year
Connectance Index 0,355 0,36
System Omnivory Index 0,293 0,263
Pedigree 0,651 0,658
Transfer efficiencies 16,50% 14,00%

PPR (%) 2,44 1,33
Ascendency 3478,5 (33,1) 3395 (35,4)
Overhead 7018,6 (66,9) 6194,9 (64,6)




3.3) Fish population structure

The seasonal and inter-annual spatial distributidirsh species, at different stage
of its life history, reflect the combined influenoé distribution of coastal shelf water
masses along the Southwestern Atlantic CoastaleBy$6WACS) and the discharge
pattern of Rio de la Plata, which dynamic is codpte the wind seasonality and
regulated by the bathymetry and the Coriolis fdi@eerreroet al, 1997a; Lucagt al,
2005).

During winter, when cool and high salinity waterveos a greater area of the
SWACS, allows a wider northern distribution of nm&rispecies associated to shelf water
(e.g.Discopyge tschudiiPrionotus nudigulaforcing their intrusion into the southbound
of the Rio de la Plata (Jaureguizdral, 2004; Jaureguizast al, 2007; Cortést al,
2011). Due physiological constraint, the spatiatrhutionof D. tschudiiis restricted to
water with salinities higher than 32.2 (Corédsal, 2011). During spring, the low salinity
conditions in the adjacent waters of Rio de ladP&#bng the Argentine coast produces a
reduction in the northern flow of cool and highisig&y waters, thus restricting the
northern distribution oD. tschudiiand P. nudigulaand its intrusion into the Rio de la
Plata estuary (Cortéxt al, 2011) and produce a offshore extended distobubf species

associated to estuarine watdPsignotus punctatuslaureguizaet al, 2007).

The inter-annual variation in the spatial distribatof fish speciesR. nudigula,
D. tschudi) is higher in spring than winter (Jaureguiramal, 2007; Cortést al, 2011).
In D. tschudii inter-annual spring spatial distribution demoatgts variations at regional
scale (200 km, ~35%) in the coastal system disiobutbeen important in the area
influenced by the Rio de la Plata (north of 398&)rthward extension, that forces the
tschudiiintrusion in the Rio de la Plata along bottom tggering 1994, 1999, and 2005),
is forced by the advection of cold waters over talagrea which may be modulated by
the strength and location of the Malvinas Currentd gredominant synoptic wind
conditions. When spring dominant wind directionfiem N-NE-E (1994, 1999, and
2005), warm and low saline (<28) surface waterst(udOm) are pushed downstream
from the upper part of estuary, and the mass thspcompensated by a net inflow of

cold and saline (>30) bottom waters upstream theaeg This forcing ofD. tschudii



bottom intrusion in the Rio de la Plata is stoppgdthe progression of adverse wind
conditions as it was observed during 1998 and 2B0fhese springs, the dominance of S
and SW winds pushed surface waters (up to 10myegrettowards the upper part of the
Rio de la Plata, and the net outflow of warm aresHrbottom water downstream the
estuary restricted the progressionDoftschudiiintrusion or even forced them back into

the coastal system (Cortésal, 2011).

Atlantic searobin species have a persistent spdiglibution pattern in the
coastal ecosysterrionotus punctatugnhabits the environment influenced by estuarine
waters of the Rio de la Plata, whie nudigulainhabits the coastal shelf system, with
wider depth ranges, lower bottom temperatures &tteh bottom salinity. Although both
species show a persistent spatial distribution, ghderns change seasonally in an
onshore/offshore direction, as well as in a nodtits direction. Bottom salinity has the
greatest influence on spatial distribution of battantic searobins, with the variation of
both distribution areas being mainly associatedhwilie wind driven discharge of
estuarine water from the Rio de la Plata. The munminwinter intrusion of. nudigula
into the Rio de la Plata estuary along the Argentioast (year 1993) occurred when the
offshore wind stress was weak (6.5 ™ and freshwater discharge was maximum. When
alongshore and offshore wind stress was the stetr{dd.3 m €) and the freshwater
discharge was minimunk. nudigulashows a maximum intrusion along the Argentine
coast (year 2000). Under similar freshwater disghdyear 1996 with 19 800%™ and
year 2000 with 21 227 %), a lower intensity of offshore wind stress (7.2 1996)
produced an intermediate intrusion Bf nudigulaalong the Argentine coast (1996).
Interannual variation in spring showed an oppopé#ern to that of early winter. The
minimum P. punctatusintrusion into the coastal system (1995) occundten weak
onshore wind stress was dominant (4.8 H, sind the freshwater discharge was low.
When alongshore wind stress dominated the areafraslowater discharge was highest,
the P. punctatugntrusion into the coastal system was maximum 4)98nder similar
freshwater discharge (1999 with 1878C° s' and 1995 with 19725 ns?), the
alongshore wind stress (5.8 M, year 1999) following an opposed wind conditionar

an intermediate intrusion &f. punctatusnto the coastal system (Jaureguigaal, 2007)



Although the entire life cycle of some estuarime.(M. furnier) and marine
species €.g Mustelus schmittiSquatina guggenheinCynoscion guatucupd@ercophis
brasiliensis Paralichthys patagonicjisseems to occur within the SWACS, life history
stages show difference in habitat preferenceshha¢ been associated with ontogenetic
movements from the nursery area to deeper watersugh the development.
Environmental variables have a significant influeion the life stage spatial pattern, been
salinity more influent than temperature (BarretdQ?, Jaureguizaet al, 2003a; 2006a;
Vogler et al, 2008; Riestra, 2010; Corté&t al, 2011a). As observed in other costal
system, including estuaries and bays, the seleafomshore water by neonates and
juveniles [Rio de la Platavl. furnieri, Lasta 1995 Jaureguizaret al, 2003b; 2008a;
Coastal shelf ecosysteril. schmittj Cortéset al, 2011a;S. guggenheimColonello et
al., 2007, Vogleret al, 2008;C. guatucupa,Jaureguizaet al, 2006b;P. brasilienesis,
Barreto, 2007P. patagonicusRiestra 2010] have been related to predator piotect
food availability or environmental conditions whiplomote faster growth. Neonates and
juveniles has show a persistent preference foromeshabitat through the seasons, while
adults, during the reproductive seasons (austrahgsgummer), show a penetration
toward the inner area of estuarine ecosystdm f(irnieri) or inshore area of coastal
ecosystem. guatucupaP. brasilienesisP. patagonicusM. schmittj S. guggenheijn
from the offshore area to the spawning or matireg aespectively.

The spatial distribution oM. furnieri stage (Fig. 8) shows that the juveniles
occupy the inner and shallow waters of the RDP agsta area and the adults been
common toward the offshore regions (Coussetal, 1986; Diaz de Astarloat al,
1997; Lasta, 1995; Jaureguizdral,, 2003b). This pattern is mainly influenced bytbot
salinity spatial distribution (Jaureguizer al, 2003b, 2008b). The juveniles persistently
inhabit waters with low bottom salinity and depthirnciding with the estuarine turbidity
maximum zone (ETM) (Jaureguizat al, 2003b). The relation of immature individuals
to ETM could be associated to feeding benefits peed by an increase of abundance or
the visual contrast of prey items (Chesney, 1988 ETM (Fig. 8), a region of higHl.
furnieri larval abundance (Bravermaat al, 2009), high plankton concentration
(Mianzan et al, 2001; Kogan, 2005; Berasategeti al, 2006) and prey abundance
(Giberto, 2001; Schiaritiet al, 2006), that offers juveniles protection from awia



predation (Favereet al, 2000, 2001; Maucet al, 2001), could link the two main
nursery areas of the estuary, Samborombén Bay anth 3 ucia River (beside Punta
Tigre) (Lasta, 1995; Jaureguizat al, 2003b). During spring, there is adult stage
penetration toward the inner area of RDP associat#dreproductive movements from
the outer zone to the spawning area (Maghial 1996; Jaureguizaet al, 2003b),
whereas increase the size of individuals captuyetthé artisanal fishery of Pajas Blancas
(near Montevideo, Uruguay) (Norbét al, 1992). Spawning, which takes place between
November and April, occurs in the inner zone (Mac&hChristiansen, 1996) and
coincides geographically with the bottom salinitgrit (Macchi & Christiansen, 1996;
Macchi, 1997; Acheet al, 1999; Militelli 2007; Jaureguizaet al, 2008a). Although
juveniles and spawning individuals inhabit simitexttom salinity and depth (Fig. 8), the
spawning individuals are more links to habitatshwitigh Bottom Salinity Horizontal
Gradient (BSHG) and moderate vertical stratificatid the water column (SI) supporting

that BSHG determines the spawning ground (Macd&8y/1Jaureguizaat al, 2008a).
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Figure 8 (A) Spring distribution areas ®Micropogonais furnieriage-classes
groups and (B) turbidity (%WR= percentage of watgftectance (Jaureguizat al,
2003b), (C) larval distribution (Bravermaat al, 2009), (D) environmental preference
per sex [Male (M), Female (F)] and maturity stafgesnature,1; developing and partially
pent, 2; gravid (with hydrated oocytes) or runniBgspent, 4; resting, 5)] (Jaureguizar
al., 2008a) , and (E) the schematic representatiang8t al, 1996).

Micropogonias furnierispawning strategy in the Rio de la Plata is diffiérfrom
Brazilian coast (e.g. Patos Lagoon, Castello, 198éira & Castello, 1997; Sinque &
Muelbert, 1997) which coincides with the generaftgra that characterizes temperate
marine fishes with estuarine dependence, spawnimgarine areas and use of estuaries
as nursery habitats (Day al, 1989; Potter & Hyndes, 1999; Nordlie, 2003). Bpatial
scale (38000 kR) and stable environmental gradients of the Ritadelata allow for a
favorable combination of properties that guaranteesproductive success (enrichment,
concentration, transport and retention processaisuy 1996). Within the Rio de la Plata
estuary, nutrients enrichment is associated tdwvager discharge (24000%ms?, Jaimeet
al., 2002). When discharge is high, inorganic nutde(silicate, nitrite, nitrate and
phosphate) exceed the threshold of phytoplanktdiulae growth. Vertical fluxes of
nutrients produce a high Chlorophyll-a (Chl-a) cemication and, presumably, a high
phytoplankton standing-stock (Carre&d al, 1986; Calliariet al, 2009). Nutrients
enrichment leads to a high production of food itdorslarvae and prey abundance for
fish. Therefore, retention within the zone withhiBSHG whatever the wind direction
(Simionatoet al, 2008), provides both hydrological (preventingtdir advection to the
adjacent marine coastal water) sand nutritionabiliya during and immediately after
spawning events, which favors planktonic eggs amdak development dfl. furnieri.
Militelli (2007) classified this species as estnarspawning associated to bottom salinity
front (Fig. 9). Within this group would find otheciaenids like king weakfisiMacrodon
ancylodon and black drumRogonias cromisand other species like brazilian menhaden
(Brevoortia aurea (Acha & Macchi, 2000) (Fig. 9); and Jenyns’s $piRamnogaster
arcuatg (Rodrigueset al, 2008). There are other sciaenid species, bandeaker

(Paralonchurus brasiliens)sand southern kingcroakéMenticirrhus americanys that



spawn within the estuary but where no relationsips observed with some
oceanographic structure and were classified bytéflili(2007) as estuarine spawning not

associated with bottom salinity front.
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Figure 9 Spatial distribution of estuarine spawnasgociated to bottom salinity front
during springs and its relationship with the bottsatinity. The sizes of the symbols are
proportional to the percentages of gravid femal@dicropogonias furnieri and
Macrodon ancylodortaken and modified from Militelli, 2007, anBrevoortia aurea
from Acha & Macchi 2000)

Even thoughCynoscion guatucup@ a marine migrant species along the Rio de la
Plata, but permanent in the adjacent water where dtage-specific environment
conditions association (Jaureguizat al, 2006b), and the synoptic environment
conditions (at short time scale) along the coaderdene the population age-class
structure available in the region (Jaureguiaal, 2009). Neonates and juveniles inhabit
brackish, warmer and shallowest water (outer RORagisme area) while adults are more

abundant in waters with high bottom salinities degth, and low temperature. Although



the area persistently dominated by neonates arahijl@s, they show seasonal variations.
The abundance of neonates (age-class 0+) is hifgilesting the spawning peRiod, with

intermediate values at the beginning of the spagvisimasons (spring). Juveniles (from
age-class 1+ to 3+) showed the same pattern irmmstuand marine area, being more
abundant during spring, while the highest abundafeeature individuals (> 4+) occurs

during autumn in the estuarine area, and duringewim the coastal marine area. The
lower abundance of mature individuals during spim¢ghe coastal marine area seems to

be associated with reproductive movements fromatea to the spawning areas.
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marine environment. (Draw from Jaureguigaal., 2006b)

Considering the coastal circulation (Simionatoal, 2004; Palmaet al, 2004)
and the spatial distribution and age-class frequemdhe estuarine and marine coastal
area, Jaureguizast al (2006b) suggested th&. guatucupaspawning took place in
inshore coastal waters at very shallow depths (E@. In spring the percentages of
mature individual increase from offshore to insheraters and the marine nearshore
areas is dominated by neonates. As the spawnirspisgaogressed, neonates (age-class

0+) could be transported to the RDP estuary bystheghward coastal water flow along



the Uruguayan coast, where they represent 93.10%taf neonates individuals, the
marine coastal area only has 6.9% of the totalviddals. From autumn to winter, as
southward coastal water flow decreases and théwartl water flow increases, age-class
0+ abundance increases in the marine coastal wateese they represent 80.6% of the
total age-class O+ individuals observed during grinaureguizaet al, 2006b). The
nearshore area represents an essential ecologib#hthfor this species, constitute a
spawning area in the region and the pathway foctmmection with the outer estuary for
youngest individuals, where they will pass theicait period. Also, the main spawning
area is not well defined within the Rio de la Pleggion; Militelli and Macchi (2006)
found that during March 2000 and 2001, spawningtgped weakfish took place mainly
in a reduced area in front of Punta del Este slidraguay). These results agree with
previous observations of Macchi and Acha (1998)p whalyzed samples collected in
November 1994. Nevertheless, in December of 20@8 Highest concentrations of
spawning females in the Rio de la Plata estuarye wagated in the external sector in
coincidence with a temperature bottom front (Militand Macchi, 2006)C. guatucupa
as Umbrina canosaiwere classified by Militelli (2007) as marine spew, where the
spawning occurs always in marine waters (highen t8@ ups). Within this group may
include other species such Berocophis brasiliensjsParalichthys patagonicusand
Parona signatahat also show higher reproductive activity (Fif) in the outer estuarine
area (Macchi and Acha, 1998; Rodrige¢sl, 2007; Militelli, 2011).
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Under classical conditions understood as spring sumiimer conditions (see
WACS physical dynamics), where cool and high salimater covers a greater area of
the uruguayan coast (similar to 1998-Nifio and 1Rg% years) allows wider
distribution ofC. guatucupaadults individual forcing even an intrusion intetnorthern
portion of the Rio de la Plata estuary (Jaureguizaal, 2009). However, when spring
wind blows mainly from the west (1994 and 2003 ggalike to autumn and winter
classical conditions, the wind forces an outflonbadckish water from the estuary along
the uruguayan coast (NNE drift) allowing a widestdbution of juveniles individual
trough the coast and a dispersion of adults fronmsleore uruguayan coast (Jaureguizar
et al, 2009). Therefore, variations in the predominamiogptic environmental conditions
could have strong effect o@. guatucupapopulation state, just on the age fishing
mortality (affecting juvenile availability) or repductive success through the use of
nearshore as spawning area. Therefore, as thedoaztboundaries or extension of the
juvenile area depends on the seasonal environmeatalitions, the seasonal physical



dynamics will need to be considered in refining seeal and spatial fisheries

management approaches and in delineating essksitidabitat.

The environment has also influence on the spatsdtiloution of sharks, skates
and rays size-classeM ( schmitti Menni, 1985, Massa, 1998, Cortés al, 2011;S.
guggenheimVaogler et al, 2008;Sympterygia bonapartiiMabragarieet al, 2002) and
reproductive stagesS( guggenheimColonello et al, 2007; Zapterix brevirostris
Colonello, 2009) within the SWACS. The salinity hasre influence than temperature
during spring (Cortést al, 2011; Voglert al, 2008) due to SAWCS physical dynamics
that force a freshwater tongue along the Argentmest, allowing a greater influence of
the southern Brazil waters and leaving a saltistesy (Limaet al,1996). The neonates
and juveniles (< 50 cm TL) o¥. schmittihave seasonal persistence to shallow and
fresher habitats, these habitats are warm and hmre abundance of its main preys
(decapods crustaceans) during spring, allowihgschmittineonates and juveniles to
maximize their growth rate. The adult has prefeeebyg deeper and warm waters in
winter, while that in spring show segregation by géth the females inhabit shallower
water than male (Cortégt al, 2011). The spring environmental preference byis@lso
observed inS. guggenheimwhere the preference salinity range of adultses\@27.8—
35.5) and females (24.8-35.4 ups; gravid and nawmidy show significant differences
(Vogler et al, 2008). In both shark species, the adults arecesed to the deepest
coastal waters during winter, and coincide with pleeiod (autumn - winter) of highest
abundance in the outer shelf water (between 501&0dn depthM. schmitti,Pereyraet
al., 2008;S. guggenheinyogler et al, 2008). The observed predominance of neonates
and juveniles in coastal water, and the largernviddials in outer shelf water, indicates
that the winter size class distribution patterms®éo be associated with the ontogenetic
movements from the nursery area to deeper watewagh the development. During the
reproductive season, the parturition of both smedakes place in spring and early
summer (Colonellet al, 2007; Cortés, 2007), the adult males and femdilgslay a
differential migration towards nursery area (shallooastal waters, <30 m). The female
of S. guggenheirhas a reproductive cycle of three year, at diffeeeof M. schmittiwho
has annual reproductive cycle, which will determtiat the migration movements

related to mating and parturition does not affdttttee reproductive population, and



therefore the migration will be less intense thdreospecies (Vooren & Klippel, 2005).
Considering the similar behavior of these sharlcigsefemales, and according to Vogler

et al. (2008) hypothesis fd8. guggenheinthe birth and nursery area should be located

along the coastal zones of both Urugua$4—35S) and northern Argentina35-38S);

adjacent to Rio de la Plata discharge. The relatse of these areas 8 schmitti
nursery and mating grounds shows inter annual Naniaffected by the environmental
conditions (Fig. 12, Cortést al, 2009) and the juveniles (37 to 56 cm TL) and ned
sized adults (57 to 75 cm TL) are the most influstatges in population growth rate
(Cortés, 2007). Therefore, the environmental comat could have a considerable impact
in the M. schmittipopulation growth rate restricting the use of duéehabitats to growth
and reproduce.
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Figure 12. Variation in the spatial distribution Mustelus schmittduring springs with
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The coastal area is also used by juvenileZabterix brevirostris,and by the
pregnant females that inhabit this shallow areanfrthe spring-summer until the
parturition, that mainly occur during autumn-wint&he rest of adult females and adult
males migrate to depth water after the reprodudaeason, although reproductive cycle
of three year of the female (Colonello, 2009; Celtmet al, 2011) would determine that
the migration movements related to mating and pédn does not affect all the
reproductive populatioZ. brevirostrisselect sandy bottoms to feed on polychaetes and
lancelets, where the fishing has the higher agtiBarbiniet al, 2011).

The chondrichthyes ecological relationship isl diitle knowledge, but the
available information evidence that many shark gsease the SWACS as feedind.[
schmitti (Bellegiaet al., in press),S. guggenheiniVogler et al., 2003, Colonello 2005,
Vogler et al., 2009), Galeorhinus galeus(Lucifora et al, 2006), Carcharhinus
brachyurus(Lucifora, 2003) Notorynchus cepedianysucifora et al, 2002, , Lucifora
et al., 2005a), Z brevirostris (Barbini et al., 2011)], mating M. schmitti(Menni 1985,
Cousseau 1998)5. guggenhein{Colonello et al, 2007),G. galeus(Lucifora et al,
2004),Carcharias taurugLucifora, 2003, Luciforaet al, 2002) Sympterygia bonapartii
(Mabraganaet al, 2002)], and nursery groundM[ schmitti (Cousseau 1986, Menni
1986, Menniet al, 1986),S. guggenheirfColonelloet al, 2007; Vdoglert al, 2008),G.
galeus( Lucifora et al, 2004),Carcharhinus brachyurugLucifora et al, 2005b),N.
cepedianugMenni & Garcia, 1985; Lucifora, 2003)], suggestithat the environment

could have influence on spatial and temporal udsabftat.

4) Implication of environment variation on the cota fishery and fisheries
management to fish conservation.

It is clear that climatic variability (changes imaligity and temperature
distribution, wind fields, hydrological cycles, ettt annual to decadal time scales) have
effects on the abundance and distribution of fislthe Rio de la Plata and its adjacent
coastal waters, which could have major effects lo@irtpopulation dynamics. The
scarcity of long term biological observations (pbi®gy, growth, reproductive capacity,

mortality, prey abundance, etc) in the Rio de &@a&has limited the knowledge of the



variability in different time scales of this impart variables as to determine the
consequences of environment forcing.

The high spatial variatior2Q0 km, ~35% of area) in the coastal water distigiout
affect the fish distribution at different levelpfn community level (fish assemblage) to
single speciesR. nudigula, P. punctatus, DQschudii, M. schmittijand its life history
stage M. furnieri, C. guatucupa)That environment variation affects the productadn
artisanal fishery settled at the innéfi¢ropogonias furnieri,Norbis 1995) and outer
(Mustelus schmittyJaureguizaet al, in press) part of the Rio de la Plata, due tartsh
travel distance in order to access the resourbesavailable fish population in the area
accessed is one of the most important factor tledérohine its productionMustelus
schmittiis available to artisanal fishery of Partido deClasta (Argentina) during austral
spring/summer season, associated to reproductigeatian from depth to shallow water
(Cortes et al., 2011a). Thd. schmittiproduction (Ind/100m*24 Hs) during 2008/2009
fishing season was higher than the 2009/2010 ptadu¢Fig. 13) and the change was
related to environment. The temporal series of byl satellite (mg ™), related to
salinity (Piolaet al, 2008), and the habitat associationMf schmitti (Cortéset al,
2009), allow to determine that during the time vehire salinity was higher than 28 there
was an elevated fishery, while the declining in greduction was associated to low

salinity in the coast (Figure 13)
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Figure 13. a) Location of the artisanal fishery Partido de la Costa, b)
relationship among chlorophyll satellite (CSAT, m’) and salinity in the Rio de la
Plata (Pioleet al, 2008), and cMustelus schmittproduction (Individual caught by 100

meter of net during 24 hours).

In the same way, the environment, across its @iffeal influence in the habitat used by
size composition, age and maturity stage, afféwsbisic information (numbers caught)
obtained during the cruises evaluation for assgss$ish stocks, and finally have
implications on management regulation of fishingpylation. This is the case of
Cynoscion guatucupdFig. 14), marine migrant specie whose populatige-eass
structure available in the Rio de la Plata andcadjpUruguayan coast is determined by
the synoptic environment conditions (see early)ng@ldhe coast (Jaureguizar and
Guerrero, 2009). The environment dynamic affeatsatvailability of different length size
class to commercial fishery and as to evaluatiamses affecting the CPUE and the total
biomass estimated from cruises (Fig. 14). The Clebdiamercial fishery does not follow
a determined pattern, it will not be proportional hiomass and the CPUE could no
explain the changes in tlg&ynoscion guatucupabundance (Perrota and Ruarte, 2009).
Therefore, as the estimation did not representajlofdlex of total biomass, to describe
the total biomass dynamic in reliable term it ipossible to use Schaeffer global model,
and only can be estimated a partial abundance papalation fraction taking in account

the environmental condition (Aubone and Ruarte 8200

Taking in account the high environment dynamicshef Rio de la Plata and the
strong habitat association of fish species/stdge,nbnitoring programmers need to be
designed with all of these objectives in mind, ag pf a dynamic and reflexive process
which integrates science and manageméntderstanding how the habitat associations
change along the time with species/stage will gtevmew knowledge which may be
useful in refining spatial fisheries managementragghes and in delineating essential

fish habitat.Effective fisheries management relies on knowledigthe spatial-temporal



distribution of fish populations, and the qualititbese data have in some cases been

deteriorating and continuing effort is needed toma@n adequate standards.
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