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ABSTRACT

A study on sediment surface diatom composition élation to both protein/carbohydrate content and
salinity was carried out in Montevideo Bay and #ufacent coastal zone. Samples were seasonally take
during one year along a human impact gradient, thedtrophic conditions were assessed from the
biochemical composition of the surface sedimenawigmatter. The co-occurrence of the marine-bsicki
(Actinocyclus curvatulus, Actinocyclus gallicus, Coscinodiscus excentricus, Coscinodiscus radiatus,
Hyalodiscus subtilis, Paralia sulcata) and freshwater diatom floraAlacoseira granulata, Aulacoseira
italica, Aulacoseira muzzanensis, Actinocyclus normanii, Amphora copulata, Cyclotella meneghiniana,
Nitzschia linearis), suggests myxohaline estuarine conditions in shely area. The sampling stations
located within the bay, close to several contannasources, exhibited hypertrophic conditions as
indicated by the highest levels of protein contént, also by the high relative abundancegafnocyclus
normanii and Cyclotella meneghiniana, as both diatom species are very well establistemmopolitan
proxies of aquatic degradation. The levels of hpthtein and carbohydrate content, but also photbsyic
pigments, recorded in the adjacent coastal zongestigneso-eutrophic conditions as contaminatioeldev
from the inner bay might become diluted off shokultivariate diatom species-environmental data
relationships, indicate that the trophic gradienhierarchically more important than salinity irpkining

the diatom distribution. The present data imply iexprovement in our ability of assessing organic
contamination in the study area, since both bialighnd biopolymer variables were introduced fer fitst
time as a tool for assessing the benthic healtiddidgjon in one of the most populated regions efRfo de

la Plata.

Resumo

Foi realizado um estudo da salinidade e da composigs diatomaceas presentes no sedimento suglerfici
em relagdo ao contelido de proteinas/carboidratBsidade Montevidéu e regido costeira adjacentanfro
obtidas amostras sazonalmente durante um ano go teum gradiente de impacto ambiental humano, e
as condicGes tréficas foram determinadas atravémélise da composicéo bioquimica da matéria occgani
do sedimento superficial. A coocorréncia de espéde diatomaceas marinhas-salobrdgtirfocyclus
curvatulus, Actinocyclus gallicus, Coscinodiscus excentricus, Coscinodiscus radiatus, Hyalodiscus subtilis,
Paralia sulcata) e diatomaceas indicadoras de &guas dokdlscpseira granulata, Aulacosera italica,
Aulacoseira muzzanensis, Actinocyclus normanii, Amphora copulata, Cyclotella meneghiniana, Nitzschia
linearis) sugerem condi¢Ges mixohalinas estuarinas nad&esstudo. As estacdes amostradas dentro da
baia, proximas as fontes contaminadoras, apresectawticdes hipertroficas apontadas pelos maiores
valores de proteinas e pela alta abundancia raldiActinocyclus normanii e Cyclotella meneghiniana,
sendo gque ambas espécies sdo consideradas cosaomolindicadoras de degradacdo aquética. As
concentracdes de proteinas e carboidratos, bem osnpigmentos fotossintéticos registrados na regido
costeira adjacente sugerem condicdes meso-eugéficama diluicdo dos niveis de contaminagdo do
interior da baia rumo a regido externa. A andlisétivariada entre espécies de diatomaceas e padsnet
ambientais indica que o gradiente tréfico posseridtguicamente maior peso que a salinidade nacexglh

da distribuicdo das diatomaceas. Os resultadodashtiemonstram um aperfeicoamento na habilidade de
determinar a contaminagdo organica dentro da &essiido, ja que pela primeira vez tanto as vasiave
organicas quanto os biopolimeros foram introduzidesio ferramenta para a determinacédo da relagéo
degradacéo/saude de uma das mais populosas rdgi&ée de la Plata.

Descriptors: Diatoms, Carbohydrates, Proteins,d&ts, Coastal eutrophication, Uruguay.
Descritores: Diatomeas, Carbohidratos, ProteinstsaEios, Eutrofizacion costera, Uruguay
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INTRODUCTION as total N and P concentrations, oxygen saturation,
turbidity, algal biomass and primary production
During the last five years, the Rio de la platd VOLLENWEIDER et al., 1998). This is also the case

estuary has become increasingly important as df' the Rio de la Plata (e.g. NAGY et al, 2002;
international biodiversity reserve of the biospherdALLIARI et al., 2009). However, more recent
(FREPLATA, 2004). The estuary lies within the approaches take _|nt0 account the _benthlc _compattmen
second largest hydrographic basin in South Americ&nd/or the coupling of the pelagic/benthic domains,
and it is strongly influenced by the freshwateninpf pecausg the sediment constitutes a complete redord
two large rivers (i.e., Uruguay and Parand) and th@formation on the water column processes. In
intrusion of marine water from the Atlantic Oceam. addition, eutrophication should not only be undeet
addition, the influence of both warm and cold watePS the increment of inorganic nutrients or proalityti
masses from the Brazil and the Malvinas currentd? the system, but also as the accumulation ofroega
leads to great environmental heterogeneity (ACHA ggarbon in bottom sediments (CLOERN, 2001).
al., 2008). Such natural heterogeneity, combinetth wi Because of the con_servatlve na_ture of organic _carbon
profound human impact (i.e., due to overfishingMore re_cent technqu_J_es take |nto_ consideration t_he
diverse sources of chemical and biologicab'OChem'Cal composition Qf .sedlmentary. organic
contamination, urban  development, populatior{“att,er to assess eutrophlcgtlon trends in coa;tal
increase and navigation) (FREPLATA, 2004; CARP_marlne environments. In part!CUlar, sediment prDtel
CTMFM, 1999), implies that the development angnd garbohydrate concentrations appear to be good
testing of environmental impact assessment toals af€SCriptors of the trophic state of the benthidesys
very important for the management of the systeris ThaS demonstrated by Dell’Anno et al. (2002).
is imperative, especially in populated areas sugh a As a result of excessive nutrient loads and
Buenos Aires and Montevideo, the two most importarif’créased organic matter production, the sedimentat
cities and harbor areas of the Rio de la Plata. rate of organic matter may exceed that of its
Montevideo city contains a highly active dégradation and bottom water oxygen may be
harbor that received 317,000 containers in Zooge,xhausted, thus influencing benthic environmental
which represents approximately 1.5 million tons Oponditions' gnd biotic communi.ties. Benthic digtoms
goods. In addition to this intense harbor activay,0il &€ Sensitive to many environmental variables,
refinery, a large number of leather/food-industryncluding light, temperature, current velocity,isdy,
facilities and a thermoelectric station, are lodate PH: 0Xygen, nutrients, organic carbon and organic
the catchment area of Montevideo Bay. Thus, theze aPitrogen (VAN DAM et al., 1994; WILSON et al.,
several sources of potential environmental degiadat 1994 KELLY, 1998, WITKOWSKI et al., 2000;
to this system. A number of contamination studie®RYGIEL; COSTE 2000; WELKER et al., 2002;
have already been carried out in this area, thet moSARCIA-RODRIGUEZ et al,, 2007a). They are,
comprehensive of which (MOYANO et al., 1993;therefore, very we!l established as organisms fier t
DANULAT et al. 2002; MUNIZ et al., 2002: 2004a, b: assessment of environmental degradation.
VENTURINI et al., 2004: BURONE et al., 2006: This study aims to assess the trophic state of
BRUGNOLI et al., 2007) have assessed th(g/_lonteviqeo Bay an(_j the adj_acent coastal zone, using
environmental degradation of Montevideo Bay and thBiochemical — descriptors in  surface sediments,
adjacent coastal zone. These papers have focused @nPined with microalgae biomass and community
the influence of heavy metals and hydrocarbons ofi@t@, as a tool to identify zones with differemtpnic
benthic communities in order to demonstrate thd€drees, and relate them to both contaminatiorcesur
negative impact of the industrial operations conedr and natural variability.
on the ecosystem’s health. It has been concludad th

the benthic system of Montevideo Bay faces extremely THE StupY AREA
harmful conditions, because of the combined aation
all the pollutants (e.g., BURONE et al., 2006), tHoug The Montevideo coastal zone lies between

with a relative improvement of environmental34°507-34°56’'S and 56°05°-56°25'W (Fig. 1). It is
conditions off the bay (VENTURINI et al., 2004). located on the central part of the coast of thedrita
However, in addition to the pollutants, there iscah Plata which lies within the second largest basin in
severe eutrophication problem in the bay (NAGY eSouth America. The Rio de la Plata is a tidal rivith
al., 2002). a coastal plain and a semi-enclosed shelf seaeat th
The eutrophication of coastal waters can benouth. Salinity, halocline depth and vertical mixin
related to the urbanization of coastal drainagensas vary with astronomic tidal oscillation on an hourly
agricultural activities and also human and indaktri basis, while axial winds influence water height and
discharges. Most eutrophication assessments asalinity on a daily basis (NAGY et al.,, 1997). The
performed by combining water column variables such
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mean annual river flow that determines from monthlyand clay fractions (AYUP, 1986). The predominant
to interannual variations is 25,000 m3 s-1. winds, from the NE and W-SW, are very important in
The system is characterized by largedetermining the water circulation, mainly clockwisg
amounts of suspended particulate matter (SPM), shallow depths (MORESCO; DOL, 1996).
high nitrogen : phosphorous ratio (N:P >25), mottera According to Muniz et al. (2002), the inner
chlorophyll a, and the occurrence of cyanobacteripart of Montevideo Bay has higher sediment
blooms (NAGY et al., 2002). Seaward of the salinityheterogeneity, higher organic load and lower oxygen
front, where both SPM and nutrient concentratia®s a content in surface sediments than do the outermost
lower and chlorophyll a values greater, the nepart of the bay and the adjacent coastal zoneRia.
ecosystem metabolism is positive. Permanertarretas and Pta. Yeguas). This inner part of
stratification controls nutrient, organic matterdan Montevideo Bay is grossly polluted by Cr, Pb and
oxygen dynamics, leading to biological stress angetroleum hydrocarbons, while the other zones show
hypoxia below the halocline. Periodic nuisance andhoderate pollution (VENTURINI et al, 2004).
toxic blooms occur at high salinities along theDanulat et al. (2002) have defined the Montevideo
Uruguayan coast (NAGY et al., 2002). TheHarbor as a hyper-eutrophic system, which receives
assessment of the regional and overall ranking afonsiderable nutrient and organic loads. Burona.et
eutrophic conditions determines that the system i€006) recorded Cr values of 657.1 + 76.3 mg kg -1
moderately eutrophic (NAGY et al., 2002). Howeverand Pb values of 369.6 + 54.23 mg RKgwithin
increased freshwater and nutrient loads, and the loMontevideo Bay, and Cr values of 38.242 mg
potential for the dilution and flushing of nutrient kg® and Pb values of 54.9 4.91 mg kgin the
suggest that the Rio de la Plata, is prone to adjacent coastal zone.

worsening of eutrophication conditions such as One of the most important environmental
oxygen stress and harmful blooms (NAGY et al.problems in that part of the study area where many
2002). industrial facilities are located, is the lack of a

Montevideo Bay has an approximate area o$anitation system (Fig. 1). Although a sanitation
10 km2. It holds a petroleum refinery, thesystem is being constructed, the finalization a6 th
BatlleThermoelectric Facility and the Montevideoproject is planned for 2020, when 100% of the city
Harbor. Three streams flow into it, the Migueletewill be covered by the sanitation system. Thus, the
Stream, the Pantanoso Stream and the Seco Streamontrol and management of such industries is a
this latter through an artificial pipe-line. Thesteeams priority issue. Further information on the studyar
carry waste from many different industries, povertyhas been published elsewhere (DANULAT et al,
stricken settlements and a large number of sewa@®02; MUNIZ at al., 2002, 2004a, b; BURONE et al.,
pipes. Modern sediments are mainly constitutedlof s 2006).
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M ATERIALS AND METHODS hours. Analyses were carried out in triplicate and
concentrations were normalized to sediment dry
weight. We used the classification proposed by
Dell’lAnno et al. (2002) based on protein and
carbohydrate concentrations to assign differeqthio

Surface sediment samples were seasonal n_ditions to the 18 sampling Io_cations. These @msth
(winter, spring, summer and autumn) collected at 18€fined hypertrophy for protein and carbohydrate
stations, from July 2007 to May 2008 (Fig. 1). Atk ~ concentrations > 4 and > 7 mg-,grespectively,
station two replicates of van Veen sediment gratewe 8Utrophy for protein and carbohydrate concentration
taken (0.05 ). The grab was always opened gently t'°m 1.5 to 4 mg g and from 5 to 7 mg Yy
avoid sediment surface disturbance. On board, cirfa’€SPectively.  Finally, meso-oligotrophy for = protein
subsamples were taken for the analysis of diatom§oncentrations < 1.5 mg g and carbohydrate
chlorophylla, phaeopigments, total organic matter,concentrations < 5 mg 'g In addition, three sub-
organic biopolymers and sediment type. They wergamples of ~1.5-2.0 g were analyzed for total digan

immediately frozen at -20°C in aluminum containerdnatter (TOM) in all stations by weight loss on igon

until analysis. Conductivity, temperature, pH and?t 550C for 4 hours following the protocol suggested

dissolved oxygen in bottom water (i.e. 10 cm abov®Y Heiri etal. (2001).
the sediment surface) were measured with an®YSI
multi-parameter device, and depth was measured usin
a Hummingbir@ echo-sounder. The bottom oxygen
saturation percentages were calculated according to
the equation of Weiss (1970).

Samples for diatom counting

Field and Laboratory Methods

Statistics

For statistical analysis all data were
transformed log, (x+1) to meet parametric criteria.
and Differences in environmental variables among stegio

identification were treated with 2N N3O, to : 9

. d seasons were investigated by means of two-way
deflocculate the sediment and remove clay. Then, 1%” S ) .
ml of 35 % HCI were added and allowed to stand fo NOVA. When a significant difference for the main

24 hours to eliminate carbonates, and rinsed fives effect was observed (p < 0.0% Tukey's post hoc

with distilled water. Next, 10 ml of 30 %.,8B, were comparison  test was als_o performed. Cluster
added to eliminate organic matter, and then thgnalyses were performed for diatom abundance data,

samples were boiled for four hours and rinsed fiv ;'t't“%l//f ”zhe. p/rohgram /PA;STCI \iersmn 1.81
times with distilled water. Permanent slides were P-/0IK.Ulo.nojohammer past). Cluster groupsave

. . ) e identified using the Morisita method, as recommehnde
QO;T;?:]Jnm Noipgg%fsglsggnwags aggu:ﬂggt'féﬁagggbwhen data consist of relative abundances (HAMMER

BT : : - et al., 2008). The significance of the diatom @ust
magnification in each sample. Species were ideqtifi )
according to Frenguelli (1941, 1945), Miller-Melche groups was tested by performing ANOSIM on the

: o . triangular matrices of Bray Curtis similarity of diat
(I\jgtf)zi)l’tin l\e/Ite;Te(Iggos?nd Garcia-Rodriguez (zoog)abundances. The level of significance was calcdlate

om 999 permutations in all cases. A Detrended

One sub-sample (ca. 100 g) was submittedég . ; ’
o : anonical Correspondence Analysis (DCCA) was first
the standard dry-sieve and pipette method (SUGUIC; rformed to check that the length of axis 1 <S5

1973) and parameters described by Folk and Wal its Th c ical C d Analvsi
(1957) were calculated for sedimentological datatnM"s: en tanonica orrespondence - Analysis

Three sub-samples were used to determin
photosynthetic pigment content of surface sedimen

according to Lorenzen (1967). Sediment protein an 998). First, an exploratory analysis was run usilig

carbohydrate content were analyzed from the thirenvironmental variables. A subset of environmental
sub-sample colorimetrically. Proteins (PRT) were :

extracted in 0.5 NaOH during 4 hours and anal Zeﬁaria'bles was selected by examination of the 'vaeian
following the method of Lowr;g et al. (1951) modﬂi):e inflation factor (VIF). Those variables that exhéd a

: : IF > 10 (i.e., multiple collinear variables) were
by Hartree (1972) with the compensation for henoY -
in{erference( pro)posed by Eice (1982)|0 ar]c;emoved one at a time (WILSON et al., 1994). After

concentrations expressed as bovine serum aIbum?r?Ch ellr_nlnatlon,_ CCA was re-run and the VIFs were
re-examined until no extreme values were observed.

(BSA) equivalents. Carbohydrates (CHO) WereThe CCA diagram was plotted using CANODRAW

analyzed by the method of Dubois et al. (1956) , = > ) -
modified by Gerchacov and Hatcher (1972) for .h'c.h. is available in (.:ANOCO. for windows. The
nificance of the ordination diagram was assessed

sediments, and concentrations expressed as gluc . .
equivalents. For each analysis blank used sedimerWé%h the Monte Carlo permutation test using 1000

were  precombusted at 480-500°C  for 4unrestr|cted permutations.

CCA) was performed for environmental and diatom
ata for winter, spring, summer and autumn, using
ANOCO for windows (TER BRAAK; SMILAUER,
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ResuLTs carbohydrate content of 8.86 mg in the internal bay
was recorded at station B in spring, and the minimum
Bottom Environmental Conditions value was registered at station F in the wintevesyr

(0.95 mg ¢). The adjacent coastal zone exhibited a
Table 1 shows seasonal values of almaximum carbohydrate concentration of 7.89 g g
environmental variables for all stations/seasorat that station O in autumn, whereas the minimum value
were measured throughout the study, and used in tk@24mg g) was observed at station H in winter
exploratory ordination analysis. Bottom water(Table 1A and B).
temperature and salinity were similar to those of In general, mean annual values of
previous studies in the study area, as temperatughloroplastic pigments, carbohydrate and protein
values ranged between ~ 7 and@5while salinity —content showed the same trend, with highest valties
ranged between 3 (in the internal bay stations)2® the internal bay stations (B and C). The adjacent
in the adjacent coastal zone. Oxygen saturatiomegal coastal zone, on the other hand, exhibited a high
ranged between 50 and 154% with a mean value gfriability (Fig. 2). Phaeopigment concentrationswa
91%. The lowest values were observed in winter always higher than chlorophydi{Fig. 2A). According
stations A and B, and the highest in summer abststi to the carbohydrate data most stations fall inte th
C, E and G. Intermediate values were recorded duririjeso-oligotrophic category and a clear decrease of
autumn and spring (Table 1). Silt was the dominargarbohydrate content was observed from the inner to
sediment fraction, ranging between 51% and 809he outer bay stations. The adjacent coastal zane ¢
except for station H in autumn when sand was thee classified as meso-oligotrophic to eutrophig (i
dominant one. The second most important fractioB). On the other hand, protein data indicate thastmo
was sand, which ranged from 5 to 70%. of the bay stations are hypertrophic (A through G
and the adjacent coastal zone can be classified as
PhotoSynthetic Pigments and Organic Biopolymers  eutrophic to hypertrophic. According to protein ajat
none of the stations fell into the meso-oligotraphi
Chlorophylla concentration in sediments category (Fig. 2 C).
varied from 2.41 pgYat station Q in winter to 22.61
Hg g at station B also in winter (Table 1A and B).

The minimum phaeopigment concentration, 1.72 pg Diatoms and Dictyochophyceans
g'l, was recorded at station H in winter, while the
maximum (117.51 ug Y was observed at station B in A total of 124 diatom taxa and one

summer (Table 1A and B). Both chlorophgiland dictyochophycean were identified in the study area.
phaeopigments showed significantly higher values athe most abundant taxa (i.e. > 3% at at least three
station B (Tukey's test, p < 0.01, Fig. 2A).stations, Karst and Smol, 2000) are presentedga. Fi
Chlorophylla concentrations were highest in spring,3 through 6. The most abundant species was
whereas, significantly higher phaeopigment valuedulacoseira granulata, which together  with
were recorded in summer and autumn. Total proteiAulacoseira italica and Aulacoseira muzzanens's
concentrations did not display significant temporalhereafter theAulacoseira group), accounted for >
changes, but showed significantly  higher30% and < 70%. Actinocyclus curvatulus and
concentrations at stations B and C (Tukey’s test, p Actinocyclus gallicus were the second most abundant
0.01). The maximum protein values for the internataxa and achieved maximum abundances of ~30% and
bay stations were recorded at station B in springinimum abundances of ~ 15 %. Other important but
(16.37 mg @) and the minimum at station F in winter less abundant taxa wer@oscinodiscus excentricus,
(3.17 mg ¢.Table 1A and B). The adjacent coastalCoscinodiscus radiatus, Hyalodiscus subtilis and
zone exhibited a maximum protein value of 6.78 mg ¢Paralia sulcata which displayed values close to 5 %.

! at station J in spring, while the minimum wasThe least abundant taxa weketinocyclus normanii,
recorded at station | in spring (1.08 mg'g Amphora copulata, Cyclotela  meneghiniana,
Carbohydrates did not display significant differesice Nitzschia linearis, Pleurosira leavis, Pleurosira
among stations due to high temporal variabilityminor, Staurosira pinnata and Ulnaria ulna. In
(Table 1). However, mean annual values showed ttagddition, the dictyochophyceaiDichtyocha fibula
same trend to that observed for proteins andttained abundance values of ~ 20 % in some cases.
chloroplastic pigments with highest values at stai The stations were grouped by performing
B and C, a decrease towards the outer part of tislister analyses for all seasons (Fig. 3 througiTie
bay and a high variability in the adjacent coastale ANOSIM results are shown in Table 2. The diatom
(Fig. 2). In addition, significant differences werecluster groups were significant in all cases exdept
observed between seasons with lower carbohydra&®ring, pairwise test between groups 1 and 3 (0%,1
values in winter and autumn. A maximumTable 2).
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Table 1A. Seasonal values of recorded environmenati@bles. The letter to the right of the stattoname indicates
the season (W= Winter, Sp = Spring, Su = Summest, Autumn). Z = depth, CHO = Carbohydrate, PRT =téim
BT = Bottom Temperature, BOS = Bottom Oxygen Sdtoma BpH, Bottom pH, BS = Bottom Salinity, OM =
Organic Matter, Chl-a = Chlorophyll-a. Values givegtween brackets represent +/- SE.

Station z CHO PRT BT BOS BpH BS OM (%) Chl-a Sand Silt Clay
(m  (mggh (mg g% () (%) (ng 99 (%) (%) (%)
AW 1 1.62(0.7)  9.01(0.1) 7 53.1 74 47 7.6 (1.4) 4.6 (3.2) 31.54 52.75 15.71
A Sp 1.4 6.85(0.3) 8.37(1.9) 21 99.3 8.6 44 @.6) 9.6 (0.8) 62.59 31.99 5.42
ASu 1.2 278(0.3) 7.03(0.2) 24.9 102.3 7.9 27.28.4(1.9) 10.9 (4.5) 14.51 68.13 17.36
AA 1.3 4.03(0.7) 7.08(0.1) 16.8 67.7 7.9 4.0 61(11.5) 11.5 (2.1) 62.4 30.47 7.09
BW 1.2 6.64 (0.7) 13.09 (1.3) 10 50.1 7.4 7.1 ©.7) 22.6 (11.2) 23.55 66.1 10.35
B Sp 1 8.86 (1.2)  16.37 (1.6) 215 64.5 8.1 5.4 512.9) 13.9 (7.7) 27.72 62.06 10.22
B Su 1 6.29 (1.2)  9.86(0.3) 255 141.0 8.1 275 2(8.3) 23.1(7.5) 29.24 61.14 9.62
BA 15 421(1.0) 8.87(0.3) 17 91.2 7.7 3.7 12.3) 21.4 (7.0) 50.44 43.71 5.85
cw 1 4.32(1.3) 4.87(0.3) 7 68.6 7.8 7.8 7.2X1.  7.9(0.6) 36.09 53.5 10.61
CSp 1.2 3.45(0.5) 9.18(0.2) 215 91.1 8.2 4.7  .4100) 10.2 (3.13) 35.54 53.96 10.5
CSu 12 849(06) 15.25(0.3) 24.4 154.3 8.3 27.29.2 (2.0) 12.4 (8.2) 11.19 74.11 14.7
CA 1.2  6.79(0.8) 9.63(0.2) 17 65.7 7.6 3.7 1@.6) 5.4 (1.1) 50.57 41.12 8.31
DW 3 6.53(0.4) 9.01(0.4) 7 735 7.6 7.2 8.B)3. 7.6 (4.8) 39.21 50.36 10.43
D Sp 1.6 1.56 (0.7)  7.00 (0.6) 21 90.6 8.4 55 (8.0) 14.6 (1.4) 31.54 55.47 12.99
D Su 1.6 1.71(05) 6.61(0.3) 22.7 131.1 8.1 27.88.7 (2.7) 7.2 (2.0) 20.07 66.41 13.52
DA 3 6.03 (0.3) 12.10 (3.7) 17 78.4 7.7 35 1LY 6.2 (1.0) 45.35 44.74 9.9
EW 1.8 1.60(0.3) 5.61(0.2) 7.5 67.0 7.7 8.3 ®.3) 13.9 (2.1) 37.14 53.53 9.33
E Sp 15 5.95(2.4)  7.50(2.0) 22 134.0 8.6 4.1 @5) 8.0 (3.9) 28.63 62.67 8.7
E Su 3 2.60(0.2) 4.44(0.3) 233 140.4 8.3 251 9 (#4) 10.4 (2.8) 47.21 46.72 6.07
EA 25  247(0.7) 8.40(15) 17 95.2 7.7 3.2 B.6) 11.0 (1.9) 56.38 40.24 3.38
FwW 2 0.94 (0.5) 3.17(0.4) 7.5 78.9 7.8 7.4 22X 13.9 (0.4) 29.33 62.79 7.88
F Sp 25 1.60(0.2) 3.19(0.1) 215 100.3 8.6 46 .2(0.6) 10.7 (2.4) 56.6 39.75 3.65
FSu 29 250(0.5) 4.97(0.1) 26.1 88.5 7.8 26.2 .2 (1.6) 10.4 (3.5) 9.86 74.85 15.29
FA 28 546(0.4) 7.18(0.2) 17.1 80.7 7.6 35 118.3) 6.4 (1.2) 47.17 47.24 5.58
GW 3 2.28(1.4) 3.70(0.7) 7.5 73.9 7.9 7.9 LX) 5.6 (1.2) 17.88 75.49 6.63
G Sp 2.8 4.80(1.7) 4.39(0.2) 20.6 98.3 8.1 6.1 8(6.8) 7.0 (2.0) 37.12 57.12 5.76
G Su 3.2 0.83(2.1) 5.29(0.1) 23.3 140.4 8.2 25.18.8 (2.8) 3.9 (3.0) 25.22 65.48 9.3
GA 35 1.82(0.7) 5.20(0.4) 17.1 84.8 7.9 3.2 (2.8) 5.0 (3.0) 34.21 60.83 4.96
HW 25 0.23 (0.3 1.45 (0.2) 8 69.4 7.9 85 4.3)3 10.1 (12.3) 81.05 13.8 5.15
H Sp 31 50(25) 4.83 (0) 21 77.6 8.2 7.5 7.2)0. 12.3(45) 40.9 52.06 7.04
H Su 2 1.32(0.9) 4.04(0.2) 23.7 111.7 8.0 277 6(5.4) 8.3 (1.5) 44.83 42.77 12.4
HA 3 2.37(0.4) 247(0.1) 15.5 77.4 7.8 4.4 A3 2.6 (1.1) 73.59 23.53 2.88
W 45  495(0.8) 5.80(0.3) 8 75.1 8 10.5 8.a)2 9.3 (2.9) 38.83 54.82 6.35
| Sp 46  4.82(0.6) 1.08(0.1) 21 70.2 8 6.8 9.8 0  14.6 (6.4) 31.42 59.34 9.24
ISu 52  3.64(0.4) 3.10(0.9) 21.2 85.6 8.0 275 .8(0.6) 5.6 (1.6) 5.74 81.88 12.38
1A 4.7 4.06 (1.0) 5.48(0.1) 17.2 84.0 7.7 5.6 012.8) 3.6 (1.3) 40.39 54.18 5.43
JwW 45 437(0.1) 4.36(0.1) 8 78.8 8 23.6 8.9)(0 6.9 (1.6) 31.75 61.56 6.69
JSp 4.2 5.23 (0.6) 6.78 (0.2) 22 89.7 8.2 5.0 (8.3) 12.2 (2.3) 25.64 65.59 8.77
JSu 5 1.13(0.5)  2.37(0.4) 212 1215 7.9 28.0 0(B5) 6.1(3.3) 12.99 68.34 18.67
JA 45  455(06) 2.20(0.1) 17.2 89.7 7.7 4.1 @.2) 10.6 (5.5) 45.25 49.81 4.94
KW 6.3 3.87 (1.0) 4.49(0.2) 7.5 84.5 8 26.8 ®6) 5.3(0.2) 16.75 72.38 10.87
K Sp 6.5 7.87(1.3) 291(27) 21 87.5 8.2 6.2 (1.6) 10.8 (4.1) 50.01 46 3.99
K Su 7.3  486(0.6) 4.74(0.2) 20.1 119.3 7.9 28.26.4 (2.5) 4.4 (1.3) 11.28 74.42 14.3
KA 7.5 5.04(0.3) 3.39(0.5) 17.1 94.3 7.5 109 8@.9) 9.9 (4.1) 21.92 67.99 10.09
LW 7 5.43(0.3) 4.78(0.2) 7 81.5 8 24.8 6.0Y1.0 5.0(1.9) 31.05 60.61 8.34
L Sp 73  159(34) 233(0.7) 19 76.2 7.8 8.7 (6.5) 14.1 (2.1) 26.91 63.44 9.65
LSu 6.5 4.38(0.4) 3.78(0.2) 211 123.7 8.2 28.44.3(2.1) 4.8 (1.4) 9.17 75.31 15.52
LA 7 6.27 (1.4)  5.96 (0.2) 17.1 79.0 7.7 9.0 1a.3) 8.4 (2.3) 36.46 57.56 5.98
MW 6 3.67(0.7) - 7.5 83.8 8 25.6 4.8 (0.9) 107) 9.54 75.7 14.76
M Sp 75 513(0.7) 2.24(0.4) 20 75.6 8.2 8.9 (2.8) 12.9 (5.7) 28.52 61.98 9.5
MA 79 7.75(0.6) 5.18(0.1) 17 923 7.6 157  (89) 10.4 (2.4) 39.03 54.73 6.24
NwW 45 158 (0.4) 4.52(0.2) 8.2 83.6 7.9 245 1(.3) 5.9 (2.4) 20.2 68.53 11.27
N Sp 4.7 3.03(1.6) 6.73(0.4) 21 81.8 8 6.5 6.6)(1 8.9 (1.6) 32,51 60.14 7.35
N Su 47  4.42(33) 3.93(0.5) 23.6 101.8 7.8 24.65.7 (2.3) 8.5 (2.5) 9.72 72.47 17.81
NA 49  4.0(13) 5.89 (0.1) 17 101.6 8.1 3.4 5 8) 10.9 (0.7) 4456 49.87 5.58
ow 45 2.23(15) 4.03(0.6) 8 82.0 7.8 186  (8.3) 59 (3.2) 12.97 76.66 10.37
O Sp 4.7 4.34(0.8) 3.07(0.3) 21 68.4 8 8.1 7.0(1  8.4(3.0) 31.3 63.08 5.79
O Su 4.8 5.89 (1.0)  4.48(0.2) 23.1 112.5 7.8 27.96.6 (3.2) 7.1(3.0) 9.63 73.54 16.83
OA 47 7.89(0.7) 6.41(0.4) 17 96.2 8.1 3.2 3 6) 11.9 (5.3) 37.01 55.69 7.3
PW 6 1.90(0.3)  4.60(0.1) 8.5 79.6 8 23.4 43)3 5.1(2.7) 21.32 69 9.68
P Sp 5 4.20(2.0) 3.26(1.6) 23 104.3 8.6 4.4 0.8)( 9.3 (1.1) 29.11 63.31 7.58
P Su 6.2 5.40 (2.2)  3.36 (0.6) 25.4 94.6 7.9 28.1 .2 (3.0) 3.9(2.1) 10.6 76.79 12.61
PA 6 4.49 (1.4)  5.09 (0.8) 17 82.9 7.9 4.0 9.6)3. 4.9(1.8) 42.67 52 5.33
QW 6 1.49 (0.5) 4.86 (0.4) 7.9 83.1 8 24.6 4.6)1 2.4 (0.4) 14.06 74.91 11.03
QSp 6.1 294 (1.8) 2.22(0.7) 23 96.9 8.9 3.9 (33) 16.0 (1.6) 25.72 66.9 7.38
QSu 7.4  573(1.3) 4.23(0.4) 229 118.9 7.9 27.97.4 (3.7) 5.9 (1.1) 8.67 77.89 13.44
QA 7.1 4.38(0.8) 4.07 (0.9) 17 98.21 7.8 4.8 2.9) 6.6 (2.6) 29.46 64.49 6.05
RW 6 2.10(0.3) 3.83(0.1) 8 74.8 8 25.5 4.1)05 7.7 (3.0) 32.4 60.73 6.87
R Sp 6.1 - - 22 75.6 8.2 5.1 6.2 (1.5) 9.8 (2.4) 831  68.49 9.68
R Su 7.1  356(15) 4.87(0.5) 24 101.9 7.9 27.9 4(34) 4.4 (0.5) 5.69 79.8 14.51

RA 71 506(11) 5.0(0.1) 17 87.4 7.7 6.5 9.0 6.1(2.9) 30.06  63.12 6.82
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Fig. 3. Left: winter cluster analysis of diatom a@aRight: diatom relative abundances for each ef th
stations (A through R). The ecological prefererafethe diatoms are indicated on the top graph.

Table 2. ANOSIM results for the diatom groups idféed in the cluster analyses presented in figdrés 6. A number of 999
permutations was used in all cases.

Season Group of stations R global and N° of permuations Pairwise test
probability (%) R and probability (%)
Winter Group 1: A, C through G and | 0.745; p = 0.1% higher than or equal to Global R: 0
Group 2: H, J, L through R
Spring Group 1: B,C, E 0.979; p=0.1% higher than or equal to Global R: 0 1 &1.0;p=0,2%
Group 2: D, Fthrough O, K, R R;3=0.667; p = 10%
Group 3: P, A R;3=0.965; p = 1%
Summer Group 1: B,C, N, O 0.699; p=0.1% higher than or equal to Global R: 0 R,,=0.831; p = B%
Group 2: D, F through [; R;3=0.663; p =0.8%
Group 3: A, L, P through R R;3=0.812; p = 0.8%
Autumn Group 1: A, B, C, K, N 0.571; p = 0.4% higher than or equal to Global R: 3

Group 2: D, F through J, L, M, O through R
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Cluster analysis identified two main stationAulacoseira (ca. 70%). Stations K and B were grouped
groups for winter. The upper section of theinthe lower section of the diagram.

dendrogram (Fig. 3) consisted of stations C thra@gh

In spring, two main station groups were

A and |, where the most abundant diatom specidadentified. The first, in the upper section of the
were the Aulacoseira group, with Actinocyclus
curvatulus, Actinocyclus gallicus, Coscinodiscus
excentricus, Coscinodiscus radiatus, Hyalodiscus
subtilis and Paralia sulcata as co-dominant species. 60%, and co-dominance dfctinocyclus curvatulus

The middle section of the cluster grouped the atati
of the adjacent coastal zone (i.e., H, J and Lutino

dendrogram, comprised stations B, C and E located
within the bay (Fig. 4), where th&ulacoseira group
abundances accounted together for slightly mora tha

and Actinocyclus gallicus was observedStations D, F
through O, Q and R were distinguished because they

R) showed very high relative abundances of thdisplayed the highest values of th&ulacoseira

granulata, which in most cases were close to 60%.

. FW " FW/Brackish ., Brackish/Marine
/ 7/ 7/ 7
. Planktonic 42 Benthic ;. Planktonic ,
/ 7/ / 4
@ 3 &
& NI SN
2 N S &N o &
¥ v & & & F & P @
S By o EE ST F LN, e P
§T @ . S & PSP B - I P\ AN
@ @ R K . ,@Q\ & oS (}o%_,b,ﬁ IR ISR P
Similarity Goa"’ 0020 (990 & N &@ ‘v’“\\(b 3 o‘q}\ & & & é>°° <'>°° \()é’\6 '\\7’2 @5}{ @c}{ S
2oL S ENIROIF NN S N
e PR RS E T I N

&
¥ ¥ of

0 —

:

-0

Fig. 4. Left: spring cluster analysis of diatomalaRight: diatom relative abundances for
each of the stations (A through R). The ecologpraferences of the diatoms are indicated
on the topgraph.
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In summer, the upper section of the cluster In autumn, station E (upper section of the
diagram consisted of stations B, C, N and O, whicldendrogram, Fig. 6) showed very low abundance
were distinguished because thalacoseira group values of theAulacoseira group, while Amphora
attained fairly similar values to those A€tinocyclus  copulata and Biddulphia sp. were the most abundant
curvatulus and Actinocyclus gallicus (Fig. 5). Station diatoms. Co-dominance of boRieurosira minor and
D and stations F through |, showAdlacoseira group  Pleurosira laevis was observed. Stations A, B, C, K
percentages of ~ 50 to 60 %, and the co-dominaat taand N (i.e., lower section of the dendrogram in Big
were Actinocyclus curvatulus, Actinocyclus gallicus, were characterized by the relatively low percentage
Actinocyclus normanii, Hyalodiscus subtilis and values of the Aulacoseira group, with similar
Coscinodiscus radiatus. In stations A, L and P through abundance values ofActinocyclus gallicus and
R the abundance values of thelacoseira group were Actinocyclus curvatulus, but also Coscinodiscus
~ 30 %, co-dominant species were similar to thoseadiatus and Hyalodiscus subtilis, accounted together
mentioned above, but botkctinocyclus normanii and  for ~ 20%. The remaining stations (i.e., D, F tiylou,
Cyclotella meneghiniana were absent. Stations E, JL and M, and O through R) displayed the highest
and K were grouped separately. Station E showed higdulacoseira group values with co-dominance of
abundance values &unotia spp. (~20%), at station J Actinocyclus gallicus and Actinocyclus curvatulus. In
relatively high abundances 8fichtyocha fibula were  addition the highest abundancesDithtyocha fibula
observed, while in station K thAulacoseira group were recorded.
accounted for almost 70%.
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Fig. 5. Left: summer cluster analysis of
diatom data. Right: diatom relative

“ |I abundances for each of the stations (A

through R). The ecological preferences
- — of the diatoms are indicated on the top

, 3. m graph.
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Ordination Analysis the eleven variables shown in Table 1A and B, only
bottom salinity, organic matter, carbohydrate and
Figure 7 shows the distribution of the protein content were utilized in the multivariate
stations, diatom species and environmental vasablenalysis, as variance inflation factors were lotam
within the CCA triplot ordination diagram, 10. According to these data, axis 1 represent®ar cl
considering data of the four surveys carried ouhin gradient from the internal bay stations to the celja
present study. The test of Monte Carlo indicated thaoastal zone, where the highest values of organic
the ordination diagram was significant (F = 3.58%  matter, carbohydrate and protein content were
0.05), and the relationship species-environmerdatd d observed in the bay. The identified species relased
of the first two ordination axes (axiskl= 0.067; axis such conditions were Actinocyclus curvatulus,
2 ) = 0.017) explained 81.9% of the variance. Frompctinocyclus  gallicus;  Actinocyclus  normanii,
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Amphora copulata, Coscinodiscus excentricus, for the internal bay stations in winter, where Waters

Coscinodiscus radiatus, Cyclotella meneghiniana, showed under-saturation levels, which could be
Hyalodiscus subtilis, Nitzschia linearis and Ulnaria  attributed to contamination (DESA et al.,, 2005).
ulna. On the other hand, axis 2 indicates that there Super-saturation oxygen levels were observed in
also a bottom salinity gradient from the adjacensummer, most probably due to high primary
coastal zone towards Montevideo Bay. The highegiroductivity rate (GOMEZ et al., 2001). Sediment
salinity levels were observed in the adjacent @astdistribution is in accordance with the general gratt

zone during summer and the lowest in the interagl b determined for the Rio de la Plata Estuary (LOPEZ-
during winter. LABORDE, 1997). The most heterogeneous
sediments are those of the innermost part of the ba
most probably because of the influence of both

Discussion

The environmental data indicate that theP@ntanoso and Miguelete Streams, which contribute
water temperature ranges correspond to those of tH‘éth considerable amounts of sand. This fact had al

temperate zone, which exhibit estuarine myxohalin

conditions, and either neutral to m

oderately afiali

levels. The waters are mostly well oxygenated eixcep

Been observed by Burone et al. (2006), Venturiiil.et
(2004) and Muniz et al. (2002, 20044, b).
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Fig. 7. CCA triplot ordination diagram. The letterthe right of the station name indicates the@®as

(W= Winter, Sp = Spring, Su = Summer, A = Autumn).
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Montevideo coastal zone displayed elevatedhave been reported in eutrophic and sediments
organic matter percentages similar to those regonte (VEZZULLI and FABIANO, 2006). In addition, in
other urban and industrial areas in the worlshallow marine environments with a close couple
(DELL'ANNO et al., 2002; BIGOT et al., 2006). In between pelagic and protein content recorded benthi
addition, photosynthetic pigment contents registémne compartments, microalgae blooms can play an
sediments from Montevideo are comparable to thosenportant role by exporting petrogenic hydrocarbons
reported in highly productive systems considered a® the bottom (DACHS et al., 1997). In this senke, t
eutrophic, but also in areas influenced byrecently produced organic particles derived from
anthropogenic activities (BOON et al.,, 1998).phytoplankton blooms can act as favorable adsarptio
Moreover, the chloroplastic pigment values recordedhatrices of PAH (WANG et al.,, 2001) by carrying
in the present study are higher than those preljiousthem to the bottom during sedimentation processes.
reported in this area (MUNIZ et al., 2002) thusThus, the high protein content in Montevideo Bay
suggesting changes in the trophic state andppears to indicate the presence of recently pestiuc
productivity of this environment. According to organic matter, but also a high amount of partially
Dell’Anno et al. (2002), higher phaeopigment thardegraded organic material derived from both primary
chlorophyll-a concentrations can be attributed ighh production and anthropogenic sources. The mean
turbidity, chemical contamination or some othetdac annual values of photosynthetic pigments,
affecting the photosynthetic potential of primarycarbohydrates and proteins showed the same
producers and indicates a huge amount of detnitus geographical trend. However, temporal variations in
primary material (PUSCEDDU et al.,, 2003). Inthese factors did not always display the same patte
addition, primary production in the study area isProbably, seasonal variations of these factors are
controlled by the saline and turbidity front osgfibns related to natural fluctuations in the productivif
from west to east (CALLIARI et al., 2009). Therefore this system, whereas the geographical trend is
the predominance of phaeopigments in most of thassociated to the organic pollution gradient.
stations, suggests a high sedimentation of partiallSignificant protein enrichment is typical of
degraded organic detritus, due to variations imary  hypertrophic and impacted areas, with a progressive
productivity associated with different sources ofdecrease in proteins and an increase in carbol@gdrat

natural and anthropogenic disturbances. to meso-oligotrophic environments (VEZZULLI;
Carbohydrates are the main organicdcFABIANO, 2006).
compounds produced by autotrophic organisms by The protein-hypertrophic state of the

photosynthesis, being part of the structural asémee Montevideo Bay is supported by both water column
tissues of aquatic and terrestrial plants. Alsonutrient and chlorophyll-a concentration. In thémse,
microphytobenthos produce large amounts o€enturion et al. (2007), Danulat et al. (2002) argN
exocellular carbohydrates mostly derived fromet al. (1987) also defined the internal bay as
metabolic activity in response to variations inhtig hypertrophic because of the extremely high water
intensity, nutrient availability, salinity and taxomic  column levels of total nitrogen (i.e., > 1500 ud))-
composition of the biofilm (WELKER et al., 2002). total phosphorus (> 60 pg I-1), and chlorophyll
High temporal variability in carbohydrates may bebiomass (> 60 pg I-1). In addition, they also répar
related to variations in some of these factorsthat nitrogen levels were 4-fold higher than tho$e
Furthermore, high concentrations of carbohydrateshe adjacent coastal zone and the Rio de la Pladh, a
similar to those recorded in this study, are typfoa  phosphorus values were 1.5-3-fold higher.

organic detritus sink systems (PUSCEDDU et al., In the present study, protein content declined
2003). Therefore, the carbohydrate content ifrom Montevideo Bay to the adjacent coastal zone,
sediments from Montevideo may originate fromthus indicating a gradient in trophic conditions.
several sources such as sedimentation of plankton@@arbohydrate and protein levels in the Montevideo
microalgae, benthic primary production or riverinecoastal zone are similar to those reported for rothe
input of terrestrial compounds. Protein concerdreti highly disturbed areas. For example, in ltaly, in a
in sediments reflect the productivity of the syste®s harbor area of the Southern Adriatic Sea, maximum
they are indicative of microalgal biomass and mipéil protein and carbohydrate concentrations of 13.99 mg
more rapidly than carbohydrates, which are morg-1 and 11.99 mg g-1 respectively, were observed
refractory (DANOVARO et al., 1999). In detritus kin (DELL’ANNO et al., 2002). The values reported here
systems, increments in protein content can beeglatare in the same range as those of the north-western
to the complexion of nitrogen during detritus agingMediterranean coastal zone (ROSSI et al., 2003) and
but also to bacterial biomass linked to theupwelling areas of Chile (NEIRA et al., 2001). We
accumulation and degradation of this organic malteri have observed higher protein and lower carbohydrate
on the bottom (FABIANO; DANOVARO, 1994). content than those observed by Pusceddu et al3)200
High protein content related to high bacterial di&s in transitional ecosystems of the west coast oil\Sic
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Nevertheless, we did not obtain the same trophisulcata, Actinocyclus normanii, Amphora copulata,
classification for all the stations using the thiad Cyclotella  meneghiniana,  Nitzschia  linearis,
values for carbohydrates and proteins set bPleurosira leavis, Pleurosira minor, Staurosira
Dell’Anno et al. (2002). In fact, based on proteinpinnata andUInaria ulna, have already been observed
content most stations were classified as hypertegph in  coastal environments and lakes of Uruguay
while according to carbohydrate levels, most oftthe (METZELTIN; GARCIA-RODRIGUEZ, 2003;
can be considered meso-oligotrophic and somBARCIA-RODRIGUEZ et al., 2004a, b), and their
eutrophic. Eutrophic systems are characterizedigty h environmental preferences are shown in Figs. 3
nitrogen accumulation rates and higher protein thathrough 5. The co-occurrence of freshwater and
carbohydrate concentrations (VEZZULLI; marine/brackish taxa implies myxohaline conditioms
FABIANO, 2006), as observed in this study. Inthe study area, and since similar diatom compasitio
contrast, in non-disturbed detritus sink systemdshas been already observed in the coastal lagobns o
dominance of carbohydrates over proteins is ofteBE Uruguay (both fossil and present samples,
registered (PUSCEDDU et al., 1997). In addition GARCIA-RODRIGUEZ et al., 2004a, b), the local
contrasting trophic conditions between the pelagid environmental preferences are well known.
the benthic environments have also been observed The diatom data suggest that there is either
elsewhere (PUSCEDDU et al., 2003). However, this iseasonal variability or a high degree of patchiriess
not the case of the present work as the Monteviddtoristic composition as cluster analyses identifie
coastal zone is influenced by the Rio de la Platdifferent station-groups for different seasons
estuary, which is moderately eutrophic with highLONGPHUIRT et al., 2007). We only observed
nitrogen levels (NAGY et al., 2002). Therefore, thesignificant species turnover between station E and
more conservative nature of carbohydrates than atation N, O and K. Winter was the season that
proteins, together with a high availability of owigen, showed the best differentiation between Montevideo
may be responsible for the lesser sensitivity oBay and the adjacent coastal zone. The high
carbohydrates as descriptors of the trophic statiei® percentages of the Aulacoseira group are probably
particular system. related to the increased winter rainfall, with a
The identified diatom species mirror theconcomitant increase in the discharge flow fromhbot
myxohaline conditions in the study area (Fig. Xhe Parana and Uruguay Rivers and Pantanoso and
through 6). The most abundant species correspond Kiguelete streams. Therefore, low percentages of
the Aulacoseira group, which includes cosmopolitamarine/brackish diatoms were recorded in the adjace
species often observed in meso to eutrophic fretwa coastal zone during this season. However, highegalu
conditions (KRAMMER ; LANGE-BERTALOT, of Dichtyocha fibula at stations M and K could be
1991; VAN DAM et al., 1994). This group of speciesexplained because both salinity and temperatureegal
is very abundant in both Parana and Uruguay Rivelsee Table 1B, stations MW and KW) were close to
but also in the Rio de la Plata itself (O'FARRELL etthe species optima (i.e., salinity = 24, tempertud.0
al., 2001; METZELTIN et al., 2005). Thus, the itpu °C, VALKENBURG; NORRIS, 1970). This is related
from these rivers into Rio de la Plata carryto the bottom saline front, which according to data
allochthonous specimens in addition to thgTable 1B) was positioned at stations M and K.
autochthonous ones. The Pantanoso and Miguelete Cluster analysis of spring samples (Fig. 4),
Streams (Fig. 1), being eutrophic (IMM, 2005),showed no clear differentiation between the interna
probably represent a further input of Aulacosepp.s bay and the adjacent coastal zone, as the diatom
into the bay and the adjacent coastal zone; howeverssemblages displayed similar composition. Summer
studies on the diatom composition in the study area was similar to spring in the sense that no clear
lacking. The second most abundant species wetbfferentiation between the internal bay and the
Actinocyclus curvatulus and Actinocyclus gallicus.  adjacent coastal zone was detected. The upper farm o
Actinocyclus curvatulus is a planktonic neritic species the cluster diagram consisted of two internal stei
often observed in nutrient-rich marine watersand two stations of the adjacent coastal zone {ilge.
(ONODERA; TAKAHASHI, 2008) and which has O, B, C), which were co-dominated by freshwater and
been widely recorded in the Rio de la Platanarine/brackish specieSimilarly, the lower arm of
(FRENGUELLI, 1941; MULLER-MELCHERS, the cluster diagram (i.e., station D through staii
1953). In our case it was equally observed iralso consisted of stations from the internal bay e
Montevideo Bay and the adjacent coastal zoneadjacent coastal zone and co-dominance of freshwate
Actinocyclus gallicus is a coastal sublittoral speciesand marine/brackish species was observed as well.
which has been recorded in New Caledonia and thehis highlights the myxohaline nature of the study
Caribbean (WITKOWSKI et al., 2000). Other lessarea. Furthermore, most of the stations correspgndi
abundant species, i.eCoscinodiscus excentricus, to the summer sampling were grouped in the top-left
Coscinodiscus radiatus, Hyalodiscus subtilis, Paralia  quadrant of the ordination diagram, thus showing a
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positive correlation to salinity (Fig. 7). Therefothe analyzed together by canonical correspondence
highest salinity values were achieved during summeanalysis, a multivariate relationship between dr&to
probably because of the low rainfall and highand the organic contamination gradient was detected
evaporation rates commonly observed in that seasdmternal bay stations were positively correlated to
(CONDE; SOMMARUGA, 1999). organic matter, protein and carbohydrate contemt. |
In autumn, station E showed a very differentthis sense, some of the diatom species of thisosect
diatom composition from that of the other statioms, of the diagram could be related to such environaient
the Aulacoseira group showed extremely lowdegradation (PRYGIEL; COSTE, 2000). In particular,
abundance values. Insteadmphora copulata and Actinocyclus normanii and Cyclotella meneghiniana
Biddulphia sp. accounted together for almost 60% ofaire well known cosmopolitan proxies for aquatic
the relative abundances. Such a diatom assembladegradation, eutrophication and contamination
was only observed in this season at this statitre T (PRYGIEL; COSTE, 2000; GARCIA-RODRIGUEZ
rest of the cluster diagram grouped stations of thet al., 2007b). Such degradation and hypertrophy of
internal bay and the adjacent coastal zone, arttie inner Montevideo Bay have already been
exhibited diatom assemblages similar to those dyrea documented (DANULAT et al., 2002; VENTURINI
described for the other seasons (i.e., mostly ccet al., 2004; MUNIZ at al., 2002, 2004a, b; BURONE
dominated by Aulacoseira group arttinocyclus et al., 2006). Particularly, Burone et al. (2006)
curvatulus andActinocyclus gallicus). analyzed the benthic foraminiferal assemblages and
The above discussed station-groups derivedbserved that, in Montevideo Bay, there was an
from the diatom composition clearly indicate tha¢ t extremely poor foraminiferal fauna - including a
diatom distribution is uneven, with a high degrde ototally azoic station - thus evidencing the higlyre
diatom patchiness in the surface sedimentsf local contamination. The adjacent coastal zone,
(LONGPHUIRT et al., 2007). However, it can bewith moderate pollution levels, exhibited a higher
recognized that the freshwater diatoms are theumber of foraminiferal species than that of the
dominant taxa, but most of the co-dominant specidsternal bay, where dominance of Ammonia tepida
come from marine/brackish environments. Thus, theas recorded. In addition to this, Burone et alO@0
diatom composition reliably mirrors the mixing of detected high percentages of abnormal tests in
salinity conditions throughout the year, as obsgéive Montevideo Bay, which were ultimately related to the
several small estuarine systems of the southerst codigh contamination level of multiple sources. Ire th
of Uruguay (METZELTIN; GARCIA-RODRIGUEZ, case of the diatoms, we also observed a differémce
2003). However, since axis 1 of the ordinationdiatom composition between the bay and the coastal
diagram explained ~66% of variance in specieszone, but no abnormal diatom valves were recorded.
environment relationship, organic matter compositio The stations of the adjacent coastal zone in taidys
and trophic conditions appear to be hierarchicallfi.e., G through R) were positively related to s@fin
more important than salinity in controlling thetism In this sense, botlParalia sulcata and Dichtyocha
distribution. In this sense, protein levels indic#tat fibula are both typical species of marine brackish
internal bay stations are mostly eutrophic toconditions, but the co-occurrence of freshwatecigse
hypertrophic. This is due to the combined actiolbf such as those of th&ulacoseira group andEunotia
human impacts (i.e., petrol refinery, leather/foodsp., suggests mixed estuarine conditions. The miato
industry facilities, navigation, harbor activitieahd assemblages of the internal bay also indicate mixed
the lack of sanitation in a fairly large portion thfe  salinity conditions, as freshwater speciastifocyclus
city, where most industry faciliies and poverty-normanii, Cyclotella meneghiniana, Amphora
stricken populations are located. On the other handopulata) together with marine brackish species
the adjacent coastal zone appears to represens@ me(Coscinodiscus radiates, Coscinodiscus excentricus,
oligotrophic to eutrophic environment because théctinocyclus curvatulus, Actinocyclus gallicus,
contamination levels become more diluted the furtheHyalodiscus subtilis), were recorded.
removed they are from the Bay and the waste water is The diatom data in relation to the trophic and
discharged through a sewage pipe. In addition, thisalinity gradients presented here fit well with\poeis
trophic state is a consequence of the baselindnittop trophic state assessments (DANULAT et al.,, 2002;
state of the Rio de la Plata which is moderately}UNIZ at al., 2002, 2004a, b; VENTURINI et al.,
eutrophic (NAGY et al., 2002). However, increasing2004; BURONE et al., 2006) but also with the
trends in both freshwater and nutrient loads, dred t findings proposed by Dell’Anno et al. (2002), aade
low potential to dilute and flush nutrients, suggesin terms of protein content. Even though previous
eutrophication is likely to intensify in the Rio d@ research in the study area has clearly demonsttia¢ed
Plata (NAGY et al., 2002). effects of human impacts on both benthic macrofauna
When the diatom composition andand foraminiferal assemblages, heavy metal
environmental data from all the stations/seasorre wecontamination and hydrocarbons were utilized as
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variables (DANULAT et al., 2002; MUNIZ at al., en 10 afios?Montevideo: Facultad de Ciencias, UdelaR,
2002, 2004a, b; VENTURINI et al., 2004; BURONE  2007. Technical Report, Seccién Oceanologia, p.(85

et al., 2006). In the present assessment, we inteod Spanish).

. . - . ; f LOERN, J. E. Our evolving conceptual model of ¢bastal
diatom species combined with the biochemicaf eutrophication problemMar. Ecol. Prog. Ser, v.210,

composition of organic matter to assess environakent p. 223-253. 2001.
degradation in the Montevideo coastal zone. TH®S, t cONDE, D.: SOMMARUGA, R. A review of the state of

present data imply an improvement in our ability to  Limnology in Uruguay. In: WETZEL R.G.; GOPAL, B.
assess organic contamination in the study areagsin  (Ed.).Limnology in developing countries. vol 2. New
both biological and biopolymer variables are Delhi: International Association for Limnology (S
introduced as tools for assessing the benthic 1999.p.1-31. )
health/degradation of one of the most denselfACHS. J.; BAYONA, J.M.; RAQUX, C.; ALBAIGES,.J

opulated regions of the Rio de la Plata Spatial distribution, vertical profiles and budget
pop 9 ’ polycyclic aromatic  hydrocarbons in  western

MediterraneanEnviron. Sci. Tech, v. 31, p. 682-688.
1997.
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