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The city of Puerto Madryn, tocated within a section of Nuevo Gulf (Patagonia, Argentina) known as Nueva
Bay, can be regarded as an important centre of ahthropogenic impact. Intertidal asscmblages of macroalgac
were studied 1n order to test the hypothesis that the seaweed tlora impacted by raw sewage would show sig-
nificant differences in structure compared to that of control localities, mainly due to the increase 1n biomass of
cphemeral and opportunist chlorophytes. Three rocky shores showing simitar characteristics were selected.
One of these was located near the sewage outlall of the city of Puerto Madryn. Two control shores were cho-
sen approximately 30 km northward and southward of the latter. Four seasonal surveys were pertormed be-
tween June 1998 and April 1999. Biomass data of 35 macroalgal species were analysed by non-metric multidi-
mensional scaling and the analysis of ssmilarities permutation test. Species responsible for the differences
between shores were identified by the similarity percentages routine. The macroalgal assemblage of the im-
pacted site was signtficantly different from those of the two control shores throughout the year. Ulva rigida,
Corallina officinalis and Ralfsia sp. were the species mostly responsible for these differences. Results indicate
that the impacted shore showed signs consistent with an intecrmediate degree of cutrophication, particularly

the increased abundance of the opportunist green alga Ulva rigida.

Introduction

Studies on benthic community structurc may be an
adequate tool to assess the impact caused by pollu-
tion (Borowitzka 1972, Littler and Murray 1975,
1978, Warwick 1986). Previous surveys of pollution
impacts on coastlal benthos i Argentina were (o-
cused on intertidal rocky shores dominated by
mytilid bivalves (1.opez Gappa et al. 1990, 1993) and
estuarine sediments (Elias 1992).

In Nuevo Gulf (Patagonia, Argentina, Fig. 1), the
only previous study on benthic communities includ-
ing macroalgal assemblages was performed at a site
located at a considerable distance from the zone of
urban impact {(Qlivier et al. 1966). Therefore, back-
ground information previous to the present situation
18 lacking.

Part of Nuevo Gulf is included in the Valdés
Peninsula system, recently declared a World Her-
itage Site by UNESCO. The city of Puerto Madryn
(42° 45 §;64 ° 55" W), located within a scction of the
Gulf known as Nueva Bay (Fig. 1), has 50,000 inhab-
itants and a constant harbour activity, and can be re-
garded as an important centre of anthropogenic 1m-
pact.

Coastal water quality has been modified by sewage
discharges from urban areas and the fishing industry.

Freshwater entering Nueva Bay is characterised by
high nutrient concentrations {(25-37 mg L-! of am-
monium nitrogen and 3—4 mg L ! of phosphate phos-
phorus, Estéves et af. 1997).

Among other benthic organisms, macroalgae, be-
cause of their sedentary nature, tend to integrate the
cffects of long-term exposurc to adverse conditions
(Borowitzka 1972). Theretfore, the study of intertidal
algal assemblages was considered useful in order to
analyse whether eutrophication symptoms in Nueva
Bay can be detected in the benthos, as well as a con-
tribution to the knowledge of the benthic communi-
ties in this poorly known region.

The City of Pucrto Madryn is currently developing
a new system of urban wastewater treatment that will
eliminate the discharge of sewage to the sea. There-
fore, spatial surveys of the poliuted site, as well as n
one or more control localitics, may scrve as a future
reference to detect changes indicating ecosystem re-
covery.

Bascd on previous studies on macroalgal assem-
blages impacted by organic pollution {(Bokn er al.
1996, Borowitzka 1972, Littler and Murray 1975,
Morand and Briand 1996, Munda 1993} we predicted
that the seawced flora in the vicinity of the Pucrto
Madryn sewage outfall would show significant difter-
ences in structure compared to that of control locali-
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Fig. 1. Study area.

ties, mainly due to the increase in biomass of
ephemeral and opportunist chlorophytes. The aim of
this study 1s to test this hypothesis.

Study Site

Nuevo Gulf (Fig. 1) 1s a semi-enclosed basin of low
hydrodynamics. As in many semi-desertic areas, nat-
ural freshwater inputs are lacking. Seawater temper-
ature and salinity fluctuate yearly between 10 to
19.5°C and 33.7 to 33.9%o, respectively (Solis 1998).
Nuevo Gulf is located in the transition zone between
the cold-temperate and warm-temperate biogeo-
eraphic regions of the south-western Atlantic Ocean
(Boschi 1979, Kithnemann 1972).

Nueva Bay, located in the western part of Nuevo
Gulf, shows evidence of eutrophication, due to the in-
put of urban and industrial effluents (Estéves et al.
1997), which are discharged in the intertidal zone.
Urban outfall volume has been estimated as 6,000 to
8,000 m? d-'. Sewage receives secondary treatment,
but in recent years there has been a remarkable n-
crease in volume due to human population growth.
The treatment facility is no longer able to process all
the wastewater properly, discharging it to the sea
mostly as raw sewage. Therefore, the effluents repre-
sent an important input of nitrogen, phosphorus and
organic matter to the Bay, which has a volume of
4 x 10® m? and a restricted water exchange with other

areas of the Gulf (Estéves et al. 1997).

Material and Methods

Three rocky shores were selected within Nuevo Gulf.
One of these was within Nueva Bay, near the Puerto
Madryn sewage outfall (Nautico). The other two lo-
calities, Punta Ameghino and Punta Cerro Avanzado
(hereafter referred to as Ameghino and Avanzado,
respectively), were outside the Bay, approximately 30
km northward or southward of Puerto Madryn, re-
spectively (Fig. 1).

Ammonium and phosphate values recorded by Es-

téves et al. (1997) varied from 13.4 uM L-! and 1.55
uM L-! off the city,to 0.9 uM L-'and 1.12 uyM L-"at a
distance of 15 km from the urban area, respectively.
Ameghino and Avanzado, located approximately at
30 km from Puerto Madryn, are therefore not affect-
ed by the effluents, and can be regarded as adequate
controls.

Intertidal rocky platforms showed a gradual pro-
file, with a vertical differential of around 3 m in the
three shores. They consisted of bare substratum, or
were covered by sessile organisms (algae, barnacles,
mussels). During the study period, the rocky plat-
forms, as well as the intertidal community, were tem-
porarily covered by sand deposits in all three locali-
ties.

Four seasonal surveys were performed between
June 1998 and April 1999. Samples were collected
along transects perpendicular to the shoreline. For
each combination of locality and season, 10 sampling
sites were established between the level of spring low
tides and the nearest point to the cliff showing
macroalgal coverage.

Sampling area and shape, a 25 x 50 cm rectangle,
were determined by the minimum quadrat method
(Alveal and Romo 1995). Each sample consisted of
all macroalgae collected within the sampling
quadrat. They were extracted using scrapers, bagged,
labelled and stored at —13 “C. Macroalgae were 1den-
tified in the laboratory. Their wet weights were meas-
ured to the nearest 0.01 g in a Sartorius analytical
balance (Werke GmbH, Goéttingen, Germany), after
blotting the excess of water. The biomass of Ralfsia
sp. was estimated from coverage data, after calculat-
ing wet weight of a known area (25 cm?, n = 89,
mean = 1.98 g, SD =0.71 g).

The Plymouth Routines in Multivariate Ecological
Research (PRIMER) statistical package (Clarke and
Warwick 1994) was used to compare macroalgal as-
semblages among localities by means of non-metric
multidimensional scaling (MDS, Kruskal and Wish
1978). A similarity matrix was obtained using the
Bray-Curtis index (Bray and Curtis 1957). The 4th
root transformation (x’ = x"2°, Clarke and Warwick
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1994) was used (o downweight the effect of dominant
species. The hypothesis that macroalgal asscmblages
from the putatively impacted site (Nautico) signifi-
cantly dilfercd from the two control localities
(Ameghino, Avanzado), was tested by mcans of the
analysis of similarities (ANOSIM) permutation lest
(Clarke and Green 1988). The sumilarity percentages
(SIMPER) routine (Clarke 1993) was then used to
analyvse which species were responsible [or the differ-
cnees between localities.

Results

Thirty-tive macroalgal species were recorded during
this study. Of these, 19 were common Lo all localities
(Table 1}. Corallina officinalis and Ralfsia sp. may be
regarded as dominant species both in the control
sites and at Nautico, their average sile biomasscs fre-
quently being 1 to 3 orders of magnitude higher than
those of most other algae. Ulva rigida was dominant
only at Nautico, where il rcached very high average
mass, particularly during spring. Othcr specics were
also abundant at certain combinations ot localily and
season, such as [Leathesia difformis {Avanzado,
summer), Polvsiphonia abcissa (Avanzado, spring),
Chaetomorpha linum (Nautico, spring), Cladoste-
phus sp. (Avanzado, summer through autumn), An-
tithamnion sp. (Avanzado, spring through summer),

and FEnteromorpha compressa (Amcghmo, winter;
Ndutico, spring through autumn) (Table 1).

Stress values of the MDS plots varied between 0.1 1
and 0.15. Therelore, they can be regarded as poten-
tially useful 2-dimensional representations of mter-
sample distances in the similarity matrices (Clarke
and Warwick 1994). Most Nautico samples tended to
cluster apart from those of the two control localities
in the MDS plots throughout the study period (Fig.
2}. Accordingly, results of the ANOSIM permutation
tests (Table 11} showed that differences in structure
between Nautico and Ameghino or Avanzado were
always significant or highly significant. On the other
hand, contrasts between both control localities
reached significance just in wintcr.

Results of SIMPER analyses (Table 111) indicate
that spceies mostly responsible for ditferences n
structure between Nautico and both control localities
were invariably Corallina officinalis, Ralfsia sp. and
Ulva rigida. The latter constantly had higher biomass
values in the vicmity of the sewage outfall (Nautico)
than in both control localities. The red alga Corallina
officinalis was always more abundant at Amcghino
than at Niutico, and also showed this pattern trom
winter through summer at Avanzado: Although al-
ways highly ranked in the results of the SIMPLR
tests, the crustose brown alga Realfsia sp. showed no
consistent scasonal preferences, either for Nautico or
for the control localities ( Table ITT).
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Fig. 2. MDS plots for cach scason, Two winter samples (one from Nautico and another from Ameghino) were omitted.
Since they conlained just Enteromorpha compressa, a species absent in all other winter samples, its presence caused the

collapse of the plot.
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Table II. Results of ANOSIM tests,

Global
probability

Paired Contrasts

Nauticovs.  Nauticovs.  Ameghino vs.

Ameghino  Avanzado Avanzado
Winter ~ 0.000 0.011 (.001 0.02(
Spring (0.001 0.007 0.001 0.116™~8
Summer (.001 (.0 0.016 0.168 ™3
Aulumn (1.039 0.028 0.033 (1.399 3

NS: non-significant

Table 111. Results of SIMPER tests for signilicant ANOSIM contrasts,

Species Mean abundance Mean abundance Percentage Cumulatve (%)
Winter Niutico Avanzado
Coralling officinalis 8.91 68.56 29.35 29.35
Ralfsia sp. 3.06 2.31 14.23 43.58
Ulva rigida 1.04 0.00 13.54 57.12
Winter INAutico Ameghino
Coralitng officinalis 8.91 3978 21.16 21.16
Ralfsia sp. 5.06 25.80 20.72 41.87
{/lva rigida 1.04 (.03 11.34 53.21
Winter Avanzado Ameghino
Coraliina officinalis 68.56 39.78 24.93 24.93
Ralfsia sp. 2.31 25.80 19.52 44.45
Polysiphonia abcissa 0.28 0.48 6.43 S0.8%
Spring Nautico Avanzado
Corallina officinalis 9.98 4792 18.68 18.68
Ulva rigida 27.50 0.33 18.64 37.31
Ralfsia sp. 6.20 8.68 14.46 S1.77
Spring Nautico Ameghino
Ulva rigida 27.50 0.28 22.88 22.8%
Corallinag officinalis 9.9% 59.00 22.39 45.26
Ralfsia sp. 6.2(} 18.20 16.74 62.00
Summecr Nautico Avanzado
Rualfsia sp. 18.65 10.39 17.85 17.85
Corallinag afficinalls 6.22 16.07 14.79 32.65
Jlva rigida 7.39 29 12.48 45.13
Auntithamnion sp. (100 2.04 7.19 32.32
SUMMmCr Nautico Ameghino
Coralling offictnalis 6.22 49.6(0) 23.21 23.21
Rualfsia sp. 18.65 10.08 18.97 42.18
Ulva rigida 7.39 0.00 15.27 3745
Autumn Nautico Avanzado
Corallina officinalis 25.80 17.59 17.34 17.34
Ulva rigida 17.30) (0,07 16.08 33.43
Ralfsia sp. 12.40 12.60 15.95 449.38
Enteromorpha compressa 2.46 0.00 6.59 535.96
Autumn Nautico Ameghino
Ralfsia sp. 12.40 19.74 19.01 19.01
Corallina officinalis 2580 33.82 17.7% 360.79
Ulva rigida 17.30 0.01 17.17 53.96
Lists of species have been truncated after cumulative percentage excecded 50 %.
Discussion

[rom those of two control localities of similar physi-
cal characteristics, but situated at considcrable dis-
tances from any source of urban and industrial pollu-
tion. Ulva rigida, Corallina officinalis and Ralfsia sp.

This study shows that thc macroalgal assemblage at
Nautico, a site located in the vicinity of the Puerto
Madryn sewage outfall, was significantly different
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were the spccies mostly responsible for this ditfer-
ence. These algae were present at all localitics, but
their abundance varied in space and time.

Although the green alga Ulva rigida was found
both in the impacted and control sites, 1ls average
biomass was always highest at Ndutico, where 11 was
dominant in spring and was onc of the most abun-
dant specics during the remaining seasons. This is one
of several species of the genus Ulva thal have been
characterised in the literature as opportunist algac,
proliferating in eutrophicated shorcs (Morand and
Briand 1996, Mencsguen 1992, Pugnelu et af. 1992).

Other opportunist algae, reportedly favourcd by
organic enrichment are Chactomorpha {imum,
Gracifaria gracilis and  Enteromorpha compressa
(Morand and Briand 1996). The first two species
were found only at Nautico. finieromorpha compres-
sq¢ occurred in significant amounts at Nautico
throughout the study period, a fact that could be as-
sociated with the inlluence of organic enrichment, al-
though lower amounts of this green alga were also
presenl on other shores. Enteromorphu compressa
forms a conspicuous belt at high intertidal levels at
San José Gulf, a neighbouring area far away lrom any
source of anthropogenic disturbance (Boraso de Za-
ixsa 1996, Sanchez and Zaixso 1995). This and other
species of Enteromaorpha were also recorded in other
localities of the Argentincan coast (Boraso 1973,
Hall and Boraso 1975, Zaixso et al 1978), not always
affected by human activities. Therefore, the presence
of Enteromorpha per se should not necessarily be re-
sarded as a symptom of eutrophication.

The occurrence of dense stands ol green algae, par-
ticularly Ulva rigida, has been associated with the in-
crease of nitrogen concentrations in water (Morand
and Briand 1996, Menesguen 1992, Pugneti er al.
1992, Viarol ef af. 1992). Chemical analyscs of water
performed recently in Nuevo Gulf (Estéves et al
1997) showed that high nutricnt concentrations (am-
monium, nitrate, etc.} in coastal arcas were associat-

References

Alveal, K. and H. Romo. 1995, Estudios zonacionales. fa:
(K. Alveal, M. E. Ferrario, E. C. Oliveira and E. Sar, eds).
Manual de Métodos Ficoldgicos. Universidad de Con-
cepeidn, Chile. pp. 611-641.

Bokn, T, F. Moy and M. Walday. 1996. Improvement of the
shallow water communities following reductions of in-

dustrial oullets and sewage discharge in the Hvaler estu-
ary, Norway, Hvdrobielogia 326/327.297-304.

Boraso, A. L. 1975. Los séneros Enteromorphu, Blidingia y
Percursaria (Algae — Chlorophyta) cn las costas atlanti-
cas argentinas, Darwiniana 19:285-311.

Boraso de Zaixso, A. L. 1996, Asociaciones dc macroalgas
intermarealcs cn el Golfo San José (Provincia del
Chubut, Argentina). Naturalia Pataginica. Ciencius Bi-
ologicas 4: 47 -64.

Borowitzka, M. 1972, Intertidal algal species diversity and

ed with the input of urban and industrial effluents
from the city ol Pucrto Madryn.

A historical study on the composition of beached
seawceds deposited on Puerto Madryn shores during
the last 7 decades reports the replacement ol specics
dominance from Codium spp. to Ulva spp. (and morc
rceently to Undaria pinnatifida) as a symptom of en-
vironmental changes (Piriz e af.. unpublished re-
sults}.

Present results indicate that the algal assemblage
of Niutico shows signs consisient with an mtermedi-
ate degrec of organic enrichment. Borowitzka
(1972), Littler and Murray (1975) and Lopez Gappa
et al. (1990), found that intertidal sites heavily im-
pactced by the discharge of effluents arc charactensed
by relatively low values of algal coverage (mainly
I'ateromorpha sp.. Cyanobacteria and tube-dwelling
dialoms) and extensive areas of bare substratum. On
the other hand. intermediate zones located between
coarsely polluted and relatively clean areas show
high abundance of green algac (Ufva and/or Entero-
morpha spp.).

Since spring (October 1998), sand deposits have
covered mid-intertidal areas of Nautico almost com-
pletely. During this season, Nautico was colonised by
thalli of Ulva rigida attached to sand grains. The belt
of Ulva rigida persisted during the tollowing summer
and autumn. together with their sand substratum. Al-
sac were absent. however, on sand beds deposited at
Ameghino and Avanzado.

Although background data of pre-disturbance
conditions were lacking, comparison of impacted and
conlrol localities, together with inlormation gathered
from different shores throughout the world, strongly
suggest that the macroalgal assemblage of Ndutico
shows some signs related Lo orgamc enrichment, par-
ticularly the increased abundance of the opportunist
ereen alga Ulva rigida.

Accepted 5 February 2002,

the effect of pollution. Ausi. J. Mar. Freshwat. Res. 23
73-84.

Boschi, E. E. 1979. Geographic distribution of Argentinian

marine decapod crustaceans. Bull. Biol. Soc. Wash. 3.
134-143.

Bray, J. R. and 1. T. Curtis. 1957. An ordination of the upland
forest communities of Southern Wisconsin. Feof Mono-
gr 27:325-349.

Clarke, K. 1993. Non-parametric multivariatc analyses of
changes in community structure. Aust. J. Lcol. 1§
117-143.

Clarke, K. R. and R. H. Green. 1988, Statistical design and
analysis for a *biological cffects’ study. Mar. Feol. Prog
Ser. 40:213-226.

Clarke, K. R. and R. M. Warwick. 1994. Change in Muarine
Communities: An Approach to Statistical Analysis and



Futrophication in intertidal macroalgal assemblages of Nuevo Gulf (Patagonia, Argentina) 273

Interpretation, Natural Environment Rescarch Council,
UK. 144 pp.

Elias, R. 1992, Quantitativc benthic community structure in
Blanca Bay and its relationship with organic enrich-
ment. BS.Z.N.L: Mar. ol 13:189-201.

Estéves, J.. M. Solis, M. Gil, N. Santinelli, V. Sastre, C.
Gonzdlez Raies, M. Hoffmeyer and M. Commendatore.
1997. Evaluacion dc la contaminacion urbana de la
Bahia Nucva (Provincia del Chubut). Plan de Manejo
Integrado de lu Zona Costera Patagonica, Informe Téc-
nice N® 31. Fundacion Patagonia Natural, Puerto
Madryn, Argentina. 32 pp.

Hall, M. A. and A. L. Boraso. 1975, Clasificacion de asocia-
ciones vcgetales bentonicas por métodos objetivos,
Aplicacion al mediolitoral de una playa rocosa. Physis
(Buenos Aires), Sece. A 34:31 -47.

Kiihnemann, O. 1972. Bosquejo fitogeografico de la veg-
etacion marina del litoral Argentino. Physis 31:117 142,
295 325,

Kruskal, |, B. and M. Wish. 1978. Multidimensional Scaling.
Sage Publications, Beverly Hills, Calilorma. 93 pp.

Littler, M. and S. Murray. 1975. Impact of sewage on the dis-
tribution, abundance and community structurc ol rocky
intertidal macro-organisms. Mar. Biol. 30:277-291,

Littler, M. and S. Murray. 1978. Influence of domestic
wastes on cncrgetic pathways in rocky intertidal com-
munitics. J. Appl. Ecol. 15:583-595.

Lépez Gappa, J., A. Tablado and N. Magaldi. 1990, Influ-
ence of sewage pollution on a rocky intertidal communi-
ty dominated by the mylilid Brachidontes rodriguezi.
Mar. Ecol. Prog. Ser. 63:163-175.

Lépez Gappa, J.. A. Tablado and N. Magaldi. 1993, Scasonal
changes in an intertidal community aflected by sewage
pollution. Environ. Pollur. 82:157-165.

Menesguen, A. 1992, Modelling coastal eutrophication: The
casc ol French Ulve mass blooms. fre: (R.A  Vollenweider,
R. Marchetti and R. Viviani, eds) Sympostum on Marine
Coastal Eutrophication, Bologna, Italy, 21-24 March
1990. Sci. Total Environment, Suppl. 1992, pp.979-992.

Morand, P and X. Briand. 1996, Excessive growth of
macroalgae: a svmptiom of environment disturbance.
Bor. Mar. 39:491 -516,

Munda, 1. 1993, Changes and degradation of scaweed
stands in the Northern Adnatic. Hydrobivlogia 200,261
239-253.

Olivier, 8., 1. Kreibohm dc Palernoster and R. Bastida. 1966.
Estudios biocenoticos de las costas de Chubut (Argenti-
na) I. Zonacion biocenoldgica de Puerto Pardelas (Gollo
Nuevo). Bol. Inst. Biol. Mar. Mar del Plara, N” 10: 1 -74.

Pugnetti, A., . Viaroli and L. Ferrari. 1992, Processes lead-
ing to dystrophy in a Po River Delta lagoon (Sacca Di
Goro): Phytoplanklon-macroalgae interactions. fa: (R.
A.Vollenweider, R. Marchettt and R, Viviam, eds) Sym-
posiwm on Marine Coastal Eutrophication. Bologna,
lely, 2124 March 1990. Sci. Total Invironment, Suppl.
1992, pp. 445--456.

Sanchez, V. and H. Zaigso. 1995, Sccuencias de recolo-
nizacion mesolitoral en una costa rocasa del Golfo San
José. Naturulia Patagonica. Cienclas Biologicas 3: 57 83,

Solis, M. 1998, Monitoring in Nucvo Gull (Argentina):
Analysis of occanographic data by Geographic Infor-
mation Systems (GIS). M. Sc. 'Thesis DLE.W. (021, 87 pp.
and Anncxes, International Institute for Infrastructural,
Hvdraulic and Environmental Engincering, Delft, The
Netherlands. |

Viaroli, P, I. Fumagalli and M. Cavalca. 1992, Chemical
composition and decomposition of Ulva rigida 1n a
coastal lagoon (Sacca di Goro, Po River Delta). /n: (R,
A Vollenweider, R. Marchetti and R. Viviani, ¢ds) Sym-
posittm on Marine Coastal Eutrophication, Bologna,
Hiaty, 21-24 March 1990. Sci. Total Environment, Suppl.
{992 pp.471 474.

Warwick, R. M. 1986, A new method for detecting pollution
clfects on marine macrobenthic communitics. Mar. Brol.
G2:557-562,

Zaixso, H.E., A. L. Boraso dc Zaixso and J. J. Lopez Gappa.
1978. Obscrvaciones sabre el mesolitoral rocoso de la
zona dc¢ Ushuaia (Tierra del Fuego, Argentina). Ecosur
5:119-130.



