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Abstract

Seasonal and spatial variations of phytoplankton primary production were studied using a high frequency sampling strategy in the external
(ENW) and internal (INW) part of Arcachon Bay, during 2002 and 2003. In order to better assess the availability of nutrients and their relation-
ship with phytoplankton primary production, nutrient variability was studied in relation to environmental conditions and phytoplankton produc-
tion. During winter, when primary production rates were the lowest, nutrient concentrations were maximal but did not show excessive levels
compared to highly urbanised areas. Seasonal and spatial variations of nutrient concentrations (especially DIN-nitrate þ nitrite þ ammonium-
and Si) were largely influenced by Leyre River loads coupled with high tidal exchange with the Atlantic Ocean creating a nutrient gradient
between the INW and ENW. By February, diatom growth leads to an early severe nutrient depletion in the entire bay. Examination of nutrient
ratios showed that the potential limiting nutrient during spring was P in 2003, and Si in 2002. During summer 2003, N and Si concentrations
reached their lowest values, and nutrient ratios revealed a N-deficient environment, more pronounced in the INW. The high Si:N ratios during
this period might be explained by (1) important N-uptake by all autotroph communities and (2) benthic-pelagic coupling with high Si regen-
eration. This study shows that nutrient levels in Arcachon Bay seem to play an important role in the control of phytoplankton primary production
rates during the productive period and explain their spatial, seasonal and inter-annual variability. Our estimates of annual integrated phytoplank-
ton primary production (103 g C m�2 y�1) place this bay within the low to moderate phytoplankton primary production systems.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

In coastal ecosystems, net phytoplankton primary production
is regulated by the interaction of several abiotic (nutrient fluxes,
light availability and physical variability) and biotic factors
(grazing pressure and competition). In such systems, nutrients
are highly influenced by anthropogenic activity and climatic
variability via coastal upwelling events or continental inputs.

Indeed, the functioning of coastal ecosystems are closely linked
to that of freshwater systems, upstream of coastal systems (Ho-
warth and Marino, 2006) as the nutrient concentrations and ra-
tios of waters discharged to coastal areas largely depend on
agricultural and industrial activities, but also on freshwater bio-
logical activity upstream to coastal areas as well as on the nature
of the sediment in the drainage basin. Over the last decades, the
increase of anthropogenic inputs of nitrogen and phosphorus
have lead to severe eutrophication problems, inducing an en-
hancement of phytoplankton primary production in many
coastal areas (Fisher et al., 1995; Lohrenz et al., 1997; Kinney
and Roman, 1998; Cloern, 2001). In addition to increasing pri-
mary production, the alteration of these nutrient ratios, such as
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the decline of Si:N ratios, has inevitable effects on the taxo-
nomic composition of phytoplankton communities. For in-
stance, anthropogenic fertilisation tends to diminish the
relative Si availability when compared to N and P, resulting in
a decline of diatom proportion in the phytoplankton communi-
ties (Conley and Malone, 1992; Justic et al., 1995; Cugier et al.,
2005), affecting trophic pathways and energy transfer efficiency
(Turner et al., 1998).

However, it is know recognised that there is large differences
among coastal ecosystem in the magnitude and character of re-
sponses of phytoplankton biomass or primary production to nu-
trient enrichments (Cloern, 2001). In part, this is due to the
complex interaction of nutrient limitation and light limitation
in coastal systems (Cloern, 1999), as well as to the influence
of residence time on community structure and ecological inter-
actions, which will condition the export of nutrients and phyto-
plankton biomass (Lucas et al., 1999; Cloern, 2001). Further, in
some coastal ecosystems, the elevated abundance of suspension
feeders reduces phytoplankton accumulation, even in the pres-
ence of increasing nutrient levels (Cloern, 2001). Therefore,
due to the complex interaction of the factors that determine
the sensitivity of coastal ecosystems to nutrients, a linear re-
sponse of eutrophication to nutrient loading does not appear
to apply in such systems (Howarth and Marino, 2006). Thus,
to develop appropriate management strategies, it appears neces-
sary to fully understand the ecosystem functioning and first of
all the relationships existing between phytoplankton primary
production and nutrient patterns.

The objectives of this study were to define the nutrient var-
iability of the Arcachon Bay in relation to major sources and
sinks and to describe aspects of phytoplankton primary pro-
duction relevant to nutrient status. Arcachon Bay is a shallow
macrotidal lagoon colonised by the macrophyte Zostera noltii,
which supports great biological production of the oyster Cras-
sostrea gigas (estimated at 35,000 tons per year). This bay
does not suffer from an excess of nutrients and eutrophication
signs have not yet been seen (i.e. high macroalgae biomass
compared to phanerogams biomass, stability of macrozoo-
benthic assemblages; Castel et al., 1996; Bachelet et al.,
2000; De Wit et al., 2005). However, the increase of anthropo-
genic pressure (biological exploitation, urban development,
tourism) and the occurrence, during the last few years, of in-
creasing toxic events in the bay (mainly blooms of the dinofla-
gellate Dinophysis and the unexplained toxicity of bivalve
molluscs, www.ifremer.fr) makes this bay a sensitive area.
Other pressures, such as climate forcing, have been shown
to aid in the early start of phytoplankton production within
the year (i.e. FebruaryeMarch; Glé et al., in press) leading
to subsequent phytoplankton blooms whose intensity and com-
position could be nutrient-controlled as early as the spring.
The specific objective of this study is to characterise the nutri-
ent variability in Arcachon Bay during an entire annual cycle
in relation to environmental and biological parameters. In this
paper, we address the following questions: what factors ex-
plain the spatial and temporal variability of nutrients in Arca-
chon Bay and more precisely, what are the consequences of
winter blooms on spring and summer nutrient variability?

The seasonal and spatial variability of phytoplankton primary
production is here discussed in relation to nutrient variability
and the elemental nutrient ratios of the water body have been
used to evidence potential limitation of phytoplankton primary
production (Beardall et al., 2001). Finally, we give a first estima-
tion of the annual phytoplankton production in Arcachon Bay.

2. Materials and methods

2.1. Study area

Arcachon Bay (44�400 N, 01�100 W) is a macrotidal coastal
lagoon of 174 km2 on the southwest coast of France (Fig. 1),
connected to the Bay of Biscay (Atlantic Ocean) by a narrow
channel (2e3 km wide). In the inner lagoon (156 km2), tidal
channels (41 km2) penetrate into large intertidal areas
(115 km2). These tidal flats (60%, i.e. 70 km2) are mainly
colonised by Zostera noltii meadows. This shallow lagoon is
characterised by semi-diurnal tides (tidal range 0.9 to 4.9 m
depending on site and tide coefficient) enabling important wa-
ter exchanges with the adjacent oceanic waters. These are es-
timated at 384 � 106 m3 for an average spring tide and
264 � 106 m3 for a neap tide. Continental inputs participate
to a lesser degree in the distribution of water masses. Indeed,
annual freshwater inputs average 1.25 � 106 m3 with a major
volume (4/5) coming from the Leyre estuary in the southeast-
ern part of the bay. The remaining 1/5 is provided by second-
ary canals, e.g. the Lège Canal, at the northeast area.

The influence of both oceanic inputs derived from the Bay
of Biscay and freshwater inputs coupled with moderate water
renewal rates lead to two clearly distinct geographical areas in
the bay according to hydrological parameters (Robert et al.,
1987): (1) the external neritic waters, directly influenced by
the oceanic waters; (2) the inner neritic waters, particularly
influenced by continental inputs. The bay is therefore a hetero-
geneous ecosystem with regard to both its hydrological and
geographical characteristics.

2.2. Sampling strategy

The first sampling location was located in the external wa-
ters (ENW; station at position ‘Bouée 13’; 44�380 N, 1�140 W;
Fig. 1), in the southwestern part of the bay and is characterised
by a flushing time of 4e5 days (Plus, pers. commun.). This
station, situated in a 17 m-deep channel, is considered to be
representative of the Bay of Biscay waters entering the bay
at high tide. The second sampling site was located in the inter-
nal waters (INW; station ‘Comprian’; 44�400 N, 1�050 W;
Fig. 1), near continental inputs (i.e. river Leyre), and is char-
acterised by a flushing time of 13e20 days (Plus, pers. com-
mun.). This station, located in the southeastern channel 7 m
in depth, is representative of the internal neritic waters of
Arcachon Bay.

Sampling was performed at these two stations from 5 De-
cember 2002 to 29 January 2004, twice weekly. Also during
2002, the ENW were sampled from January to May. All sam-
pling were performed in surface waters (in the first meter of

643C. Glé et al. / Estuarine, Coastal and Shelf Science 76 (2008) 642e656

http://www.ifremer.fr


Download English Version:

https://daneshyari.com/en/article/4541873

Download Persian Version:

https://daneshyari.com/article/4541873

Daneshyari.com

https://daneshyari.com/en/article/4541873
https://daneshyari.com/article/4541873
https://daneshyari.com

