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M1 STUE Bioproduction

Objectifs

e Deécrire les principes régissant la bioproduction dans les différents
écosystemes marins.

e Indiquer comment la bioproduction de ces systemes peut étre augmentée ou
davantage orientée vers les besoins anthropiques.

Contenu

e La colonne d’eau: la ‘couverture productive’ de tous les écosystemes marins.

e Lazone intertidale: un écosystéme accessible, sous fortes contraintes. Cotes
rocheux et meubles

e La zone sublittorale: importance du couplage bentho-pélagique. La bioproduction
des fonds rocheux et meubles ; les herbiers marins

e Les estuaires et les foréts de palétuviers : convergence de la bioproduction
terrestre et de la bioproduction marine

e Les récifs coralliens: des oasis de bioproduction exceptionnels



1 - La colonne d’eau: la ‘couverture
productive’ de tous les écosystemes
marins




Le phytoplankton: les diatomées (Bacillariophyta)




Le phytoplankton: les dinoflagellés (Dinoflagellata)




Dinoflagellés: bioluminescence et...
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Le phytoplankton: cyanobactéries (Cyanobactéria)

Stromatolithes



Le phytoplankton: les coccolithophores (Haptophyta)
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Figure 2.21 The relationship between the compensation depth and the critical
depth. Critical depth is the depth to which the total phytoplankton biomass may
be circulated and stil] spend enough time above the compensation depth to have
a total production equal to its total respiration during the same time period
(Modified from D. H. Cushing Productivity of the sea, Oxford biology reader
no. 78, Oxford University Press, 1975. Reprinted with permission from Caroli-
na Biological Supply Co.)
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Zooplancton: Copepodes (Copepoda)
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Zooplancton: Foraminiferes (Foraminifera)
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Zooplancton: Radiolaires (Radiolaria)
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Figure 2.26 Sonogram record of movement of vertical migrating plankton.
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Necton épipélagique

Gadidae —
Gadus
morrhua

Clupeidae —
Sardines, harengs,
pilchards




Necton épipélagique
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Engraulidae - Anchois



Necton épipélagique

A Scomber spp.
magquereau

Thunnus spp. Thon



Necton épipélagique

Elasmobranches

. Mammiféeres s
Reptiles Oiseaux




Necton épipélagique

Calmar - Cephalopoda



Necton épipéelagique

Biologie trophique :
les plus gros mangent les plus petits
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Endothermy, ectothermy and the global structure
of marine vertebrate communities

David K. Cairns®*, Anthony J. Gaston?, Falk Huettmann®

'Department of Fisheries and Oceans, PO Box 1236, Charlottetown, Prince Edward Island C1A 7M8, Canada
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ABSTRACT: Birds and mammals are the leading marine predators at high latitudes, while sharks and
other large fish occupy top positions in tropical waters. The present study proposes that temperature-
dependent predation success (TPS) explains global patterns of marine vertebrate community struc-
ture. Burst speed increases with temperature in ectotherms but is independent of temperature in
endotherms. If capture success depends on relative swimming speeds of predator and prey, ecto-
thermic prey will be more vulnerable to attack by endothermic predators at low temperatures.
Conversely, high temperatures should enhance the ability of ectothermic predators to prey on
endotherms. Pursuit-diving seabirds (penguins, auks and some cormorants) and pinnipeds (seals and
sea lions) are ubiquitous in ocean waters with summer surface temperatures cooler than the mid-
teens to low 20s (°C) but are virtually absentin warmer regions. We suggest that the near-absence of
these animals at low latitudes is due to TPS, as warm water increases the difficulty of capturing fish
prey and increases vulnerability to predation by large ectothermic and partially endothermic sharks.
Pursuit-diving birds and pinnipeds are virtually absent from warm temperate and tropical waters,
even where primary productivity and fisheries data suggest that food supplies are ample. This indi-
cates that the low productivity that prevails in much of the tropical zone cannot explain the world-
wide distributional patterns of pursuit-diving birds and pinnipeds. Endothermy in marine communi-
ties increases with cooler temperatures and with animal size. Pursuit-diving birds and pinnipeds are
sensitive to temperature limits and may suffer important range contractions as oceans warm.
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Fig. 1. World distributions of pursuit-diving birds and pinnipeds, including the former range of the extinct Caribbean monk seal,
and summer (July and January) sea surface temperature (SST) isotherms
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A tropical bird in the Arctic (the cormora‘nt paradox)

David Grémillet!*, Rory P. Wilson? Sarah Wanless!, Gerrit Peters?
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ABSTRACT: Seabirds, like all marine endotherms, have to
compensate for the extensive cooling effect of water when
diving. Alone among them, cormorants (Phalacrocoracidae)
have a wettable plumage and are predicted to require dispro-
portionately large amounts of food to balance heat losses.
These piscivorous birds are thus thought to have a detrimen-
tal impact on fish stocks. However, we show here that even in
great cormorants from Greenland, which dive in water at 3 to
7°C, daily food intake is lower than for well-insulated Euro-
pean seabirds. Despite their wettable plumage, cormorants
thus appear to manage their energy budgets in a remarkably
efficient way. Nevertheless, the specific foraging strategies
which enable this performance make cormorants dependent
on high prey density areas, a feature that should be taken into

account by future management plans.

KEY WORDS: Diving endotherms - Cormorants - Insulation -
Food requirements - Prey

The ancestors of contemporary diving endotherms
(seabirds and marine mammals) faced major adapta-
tive challenges as they returned to a semi- or fully
aquatic lifestyle some 50 to 30 million years ago. In
particular, the high thermal.conductivity of water com-
pared to air led to a series of adaptations regarding
insulation, for example thick layers of sub-cutaneous
fat, water-proof fur and plumage. A remarkable excep-
tion to this can be found in cormorants (Phalacrocora-
cidae), diving birds whose plumage is wettable (Rijke
1968). Consequently, heat loss to the water, daily food
requirements and predation pressure on prey stocks
are all thought to be proportionately higher in great
cormorants than-in other diving endotherms {Draulans
1988). Present concerns regarding the potentially
detrimental effect of the great cormorants Phalacroco-

*E-mail: d.gremillet@ite.ac.uk
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Resale of full article not permitted

rax carbo, and of the closely related double-crested
cormorant P. auritus, on commercial fish populations
throughout Europe and Northern America exemplify
this (Glahn & Brugger 1995, Kirby et al. 1996). How-
ever, recent investigations of great cormorants breed-
ing in Normandy showed that the food requirements
of these birds were surprisingly low when compared
to other (fully water-proof) seabirds from the same
climatic zone (Grémillet 1997, Grémillet & Argentin
1998). A reason for this may be that, far from being
archaic, plumage wettability in cormorants represents
an excellent adaptation to diving in shallow, temperate
waters (Lovvorn & Jones 1991, Wilson et al. 1992). The
plumage, which is only partially permeable and thus
keeps a thin insulating air layer at the water/skin
interface (Grémillet et al. 1998a), enables the birds
to become water-logged and to manoeuvre easily at
depths without incurring buoyancy problems as do
diving ducks, which are vigorously pushed back to the
water surface (Wilson et al. 1992). This adaptation is
appropriate as long as the birds hunt in relatively
warm, shallow waters, and, not surprisingly, the cor-
morants' radiation started some 34 million years ago
from tropical lagoons {Mourer-Chauviré 1982). Subse-
quently, this extremely cosmopolitan bird family has
scattered over all 6 continents, with the breeding
range of great cormorants extending from equatorial
Alfrica to the high Arctic (Fig. 1; Johnsgard 1993,
Russell et al. 1996) while that of double-crested cor-
morants extends from Cuba to Alaska (Johnsgard
1993). However, minimal body insulation is at odds
with the survival of these birds through the European
and North American winter or when breeding at high
latitudes, as energy costs of swimming may then be
600% higher than during the European summer
(Grémillet et al. 1998a). We infer that these situations
should at least lead to increased fish consumption to
compensate for and recognise concerns about the



2 - La zone intertidale: un écosysteme productive et
accessible, sous fortes contraintes. Cotes rocheux et
meubles




La zone intertidale: les marées, facteur structurant
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Rocky Shore Zonation
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Zone intertidale rocheuse — zonation verticale
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Zonation intertidale - Classification ‘universelle’ de Stephenson
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Fine-scale spatial distribution of the temperate infaunal bivalve
Tapes (= Ruditapes) philippinarum (Adams and Reeve) on fished
and unfished intertidal mudflats

@ CrossMark

Peter G. Beninger *, Inna Boldina
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ARTICLE INFO ABSTRACT
Article history: Temperate intertidal mudflats are important to both human and nonhuman foragers, the former for professional
Received 26 February 2014 and recreational clam fishing, and the latter for food, especially for migratory shorebirds. Foraging strategy

Received in revised form 1 April 2014
Accepted 2 April 2014
Available online xxxx

and success will depend to a large degree on the spatial distribution of the infaunal prey, which is very poorly-
known at the scale at which these foragers exploit the resources. We characterized the fine-scale spatial distribu-
tion of the bivalve Tapes philippinarum on a chronically-fished and on an unfished (reference) mudflat, using
Keywords: autocorrelation, variogram, and fractal analyses. Two cohorts were identified at each site: one sub-legal and
Spatial distribution one legal size. Although both cohorts were clearly aggregated at the scale of <130 m, this aggregation was greatly
Tapes attenuated at the fishing-impacted site, and most severely for the fished-size cohort. The fractal dimensions of

Ruditapes the cohorts at the two sites corroborated the decreased spatial structure at the fishing — impacted site, and in
mudflat particular for the fished-size cohort. Together with similar observations for other components of this mudflat
Fractal

ecosystem, these results underscore the need to incorporate the spatial aspect in assessments of both organism

Autocorrelation (prey or resource) distribution, its relationship to foraging strategies, and the effect of intertidal fishing on

these processes.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

There is increasing awareness of the importance of spatial structure
in population and community ecology (Fortin et al., 2002; Legendre and
Legendre, 2012). Ecological processes occur within a spatially-ordered
context, and failure to properly take account of spatial structure can
generate misleading data and erroneous conclusions (Kiihn, 2007;
Lennon, 2000). In particular, spatial structure is critical to under-
standing predator-prey relations (Benoit-Bird and McManus, 2012;
Benoit-Bird et al., 2013a; Humphries et al., 2010; Reynolds and
Rhodes, 2009; Sims et al., 2008).

The geo-statistical techniques available for the study of spatial struc-
ture are widely used in the fields of geology and forestry, yet they are
much less familiar in marine ecology (Boldina et al., 2014). The few
marine studies were initially concentrated on benthic spatial structure,
especially on the very 2-dimensional intertidal mudflat habitat
(Blanchard, 1990; Guarini et al., 1998; Kostylev and Erlandsson,
2001; Seuront and Spilmont, 2002; Weerman et al., 2011), although
recent work has begun to extend this to 3 and 4-dimensional con-
texts (Benoit-Bird and McManus, 2012; Benoit-Bird et al., 2013a,b).

* Corresponding author.
E-mail address: Peter.Beninger@univ-nantes.fr (P.G. Beninger).

http://dx.doi.org/10.1016/j.jembe.2014.04.001
0022-0981/© 2014 Elsevier B.V. All rights reserved.

Initial studies in benthic marine spatial ecology focused on large-
scale spatial structure, i.e. hundreds of meters or kilometers (Andrew
and Mapstone, 1987; Kraufvelin et al., 2011; Legendre et al., 1997;
Underwood et al., 2000). However, recent studies support early work
which showed that spatial patterning is evident at scales closer to
the size of the organisms studied, e.g. meters or tens of meters for
macroscopic organisms, and centimeters for meioscopic organisms
(Blanchard, 1990; Boldina and Beninger, 2013; Boldina et al., 2014;
Guarini et al., 1998; Seuront and Spilmont, 2002). In microphytobenthic
communities, such patterning has been hypothesized to be the result of
self-organization (Seuront and Spilmont, 2002; Weerman et al., 2010),
and to be important for basic ecological processes such as feeding,
reproduction, recruitment, and competition (Boldina and Beninger,
2013; de Jager et al., 2011) in marine animals. In particular, migratory
shorebirds depend to a variable degree on infaunal bivalve resources
(Beninger et al., 2011), and are considered to be sentinel species of
environmental status (Huettmann and Czech, 2006; Piersma and
Lindstrém, 2004).

To date, although fine-scale spatial studies on mudflats have covered
the major ecological components of these ecosystems (Blanchard, 1990;
Boldina and Beninger, 2013; Boldina et al., 2014; Guarini et al., 1998;
Weerman et al.,, 2010), they are few in number, such that the knowl-
edge base lacks sufficient depth to draw more general conclusions
(Kraufvelin et al., 2011). Additionally, recent evidence suggests that


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jembe.2014.04.001&domain=pdf
http://dx.doi.org/10.1016/j.jembe.2014.04.001
mailto:Peter.Beninger@univ-nantes.fr
http://dx.doi.org/10.1016/j.jembe.2014.04.001
http://www.sciencedirect.com/science/journal/00220981
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there was more than one patch detected within the sampling tran-
sects. The observed inter-patch distances were almost identical for
C2 and C3: 87 and 86 m, respectively.

3.2.2. Impacted site

The amplitude of the Moran's I values (0.57-0.76 for C2 and 0.5-0.63
for C3) demonstrated strong spatial autocorrelation. The patch size was
approximately 45 m for C2 and 86 m for C3. The absence of a second
peak on the correlograms indicates that the inter-patch distance was
greater than the lengths of the transects (Fig. 2. B).

3.3. Variogram analysis and fractal dimension

3.3.1. Reference site

The points used for the calculation of fractal dimension from the
variogram are shown in Fig. 3.

The spatial structure of T. philippinarum showed strong scaling
behavior over the range < 80 m (R?> = 0.99 and 0.98 for C2 and C3
cohorts respectively). A statistically significant difference of slopes of
regression lines of the log-log plots of semivariance vs lag distance
was not detected. In fact, the fractal dimension was nearly identical
for both cohorts: 1.65 for C2 and 1.64 for C3 (Fig. 4).

3.3.2. Impacted site

The spatial structure of T. philippinarum showed scaling behavior
over the range < 125 m (R? = 0.97 and 0.95 for C2 and C3 cohorts
respectively) (Fig. 6). The points used for the calculation of fractal
dimensions from the variogram are shown in Fig. 5. The resulting fractal
dimensions were 1.78 (C2) and 1.83 (C3) (Fig. 6).

The fractal dimensions of C2 and C3 cohorts were significantly
higher for the impacted site compared to the reference site (covariance
analysis, F = 65.08, P = 6E — 06 and F = 75.62, P = 2E — 06
respectively) indicating that the spatial structure of the C2 and C3
cohorts at the impacted site was more homogeneous than that of
the reference site. Furthermore, there was a much greater difference
between the fractal dimensions of the sub-legal (C2) and legal — size
cohorts (1.78 vs 1.83), compared to the nearly identical fractal
dimensions of the reference site (1.65 and 1.64).

4. Discussion

T. philippinarum showed a clearly aggregated spatial distribution for
both sites at distances < 130 m. Not surprisingly, this result contradicts
the ‘random’ 2-dimensional spatial distribution previously reported for
T. philippinarum (Lee, 1996), using the highly inadequate variance:mean
method (Dale et al., 2002; Hurlbert, 1990). Aggregative prey spatial dis-
tributions can have effects disproportionate to the biomass of organ-
isms in them, underscoring the importance of their detection and
characterization in ecological studies (Benoit-Bird and McManus,
2012).

The high values of Moran's I autocorrelation coefficient for
T. philippinarum on the impacted site fail to tell the complete
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Fig 3. Tapes philippinarum, reference site. Experimental variograms for C2 and C3 cohorts.
Open circles show the points used for calculating the fractal dimension.
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Abstract Sandpipers of the genus Calidris tend to have
similar body shapes and use narrow, tubular bills to feed
on invertebrates in aquatic habitats over an extensive
migratory range. Highly plastic foraging behaviours have
been displayed but the associations between diet and
feeding mechanics are less well understood. Here, scan-
ning electron microscopy was used to relate the ultra-
structure of the bills and tongues of two sympatric
congeners, western sandpiper (C. mauri) and dunlin (C.
alpina), to function and elucidate the sensory and
mechanical basis to feeding. The morphology of the rel-
atively larger, more robust bill of the dunlin suggests
specialization for probing although both species are
known to feed on epifaunal and infaunal prey. In general,
external and internal bill features appear similar for the
congeners and the microstructure of taste bud and sali-
vary gland complexes in their mouth cavities correspond
to descriptions for other birds. However, the tongues of
the two species are remarkable for their distinctive micro-
structural details as well as copious mucus and extraneous
material. In particular, each species has unique tongue
papillae, and the keratinized lateral spines along the edges

and at the tips of the western sandpiper tongue.are
markedly longer and denser than for those of the dunlin.
Based on the unique features of the tongues and associ-
ated observations, inter-species differences in foraging
performance can be inferred. Further, evidence suggests
that the western sandpiper, and, to a lesser extent, the
dunlin, deposit feed on surficial biofilm materials, as op-
posed to incidentally imbibing such materials while tar-
geting epifaunal prey. Commensurate with the evidence, a
novel functional and mechanistic case for unfiltered bio-
film grazing in birds is proposed.

1.1

1.3

100 um

Fig. 1 Western sandpiper, Calidris mauri. Complete bill. 7./ Side

aspect, external surface of the maxilla and mandible (scale bar

118 mm;. §§ ]ID)orsal ?spect, external surface of the maxilla (scale bar
mm). /.3 Dorso-lateral aspect, distal secti i

kS 8 p ection of tongue in water
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BIOFILM GRAZING IN A HIGHER VERTEBRATE: THE WESTERN

SANDPIPER, CALIDRIS MAURI

Tomoniro Kuwak,"” PETer G. BENINGER,? PRISCILLA DECOTTIGNIES,? KIMBERLEY J. MATHOT,

AND ROBERT W. ELNER®

Dieta R. Lunp,?

YCoastal and Estuarine Environment Research Group, Port and Airport Research Institute, 3-1-1, Nagase, Yokosuka 239-0826 Japan
2Laboratoire de Biologiec Marine, Faculté des Sciences, Université de Nantes, 44322 Nantes, Cedex 3 France
*Centre for Wildlife Ecology, Department of Biological S. ciences, Simon Fraser University, Burnaby, British Columbia VS A 156 Canada
“Département des Sciences Biologigues, Université du Québec d Montréal, Montréal, Québec H3C 3P8 Canada

Department of Zoology, University of British Columbia, Vancouver, British Columbia V6T 1Z4 Canada

¢Canadian Wildlife Service, Pacific Wildlife Research Centre, Environment Canada, RR#1, 5421 Robertson Road,

Delta, British Columbia V4K 3N2 Canada

Abstract. We show that a higher vertebrate can graze surficial intertidal biofilm,
previously only considered a food source for rasping invertebrates and a few specialized fish.
Using evidence from video recordings, stomach contents, and stable isotopes, we describe for

the first time the grazing behavior of Western Sandpipers (Calidris mauri) and estimate that
biofilm accounts for 45-59% of their total diet or 50% of their daily energy budget. Our finding
of shorebirds as herbivores extends the trophic range of shorebirds to primary consumers and
potential competitors with grazing invertebrates. Also, given individual grazing rates
estimated at seven times body mass per day and flock sizes into the tens of thousands,

biofilm-feeding shorebirds could have major impacts on sediment dynamics. We stress the
shorebird and

importance of the physical and biological processes maintaining biofilm to
intertidal conservation.

PrLate 1. Western Sandpipers (Calidris mauri) grazing surficial biofilm on the Roberts Bank mudflat, British Columbia,

Canada. For their feeding behavior, see movie files in the Appendices. Photo credit: T. Kuwae.
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Downward trophic shiit during breeding migration
in the shorebird Calidris mauri (western sandpiper)

Peter G. Beninger'*, Robert W. Elner?, Michéle Morancais’, Priscilla Decottignies’

'Laboratoire de Biologie Marine, Faculté des Sciences, Université de Nantes, 44240 Nantes Cédex, France

2Canadian Wildlife Service, Pacific Wildlife Reseach Centre, Environment Canada, RR 1, 5421 Robertson Road, Delta,
V4K 3N2 British Columbia, Canada

ABSTRACT: The recent demonstration of mudflat surficial biofilm feeding by western sandpiper
Calidris mauri has provided new insight into the feeding ecology of shorebirds. We assessed feeding
modes over the migratory cycle, and specifically whether a downward shift in trophic position
occurred during the 2004 northward migration from their overwintering areas to the Arctic breeding
grounds. We used stable isotope composition and calculated trophic positions of adult western sand-
piper at their northward migratory stopover on Roberts Bank, British Columbia, Canada, in 3 animal
compartments with increasing turnover times (stomach contents, liver, and muscle). This allowed the
retrospective determination of their major diet source types over time frames encompassing the geo-
graphical ranges of their previous migratory stopovers and arrival on the Roberts Bank stopover.
Detailed taxonomic and photopigment determinations were also performed on stomach contents and
surficial biofilm. The Roberts Bank biofilm showed high taxonomic homogeneity among sampling
sites, suggesting a qualitatively consistent food source during western sandpiper stopover. A statisti-
cally significant downward shift in mean trophic position (TP) occurred between previous migratory
stopovers (TP = 3.0 £ 0.5, mean + SD) and arrival on the Roberts Bank stopover, where the maximum
probability densities showed >70% dietary contribution of benthic diatoms, with a TP = 2.3 + 0.4,

- Breeding range

Wintering range j \

H B B Northward migration I _}

EE® ® Southward migration »

Fig. 1. Calidris mauri. Migration route of western sandpiper. R: Roberts Bank
stopover location; PS: proximate stopovers; DS: distal stopovers

Biofilm +
close to the diet of the suspension-feeding bivalves Tapes philippinarum and Mya sp. (TP = 2). POM
Advantages of biofilm over macrofaunal feeding during migration may include decreased handling Tosohic 5% E— —
and search time, as well as greater availability and digestibility of the high-energy carbohydrates position - | - I | é
needed for flight. PS and DS
Suspension-
feeding bivalves

Fig. 4. Calidris mauri. Major components of western sand-

piper diets and trophic positions at proximate and distal

stopover grounds (PS and DS) prior to arrival at Roberts

Bank stopover (R), as given by the §'3C and §'°N of muscle

(DS), liver (PS), and stomach contents (R). Bold rectangles
represent SD of the means
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Live benthic diatoms from the upper continental
slope: extending the limits of marine
primary production

Dorien McGee!, Richard A. Laws?, Lawrence B. Cahoon®*

'Department of Geology, University of South Florida, Tampa, Florida 33620, USA

2Department of Geography and Geology, University of North Carolina Wilmington, Wilmington,
North Carolina 28403-5944, USA

SDepartment of Biology and Marine Biology, University of North Carolina Wilmington, Wilmington,
North Carolina 28403-5915, USA

ABSTRACT: Discovery of obligate benthic diatoms living as deep as 191 m substantially extends the
known depth range of these primary producers and holds significant implications for oceanic
productivity and biogeochemical cycling. Species of the epipsammic, monoraphid genus Cocconeis
dominated the =35 species of living benthic diatoms identified from the North Carolina continental
margin in samples collected at bottom depths from 67 to 191 m. A total of 126 species were identified
from prepared samples, more than 90 % of which are obligate benthic forms. Mid-day, near bottom,
photosynthetically active radiation values recorded at the 191 m site averaged 0.106 pmol photons
m~2s7!, representing about 0.028 % of surface incident radiation and resulting from a water column
attenuation coefficient of 0.0446 m™'. The presence of active benthic microalgae in these extremely
low light conditions suggests the development of special light-harvesting adaptations including
elevated levels of the blue-light absorbing accessory pigment, fucoxanthin. Extending the limit of
benthic microalgal production to upper slope depths offshore from North Carolina increases the
estimated total benthic primary production in that area of the continental margin by about 14 %. At
present, extrapolating potential increases in benthic microalgal biomass and production resulting
from extending the depth limits of viable benthic microalgae to a larger, global, oceanic scale is
limited by paucity of data.

60+ e ®
[ ]

801 R

1004 °®

1204

1404

Depth (m)

160+

180 h

200 T ! T
0.01 0.1 1 10 100

PAR flux, pEm=2s™

Fig. 2. Values of PAR observed (uncorrected for time of day

effects on surface incident PAR flux) at near-bottom depths at

each of 12 sites (excluding ROV Sites 4 and 5) in Onslow Bay,

16-17 October 2003 (transects 2003 I and 2003 II, Fig. 1).

Linear regression yielded the relationship: log (near-bottom

PAR) = 2.086 - 0.0177(depth); r? = 0,925 F=123.9; df = 1,10;
p < 0.0001



Bivalves benthiques sublittoraux - Pectinidae




Crustacés sublittoraux- Décapodes

Cancridae

Homarus gammarus Crevette Crangon sp.



Poissons sublittoraux démersaux (bentho-pélagiques)

Cabillaud, Gadus morhua -
rétrognathe

Lieu, Pollachius virens - prognathe

Merlu, Merluccius merluccius




Poissons de fond sublittoraux épibenthiques
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Figure 5.3 Diagram illustrating the parallel bottom communities dominated by
the bivalve Macoma in three different areas in the North Temperate Zone.
{Modified from G. Thorson, Bottom communities. In: The treatise on marine
ecology and paleoecology, Vol. 1, Ecology, edited by J. Hedgpeth, The Geologi-
cal Society of America, 1957.)
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Figure 7.3 Types of intersti-
tial ciliate protozoans, phy-
lum Ciliophora. (A) Loxo-
phyllum vermiférme with a
flattened body. (B) Trache-
loraphis remanei with a cy-
lindrical body. (C) Remanel-
la faurei with a flattened
elongated body. (D) Rema-
nella caudata with an elon-
gated body and tail. (E)
Geleia gigas with a thread-
like body. (From B. Swed-
mark, The interstitial fauna
of marine sand, Biol. Rev.
39:1-42. Copyright © 1964
by Cambridge Philosophi-
cal Society; reprinted with
permission of Cambridge
University Press.)

(B) © t

Figure 7.5 Some interstitial nematodes. (A) Paramonohystera wieseri. (B) pyt-
taronema reticulatum. {C) Tricoma hopperi. (D) Epsilonema. {From various
sources.)

Figure 7.6 Some interstitial
gastrotrichs. (A) Urodasys
viviparus. (B) Pseudostomel-
la roscovita. (C) Thauma-
stoderma heideri. (D) Dip-
lodasys ankeli. (From B.'
Swedmark, The interstitial
fauna of marine sand, Biol,
Rev. 39:1-42. Copyright ©
1964 by Cambridge Philo-
sophical Society; reprinted
with permission of Cam-
bridge University Press.)
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Figure 7.4 Examples of some turbellarian flatworms from an interstitial marine
sand beach in Florida. (4) A member of the family Macrostomidae. (B) A
member of the family Kalyptorhynchidae. (C) Polystylophora sp. (D) Proschizo-
rhynchus sp. (E) Cicerina sp. (F) Nematoplana sp. (From L. Bush, Characteristics
of interstitial sand turbellaria: The significance of body elongation, muscular

development, and adhesive organs. Trans. Amer. Microsc. Soc. 87[2):244-25],
1968.)

Figure 7.8 Some crustacea
of the interstitial fauna. (4)
Derocheilocaris ~ remanei
{Mystacocarida). (B) Cylin-
dropsyllis laevis (Copepo-
da). (From B. Swedmark,
The interstitial fauna of
marine sand, Biol. Rev. 39:
1-42. Copyright © 1964
by Cambridge Philosophical
Society; reprinted with per-
mission of Cambridge Uni-
(4) (B) versity Press.)
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. Figure 7.7 Some representa-

tive interstitial annelids of

the class Polychaeta. (4) Me-

sonerilla intermedia. (B) Pa-

o ranerilla limnicola. (C) Ne-

rillidium simplex. (D) Di-

urodrilus sp. (E) Trilobodri-

lus sp. (From N. C. Hulings

© (o) ) [ed.], Pr[oceedings of the first

international conference on

meiofauna, Smithsonian

Contributions to Zoology
no. 76, 1971.)

Fi
Br

gure 7.9 Representative interstitial Mollusca, Cnidaria, Echinoder
achiopoda. (4) Caecum glabrum {Mollusca, Gastro
brambel; {Mollusca, Gastropoda). (C) Gwyni

doplax buskii {Echinodermata. (E) Styloc
(F) Psammohydra nanna {Cnidaria, Hydrozoa). |
Proceedings of the first international conferen
Contributions to Zoology no. 76, 1971.)

(&) (F

mata, and
poda). (B) Hedylopsis
ynia capsula (Brachiopoda. (D) Labi-
oronella riedli (Cnidaria, Scyphozoa).

From N. C. Hulings [ed.],
ce on meiofauna, Smithsonijan

145-165, 1970.)

Figure 7.10 Sample intersti-
tial Bryozoa and Tardigrada.
(A) Monobryozoon ambu-
lans (Bryozoa). (B) Batillipes
pennaki (Tardigrada). (A, af-
ter N. C. Hulings [ed.], Pro-
ceedings of the first interna-
tional conference on meio-
fauna, Smithsonian Contri-
butions to Zoology no. 76,
8) 1971. B, after L. W. Pollock,
Distribution and dynamics
of interstitial Tardigrada at
Woods Hole, Massachu-
setts, U.S.A., Ophelia 7[2):
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The inactive temporary component: an unexplored fraction

of meiobenthos
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Abstract Numerous morphotypes and great abun-
dances of resting stages falling within the meiobenthic
size-rang‘i were found in meiobenthos samples collected
in a coastal lagoon of the North Adriatic Sea. Biodi-
versity, abundances and energetic values of both active
and inactive meiobenthic organisms were analysed by the
traditional techniques of meiobenthology. Inactive stages
were represented by more than 100 morphotypes and
formed 52% of the meiobenthos in terms of numbers of
individuals. Inactive meiobenthos came mostly from
plankton: the second and third most abundant groups of
all meiobenthic organisms were the eggs of a rotifer and
the cysts of a dinophyte, respectively. Resting stages of
plankters fit the definition of temporary meiobenthos,
making up the “inactive temporary meiobenthos”, but
they are usually not considered in meiobenthology. The
diversity and abundance of the meiobenthos is, thus,
currently underestimated; this leads to neglect of the role
of meiobenthos in several processes linking different
ecosystems. It is hypothesised, for instance, that the
meiobenthic_resting stages of planktonic organisms
(besides being the' “seeds” for the perpetuation of
planktonic communities) might also be the prey of
meiofaunal organisms with piercing mouth parts. If this

proves correct, a regulatory role might be proposed for
the meiofauna in_respect to plankters with benthic

stages.
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Dipartimento di Biologia, Universita di Lecce,
1-73100, Lecce, Italy
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Dipartimento di Biologia Evoluzionistica e®
Sperimentale, Universitd di Bologna,

Via F. Selmi 3, 1-40126 Bologna, Italy

Introduction

The meiobenthic dimensional range (from 31 to 1000 pm,
Giere 1993) is a kind of “transit station” for many or-
ganisms whose adults belong to other compartments,
both pelagic and benthic. Warwick (1989) proposed that
organisms spending their whole life in the meiobenthos
(permanent meiobenthos) intensely affect those species
having only one or several life stages within this di-
mensional range (temporary meiofauna). Warwick et al.
(1986) and Strathmann (1990) suggested that pelagic
larvae and encapsulated eggs evolved in macrofauna to
both escape predation from permanent meiofauna and
to avoid resource competition with it. ,

Interactions between permanent meiofauna and me-
iobenthic macrofaunal settlers have been studied also
from an ecological standpoint, with the proposal of the
“meiofaunal bottleneck” (Bell and Coull 1980). This
envisages a control of macrofauna by permanent meio-
fauna predation on newly settled juveniles of macro-
fauna having a meiofaunal size. Further studies,
however, restricted the general value of this concept (see
Zobrist and Coull 1992, 1994).

Some studies analysed the role of meiofauna on
ecosystem structure and organisation, including pelagic
compartments (Platt 1981; Warwick 1989), but the me-
iobenthos is not currently considered to have important
ecological connections with pelagic compartments. The
temporary meiobenthos, however, does not solely con-
sist of the settled larvae of the macrofauna. Many
planktonic organisms, in fact, have stages which rest in
the sediments (for reviews see Boero 1994, 1996; Boero
et al. 1996) and have sizes that fall within the dimen-
sional range of meiobenthos. Several aspects of plankton
ecology (e.g. response to adverse conditions, spatial and
temporal segregation among potentially competitive
species, and propagule storage for future recruitment)
are involved in the production of benthic resting stages
by planktonic organisms (Marcus and Boero 1998). The
importance of resting stage banks, thus, must be further
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Trophic importance of spbtidal metazoan meiofauna: evidence

from in situ exclusion experiments on soft and rocky substrates

Roberto Danovaro - Mariaspina Scopa -
Cristina Gambi - Sizionetta Fraschetti

Abstract In coastal marine ecosystems, predation might
affect spatial distribution and population dynamics of ben-

_thic assemblages. Here, by means of experimental exclu-

sion of potential predators, we compared the effects of
epibenthic predation on metazoan meiofaunal assemblages
on soft and rocky substrates. Different patterns of abun-
dance were observed in uncaged versus caged plots, across
habitats. In caged soft substrates, the abundance of Nema-
todes, Copepods and Polychaetes increased by 56, 45, 57%,
respectively, in the first 3 months. An increase in the num-
ber of meiofaunal taxa was also observed. The exclusion of
predators from rocky substrates showed less clear patterns.
It did not affect the number of taxa while a decrease in mei-
ofaunal abundance was observed. Our results suggest that
the exclusion of epibenthic predators had clear effect on
total metazoan meiofaunal abundance and on the number of
taxa, only in soft bottoms. The different impact of predation
across habitats can be potentially explained by differences
in terms of spatial variability and substrate complexity. We
estimated that, coarsely, more than 75% of total metazoan
meiofaunal production can be channeled to higher trophic

levels through predation on soft-bottoms. Among meiofa-

unal taxa, Polychaetes and Nematodes provided the major

contribution to benthic energy transfers. These results sug-

gest the trophic relevance of metazoan meiofauna in coastal
food webs and claim for the refinement of further experi-
ments f?lLthé quantification of its role in different ecologi-
cal systems. '

—Curtis dissimilarity value between comrol'(uncagcd) and caged plots at 45, 60 and 90 days respectively from l.he begi‘nnir-lgv

Table 2 Average abundance of the main taxa contributing to the Bray

of the experiment in soft sediments

"Soft bottom 45 days

90 days

60 days

Cumulative % Average abundance Contribution % Cumulative % Average abundance Contribution % Cumulative %

Contribution %

Average abundance

Cage

Control

Cage

Control

Cage

Control

69.0 439 439

36.7 323

36.7

55.6

343 40.7

343

54.8

" 308

Nematodes

89.1

4.5

9.8
174, .

13.1

9.2
13.7

71.3

5.7
58

125

55.7 12.6

21.5

254

10.5

Copepods

71.1

219

133 69.0 10.4 9.7 65.5
13.5

16.3

6.9
6.1

29

Nauplii

61.3 .

25.9

493 1.3

12.6

9.7 78.7 7.6

12,9

Polychaetes

92.2

3.1

25

59.7 0.0

10.4

5.9

89.6

4.9

63

Others
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ABSTRACT

Situated at the interface of the microbial and macrofaunal compartments, soft-bottom meiofauna accomplish
important ecological functions. However, little is known of their spatial distribution in the benthic environment.
To assess the effects of long-term mechanical disturbance on soft-bottom meiofaunal spatial distribution, we
compared a site subjected to long-term clam digging to a nearby site untouched by such activities, in Bourgneuf
Bay, on the Atlantic coast of France. Six patterned replicate samples were taken at 3,6, 9, 12, 15, 18, 21 and 24 cm
lags, all sampling stations being separated by 5 m. A combined correlogram-variogram approach was used to
enhance interpretation of the meiofaunal spatial distribution; in particular, the definition of autocorrelation
strength and its statistical significance, as well as the detailed characteristics of the periodic spatial structure
of nematode assemblages, and the determination of the maximum distance of their spatial autocorrelation.
At both sites, nematodes and copepods clearly exhibited aggregated spatial structure at the meso scale; this
structure was attenuated at the impacted site. The nematode spatial distribution showed periodicity at the
non-impacted site, but not at the impacted site. This is the first explicit report of a periodic process in meiofaunal
spatial distribution. No such cyclic spatial process was observed for the more motile copepods at either site.
This first study to indicate the impacts of long-term anthropogenic mechanical perturbation on meiofaunal
spatial structure opens the door to a new dimension of mudflat ecology. Since macrofaunal predator search
behaviour is known to be strongly influenced by prey spatial structure, the alteration of this structure may
have important consequences for ecosystem functioning.

© 2013 Elsevier B.V. All rights reserved.
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Fig. 3. Omnidirectional spatial autocorrelogram for nematode densities using 10
equidistant classes. Significant values are represented by solid symbols; non-significant
values are represented by empty symbols.
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Figure 5.14 Distribution of kelp beds in the world, indicating the dominant
genera. (L) Laminaria; (M) Macrocystis. (Modified from K. H. Mann, Seaweeds:
Their productivity and strategy for growth, Science 182[4116]:975-983, 1973.
Copyright © 1973 by the American Association for the Advancement of Science.)
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Increasing density of juvenile Atlantic (Gadus morhua) and Greenland cod (G. ogac)
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ARTICLE INFO ABSTRACT
Article history: Global declines of eelgrass (Zostera marina) have major ramifications for the juvenile fishes for which this
Received 6 April 2010 plant can provide nursery habitat, However, it is less clear how rapidly fishes can recover when habitat loss is

Received in revised form 4 August 2010

reversed, either through natural growth or through habitat enhancement efforts. We investigated the
Accepted 5 August 2010

consequences of natural expansion and recovery of eelgrass following disturbance, on the densities of
juveniles of two cod species — Atlantic (Gadus morhua) and Greenland (Gadus ogac) cod - in a coastal nursery

g?éwards: area in Newfoundland, Canada. Eelgrass has been expanding at this location, likely as a result of reduced
Disturbance disturbance from winter pack-ice in the past decade. We conducted bi-weekly sampling of juvenile fish
Recruitment densities at 12 sites from July to November annually, 1995-2006, by seine netting. Each site was designated
Seagrass as either ‘natural’, ‘expansion’, ‘removal-recovery’ or ‘unvegetated' dependent on their recent eelgrass
Vegetation coverage and involvement in a manipulation study (1999-2000; Laurel et al. 2003b). We measured eelgrass

percentage cover at each site by analysis of aerial photographs. Eelgrass cover had noticeably increased in the
1999-2000 ‘removal-recovery' sites and at the ‘expansion’ sites following 2000. Using randomized
intervention analysis (RIA) we detected positive relationships between eelgrass cover and relative fish
density during 2001-2006. These results suggested a significant and rapid increase in age-0 cod density
associated with eelgrass habitat expansion. We suggest that juvenile cod density responds to annual
expansion and contraction of eelgrass cover, illustrating the potential cascading effects of eelgrass loss
associated with climate change, human disturbance, and disease and the potential benefits of eelgrass
conservation and enhancement,

® Natural
80+ O Expansion
¥ Unvegetated
& Recovery

—_

(=3

<
1

80+

Mean # fish/880m?

Year

Fig. 3. Interannual mean density (4 SE) of A G, morhua and B G. ogac at each of four
conditions of vegetation in Newman Sound, Newfoundland 1995-2006. Natural
eelgrass (n=6), eelgrass expansion (n=3), unvegetated (n=1), and recovery sites
(n=2). Refer to Fig. 1 for site names.



4 - Les estuaires et les foréts de palétuviers : convergence
de la bioproduction terrestre et de la bioproduction marine




Tectonic Estuaries

» Tectonic Estuaries are formed by the movement of the Earth's crust. It can cause
a section to sink or subside. This creates a depression or basin. Most of these
estuaries form along the fault lines when L&l‘thqlldkt"b occur. The seawater and
freshwater that pours into these estuaries after it's creation is the estuary, A
good -E'J{ﬂmplL- would be the San Francisco Bay. It's right on a fault line and the
area is known for it's earthquakes.




Estuaire de type fjord

4. Fjords are U-shaped valleys formed by glacial
action. Fjords are found in areas with long histories of
glacier activity, like northern Europe, Alaska and Canada.

Overhead View
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Inverse estuaries
(hypersaline lagoons)

Inverse estuaries are
a feature of hot arid
climates. They
include shallow
regions with a large
surface area such as
hypersaline lagoons,
but also gulfs of
significant depth and
extent. Evaporation
becomes a dominant
factor in the salt
budget of the gulfs,
and the salinity
increases from the
mouth to the head.




Chesapeake Bay

Figure 8.4 Result of Coriolis effect on
salinity in the Chesapeake Bay estu-
ary. Note the deflection of the isoha-
lines to the right in this Northern
Hemisphere estuary. Circled num-
bers refer to salinity values in parts
per thousand. {After D. S. McLusky,
Ecology of estuaries, Heinemann,
1971.)
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Figure 8.5 Comparison of salinity fluctuations in the water column with that
interstitially in the bottom mud. Data from the Pocasset River estuary in
Massachusetts. (After P. C. Mangelsdorf, Jr., Salinity measurements in estuar-
ies, pp. 71-79. In: G. H. Lauff [ed.], Estuaries pub no. 83 AAAS, 1967




FIGURE 10-16

Estuarine food web. Only a small number of energy pathways are shown in the
lustration. A lar t of energy is lost or exported from the estuary alter it
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Distribution mondiale des récifs coralliens
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Formation of a Coral Atoll coral reef atoll
voleanic island volcanic island sinks grows upward

Side View
2 2006 Encyclopaedia Britannica, Inc.
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Figure 8.7 Diagrammatic cross section of a typical atoll: (1) outer seaward slope, -
(2) windward reef margin with spur and buttress zone, (3) algal ridge, (4) the reef
flat, (5] seaward beach of the island, (6) lagoon beach of the island, (7) lagoon
floor, (8) lagoon reefs, (9) leeward reef flat, (10) leeward reef margin, (11) leeward

reef slope. (Modified from C. M. Yonge, The biology of coral reefs, Adv. Mar.
Biol. 1:209-260, 1963.)

Figure 9.8 Generalized sketch of the spur and buttress zone of a windward reef.
(AR) Algal ridge; (B) buttresses or spurs; (G) grooves; (SC) surge channels; (T)

18-m terrace. (After C. M. Yonge, The biology of coral reefs, Adv. Mar. Biol.
1:209-260, 1963.)



Les Atolls
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