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ABSTRACT: Salt m arshes form true ecotones betw een land and sea fauna and flora that have 
adapted to an environm ent that is both aquatic and terrestrial in nature. Despite the extrem e and 
sharp gradients that exist in salt marshes, they form the tem porary or perm anent home for m any an i­
mals and plants and they fulfil m any im portant roles in marine and estuarine ecosystems. While 
research on the terrestrial com ponent of European m arshes has helped in their m anagem ent, know l­
edge of the aquatic com ponent has largely been  ignored in safeguarding the existence and ecologi­
cal im portance of tidal m arshes. This situation is in sharp contrast w ith studies of coastal m arshes 
along the eastern  and southeastern coasts of North America. The typical European salt m arsh differs 
in several physical aspects from the typical American salt marsh, but recent investigations have indi­
cated parallels regarding nekton habitat usage. The present paper reviews the current state of Euro­
pean  studies on the habitat role that tidal m arshes play for fish and crustacean fauna. M irrored 
against the more extensive American literature, we discuss w here functional similarities and differ­
ences exist betw een both types of tidal m arshes and w here further know ledge is still needed  for 
European marshes. M anagem ent of European tidal m arshes would benefit from extending the 
current knowledge, and this paper identifies potential topics of interest.
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INTRODUCTION

Since the late 1960s scientists have shown interest in 
the ecology of tidal m arshes. Teal (1962) wrote one the 
first leading papers on the subject. His investigation 
dealt with fluxes of organic m atter and inorganic nutri­
ents betw een salt m arshes and coastal environments. 
His ideas on the ecological functioning of tidal marshes 
becam e a standard  w ith w hich all other studies w ere 
com pared. Later, scientists started to study different 
aspects of tidal m arsh functioning in estuarine and 
coastal ecosystems.

Salt m arshes are defined as areas w ith alluvial sedi­
m ents deposited on the shore by the sea and subjected 
to tidal or w eather-effected inundation by more or less 
diluted seawater. The moisture conditions of the soil 
vary from continuously w aterlogged to at least tem ­

porarily moist, and plant communities, consisting com ­
pletely or predom inantly of halophytes, occupy the 
soils (Beeftink 1977). Salt m arshes occur on intertidal 
shores in mid- and high-latitude regions worldwide 
(Kennish 2001), since m angroves, which dom inate the 
tropical zones, cannot survive tem peratures below 
-4°C.

The role that tidal marshes play as habitats for fish has 
been  studied intensively since the 1970s (e.g. Cain & 
Dean 1976). The first studies dealt w ith American tidal 
m arshes that stretch over vast areas of coastal and estu ­
arine shallow areas along the Atlantic and Gulf coasts. It 
is now no longer questioned that the presence of tidal 
creeks and ponds is primordial in the survival of young- 
of-the-year fish and m acrocrustaceans (Kneib 1997a).

On the European continent hum ans have reclaim ed 
large intertidal vegetated  ecosystems since the early
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M iddle Ages, and estuaries have changed completely 
due to anthropogenic influences. Some of these activi­
ties, like land reclam ation or the construction of dikes 
(Davidson et al. 1991, Mitsch et al. 1994), destroyed 
vast areas of intertidal wetlands, others changed the 
functioning of the estuary. H abitat loss through physi­
cal removal, the deterioration of quality, or the p reven­
tion of use by faunal species pose serious threats along 
estuaries (Elliott et al. 2002). These processes are still 
very m uch present along all European coasts, although 
conservation attem pts have largely put a stop to the 
reclaim ing of m arshlands (Cattrijsse et al. 2002). While 
direct destruction of intertidal m arshes is under very 
strong restrictions nowadays, physical alterations of 
estuaries still continue and result in loss of intertidal 
area. The main cause of w etland loss in the future will 
likely be a rise in the global sea level, threatening all 
low-lying areas. It is presently scientific consensus that 
the rise over the next 40 yr will reach 30 cm (Kerr 
1989). In the Rhone and Ebro deltas the sea level rise 
represents a huge challenge for the protection of 
coastal habitats (Day et al. 1995).

In Europe, Labourg et al. (1985), Frid (1988) and Frid 
& Jam es (1989) initiated the study of aquatic marsh 
fauna. The later studies of Drake (1991a,b), Costa et al. 
(1994) and Cattrijsse et al. (1994) w ere the first in- 
depth  studies on the subject. It was clear from the 
beginning that European m arshes differed in some 
aspects from, but nevertheless functioned quite similar 
to their American counterparts.

After 20 yr of studies, we present a review  here  of the 
main findings of European m arsh nekton research, 
supported by the broader and more num erous studies 
concerning US marshes. In the first section, w e briefly 
describe the European salt m arsh habitat and point at 
general differences (tidal regim e, vegetation, fate of 
prim ary production and habitat structure) w ith North 
American marshes. The second section summarises the 
main nekton species present in northern and southern 
European m arshes. In the third section, the known 
feeding habits of the m ain nektonic species are re ­
viewed. The fourth and m ain section focuses on the 
functioning of European marshes, putting 7 questions 
forward and highlighting the topics that rem ain u nan ­
swered. These questions present different, sometimes 
conflicting views, thus indicating future topics in Euro­
pean  m arsh research. The last chapter discusses w here 
m arsh nekton research  can feed into current tidal 
m arsh m anagem ent issues.

THE EUROPEAN SALT MARSH HABITAT

G enuine intertidal m arshes transected by m eander­
ing creeks only exist along the coasts and in estuaries

of the North Sea and the European Atlantic, including 
the C hannel areas and the Irish Seas. In the microtidal 
Baltic and M editerranean, shallow m arine and brack­
ish lagoons or ponds occur that resem ble true salt 
m arshes by nature of their halophyte vegetation. 
These biotopes may harbour aquatic fauna similar to 
those found in tidal-creek-structured m arshes of the 
Atlantic and North Sea coasts, but will function differ­
ently in many aspects, due to irregular, non-tidal flood­
ing. The term  salt m arsh generally refers to aquatic 
systems dom inated by halophyte vegetation, but also 
includes freshw ater tidal m arshes. Freshw ater plants 
typify oligohaline marshes, but otherwise they function 
similar to their m arine counterparts, due to the same 
sem i-diurnal inundation.

Tidal am plitude, local current patterns and hydro- 
logical conditions will determ ine the flooding fre­
quency of intertidal areas and thus the tidal heights 
betw een w hich vegetation can occur (Beeftink 1977). 
Extreme high w ater defines the upper terrestrial limit 
of salt m arsh vegetation. The lower limit is generally 
defined by the MHWN (mean high w ater neap tide) on 
the European continent (Beeftink 1977). This consti­
tutes a major difference w ith the US Atlantic salt 
m arshes (Cattrijsse et al. 1994), w here the lower limit is 
generally reached around the MTL (mean tide level) 
(Reimold 1977). The vegetated  surface of the US marsh 
will flood almost every high tide, while the European 
m arsh surface is only inundated  during the highest 
tides. Species m igrating to European m arshes prim ar­
ily use the m arsh creeks as nursery or foraging 
grounds. The functionality w ithin a larger ecosystem 
and the use aquatic organism s can m ake of the habitat 
will therefore differ largely at both sides of the 
Atlantic.

The vegetation of both types of salt m arshes also dif­
fers essentially (Adam 1990). The North American salt 
m arshes are almost mono-specific stands of Spartina 
alterniflora. Subdom inant species include Spartina 
patens, Juncus roemerianus and Distichlis spicata 
(Reimold 1977). Sea purslane Halimione spp. typifies 
European marshes, but other species also dom inate the 
m arsh vegetation: glassworts Salicornia species, cord 
grass Spartina anglica, sea couch-grass Elym us atheri­
cus, common salt m arsh grass Puccinellia maritima, 
seaside bulrush Scirpus maritimus, sea plantain Tri­
glochin maritima, reed  Phragmites australis, spear­
leaved orach Atriplex hastata and/or sea lavender 
Limonium  species (Beeftink 1977).

Stem density is m uch lower in the American Spartina 
m arshes, leaving plenty of space for small fish to w an ­
der around on the m arsh surface during high tides. 
W hen the highest tides flood European m arshes, the 
dense vegetation inhibits fish or nekton from venturing 
am ong the plant stems. After spring tides, small fish
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regularly get trapped  amongst the stems w hen w ater 
retreats to channels or pools (authors' pers. obs.).

As American m arshes are flooded more often, the 
bulk of the prim ary production will finally be w ashed 
into the w ater and be transported to the adjacent sub- 
tidal, to end  up there as detritus w here it forms the 
basis of the food chain. Only a very small am ount is 
rem ineralised locally (Teal 1962, Odum & Heald 1975, 
Nixon 1980). In European m arshes export of organic 
m aterial is largely absent (Wolff et al. 1979, Beeftink & 
Rozema 1988, Hem m inga et al. 1992, 1993, Dame & 
Lefeuvre 1994). The dead m arsh plants decay on 
the m arsh surface and can only get w ashed into the 
w ater during the highest tides (Bouchard & Lefeuvre
2000 ) .

In European intertidal m arshes even the largest 
creeks drain almost completely during the ebb period, 
in contrast to American m arshes, w here subtidal chan­
nels hold w ater at low tide. The shorter migration route 
and longer foraging period in American intertidally 
vegetated  habitats will also contribute to differences in 
utilisation of m arsh habitat by nekton.

These functional aspects of m arsh ecosystems on 
both continents can, however, not be generalised and 
will depend  on local circum stances like the latitude, 
tidal am plitude, plant communities and géom orpho­
logie characteristics of each individual system (Dame & 
G ardner 1993, Lefeuvre & Dame 1994, Lefeuvre et al. 
1994).

Across European latitudes major coastal and estuar­
ine m arshes have been sam pled in the UK, The 
N etherlands, Belgium, France, Spain and Portugal. 
European research  on salt m arsh nekton is, however, 
behind the extended investigations in the United 
States. Regardless of the fundam ental differences 
betw een the m arshes at both sides of the Atlantic, both 
types provide nursery areas and foraging grounds 
for fish and m acrocrustaceans. Not all studies p er­
formed in US m arshes will prove useful for the Euro­
pean  case.

Apart from Europe and North America, a limited 
num ber of descriptive publications from Australia 
(Morton et al. 1987, Davis 1988) and South Africa 
(Paterson & Whitfield 1996, 2000) are also available. A 
holistic view  of intertidal m arsh functioning requires 
studies from these regions too. Additional descriptive 
studies of European m arsh fauna will still prove 
rew arding, in further substantiating m arsh habitat 
im portance and in determ ining the role of the physical 
environm ent and the present species assemblages. 
Only a better understanding of the functioning of 
European salt m arshes as habitats for fish or m acro­
crustaceans may help to protect these rare and valu­
able habitats. Future studies will need  to address these 
functionalities of the m arsh intertidal.

THE FISH AND CRUSTACEAN FAUNA OF 
EUROPEAN MARSHES

Labourg et al. (1985) w ere the first to report on fau- 
nal samples collected in the intertidal m arshes of the 
Gironde estuary, SW France. Frid (1988) and Frid & 
Jam es (1989) sam pled during low tide on the salt 
m arshes of the Wash, UK, and found w andering ju v e­
nile shore crabs on the vegetated  m arsh surface during 
summer, sand gobies Pomatoschistus m inutus, juvenile 
mullets Chelon labrosus, juvenile flounder Platichthys 
flesus, juvenile plaice Pleuronectes platessa, praw ns 
Palaemon spp. and brown shrimp Crangon crangon in 
tidal pools. Previously, Kelley (1986) and Kelley & Reay 
(1988) had reported  on the occurrence of sea bass 
Dicentrarchus labrax and other fish in shallow marsh 
creeks.

In a subtidal channel near Cadiz Bay, SW Spain, 
Drake & Arias (1991a) found 39 species in the ichthy- 
oplankton. An identical num ber of species was found 
in a 4 yr study in an intertidal channel of the same eco­
system (Drake & Arias 1991b). Regardless of the re la ­
tively low num bers, the shallow environm ent was act­
ing as an alternative nursery area  to estuarine habitats 
for these species, some commercially important. The 
m arsh-bordered zone of the M ira Estuary, Portugal, on 
the other hand, w as thought to be vital for estuarine 
fish populations (Costa et al. 1994); 49 species w ere 
found to frequent the shallow subtidal areas in front of 
the estuarine tidal m arshes (Costa et al. 2001).

M uch like American coastal m arshes, European 
intertidal creeks are, during high tide, inhabited by a 
lower num ber of species than  the adjacent subtidal 
waters. Only a limited num ber of species seem to take 
advantage of the habitat during flooding. Recently, 
Salgado et al. (2004a) found 14 fish species in intertidal 
m arsh creeks of the Tagus estuary and 27 species on 
the mudflats in front of those creeks. In northern 
Europe, Cattrijsse et al. (1994) found a total of 68 spe­
cies of fish and crustaceans in an oligohaline m arsh of 
the W esterschelde estuary (SW Netherlands). A total of 
20 fish species w ere caught w ith a very fine m esh size, 
but only 6 of these w ere common. Most of the species 
present in the estuary w ere never observed in the 
m arsh (Hostens 2000). Sampling both the small and 
large individuals of the fish community of the m arshes 
of Mont Saint-Michel, northern France, Laffaille et al. 
(1998, 2000a) found a total of 31 species, 8 of which 
w ere common. Lefeuvre et al. (1999) m entioned that 
about one-third of the coastal fish community was 
found to invade marshes. Observations m ade in SE 
Portugal, however, contradict the assertion that fewer 
species use m arshes. Vieira et al. (2002) found 33 fish 
species in the m arsh creeks of Castro Marim, while 37 
species w ere found in the G uadiana estuary.
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Using some of the above-m entioned datasets and 
some unpublished records, M athieson et al. (2000) 
com pared the fish assem blages of 6 European marsh 
sites. Taking differences in sam pling methodology into 
account they found that the taxonomic structure of 
northern and southern sites differed substantially. 
Analysing ecological guild structures revealed striking 
functional similarities betw een all sites, despite the 
major physical and taxonomical differences that exist 
am ong the sites. While some m arshes w ere dom inated 
by pelagic species, others w ere structured by benthic 
species. This division of the studied sites w as also 
partly reflected in differences in dietary and vertical 
distribution guilds.

D epending on site and latitude, species that visit 
European intertidal m arsh creeks regularly and in 
large num bers include gobies Pomatoschistus microps, 
P. m inutus  and Aphia minuta, eel Anguilla anguilla, 
clupeids Sprattus sprattus, Sardina pilchardus and 
Engraulis encrassicolus, syngnathids Syngnathus ros­
tellatus and S. acus, sparids Sparus aurata and Diplo­
dus spp., mullets Liza ramada, 3-spined stickleback 
Gasterosteus aculeatus, seabass Dicentrarchus labrax, 
and flatfishes Platichthys flesus, Pleuronectes platessa, 
Solea solea and Solea senegalensis. Eel, flounder and 
the goby species are the most num erous recorded 
species for European intertidal m arshes (M athieson et 
al. 2000). The dom inant goby species differ betw een 
m arine and estuarine marshes: the sand goby Pomato­
schistus m inutus  occurs in m arine m arshes (Frid 1988, 
Frid & Jam es 1989, Laffaille et al. 2000a), while the 
common goby, an estuarine resident, is the most 
im portant fish species in brackish w aters (Drake & 
Arias 1991a,b, Cattrijsse et al. 1994, Ham pel et al. 
2003a, Salgado et al. 2004b).

Salgado and colleagues com pared the fish assem ­
blage of tidal m arsh creeks and adjoining mudflats 
(Salgado et al. 2004a). They found that only the com ­
mon goby w as a m arsh-resident species. Seabass, 
anchovy and mullets occurred regularly and in high 
num bers in the creeks, while sand goby and sole 
rem ained on the mudflat.

On the occurrence of crustaceans in European 
m arshes little information is available. Common crus­
tacean species include crabs Carcinus maenas, 
shrimp Crangon crangon and Palaemonetes spp. and 
mysids N eom ysis integer. Shore crabs C. m aenas  may 
w ander on the m arsh surface (Frid & Jam es 1988), 
while juvenile brow n shrimp C. crangon can be 
found in high densities in tidal pools during low tide 
(Cattrijsse et al. 1997). Juveniles of both species reg u ­
larly use intertidal creeks and pools as habitat (Cattr­
ijsse et al. 1997). Palaem onid shrimp have also been 
recorded from pools (Frid & Jam es 1989, Ham pel et 
al. 2004). Mysid shrimp occur only in creeks, but

sometimes in vast num bers (Cattrijsse et al. 1994, 
Ham pel et al. 2003a).

Most European studies are restricted to marine or 
estuarine marshes. Freshw ater m arshes have become 
a very rare habitat in w estern Europe. The fish fauna of 
freshw ater m arshes has not yet been  studied in detail. 
Ham pel et al. (2004) have sam pled all along the tidal 
Schelde River, but found only a very limited num ber of 
fish. It is known that the low environm ental quality of 
the river (i.e. critical oxygen concentrations) has low 
num bers of fish throughout its tidal freshw ater reaches 
(Maes et al. 1997). The habitat function of European 
reed- and willow-dominated tidal m arshes for fish has 
not been  docum ented.

FEEDING OF FISH AND CRUSTACEANS IN 
EUROPEAN TIDAL MARSH CREEKS

Information on diets of feeding fish or crustaceans in 
European m arshes is still largely absent, but the diets 
of some of the above-m entioned fish species have been 
exam ined in a num ber of studies. The available data 
show that all fish species foraging regularly in in ter­
tidal creeks prey upon similar infauna or invertebrate 
nekton species. Especially the am phipods Corophium  
volutator and Orchestia ganmiarellus, the annelid 
N ereis diversicolor and the mysid N eom ysis in teger  
feature abundantly as prey.

Sea bass is a commercially valuable fish that forages 
regularly in intertidal m arsh creeks (Kennedy & Fitz- 
m aurice 1972, Kelley 1988, Sà et al. 2002, Ham pel et al. 
2005). Young of the year of this predatory fish have 
been  found to feed intensively on m arsh crustaceans. 
In W esterschelde marshes, Dicentrarchus labrax 
preyed upon a w ide range of species, but the main 
prey items w ere Corophium volutator, N ereis diversi­
color, Crangon crangon, Carcinus m aenas and Orches­
tia species (Cattrijsse et al. 1994, Ham pel at al. 2005). 
In Mont Saint-M ichel m arshes along the coast of Nor­
mandy, Laffaille et al. (2000b, 2001a) reported  a very 
similar diet of young sea bass, comprising mainly 
Orchestia ganmiarellus, N ereis integer, C. volutator, 
N. diversicolor and copepods. In the northern m arshes 
of the H um ber estuary, some of these prey featured 
equally im portant in the stomach contents of young sea 
bass. There, G ardner (1996) reported  C. crangon, N. 
diversicolor, N . in teger  and Sprattus sprattus as the 
m ain prey items. Also, in the m arshes of the southern 
European Tagus estuary, the diet of 0-group sea bass 
w as mainly composed of decapods, mysids and isopods 
(Cabral & Costa 2001).

The diets of Pomatoschistus m inutus  and P. m icrops 
have also been analysed by the previous authors. Few 
species w ere im portant in the diet of the juvenile com-
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mon gobies in the W esterschelde. Numerically, cope- 
pods dom inated the diet in spring. M esopodopsis slab­
beri, Nereis in teger  and Corophium volutator w ere the 
most dom inant prey items in term s of biomass through­
out the year (Cattrijsse 1994, Ham pel et al. 2005). In 
the Bay of Mont Saint-Michel, the diet of P. m inutus  
was dom inated by Orchestia ganmiarellus and N. in te ­
ger  (Laffaille et al. 2001a).

In W esterschelde marshes, Platichthys flesus  seem ed 
to prey almost exclusively on the 2 most im portant 
benthic invertebrate prey: Corophium volutator and 
N ereis diversicolor (Hampel et al. 2005). The diet of P. 
flesus  caught in the H um ber m arshes comprised 
mainly N. diversicolor, M anayunkia aesturina, M a­
coma baltica and Crangon crangon (Gardner 1996). 
Cabral (2000) described the food composition of Solea 
solea found feeding in the salt m arshes of the Tagus, 
Portugal; this flatfish predom inantly preyed upon Poly­
chaeta, mainly N. diversicolor and Amphipoda, partic­
ularly Corophium  spp. Sà et al. (2002) still observed C. 
crangon as the principal prey during summer in a salt 
m arsh of Castro Marim, Portugal.

Apart from predatory fish species, omnivorous fish 
may also feed inside intertidal creeks. M ullets fre­
quently visit in tertidal marshes. In the m arshes of Mont 
Saint-Michel, Laffaille et al. (2002) found mullets Liza 
ramada mainly feeding on diatoms, copepods, nem a­
todes and detritus. In the Castro Marim salt m arsh of 
Portugal, all grey mullets Chelon labrosus, Liza aurata, 
L. ramada, L. saliens and M ugil cephalus fed exclu­
sively on detritus, Crangon crangon, am phipods and 
Carcinus m aenas  (Sà et al. 2002).

In US marshes, several researchers observed that the 
gut fullness of fish and m acrocrustaceans increases 
during residence in the intertidal (Kneib 1997b). Euro­
pean  m arshes function likewise as foraging grounds 
for fish and crustaceans. Common goby, seabass, 
flounder, mullets and common shrimp w ere all found 
leaving the m arsh habitat during ebb tide w ith signifi­
cantly more food in their stomachs. The m arsh inverte­
brate infauna and epifauna thus attract a num ber of 
species to venture into the m arsh and to forage during 
higher w ater levels on the abundant m arsh inverte­
brate communities.

In a m esohaline m arsh of the W esterschelde estuary, 
the tidal cycle strongly influences the migration and 
the feeding activity of Pomatoschistus microps. M axi­
mum foraging activity coincided with flood tide. G ob­
ies started leaving the m arsh with the outgoing tide, 
and their gut contained significantly more food than 
w hen they en tered  the creek (Hampel & Cattrijsse 
2004). Seabass (Cattrijsse et al. 1994) and juvenile 
brow n shrimp (Cattrijsse et al. 1997) w ere also found to 
m ake tidal foraging excursions into intertidal estuarine 
m arsh creeks.

Lefeuvre et al. (2000) and Laffaille et al. (2001a) also 
found sea bass to forage intensively in the coastal 
m arshes of Normandy. In the same m arsh complex, 
Laffaille et al. (1998, 1999) proved that the gobies 
Pomatoschistus m inutus  and P. lozanoi took a signifi­
cant am ount of prey during their m arsh residence 
betw een flood and ebb tides. Not only carnivorous, but 
likewise herbivorous/detrivorous fish, find better for­
aging opportunities in m arsh creeks; the instantaneous 
feeding ration of Liza ramada increases betw een flood 
and ebb tides (Laffaille et al. 2002).

Solea species in the Tagus estuary showed a strong 
relationship betw een feeding activity and the tidal 
cycle (Cabral 2000). The decrease in vacuity values 
during high tide suggests that Solea species use in ter­
tidal areas as feeding grounds, as do Platichthys flesus 
and P. platessa  (Gibson 1973, Burrows et al. 1994).

The foraging activity of m arsh-feeding fish was found 
to be more complex than just tidally stimulated. The 
tidal stimulus seem ed to rule out diel differences in the 
feeding habit of Pomatoschistus microps. Ham pel & 
Cattrijsse (2004) showed that the feeding intensity was 
equal during daylight and nocturnal tides. During 
spring tides, however, these gobies had  almost twice as 
much food in their stomachs upon leaving the creek 
than  during neap tides. During spring tides a diel dif­
ference in foraging intensity becam e pronounced, but 
d isappeared during neap tides (Hampel & Cattrijsse 
2004). The com bined effect of lunar and diel influences 
on foraging intensity rem ained unansw ered.

ECOLOGICAL FUNCTIONING OF EUROPEAN 
MARSHES

The interest in the aquatic fauna of intertidal 
m arshes results largely from the idea that intertidal 
m arshes function as im portant nurseries for fish and 
crustacean species, some of which are economically 
im portant (e.g. Costa et al. 1994, Rozas 1995, Kneib 
1997a, Dionne et al. 1999). Nurseries, by definition, 
offer better grow th and survival through optimal forag­
ing (Allen et al. 1994, Craig & Crowder 2000, Laffaille 
et al. 2002), refuge (Whitfield 1998, Halpin2000, Pater­
son & Whitfield 2000, Costa et al. 2001), and/or 
enhanced  growth. The value of the m arsh habitat for 
young marsh-visiting individuals is reflected in the 
capacities of the intertidal m arsh to offer food and 
refuge. For m easuring and describing the habitat 
value, different indicators are used. The density of 
juveniles reflects recruitm ent, mortality and em igra­
tion; thus, density can be an im portant indicator of 
nursery habitat value (Minello 1999). Food availability 
is probably the major factor determ ining fish habitat 
quality (Gibson 1993).
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Are the densities of nursery species higher in 
marsh creeks?

In US m arshes differences in densities am ong tidal 
creeks, seagrass beds and unvegetated  habitats have 
been  shown for several species (Orth & van Montfrans 
1990, Rozas & Minello 1998, Rozas & Zimmerman 
2000). For the European continent, however, no such 
data are available. The only comparison that has been 
m ade betw een m arsh and adjacent subtidal habitats is 
the study of Salgado et al. (2004a), who showed differ­
ences in habitat use, but no differences in abundance. 
Differences in habitat use are, however, to be expected. 
Tidal m arsh fish assem blages will reasonably bear 
some similarity w ith those of nearby subtidal waters. 
M athieson et al. (2000) argued that similarity betw een 6 
European m arshes and their estuaries was generally 
g reater than amongst the individual marshes.

Some criteria will need to be met before a specific 
habitat functions as an im portant nursery area for cer­
tain species. Pihl et al. (2002) defined a nursery as an 
area w here juveniles aggregate, temporally or spa­
tially segregated from the adults, and w here their sur­
vival is enhanced through optimal conditions for feed­
ing, growth, and/or predation refuge. The presence of 
large num bers of juveniles, even in the complete 
absence of adult stages, is thus insufficient to nom inate 
a habitat as a nursery. Survival may be equally opti­
m ised in other, adjacent habitats.

Beck et al. (2001) define a nursery as we have 
defined it here, but they add that a habitat only func­
tions as a nursery when, on average, from that habitat 
more juveniles per unit area recruit to the adult popu­
lation than from other habitats. According to these 
authors, the existence of this criterion proves the nurs­
ery role.

However, any study supplying such information 
would prove more than merely the presence of the 
nursery function. It would also establish the quantita­
tive im portance of the area in relation to one or more 
adjacent areas.

The difficulty in sam pling nekton from vegetated  
m arsh or from shallow intertidal creeks while inun­
dated  contributes to the fragm entary results of nekton 
work. A range of sam pling m ethods has been  d e ­
scribed that varies in portability, size, deployment, 
escape rates of nekton and expense; none has yet 
becom e standard (Connolly 1999). Sampling in funda­
m entally different habitats requires fundam entally dif­
ferent techniques (Kneib 1997b, Rozas & Minello 
1997). Intertidal creeks are mostly too shallow and too 
small for trawling, w hich is generally the standard 
technique for sam pling small-sized epifauna or nekton 
in soft-sediment environm ents. Fyke nets, block nets, 
or any other types of passive gear are mostly unsuit­

able for gathering representative occurrence or abun­
dance data in the subtidal (Rozas & Minello 1997). 
Different subtidal habitats (seagrass, unvegetated  bo t­
tom) influence nekton distribution and further con­
tribute to sampling difficulties (Irlandi & Crawford 
1997).

Certainty about abundance differences in European 
tidal creeks and the adjacent subtidal shallows will 
rem ain very difficult to obtain and m ight necessitate 
sam pling techniques other than those considered stan­
dard  to date. Further, estim ating densities in both sub­
tidal and intertidal creeks will not com pensate for tidal 
migrations. One might argue that, even w ith a com pa­
rable technique, a bias would rem ain if the observa­
tions in the intertidal w ere m ade during the highest 
w ater levels. It is well known that fish tend to concen­
trate in shallow subtidal areas aw aiting the next flood 
tide, to w ander over the intertidal to feed or seek tem ­
poral refuge from predators. At low water, densities in 
the shallow subtidal might thus be as high as the d en ­
sities in the creeks during high water, w here all those 
young individuals concentrate again to take advantage 
of the food abundance and complexity of the habitat. 
Kneib & W agner (1994) and Cattrijsse et al. (1994) have 
shown that fish tend to follow the edge of the tide to 
m igrate betw een the intertidal and subtidal. Such tidal 
migrations cause a spatial shift in the assem blage, pos­
sibly m aking the discussion on differences in abun­
dance betw een both habitats futile. Only estim ates of 
w hat proportion of a species population m igrates to the 
m arsh intertidal will define the quantitative im por­
tance of intertidal creeks for that species.

Seasonal shifts in habitat use m ark the im portance of 
intertidal m arsh habitats more clearly than  spatial dif­
ferences in abundance. Spatial shifts in the occurrence 
of a species betw een adjacent habitats may prove that 
the individuals select certain environm ents during the 
successive developm ental stages of their early life. In 
the W esterschelde, young-of-the-year sea bass reach a 
maximum abundance in the m arshes (Cattrijsse et al.
1994) some m onths before their densities peak  on the 
intertidal flats in front of those m arshes (Hostens 2003). 
The m ain differences Salgado et al. (2004a) described 
w ere also related  to tem poral abundance fluctuations 
of the dom inant species and seasonal ingress of nurs­
ery species.

Are prey abundances higher and foraging 
opportunities better in salt marsh creeks?

It is generally accepted that, despite the variable 
environm ent, tidal m arshes are used extensively 
because of their high productivity, providing enhanced 
foraging opportunities for juvenile fish and m acrocrus­
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taceans (Boesch & Turner 1984). Due to the high pro­
ductivity of salt m arshes, creek sedim ents contain a 
higher nutrient load, attracting large num bers of detri­
tus-feeding organism s that act as prim ary prey for for­
aging fish (Laffaille et al. 2002). H igher detritus bio­
mass in the upper layer also coincided with higher 
densities of detrivorous or omnivorous benthic species 
(Netto & Lana 1997).

Com paring infauna betw een m arsh creeks and 
intertidal flats in front of m arsh systems may supply 
argum ents in favour of this hypothesis, even though 
prey abundance is not equal to prey availability. Fish 
would thus en ter tidal creeks to profit from local prey 
abundance. In the W esterschelde estuary, infauna 
prey densities of both the intertidal creeks and in ter­
tidal flats largely fell w ithin similar ranges. The 
average total abundance of the m acrobenthic species 
in m arsh creeks in early autum n reached 10 218 ± 
2524 ind. n r 2 (Hampel 2003). This figure w as lower 
than the values reported  for the intertidal flat by Yse- 
baert et al. (1993) and Ysebaert & H erm an (2002). 
However, lower values w ere found for the intertidal 
flat w hen analysing a dataset from 1978 to 1997 (Yse­
baert et al. 2000) com pared to the values for the in ter­
tidal m arsh creek (Hampel 2003). The density of one of 
the m ain benthic prey species, N ereis diversicolor, was 
higher in the m arsh creeks (Hampel 2003) than  on the 
intertidal flats (Ysebaert & H erm an 2002).

The abundance of Corophium volutator in Wester- 
schelde m arshes averaged around 6000 ind. n r 2 (Ham­
pel 2003). Cattrijsse (1994) even reported  maximum 
autum n densities of 40 000 ind. n r 2 from 2 m esohaline 
m arsh creeks. On the intertidal flats, Ysebaert et al. 
(1993) observed densities of C. volutator betw een 3000 
and 10 000 ind. n r 2. The density of oligochaetes varied 
w ith salinity. At the oligohaline m arsh stations, the 
density of oligochaetes was m uch lower (Hampel 2003) 
than on the intertidal flat (Ysebaert & H erm an 2002), 
while, in euhaline m arsh creeks (Hampel 2003), densi­
ties w ere com parable w ith those on the estuarine flat 
(Ysebaert & H erm an 2002). Salgado et al. (2004a) m en­
tion their unpublished data, w hich shows lower 
infauna density in m arsh creeks in comparison w ith on 
adjacent mudflats. Ham pel (2003) exam ined the re la ­
tionship betw een the densities and biomass of the 
main benthic prey (C. volutator and N ereis diversi­
color) and the num ber of flounder and sea bass m igrat­
ing into the creek, but no correlation was found 
betw een these factors. The lack of such a relationship 
may be a reflection of the excess carrying capacity, as 
shown by the large excess of m acrobenthic prey, 
although the relatively few sam pling occasions might 
have w eakened  the statistical test.

Apart from the infauna, other m arsh invertebrates 
may serve as profitable prey for m arsh-foraging fish or

crustaceans. The sem i-terrestrial am phipod Orchestia 
gam m arellus often features as a prom inent prey for sea 
bass (Laffaille et al. 2000b, Ham pel et al. 2005) and for 
gobies leaving European m arsh creeks w ith ebb tide 
(Laffaille et al. 1999, 2001b). This species often reaches 
huge abundances on the m arsh surface amongst 
decaying plant m aterial (Desender & M aelfait 1999) 
and gets w ashed into the w ater during the highest 
tides. O. gam m arellus  does not occur in the intertidal 
and, due to its size and limited swimming abilities, is a 
favourable prey for foraging fish (Laffaille et al. 
2000b).

Seasonal and even year-to-year fluctuations in infau- 
nal abundances may differ betw een m arsh creeks and 
adjacent habitats, like intertidal flats. We still lack a 
study describing seasonal changes in prey faunal 
abundance betw een m arshes and adjacent environ­
m ents and its possible effects on the use of marsh 
creeks as foraging grounds.

Not all fish present in the m arsh-bordering subtidal 
en ter intertidal m arsh creeks to feed upon the marsh 
infauna. M echanisms other than  better foraging oppor­
tunities may force some species to enter intertidal 
creeks. It has often been argued that entering the 
intertidal habitat is a trade off betw een the risks of 
exposure to an extrem e environm ent and/or the risk of 
stranding in intertidal pools and the benefits of high 
food availability and lack of predators. Competition 
m ight force some species into the intertidal and actu­
ally place them  in a less favourable position than the 
species rem aining in the subtidal. This is the case for 
the common goby. Sympatric occurrence w ith the sand 
goby forces this smaller species to occupy shallower 
areas (M agnhagen & W iederholm 1982). If the marsh 
environm ent is such a beneficial place to reside in, 
then  why do not all species take advantage of the tides 
to enter? Studies com paring fish species counts 
betw een m arsh and adjacent intertidal or subtidal 
areas often show that the subtidal is richer in species 
(Salgado et al. 2004a).

Is predation pressure reduced in salt marsh habitats?

Both grow th rate and predation risk influenced hab i­
tat use by Fundulus heteroclitus in intertidal salt 
m arshes (Halpin 2000). Vegetation provides efficient 
cover against predation. Experiments w ith tethered  
prey proved the low ered predation in m arsh habitats 
com pared w ith nonvegetated sand bottoms (Minello 
1993). Using mummichogs in vegetated  and unvege­
ta ted  areas also revealed that relative predation p res­
sure w as significantly less in areas w ith subm erged 
aquatic vegetation (Rozas & Odum 1988). Survival of 
penaeid  shrimp in subtidal biotopes is correlated with
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their residence time in m arshes (Minello et al. 1989). 
W ebb & Kneib (2004) also found a strong correlation 
betw een m ean grow th rates of white shrimp Litope­
naeus setiferus and the proportion of intertidal creek 
drainage area. Trade offs betw een predation refuge 
and grow th define the use of different m arsh habitats 
by fish. W here predation risk is high across all habitat 
types in a marsh, habitats associated w ith the highest 
growth rates are used. If a predation refuge is available, 
habitat use increases. Salt m arshes offer opportunities 
for both higher grow th rates and shelter from predation 
com pared to areas outside salt m arshes (Halpin 2000).

In the European m arshes apart from the most 
upstream  and smallest intertidal rivulets, w here terres­
trial plants may offer refuge and feeding habitat, the 
bare, unvegetated  creek habitat is physically not very 
different than the unvegetated  flat that exists in front 
of the m arshes. The unvegetated  creek habitat does 
not offer a higher habitat complexity that reduces p re ­
dation pressure. At higher w ater levels, larger p red a­
tory fish also enter creeks to feed upon the smaller 
species (Hampel et al. 2005).

European literature only reports circum stantial evi­
dence. Analysing the guild structure of European tidal 
marshes, M athieson et al. (2000) found that the pisci­
vore feeding guild was underrepresen ted  in all studied 
estuarine sites, in sharp contrast w ith the fish assem ­
blages of the main estuarine systems. The functional 
structure of m arsh fish assem blages indicates the dom ­
inant presence of young stages and supports the view 
that predation pressure inside m arsh creeks is lowered 
for those life stages.

Cattrijsse et al. (1997) argued in favour of lower p re ­
dation in intertidal creeks for juvenile brow n shrimp. 
They found early juvenile shrimp seldom occurring in 
the stomachs of small-sized fish feeding in the marsh, 
while in the subtidal m any more predator species w ere 
present. Stomach analyses of large sea bass and floun­
der leaving m arsh creeks have shown that the small­
sized fish and juvenile Crangon crangon are not ex ten­
sively consumed, while m arsh infauna and mysids still 
dom inate the diet (Hampel et al. 2005). Secondly, juve­
nile shrimp and common gobies rem aining in intertidal 
pools in the creek bed  find a tem porary segregation 
from predation by other fish (Cattrijsse et al. 1994, 
1997). Densities of juvenile brow n shrimp may reach 
>400 ind. n r 2 in the seepage w ater or in small pools of 
only a few centim etres depth  (Cattrijsse et al. 1997). 
Ham pel et al. (2004) also showed the high num ber of 
juvenile brown shrimp and gobies in m arsh pools. 
Larger predators like sea bass and flounder did not 
venture into this habitat. The functioning and im por­
tance of European m arsh pools as habitats for marsh 
nekton rem ain completely unknown. How do they 
function as tem porary refuges? Is survival better or

grow th faster there? What influence does their position 
on the marsh, their dimension, or any other factor have 
on habitat value?

Do marsh-visiting species exert a control on the 
marsh infauna?

Intensive tidal foraging by tidal marsh-visiting n ek ­
ton can result in im portant effects on the dynamics of 
individual prey populations (Joyce & W eisberg 1986) 
and benthic (Frid & Jam es 1988) or epibenthic (Walters 
et al. 1996) communities. Effects may be due to d istur­
bance or predation (Kneib 1997b). The very high p ro ­
ductivity of Fundulus heteroclitus depends, to a con­
siderable extent, on salt m arsh food resources 
(Weisberg & Lotrich 1982), and, thus, it seems reason­
able to expect that mummichogs affect salt marsh 
invertebrate prey populations. F. heteroclitus was 
indeed reported  to control the densities of Palaemon­
etes pugio  (Kneib 1986). Predation by mummichogs 
was also a dom inant factor determ ining the distribu­
tion and abundance of Orchestia grillus (Vince et al. 
1976). In contrast w ith these observations, Kneib 
(1982) argued that the distribution of O. grillus was 
independent of the predation of F. heteroclitus, while 
Kneib & Stiven (1982) also claim ed that F. heteroclitus 
is an inefficient predator of small benthic invertebrates 
(small annelids and crustaceans) and does not directly 
control prey densities. Control m echanisms occurred 
indirectly through the predation upon grass shrimp. 
The absence of direct effects on m arsh benthic inverte­
brates results from limited m arsh accessibility, the 
necessity of daylight for predation and good refuge in 
the vegetation for the prey species (Heck & Thoman 
1981).

The effects of some m acrocrustacean species w ere 
also exam ined. Grass shrimp Penaeus pugio  w ere 
associated w ith reductions in the densities of small 
benthic invertebrates in salt m arshes (Bell & Coull 
1978), while Penaeus spp. had a negative effect on 
prey species in both laboratory (Kneib & Knowlton
1995) and field (Gleason & W ellington 1988) experi­
ments. Interaction of Callinectes sapidus and their 
molluscan prey in tidal m arshes has also received con­
siderable attention (Kneib 1997b).

In Europe, the only indication that marsh-visiting 
species may intensively prey upon and thus control 
their food resources w ithin m arshes was given by Frid 
& Jam es (1988), who observed a reduction in infaunal 
predators, but not in deposit feeders after exclusion of 
epibenthic predators (birds, crustaceans and fish). 
Ham pel et al. (2005) found that m arsh infauna was 
highly abundant for larger fish and control on benthic 
prey could not be assumed.
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If nursery species control their prey abundance, 
competition for food will occur. This limits the growth 
potential of the individuals, the production potential of 
the population and, consequently, the quantitative 
value of the nursery. Likely, year-to-year fluctuations 
in abundance of both predators and prey exclude year- 
to-year identical relationships betw een them.

What biomass is exported when recruiting to the 
subtidal population?

Tidal w ater movements control fluxes of nutrients 
and organic m atter betw een salt m arshes and estuar- 
ine/coastal water. Rozas et al. (1988) em phasised the 
im portance of m arsh creeks as im portant corridors 
through which nekton move m arsh production 
betw een the vegetated  intertidal and open subtidal in 
US marshes. Faunal species can be responsible for 
organic m atter transport in river systems (Elliott et al. 
1990, M aes & Ollevier 2000) and in salt marshes 
(Lefeuvre et al. 1999). Beck et al. (2001) advocate that 
total biomass of juveniles recruiting to the adult popu­
lation is the best criterion in determ ining the value of a 
nursery.

Productivity estim ates for salt m arsh population of 
Fundulus heteroclitus are among the highest reported 
for fish (M eredith & Lotrich 1979). Allen (1982) esti­
m ated that the total annual production in dry weight 
(DW) of assem blages of fishes in the littoral zone of a 
tidal m arsh in California w as 9.5 g DW n r 2. Forman 
(1982) and Laffaille et al. (1998) showed that fish 
invade salt m arshes during flood tide, forage there and 
export the ingested food to the coastal w aters upon 
leaving the marsh. M ullets directly use the primary 
production of salt m arshes and are thus involved in 
energy fluxes betw een salt m arshes and coastal 
m arine systems (Laffaille et al. 2002). According to 
Lefeuvre et al. (1999) mullets would export about 8 to 
12 kg organic m atter ha-1. Laffaille et al. (1998) esti­
m ated that fish (mullets, gobies, sea bass) export 0.01 t 
particulate organic m atter yr-1 from each hectare of 
salt m arsh in the Mont Saint-M ichel Bay to the marine 
system. The energy transported by fish may account 
for as m uch as 10%.

Not only fish, but also the m acrocrustacean-like 
Crangon crangon , could be responsible for the export 
of biomass from tidal m arsh creeks. Young-of-the-year 
C. crangon spend approxim ately 3 w k in the tidal 
creeks of the oligohaline part of the W esterschelde. 
One year of constant outflux of young C. crangon 
betw een April and October from a 27 km2 m arsh had 
the potential of exporting the production of the Belgian 
coastal shrimp fisheries of that year (Cattrijsse et al. 
1997).

Are European marsh creeks still important 
nurseries?

W atzin & Gosselink (1992) have estim ated that 
>50%  of the original tidal salt m arsh habitats in the 
United States have been  elim inated by various hum an 
activities. Despite this loss, fishery species are believed 
to depend  upon the access of intertidal wetlands.

US fishery productivity is closely linked to w e t­
lands, and both correlative (Zimmerman & Minello 
1984, Rozas & Reed 1993, Peterson & Turner 1994) 
and experim ental (Minello & Zimmerman 1983, 1991, 
Minello et al. 1989, Thomas 1989) evidence indicates 
that m any fisheries species in the region of the north­
ern  Gulf of Mexico depend  upon coastal m arshes for 
critical nursery functions. The best-know n exam ples 
are the blue crab and the penaeid  shrimp. Some 
papers have argued and shown figures that their 
commercial catches depend  upon the available 
am ount of m arsh land (Orth & van M ontfrans 1990). 
Turner (1977, 1992) provided evidence for the im por­
tance of coastal m arshes to praw n production, by 
relating inshore catches of penaeids to regional varia­
tion in the areal extent of intertidal vegetation. Webb 
& Kneib (2002) found a correlation betw een the 
am ount of intertidal creek edge and juvenile shrimp 
abundance in adjacent subtidal creeks, w hich sup­
ports the contention that intertidal accessibility is an 
im portant com ponent of nursery habitat quality for 
juvenile white shrimp.

On the European continent the claiming of intertidal 
areas is a centuries-old practice that is currently still 
threatening the rem ainder of the formerly extensive 
intertidal, vegetated  ecosystems. This process r e ­
moved >7200 km2 of estuarine habitats during the 20th 
century alone (Davidson et al. 1991, Cattrijsse et al. 
2 0 0 2 ) .

Only a limited num ber of species using European 
tidal m arshes as nurseries are fishery species. 
Although, Costa et al. (1994) claim ed that the salt 
m arsh-bordering  zone in the Mira estuary (Portugal) 
has a vital im portance for both estuarine and marine 
fish populations as spaw ning and nursery grounds, 
especially for economic species. In northern Europe, 
the list is confined to brown shrimp and sea bass, the 
latter not being am ongst the most abundant species. In 
southern Europe, sea bass Dicentrarchus labrax, 
pilchard Sardina pilchardus and thin-lipped mullet 
Liza ramada are the main commercial species (Salgado 
et al. 2004b). Pilchard does not occur abundantly  in 
northern Europe, while the mullet is not a commercial 
species there. Salt m arshes are thought to play a key 
role in the production of the sea bass commercial fish­
ery in the region of M ont-Saint M ichel Bay (Lefeuvre 
et al. 2000). Kennedy & Fitzmaurice (1972) and Kelley
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(1986, 1988) have previously m entioned the im por­
tance of shallow creeks for sea bass.

The absence of historical da ta  excludes any assess­
m ent on the impact of the gradual, but significant, dis­
appearance of European m arsh areas on commercial 
catches. These species do not seem to depend  solely on 
m arshes for the survival of their offspring anyway. 
Crangon crangon spend their earliest days in marsh 
creeks (Cattrijsse et al. 1997), but their most im portant 
nurseries are the shallow sandy beaches of the North 
Sea coast (Boddeke et al. 1986). Also, sea bass reg u ­
larly use m arsh creeks (Kennedy & Fitzmaurice 1972, 
Kelley 1988, Cattrijsse et al. 1994, Laffaille et al. 2001a, 
Salgado et al. 2004b), but they occur abundantly along 
intertidal estuarine sand and mudflats (Kennedy 
& Fitzmaurice 1972, Hostens 2000). A lternative— 
better?— nurseries have always been and still are p re ­
sent for these species, and the hypothesis that marshes 
support past or present fishery yields in Europe can be 
questioned, at least for these examples.

Do m arsh creeks reach the same quantitative im por­
tance every grow th season and how does this relate to 
the abundance of prey populations inside and outside 
m arsh habitats? To date, no long-term  data on abun­
dance or feeding intensity of marsh-visiting species are 
available. M onitoring of m arsh habitats would help in 
a better long-term  appreciation of the habitat role of 
intertidal m arshes for fish or m acrocrustaceans.

Would local iish populations suffer from further/ 
complete disappearance of tidal marshes?

European m arshes have probably shrunk to an areal 
coverage too limited to be of im portance for regional or 
even local populations of fish or crustaceans. W eisberg 
& Lotrich (1982, 1986) showed that Fundulus heterocli­
tus is fully dependant upon the existence of vegetated  
intertidal areas. Individuals restrained from access to 
the m arsh surface grew  more slowly, and individuals 
staying in the subtidal w ere subject to higher p red a­
tion. Moreover, subtidal food sources alone w ere insuf­
ficient to support grow th of F. heteroclitus. Access to 
the food resources of the vegetated  m arsh surface was 
essential to m aintain the natural mummichog popula­
tion. F. heteroclitus restricted to foraging in subtidal 
channels lost weight, while those accessing the marsh 
surface grew  at an average rate of 0.34 % of their body 
w eight (BW) per day.

In European m arshes Pomatoschistus m icrops or P. 
m inutus  may occupy a similar niche in intertidal 
m arshes (Cattrijsse et al. 1994). The first species may 
reach a daily consum ption of up to 10 % ADW (ash-free 
dry weight) (Hampel et al. 2003a), but this does not 
prove a dependence on the m arsh for feeding. Con­

sum ption or grow th should differ betw een individuals 
w ith and individuals w ithout access to the m arsh in ter­
tidal. The influence of biological relationships may 
play a role in this (M agnhagen & W iederholm 1982).

Apart from feeding, m arshes can be essential for the 
spaw ning or developm ent of several species. Fundulus 
heteroclitus spawns in the intertidal, depositing large 
eggs in shelters like m ussel shells, leaves and grass 
stems (Taylor et al. 1977). The hatched young spend 
several w eeks in aquatic m icrohabitats on the marsh 
surface (Taylor et al. 1979). The recruitm ent of the 
mummichog is closely related  to m arsh habitats, which 
m akes them  dependent on intertidal m arshes during 
their life cycle. M enidia m enidia  exhibits a similar 
spaw ning behaviour (Conover & Kynard 1984). Stick­
lebacks (Kedney et al. 1987) and the goby Gobiosoma 
bosc  (Conn & Bechler 1996) also prefer intertidal 
m arsh pools, but these species also spaw n in subtidal 
habitats. Post-larval palaem onid shrimps are uncom ­
mon in subtidal creeks (Alon & Stancyk 1982), because 
m etamorphosis probably occurs in the intertidal 
marsh, w here post-larvae settle primarily (Kneib 1987).

None of the European marsh-visiting species d e ­
pends on m arshes as spaw ning habitats. The most 
common m arsh species (gobies, flounder, sea bass, 
sole) spaw n in coastal w aters and not inside the marsh 
biotope. O ther shallow estuarine or coastal environ­
m ents play a significant nursery role for these species.

Tidal consumption of m arsh-foraging fish can reach 
high figures. Ham pel & Cattijsse (2004) have estim ated 
that, according to the lunar cycle, the daily consum p­
tion (2 tides) of common gobies varies betw een 7 and 
16% of their body dry w eight. Similar estim ates w ere 
obtained for thin-lipped mullet (8 % BW) by Laffaille et 
al. (2002) and for sand gobies (4.5% BW) and seabass 
(10% BW) by Lefeuvre et al. (1999).

To date, no observations exist that any of these spe­
cies depends fully on the intertidal m arshes as a refuge 
or foraging ground. It rem ains unknow n w hether any 
of the European m arsh species exhibits faster growth 
rates or benefits from enhanced survival during their 
m arsh residence. Laffaille et al. (1999, 2001a) have 
reported  on the likelihood of 'easy' foraging, but 
acknow ledge that future research should address the 
link betw een salt m arshes and the sustainability of fish 
populations. Future European research could focus on 
grow th rates of m arsh-foraging species in comparison 
with conspecifics that have no access to m arsh creeks.

RESTORATION AND RE-CREATION OF 
INTERTIDAL MARSH HABITATS

In the United States each square m etre of m arsh lost 
must be mitigated, and considerable effort has been
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m ade in the last couple of decades to restore or create 
intertidal areas. In the European Union, the Habitats 
Directive regulates the conservation of Sites of Com­
m unity Importance (SCIs) and seeks to m aintain hab i­
tat levels on a no-net-loss basis within large, desig­
nated  areas (Crooks et al. 2001). There is a m arked 
difference betw een  the European approach of m an­
aged retreat and the restoration program m es in the 
United States. In Europe coastal defence is the primary 
objective, while in the United States restoration is the 
prim ary policy (Pethick 2002). In the United States, 
there are few complications concerning space, 
w hereas, in Europe, each restored hectare generates 
heated  debates due to the interests of different sectors. 
While in the United States m arsh is created/re-created, 
in Europe, m anaged retreat/realignm ent is the most 
widely used m anagem ent tool to m itigate w etland loss. 
M anaged retreat and set back involve allowing the 
degradation of current sea defences or dikes and mov­
ing them  further inland. Areas of land given back to 
the estuary and evolving into salt m arshes will pay for 
them selves in the reduced cost of later flood- and sea- 
defence schemes. The reactivated coastal and estuar­
ine floodplains provide both habitat and a self-sustain­
ing flood defence (Lee 2001). The fast erosion of the 
east coast of the UK intertidal m ade realignm ent of 
flood defences an im portant issue and a m ain coastal 
m anagem ent strategy (Crooks et al. 2002). In Belgium 
'controlled inundation areas', w here dikes are opened 
on a regular basis, have the potential of developing 
into similar systems and could, in the future, become 
true tidal ecosystems. Choices to relocate habitat and 
restore intertidal m arshes must be m ade with care 
(Crooks et al. 2002). Scientific research  in the UK has 
focused on modelling estuarine morphology and, more 
recently, on unm anaged retreat (breached flood 
em bankm ents not being repaired) (Pethick 2002). 
Some experim ental restorations have been undertaken  
in the UK, but they are <6 yr old, so long-term  conclu­
sions cannot be draw n yet (Atkinson et al. 2001). S tud­
ies concerning w etland restoration are still scarce for 
Europe com pared to those for the United States. A 
large num ber of studies have been published in the 
United States about monitoring the colonisation of 
plant species, benthic invertebrates and nekton after 
m arsh creation. Most of these assume that many newly 
created  salt m arshes offer similar fish species composi­
tion and densities as natural m arsh habitats in a re la ­
tively short period of time (Minello & Webb 1997, 
Dionne et al. 1999, Williams & Zedler 1999, Williams & 
Desmond 2001). In Europe, only very few studies have 
m onitored nekton utilisation in re-created  areas. In the 
W esterschelde estuary, a newly created  estuarine 
m arsh developed some functions of a typical marsh 
(e.g. refuge) for estuarine nekton relatively quickly,

but full functional developm ent may require >10 yr 
(Hampel et al. 2003b). In the H um ber estuary, UK, 
research is being done on the colonisation of newly 
created  areas, but conclusions cannot be draw n yet. 
C reating new  m arshes in West Europe would allow 
nekton species to rapidly colonise the system, reg a rd ­
less of the lower potential as a feeding ground and thus 
as a nursery area. Probably, the creation of new  
m arshes will only be as beneficial as m ature m arsh sys­
tems to fish and crustacean populations, m edium  to 
long term.

Along the freshw ater reaches of the Schelde estuary 
'Controlled Inundation Areas' are being constructed as 
a major, natural m anagem ent schem e against flooding 
of the former river floodplains. These low-lying p as­
tures only flood during the highest tides, but fish will 
and do invade these new  habitats, w hich eventually 
could develop into tidal freshw ater m arshes. The lack 
of know ledge on the habitat value of freshw ater 
m arshes to fish (Hampel et al. 2004) m akes it difficult 
to evaluate the ecological consequences of such river 
m anagem ent. Freshw ater m arshes are often dom i­
nated  by reed  Phragmites australis, and it has been 
shown for North American m arshes in w hich this plant 
species is an intrusive alien that reed  habitat and 
Spartina m arshes function similarly (Meyer et al.
2001 ) .

N orthern European tidal m arshes have been  used as 
foraging grounds for cattle and sheep since the earliest 
hum an coastal settlem ents. Nowadays grazing is g en ­
erally used to increase habitat complexity and overall 
m arsh flora and fauna species diversity. The effect of 
grazing m anagem ent presents an issue that is unique 
to northern European tidal marshes, and only Laffaille 
et al. (2000b) have addressed it. They showed that 
intensive grazing reduces litter and habitat suitability 
on the m arsh surface for the sem i-terrestrial am phipod 
Orchestia ganmiarellus. As a consequence, the abun­
dance of this am phipod is reduced. Laffaille et al. 
(2001a) proved that this am phipod is a high-energy 
food item that young sea bass actively forage on during 
residence in intertidal m arsh creeks. O ther m anage­
m ent issues that aim at preserving the biodiversity of 
coastal or estuarine tidal m arshes might equally have 
negative effects on the aquatic fauna, which are still 
not known well enough to sustain tidal m arsh m anage­
ment.

C urrent estuarine m anagem ent of both m ature and 
new  m arshes will present promising opportunities for 
future European research. Follow up studies of the 
colonisation effects of realigned m arshes by nekton as 
well as long-term  monitoring of nekton will sustain 
future m anagem ent schemes and are needed  to evalu­
ate ongoing or future hum an activities in the coastal or 
estuarine environm ent.
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