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Chauvin, Louisiana 70344 
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Center for Wetland Resources 
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Baton Rouge, Louisiana 70803 

ABSTRACT: Salt marshes are widely believed to serve as nurseries for many fishes and crus- 
taceans of fishery value as a result of the high production of vascular plant detritus and the protection 
from predation offered by shallow, spatially complex habitats. Comparisons of the yields of species 
which reside in salt marsh habitats during critical life history stages (such as penaeid shrimp) with 
the area of such habitats and their greater densities in flooded marshes and associated tidal creeks 
support the premise that marshes enhance the yield of such species. A range of evidence, including 
the amount of detritai export from marshes, the poor nutritive value of vascular plant detritus, and 
natural diets, casts doubt on the notion that production of fishery species is based on the direct 
consumption of marsh grass detritus or predominantly on food chains based on this detritus. Vascular 
plants and associated algae may, however, contribute to the production of prey species. The limited 
observations available support the hypothesis that salt marshes offer significant escape from mor- 
tality due to predation, but there have been yet few experimental tests of this hypothesis. 

Knowledge of relative importance of the food and refuge functions in support of living resources 
is of practical value in marsh and fisheries management. Better understanding of these roles is 
important to the effective evaluation of the effects of coastal habitat modifications on fisheries 
resources and design of alterations to minimize the losses of these values. 

Introduction 

It has virtually become an article of faith 
among American estuarine scientists and 
environmental managers that salt marshes 
and other coastal wetlands are important in 
sustaining fishery species which live in es- 
tuaries some or all of their lives. Nixon 
(1980) reviewed the origins of this view- 
point and found that they were based on 
assumptions about the nutritive value of or- 
ganic detritus exported from the marsh and 
the coincidence of high fishery productivity 
and salt marsh development. He stated that 
"it does not necessarily fo l l ow . . ,  that the 
marshes themselves are the cause of these 
relationships. Perhaps estuarine-dependent 
fish simply do well in shallow protected 
waters, the same environment that usually 
favors salt marsh development." 

We here examine evidence of the rela- 
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tionship between salt marshes and the pro- 
duction of fishes and invertebrates of eco- 
nomic value by comparisons of yield and 
standing crop on regional and local scales. 
Further, we attempt to assess the basis of 
relationships which exist. To what degree is 
there atrophic dependence on the produc- 
tion of vascular marsh plants, and to what 
degree do the salt marshes simply provide 
a spatially complex habitat offering shelter 
from predators? We do not imply that this 
is an either/or question, but, as we will sug- 
gest, resolution of the importance of these 
functional relationships is of practical sig- 
nificance to prudent management of coastal 
r e s o u r c e s .  

Fishery Production Comparisons 

Nixon (1980) presented evidence which 
showed that the commercial landings of es- 
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Relationship between mean annual yield of 
penaeid shrimp caught inshore (heads-oil) and the area 
of vegetated estuarine habitat in the northern Gulf of 
Mexico (after Turner 1977). 

tuarine-dependent species on a unit area ba- 
sis are correlated with the ratio marsh area/ 
open water area among the major regions 
of the U.S. East and Gul f  Coasts with one 
notable exception. The Chesapeake Bay has 
the highest yield of commercial species (kg/ 
ha) but a rather low marsh to open water 
ratio. Although such comparisons are made 
difficult because of the less well bounded 
nature of the other coastal systems (they do 
not contain as much open water), more lib- 
eral inclusion ofnearshore waters in the cal- 
culations for the other regions would only 
exaggerate the discrepency. Nixon further 
demonstrated that other coastal ecosystems 
removed from wetlands have commercial 
finfish and shellfish yields exceeding those 
of estuaries which include a large marsh area. 
However, these are ecosystems which re- 
ceive large nutrient subsidies from the deep 
ocean, such as the Peru upwelling region 
and Georges Bank. 

Comparison ofmultispecies fishery yields 
with the extent of wetland development is 
oversimplified and perhaps confusing, even 
if limited to so-called estuarine-dependent 
species. The high fishery productivity re- 
ported by Nixon for the Chesapeake Bay is 
substantially due to menhaden (Brevoortia 
spp.), which dominate fishery biomass on 
both Atlantic and Gulf Coasts. Landings of 
menhaden are heavily influenced by fishing 
pressure and effort. In 1966, the year for 

which Nixon's comparisons were made, the 
catch of Atlantic menhaden (B. tyrranus, 
the species caught in Chesapeake Bay) was 
2.2 x 108 kg and that of the Gulf menhaden 
(B. patronus) was 3.6 x l08 kg. However, 
in 1983, the catch of Atlantic menhaden had 
increased to 3.8 x 108 kg (an increase of 
72%), while that of Gulf menhaden in- 
creased to 9.2 x 108 kg (an increase of 
127%). Landings of Gulf menhaden in Lou- 
isiana alone were 7.6 x 108 kg, exceeding 
the record annual catch of Atlantic men- 
haden taken in 1956. Thus Nixon's plot of 
areal yield as a function of the ratio of wet- 
land to open water would be quite different 
for 1983, with Chesapeake Bay being within 
the general trend of the relationship (assum- 
ing Chesapeake Bay accounted for the same 
proportion of the Atlantic menhaden catch 
and constancy in the catch of species other 
than menhaden). 

Turner (1977) compiled data on devel- 
oped penaeid shrimp fisheries for North, 
Central and South America and Asia and 
expressed them in terms of yields per area 
of vegetated intertidal habitat. Yields were 
highly negatively correlated with latitude, 
consequently comparisons can most confi- 
dently be made among areas of similar lat- 
itude. The average annual yield of shrimp 
caught inshore in the northern Gulf  of Mex- 
ico is highly correlated with the area of veg- 
etated wetlands, including grassbeds, within 
the estuary (Fig. 1), but not with the area, 
average depth or volume ofestuarine water. 
On the other hand, Doi et al. (1973) found 
that the yields of Penaeus japonicus in the 
Seto Inland Sea declined in proportion to 
the loss of intertidal land which was not 
vegetated. 

Additional evidence for the relationship 
ofpenaeid shrimp yield and area of wetland 
habitat comes from the year to year varia- 
tion in landings in Louisiana. Shrimp land- 
ings in Louisiana are positively correlated 
with salinity during the period of juvenile 
development (Barrett 1975; Turner 1979). 
A year with heavy rainfall and high river 
runoff during the spring and early summer 
will produce a poor yield, particularly for 
brown shrimp (Penaeus aztecus). In fact, 
state fisheries biologists are able to make 
reasonably accurate predictions of fishing 
success later in the year based on a network 
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of stations sampled for salinity and an em- 
pirical relationship between salinity and 
temperature during the spring when recruit- 
ment and growth are critical. The conven- 
tional explanation is that the prevalence of 
high salinity conditions (> 12c7~) during dry 
years increases the area of marsh and shal- 
low waters habitable by juvenile P. aztecus, 
while the suitable habitat is severely re- 
duced during wet years. 

Quantitative estimates of the productiv- 
ity, standing crop, or even density of eco- 
nomically important fishes and inverte- 
brates within salt marshes as compared to 
open estuarine environments are extremely 
limited. Several authors have reported a 
large net export of biomass of fishes and 
invertebrates from salt marsh creeks (Herke 
1971; Yakupzack eta l .  1977; Knudsen et 
al. 1977; Weinstein 1979; Weinstein and 
Brooks 1983). Mock (1967) reported sub- 
stantially higher catches of penaeid shrimp 
in trawl tows adjacent to a salt marsh shore 
than at 50 and 100 feet from the shore. 

Quantification of the utilization of marsh 
creeks and shallows is hampered by sam- 
pling biases and high variability. Weinstein 
and Brooks (1983) employed drop nets 
(which provide higher and more realistic 
estimates than trawls) to measure the den- 
sities of nekton in a tidal marsh creek and 
adjacent seagrass beds in lower Chesapeake 
Bay. They found that the dominant fish, 
Leiostomus xanthurus (spot), was nearly four 
times more abundant in the tidal creek than 
in the seagrass beds. Late in the summer 
and fall larger spot were found in the 
grassbeds than in the tidal creek, suggesting 
that larger individuals were "bled off" from 
the preferred juvenile habitat in the marsh 
creek. 

Zimmerman and Minello (1984) com- 
pared the densities of juvenile Penaeus spp. 
in a Galveston Bay salt marsh to those in 
an adjacent nonvegetated habitat. P. azte- 
cus was nine times more abundant in the 
marsh when it dominated between March 
and July. P. setiferus was less faithful to the 
marsh with the average density twice that 
of the nonvegetated habitat when it domi- 
nated between August and January. 

In summary, although the evidence is 
fragmentary, it supports the concept that 
juveniles of a number of economically im- 

portant fishes and invertebrates heavily uti- 
lize the shallow habitats associated with the 
edges of salt marshes and that this is coin- 
cident with regional trends of increased yield 
of those species in areas with extensive salt 
marshes. However, it should also be pointed 
out that other co-occuring factors, such as 
the input of nutrients from terrestrial runoff 
or the deep ocean, may also influence re- 
gional fishery yields (Walsh 1983). 

Trophic Dependence 
The concept of nourishment of estuarine 

ecosystems, including their fishery re- 
sources, by salt marshes is partially founded 
on the proposition of "outwelling" of or- 
ganic detritus from marshes. As Nixon 
(1980) reviewed, the flux of materials (or- 
ganic matter and nutrients) into and out of 
salt marshes is a complex issue and net flux- 
es vary in magnitude and direction among 
marshes. Although carbon export from reg- 
ularly flooded marshes has been estimated 
to be as high as 50% of the total above- 
ground primary productivity of the vascular 
plants, detrital export is near zero in irreg- 
ularly flooded, microtidal marshes (Borey 
et al. 1983). 

The hypothesis of trophic subsidy is also 
founded on observations of detritus con- 
sumption by estuarine organisms. The stud- 
ies of Darnell (1958, 1961) on food habits 
of fishes and larger invertebrates in Lake 
Pontchartrain emphasized the importance 
of vascular plant detritus in food chains sup- 
porting economically important species. 
Darnell found the widespread occurrence of 
such detritus in the guts of fishes and in- 
vertebrates and concluded that it was an 
important food resource for many young 
fishes, both directly and indirectly by sus- 
taining prey species. Odum and Heald (1975) 
reported similar results for animals inhab- 
iting a south Florida estuary bordered by 
mangroves, but emphasized the role of in- 
termediate detritus consumers, such as small 
crustaceans and insects, in linking detritus 
and fish production. Naiman and Sibert 
(1979) also emphasized the importance of 
organic detritus in support of food chains 
leading to juvenile salmon production in a 
British Columbia estuary. 

Other arguments for the importance of 
vascular plant detritus to fishery production 
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have been based on the apparent insuffi- 
ciency of primary production of phyto- 
plankton to support the observed secondary 
production of the fishery. For example, Pe- 
ters and Schaaf (1981) estimated the food 
requirements of juvenile Atlantic menha- 
den in U.S. east coast estuaries by combin- 
ing data on feeding rates and population size 
and concluded that the total population 
consumed more food during its residency 
in the autumn than is available from phy- 
toplankton or a phytoplankton-based food 
chain. They suggested that organic detritus, 
either filtered from the water or ingested 
from the sediment, is an important alternate 
source of energy. Such indirect evidence 
must, however, be weighed with caution be- 
cause it is not uncommon that phytoplank- 
ton production is apparently insufficient to 
support the observed secondary production 
of higher consumers, even in ecosystems 
based virtually entirely on pelagic produc- 
tion. For example, Pomeroy (1979) con- 
cluded that in order for enough energy to 
be carried to terminal consumers of conti- 
nental shelf ecosystems either the conven- 
tional assumption of 10% ecological assim- 
ilation efficiency is too low by a factor of 2 
to 3, or current measurements of photosyn- 
thesis are low by a factor of 5 to 10. Peters 
and Schaafs (1981) estimates of food re- 
quirements of Atlantic menhaden are based 
on many compounded assumptions about 
population densities and feeding rates and 
they consider only phytoplankton produc- 
tion in waters shallower than 2 m (extrap- 
olated from phytoplankton product ion 
measured in only one estuary). 

Experimental studies of detritus utiliza- 
tion by macroconsumers have shown that 
the role of detritus in estuarine food chains 
is much more complex than Darnell's (1959, 
1961) results would suggest. Macroconsum- 
ers gain nutrition predominantly from mi- 
crobes and microfauna associated with the 
detritus rather than the plant material itself 
which is nitrogen-deficient as a food source 
(Tenore et al. 1982; Marinucci 1982). How- 
ever, there is a lack of experimental evi- 
dence that large, metabolically active, and 
rapidly growing animals such as fishes and 
decapod crustaceans could use detritus as a 
primary food source, even if it is microbi- 
ally enriched. 

On the other hand, many small crusta- 
ceans, annelids and meiofauna, which are 
potential prey of fishery species, are known 
to consume organic detritus (Tenore et al. 
1982). Organic detritus in estuarine waters 
and sediments is composed primarily of 
small amorphous aggregates, much of which 
is not of obvious vascular plant origin 
(Johnson 1974; Van Valkenburg et al. 1978; 
Ribelin and Collier 1979). This detritus may 
originate from several sources, including 
benthic microalgae, phytoplankton,  mi- 
crobes, and aggregates of dissolved organic 
carbon excreted or leached from plants and 
animals, as well as salt marsh plants. Ri- 
belin and Collier (1979) found that more 
than 98% of the detrital material exported 
from a Gulf Coast salt marsh consisted of 
amorphous aggregates which were produced 
primarily by benthic macroflora on the 
marsh surface rather than by microbial de- 
composition of the vascular plants. 

Assuming that much of the vascular plant 
detritus exported from a marsh was con- 
sumed by detritivorous prey of fishery 
species and that additional detritus was con- 
sumed by such prey residing in the marsh, 
only a relatively small portion of the energy 
fixed by the marsh grass would ultimately 
be available to the higher consumers in the 
fisheries. Supporting food chains would have 
a minimum of three steps, i.e., detritus-mi- 
crobes-detritivore-fish, which would pro- 
vide to the terminal consumer only 0.1% of 
the energy in the available detritus assuming 
10% ecological assimilation efficiencies be- 
tween trophic steps. This ultimate yield 
would be even less if there were additional 
predatory links (e.g., detritus-microbes- 
meiofauna-grass shrimp-fish) or if there were 
more complex microbial mediation, such as 
chemoautotrophic production (Peterson et 
al. 1980) (detritus-anaerobic microbes-re- 
duced compounds-chemoautotroph-graz- 
er-fish). 

The distribution of stable isotopes of car- 
bon in estuarine organisms places the troph- 
ic importance of vascular plant detritus in 
further question. The stable carbon iso- 
topes, 13C and 12C, are fixed in characteristic 
and different ratios by primary producers 
and these ratios presumably change little on 
assimilation of the organic carbon by con- 
sumers. Consequently, the ratio of these iso- 
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topes in an animal's tissue may be a tracer 
of the primary producer at the base of its 
food chain. Haines (1977, 1979; Haines and 
Montague 1979) reported stable carbon iso- 
tope ratios in marsh grasses, phytoplankton, 
seston and animals in Georgia estuaries and 
found that suspended detritus and most es- 
tuarine animals have ratios closer to that of 
phytoplankton carbon than Spartina car- 
bon. Hackney and Haines (1980) reported 
similar results for animals near Mississippi 
salt marshes. Similarly, Thayer et al. (1978) 
found that animals inhabiting a North Car- 
olina seagrass bed rely more heavily on phy- 
toplankton and microalgae than on seagrass 
as the ultimate source of carbon; although 
some species grazed directly on living sea- 
grass. 

Fry (1981) found that carbon isotope ra- 
tios in the brown shrimp, Penaeus aztecus, 
varied depending on the habitat in which it 
fed. Shrimp collected from Texas seagrass 
beds had ratios closer to that of seagrass 
than those collected from open bays, which 
possessed ratios closer to that of phyto- 
plankton. Because many shrimp collected 
on outgoing tides at the estuary entrance 
bore ratios indicative ofgrassbed residence, 
Fry suggested that these habitats may sup- 
ply more shrimp to the offshore fishery than 
the deeper estuarine bays. 

Interpretation of stable isotope ratios in 
animals as indicators oftrophic dependence 
is not always simple and straightforward. 
Organic nitrogen may be a more limiting 
resource than organic carbon and may be 
cycled through tissues at different rates. Sta- 
ble organic carbon isotope ratios are also 
known to shift between trophic levels (Rau 
et al. 1983), although at least for pelagic 
food chains, it is the proportion of 13 C which 
increases. Thus, the isotope ratio would 
move in the direction of Spartina carbon 
rather than phyloplankton carbon the higher 
the trophic level. 

Another confounding factor in the inter- 
pretation of stable carbon isotope ratios as 
tracers of the relative contribution of vas- 
cular marsh plant production is the poten- 
tial that much of this production is anaer- 
obically decomposed and provides energy 
through metabolic processes involving re- 
duced sulfur (Peterson et al. 1980). Howarth 
(1984) estimated that such chemoauto- 

trophic production may equal to as much 
as 10% of the aboveground production by 
marsh grasses. Reduced forms of sulfur are 
abundantly produced in marsh and estua- 
rine sediments. Some of this reduced sulfur 
is chemically oxidized and its energy po- 
tential, initially developed through photo- 
synthesis, is lost to the biota. Chemoauto- 
trophic microbes utilize some of the reduced 
sulfur as an energy source to fix new organic 
carbon which has isotope ratios specific to 
the miroorganism and not to the plant which 
produced the original detritus. Thus, ifche- 
moautotrophy is a significant pathway, the 
energetic contribution of vascular plant pro- 
duction may be underemphasized by the 
isotope ratio in an animal consumer. The 
quantitative significance of this pathway is 
unknown, but the additional trophic steps 
required and the large sink of chemical ox- 
idation must make it rather inefficient. 

In addition to the above rather ambigu- 
ous evidence, microscopic, biochemical 
(Moriarty and Barclay 1981), and immu- 
nological (Feller et al. 1979) assessments of 
food habitats and field experiments (Vim- 
stein 1977; Bell and Coull 1978) suggest that 
many highly motile estuarine animals, and 
especially fishes and decapod crustaceans, 
are primarily carnivorous. This appears true 
for the economically important portunid 
crabs (Paul 1981) and penaeid shrimp 
(Moriarty and Barclay 1981) commonly re- 
garded as detritivores. To be sure, analyses 
of gut contents often show a high frequency 
of more or less amorphous detrital material, 
but it is usually unresolved whether this ma- 
terial is incidentally ingested while foraging. 
A nutritive value for such material cannot 
be ruled out. An animal which depends pri- 
marily on relatively low quality detrital food 
would have to ingest large volumes of such 
material. Consequently, benthic and terres- 
trial detritivores are characterized by great- 
er gut fullness than is typical for these fishes 
and crustaceans. 

The evidence available to date indicates 
that economically important fishes and 
crustaceans depend on food webs which 
have more bases, pathways and transfer 
steps than the simple detritivory models 
previously offered by Darnell (1959, 1961). 
Although the contributions of planktonic 
production were probably underestimated 
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in these models, it is still likely that vascular 
plants and associated epiphytic and epipelic 
algae of salt marshes measurably contribute 
to the secondary production of prey. It is 
reasonable to assume that the significance 
of this contribution varies with the avail- 
ability of marsh versus planktonic detritus. 
This seems to be borne out in the stable 
carbon and sulfur isotope ratios of con- 
sumers in a New England marsh, which 
showed gradients indicating planktonic food 
sources toward the mouths of tidal creeks 
and Spartina sources deep into the marsh 
(B. J. Peterson, Marine Biological Labora- 
tory, personal communication). 

Refuge 
Implicit in the concept of salt marsh sys- 

tems as "nurseries" for economically im- 
portant fishes and invertebrates is that the 
shallow waters associated with the marsh 
provide protection for critical life history 
stages. In this manner marsh habitats may 
provide a refuge from predators which would 
otherwise decimate juvenile populations and 
lower the potential yield to the fishery. A 
corollary hypothesis is that the shallow 
water-wetland interfaces provide habitat and 
refuge from predators for prey species of the 
economically important species. This in- 
creases the production of prey species and 
their ultimate availability to the predators. 

Anyone who has attempted to maintain 
a salt water aquarium or bait a hook cannot 
help but be impressed with the importance 
of predation in the marine environment. 
There is, however, woefully little observa- 
tional or experimental documentation of the 
refuge function of salt marsh environments. 
In contrast, there is a more substantial lit- 
erature on the effects of seagrasses in pro- 
viding refuge from predators (Orth et al. 
1984). Although there are important differ- 
ences between the two habitats (salt marsh- 
es are intertidal and for the most part the 
animals of concern do not live amidst the 
grass blades), similar principles regarding 
the mitigation of predation due to the struc- 
tural complexity of the habitat may apply. 

Heck and Thoman (198 l) conducted ex- 
periments on the susceptibility of shrimp 
(Palaemonetes) to predation by killifish 
(Fundulus) in containers in which artificial 
grass leaves were provided as cover. The 

density of leaves affected the foraging suc- 
cess of the predators and significant survival 
of prey was found only at high vegetation 
densities. Dense Spartina culms provided a 
refuge for amphipods from predation by 
Fundulus in a New England salt marsh 
(Vince et al. 1976). Predator avoidance may 
be the principal reason why Penaeus aggre- 
gates in higher densities in marsh compared 
to open water as described above from the 
work of Zimmerman and Minello (1984), 
but utilization of the marsh for foraging may 
also be a factor. 

In fact, fishes and crustaceans utilizing 
marsh habitats may be capable of integrat- 
ing habitat profitability for feeding with risk 
of predation in selecting a habitat, as has 
been demonstrated by Werner et al. (1983) 
for bluegill sunfish (Lepomis macrochirus). 
In their pond experiments, bluegills selected 
more profitable, unvegetated habitats in the 
absence of piscivorous largemouth bass 
(Micropterus salmoides). However, in the 
presence of bass, small bluegills selected the 
less profitable vegetated habitat to decrease 
the risk of predation. Growth rates of the 
small bluegills were consequently reduced 
in the presence of bass, but growth rates of 
large bluegills--too large to be preyed on by 
the bass--actually increased as a result of 
decreased competition with the small blue- 
gills for the food resources of the unvege- 
tated habitat. 

Interesting, but ambiguous, evidence for 
the refuge value of shallow marsh creek en- 
vironments is provided by studies of the 
nekton in marsh impoundments (Herke 
1971; Adkins and Bowman 1976). Several 
studies of closed canals and impoundments 
for waterfowl management in Louisiana salt 
marshes have shown that although densities 
of fishes and shrimp may be lower in en- 
closed areas, the average size of individuals 
may be larger. The reduced densities may 
be a result of limitations the enclosure places 
on recruitment, but the large size of indi- 
viduals could either reflect greater average 
longevity as a result of the relative lack of 
predators or enhanced growth as a result of 
reduced competition. 

Implications 
Although more careful and imaginative 

research is required to resolve the relative 
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importance of salt marshes in providing food 
and refuge, the evidence we have reviewed 
here provides some support for the refuge 
hypothesis while indicating that salt marsh 
detritus is not as directly or substantially 
important in food chains supporting fishery 
species than was once thought. However, 
animals may integrate the food and refuge 
values of wetland habitats and may find 
them sites of profitable foraging protection 
from predators. Moreover, detritus produc- 
tion and nutrient processing by salt marshes 
may contribute to the enrichment and reg- 
ulation of estuarine food chains in as yet 
poorly understood ways. Furthermore,  
marsh grass production is essential to the 
perpetuation of this structurally complex 
habitat, because marshes must continue to 
accrete sediments and vascular plant detri- 
tus (peat) and to grow upward to survive 
(Hatton et al. 1983). 

In addition to the inherent scientific im- 
portance of the food and refuge issues, un- 
derstanding the functional relationships be- 
tween fishery product ivi ty and coastal 
wetlands is of great practical importance. 
For example, is it sufficient to base esti- 
mates of the impact of marsh loss or mod- 
ification on fishery yield by simply extrap- 
olating from yield/area averages (e.g., Turner 
1979)? The loss of wetlands in the Missis- 
sippi Deltaic Plain of southeastern Louisi- 
ana has been measured to be 188,000 ha 
between 1955 and 1978 (Wicker 1980). Can 
it be assumed, using an average shrimp yield 
per unit area of wetland of 33.6 kg/ha for 
Louisiana and Texas (Turner 1977), that 
this has resulted in a reduction of 6.2 x 106 
kg in potential annual shrimp catch? Is the 
effect actually less, or might it be even great- 
er? The deterioration of coastal marshes in 
Louisiana has resulted in saltwater intru- 
sion and an expansion in brown shrimp 
nursery grounds inland which partially 
counteract the losses seaward. Is the re- 
sponse of  shrimp product ion to these 
changes linear, or will it at some point be 
dramatically geometric? 

An understanding of the functional rela- 
tionships involving trophic support and ref- 
uge would be useful for evaluation, design 
and mitigation of activities affecting wet- 
lands, such as dredging and filling, drainage, 
and channelization. Although this may seem 

a moot issue to those in regions where de- 
struction of salt marshes is virtually pro- 
hibited, it is certainly not in Louisiana where 
the direct removal of over 700 ha of coastal 
wetlands was permitted in 1981 (Turner 
1982), largely for the purpose of oil and gas 
exploration, extraction and transportation. 
The area indirectly affected by canal con- 
struction may be l0 times that directly re- 
moved (Scaife et al. 1983). Economic forces 
are likely to continue the permitting of such 
activities. How can they be designed to min- 
imize the reduction in functional values? It 
is conceivable, of course, but not demon- 
strated that a modification which results in 
loss in marsh area, and thus total vascular 
plant production, may enhance the value of 
the habitat as a refuge for commercially im- 
portant organisms or the flushing of detritus 
to the estuary. 

We caution, however, that it is premature 
to pursue a strategy of creative wetland 
modification. Given the tremendous losses 
of wetlands due to the direct and indirect 
effects of canal construction (Scaife et al. 
1983) an immediate management strategy 
must be to minimize the loss of wetland 
area. However, when canals are permitted 
the options for design and mitigation should 
be evaluated in terms of the functional val- 
ues we have discussed. For example, bank- 
side spoil banks appear to interfere with the 
refuge function of the edge of a natural marsh 
(Mock 1967) and should be avoided. Spoil 
banks also interfere with natural marsh hy- 
drology and sediment supply necessary for 
marsh aggradation to counteract relative sea- 
level rise. Backfilling and plugging aban- 
doned canals are also frequently considered 
mitigative options, usually from the view- 
point of encouraging revegetation or re- 
storing natural drainage patterns. These 
modifications also have implications to ref- 
uge function and detrital export which 
should be considered. Although little is 
known about these implications, "keep it 
shallow" would seem to be a good rule of 
thumb in mitigation engineering. 

Finally, we would like to emphasize that 
the key to fishery management ofestuarine- 
dependent species is coastal habitat protec- 
tion and enhancement. Following the line 
of reasoning from wetland loss rates and 
yield-area relationships as discussed above, 
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L o u i s i a n a  m a y  h a v e  los t  a s t a g g e r i n g  6 .2  x 
l06  kg o f  p o t e n t i a l  a n n u a l  s h r i m p  y i e l d  
( h e a d s  off) b e t w e e n  1955  a n d  1978.  H o w -  
e v e r  t h i s  a m o u n t  is o n l y  a b o u t  10 p e r c e n t  
o f  t h e  i n t e r a n n u a l  v a r i a t i o n  in  l a n d i n g s ,  
w h i c h  is a l so  i n f l u e n c e d  b y  a v a r i a b l e  a n d  
g e n e r a l l y  i n c r e a s i n g  f i sh ing  effor t .  T h e  sig- 
na l  o f  d e c l i n i n g  p r o d u c t i o n  as  a r e su l t  o f  
w e t l a n d  h a b i t a t  m o d i f i c a t i o n  m a y  be  h i d -  
d e n  b y  t h e  n o i s e  i n d u c e d  b y  c l i m a t e  a n d  
m a n  u n t i l  i t  is  t o o  l a te  to  t a k e  c o r r e c t i v e  
a c t i o n s .  G i v e n  t h e s e  r e l a t i o n s h i p s ,  d i s p r o -  
p o r t i o n a t e l y  l i t t l e  e f fo r t  in  f i she r i e s  r e s e a r c h  
a n d  m a n a g e m e n t  is d e v o t e d  to  c o a s t a l  h a b -  
i t a t  e v a l u a t i o n ,  p r o t e c t i o n  a n d  e n h a n c e -  
m e n t .  

ACKNOWLEDGMENTS 

Our investigations on the functional values of coastal 
wetlands and on the effects of habitat changes have 
been partially supported by the National Coastal Eco- 
system Team, U.S. Fish and Wildlife Service under 
Cooperative Agreement 14-16-0009-81-1016. We 
benefited from discussions with Robert Orth, Robert 
Howarth, Michael Dagg and our colleagues at the Cen- 
ter for Wetland Resources, Louisiana State University. 
We appreciate the helpful comments of Gordon Thayer, 
David Peters and John Merriner, who reviewed a draft 
of the paper. 

LITERATURE CITED 

ADKINS, G., AND P. BOWMAN. 1976. A study of the 
fauna in dredged canals of coastal Louisiana. Loui- 
siana Wild Life and Fisheries Commission Tech. 
Bull. 18. 72 p. 

BARRETT, B.B. 1975. Environmental conditions rel- 
ative to shrimp production in coastal Louisiana. La. 
Dep. Wildlife Fish. Tech. Bull. 15.22 p. 

BELL, S. S., AND B. C. COULL. 1978. Field evidence 
that shrimp predation regulates meiofauna. Oeco- 
logia 35:141-148. 

BOREY, R. B., P. A. HARCOMBE, AND F. M. FISHER. 
1983. Water and organic carbon fluxes from an ir- 
regularly flooded brackish marsh on the upper Texas 
coast, U.S.A. Estuarine Coastal Shel f  Sci. 16:379- 
402. 

DARNELL, R. 1958. Food habits of fishes and larger 
invertebrates of Lake Pontchartrain, Louisiana, an 
estuarine community. Publ. Inst. Mar. Sci. Univ. 
Tex. 5:353-416. 

DARNELL, R. 196 I. Trophic spectrum of an estuarine 
community, based on studies of Lake Pontchartrain, 
Louisiana. Ecology 42:553-568. 

Ooi, T., K. OKADA, AND K. ISIBASHI. 1973. Environ- 
mental assessment on survival of Kuruma prawn, 
Penaeus japonicus, in tideland. I. Environmental 
conditions in Saizyo tideland and selection of essen- 
tial characteristics. Bull. Tokai Reg. Fish. Res. Lab. 
76:37-52. 

FELLER, R. J., G. L. TAGHON, E. D. GALLAGHER, G. E. 
KENNY, AND P. A. JUMARS. 1979. Immunological 
methods for food web analysis in a soft-bottom ben- 
thic community. Mar. Biol. 54:61-74. 

FRY, B. 1981. Natural stable carbon isotope tag traces 
Texas shrimp migrations. Fish. Bull. 79:337-345. 

HACKNEY, C. T., AND E. I .  HAINES. 1980. Stable 
carbon isotope composition of fauna and organic 
matter collected in a Mississippi estuary. Estuarine 
Coastal Mar. Sci. 10:703-708. 

HATTON, R. S., R. D. DELAUNE, AND W. H. PATRICK, 
JR. 1983. Sedimentation, accretion, and subsi- 
dence in marshes of  Barataria Basin, Louisiana. Lim- 
nol. Oceanogr. 28:494-502. 

HA1Nm, E.B. 1977. The origins of detritus in Georgia 
salt marsh estuaries. Oikos 29:254-260. 

HAINES, E.B. 1979. Interactions between Georgia salt 
marshes and coastal waters: a changing paradigm, p. 
35-46. In R. J. Livingston (ed.), Ecological Processes 
in Coastal and Marine Systems. Plenum, New York. 

HAINES, E. B., AND C. L. MONTAGUE. 1979. Food 
sourr~s of estuarine invertebrates analyzed using ~3C/ 
~2C ratios. Ecology 60:48-56. 

HECK, K. L., JR., AND T. THOMAN. 1981. Experiments 
on predator-prey interactions in vegetated aquatic 
habitats. J. Exp. Mar. Biol. Ecol. 53:125-134. 

HERr, E, W. H. 1971. Use of natural and semi-im- 
pounded, Louisiana tidal marshes as nurseries for 
fishes and crustaceans. Ph.D. Dissertation, Louisi- 
ana State Univ., Baton Rouge. 242 p. 

HOWARTH, R. W. 1984. The ecological significance 
of sulfur in the energy dynamics of salt marsh and 
marine sediments. Biogeochemistry 1:5-27. 

JOHNSON, R.G.  1974. Particulate matter at the sed- 
iment-water interface in coastal environments. J. 
Mar. Res. 273-282. 

KNUDSEN, E. E., W. H. HERKE, AND J. M. MACKLER. 
1977. The growth rate of marked juvenile brown 
shrimp, Penaeus aztecus in a semi-impounded Lou- 
isiana coastal marsh. Proc. Gulf  Caribb. Fish. Inst. 
29:144-159. 

MARINUCCI, A.C. 1982. Trophic importance of  Spar- 
tina alterniflora production and decomposition to 
the marsh-estuarine ecosystem. Biol. Conserv. 22: 
35-58. 

MOCK, C.R. 1967. Natural and altered estuarine hab- 
itats of penaeid shrimp. Proc. Gulf. Caribb. Inst. 19: 
86-98. 

MORIARTY, D. J. W., AND M. C. BARCLAY. 1981. Car- 
bon and nitrogen content of food and the assimila- 
tion efficiencies of penaeid prawns in the Gulf of 
Carpentaria. Aust. J. Mar. Freshw. Res. 32:245-251. 

NAIMAN, R. J., AND J. R. SIBERT. 1979. Detritus and 
juvenile salmon production in the Nanaimo Estuary. 
III. Importance of detrital carbon to the estuarine 
ecosystem. J. Fish. Res. Board Can. 36:504-520. 

NIXON, S. W. 1980. Between coastal marshes and 
coastal waters--a review of twenty years of specu- 
lation and research on the role of salt marshes in 
estuarine productivity and water chemistry, p. 437- 
525. In P. Hamilton and K. B. MacDonald (eds.), 
Estuarine and Wetland Processes. Plenum, New York. 

ODUM, W. E., AND E. J. HEALD. 1975. The detritus- 
based food web of an estuarine mangrove commu- 
nity, p. 265-286. In L. E. Cronin (ed.), Estuarine 
Research, Vol. 1. Academic Press, New York. 



468 D.F. Boesch and FI. E. Turner 

ORTH, R. J., K. L. HECK, JR., AND J. VAN MONTFRANS. 
1984. Seagrass faunal communities: the influence 
of plant structure and prey life style on the outcome 
of predator-prey interactions. Estuaries [this issue]. 

PAUL, R. K.G.  1981. Natural diet, feeding and pred- 
atory activity of the crabs Callinectes arcuatus and 
C. toxotes (Decapoda, Brachyura, Portunidae). Mar. 
EcoL Prog. Ser. 6:91-99. 

PETERS, D. S., AND W. E. SCHAAF. 1981. Food re- 
quirements and sources for juvenile Atlantic men- 
haden. Trans. Am. Fish. Soc. 110:317-324. 

PETERSON, B. J., R. W. HOWARTH, F. LIPSCHULTZ, AND 
D. ASHENDORF. 1980. Salt marsh detritus: an al- 
ternative interpretation of stable carbon isotope ra- 
tios and the fate of Spartina alterniflora. Oikos 34: 
173-177. 

POMEROY, L.R.  1979. Secondary production mech- 
anisms of continental shelf communities, p. 163- 
186. In R. J. Livingston (ed.), Ecological Processes 
in Coastal and Marine Systems. Plenum, New York. 

RIBELIN, B. W., AND A. W. COLI.IER. 1979. Ecological 
consideration ofdetrital aggregates in the salt marsh, 
p. 47-68. In R. J. Livingston (ed.), Ecological Pro- 
cesses in Coastal and Marine Systems. Plenum, New 
York. 

RAU, G. H., A. J. MEARNS, D. R. YOUNG, R. J. OLSON, 
H. A. SCHAFER, AND 1. R. KAPLAN. 1983. Animal 
~3C/~2C correlates with trophic level in pelagic food 
webs. Ecology 64:1314-1318. 

SCAIFE, W., R. E. TURNER, AND R. COSTANZA. 1983. 
Indirect impact of canals on recent coastal land loss 
rates in Louisiana. Environ. Manag. 7:433--442. 

TENORE, K. R., L. CAMMEN, S. E. G. FINDLAY, AND N. 
PHILLIPS. 1982. Perspectives of research on detri- 
tus: do factors controlling the availability of detritus 
to macroconsumers depend on its source? J. Mar. 
Res. 40:473-490. 

THAYER, G. W., P. L. PARKER, M. W. LACROIX, AND 
B. FRY. 1978. The stable carbon isotope ratio of 
some components of an eelgrass, Zostera marina, 
bed. Oecologia 35:1-12. 

TURNER, R.E. 1977. Intertidal vegetation and com- 
mercial yields of penaeid shrimp. Trans. Am. Fish. 
Soc. 106:411-416. 

TURNER, R.E. 1979. Louisiana's fisheries and chang- 
ing environmental conditions, p. 363-370. In J. W. 
Day, D. D. Culley, R. E. Turner, and A. J. Mum- 
phrey (eds.), Proceedings of the Third Coastal Marsh 
and Estuarine Management Symposium. Div. of 
Continuing Education, Louisiana State University, 
Baton Rouge. 

TURNER, R.E. 1982. Wetland losses and coastal fish- 
eries: an enigmatic and economically significant de- 
pendency, p. 112-120. In D. F. Boesch (ed.), Pro- 
ceedings of the Conference on Coastal Erosion and 
Wetland Modification in Louisiana: Causes, Con- 
sequences, and Options. U.S. Fish and Wildlife Ser- 
vice FWS/OBS-82/59. 

VAN VALKENBURG, J. K. JONES, AND D. R. HEINLE. 
1978. A comparison by size class and volume of 
detritus versus phytoplankton in Chesapeake Bay. 
Estuarine Coastal Mar. Sci. 6:569-582. 

VINCE, S., I. VALIELA, AND N. BACKUS. 1976. Pre- 
dation by salt marsh killifish Fundulus heteroclitus 
(L.) in relation to prey size and habitat structure: 
consequences for prey distribution and abundance. 
J. Exp. Mar. Biol. Ecol. 23:255-266. 

VIRNSTEIN, R.W. 1977. The importance of predation 
by crabs and fishes on benthic fauna in Chesapeake 
Bay. Ecology 58:1199-1217. 

WALSrt, J . J .  1983. Death in the sea: enigmatic phy- 
toplankton losses. Prog. Oceanogr. 12:1-86. 

WEINSTEIN, M . P .  1979. Shallow marsh habitats as 
primary nurseries for fishes and shellfish, Cape Fear 
River, North Carolina. Fish. Bull. 77:339-357. 

WEINSTEIN, M. P., AND H. A. BROOKS. 1983. Com- 
parative ecology of nekton residing in a tidal creek 
and adjacent seagrass meadow: community com- 
position and structure. Mar. Ecol. Prog. Ser. 12:15- 
27. 

WERNER, E. E., J. F. GILLIAM, D. J. HALL, AND G. G. 
MITTELBACH. 1983. An experimental test of the 
effects of predation risk on habitat use in fish. Ecol- 
ogy 64:1540-1548. 

WICKER, K. M. 1980. Mississippi Deltaic Plain Re- 
gion Ecological Characterization: A Habitat Map- 
ping Study. A User's Guide to the Habitat Maps. 
U.S. Fish and Wildlife Service FWS/OBS-79/07. 

YAKUPZACK, P. M., W. H. HERKE, AND W. G. PERRY. 
1977. Emigration of juvenile Atlantic croaker, Mi- 
cropogon undulatus, from a semi-impounded marsh 
in southwestern Louisiana. Trans Am. Fish. Soc. 
106:538-544. 

ZIMMERMAN, R. J., AND T. J. MINELLO. 1984. Hab- 
itat-related densities of macrofauna associated with 
Penaeus aztecus and Penaeus setiferus in a Texas salt 
marsh. Estuaries [this issue]. 

Received for consideration, October 28, 1983 
Accepted for publication, February 25, 1984 


	Dependence of Fishery Species on Salt Marshes: The Role of Food and Refuge
	Dependence of fishery species on salt marshes: The role of food and refuge

