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Loss of intertidal habitat to development continues apace. Coupled with the long-term effects of climate change
there will be an increasing need to create new areas of intertidal habitats if shorebird populations and flyways
are to be effectively conserved. Habitat restoration and creation efforts in the US, Europe and Japan have shown
that creating salt marsh is often a hit or miss affair as new sites tend to support different communities and a
different range of ecological functions to surrounding areas. Creating mudflats often meets with a higher degree
of success if sediment supply is sufficient as benthic invertebrates and shorebirds colonise relatively quickly.
Sites in higher energy environments tend to reach equilibrium quicker than lower energy environments. Many
restoration sites tend to be small and thus factors, such as enclosure, tend to impact on the birds that use the
sites. Not only do the factors controlling the restoration need to be better understood so that high quality habitats
can be produced but also the impacts of creating new habitats on shorebirds at the population level. This will
require a much better understanding of flyways, migration strategies and other factors controlling populations

at a large scale.

INTRODUCTION

One of the greatest threats facing shorebirds has been the loss
or degradation of breeding, staging and wintering habitats.
This has been global in extent and there is probably not a
flyway that has not been affected by large-scale loss and
deterioration of wetland habitat. Total wetland loss world-
wide has.been estimated at 50% of those that have been in
existence since 1900 (Dugan 1993, OECD 1996). In north-
ern countries much of this loss took place during the first half
of the twentieth century but during the latter part, tropical and
sub-tropical wetlands were increasingly being degraded or
lost, predominantly through conversion to agricultural use,
which is the major cause of wetland loss worldwide. By
1985, it was estimated that 56-65% of wetlands had been
drained for intensive agriculture in Europe and North America,
27% in Asia, 6% in South America and 2% in Africa, a total
of 26% loss to agriculture worldwide (OECD 1996). These
figures mostly refer to freshwater habitats and the global
coastal wetland resource is generally poorly known. How-
ever, changes within these habitats (including tidal flats, salt
marshes, sea grass beds, mangroves, saline lagoons, shingle
banks and transitional brackish-water habitats) have been
every bit as large as freshwater habitats. In the United King-
dom, 23% of estuaries and 50% of salt marshes have been
drained since Roman times (Davidson et al. 1991, Moser et
al. 1996).

Added to this continuing anthropogenic loss will be the
creeping effects of changing environmental conditions
through climate change and rising sea levels. As a result,
managers of estuarine and open shore habitats, which sup-
port important populations of waterbirds (defined here as any
species dependent on wetland habitats at any time during its
lifecycle), will face new challenges to mitigate the effects of
both direct habitat loss and these changing environmental
conditions. The response to these changes will differ, but in
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many countries where this has been an issue, there has been
an acceptance that loss of habitats will need to be compen-
sated for by the restoration or creation of new habitats.

Many countries now have a policy of compensating for
lost wetland habitats. The compensation will vary in re-
sponse to each particular situation, e.g. compensation for a
the loss of an area through development will be very differ-
ent to the strategy used to mitigate the widespread effects of
changing climatic conditions and accelerating sea-level rise.
Compensation for loss of a particular site usually involves
the creation of a new site elsewhere. Solutions to sea-level
rise will necessarily include a larger scale approach which
will include a mix of maintaining current sea defences
through soft or hard engineering techniques, abandonment
or managed realignment, i.e. taking back sea walls and creat-
ing intertidal habitats (Dixon ez al. 1998). There is huge poten-
tial to replace lost areas and create valuable habitat for
waterbirds.

The science behind the restoration and creation of many
terrestrial habitats is well advanced. However, intertidal habi-
tats pose special problems for restoration because they are
topographically and ecologically complex and they support
many species of animals, some of which require specific
habitats and linkages to other terrestrial or marine habitats.
Moreover they exist and evolve within dynamic coastal set-
tings, subject to changing tidal levels, salinities and long term
mechanical processes that are associated with sea-level rise
and climate change (Atkinson et al. 2001). Often these com-
plexities are ignored and there is a tendency for created
coastal habitats to lack the diversity seen in natural areas and
support only generalist species. Also, created sites rarely
follow expected paths and the stable states that are reached
often differ from what was expected, despite multi-million
dollar investments (Zedler & Callaway 1999), leading to the
conclusion that the current state of restoration theory applied
to coastal habitats does not necessarily lead to predictability.
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To effectively mitigate this loss, there is a great deal to
learn, not only about the processes underlying coastal habi-
tat restoration or creation, but also those that control the
shorebird populations that many of these areas will be created
for. The purpose of this paper is to assess the state of know-
ledge about creating or restoring salt marshes and tidal flats
for shorebirds, and to ask what we need to know to be better
equipped to predict the outcomes of creation and restoration
efforts on shorebird populations. As most research has been
carried out on these two habitats, this paper concentrates on
them. However, it must be acknowledged that much needs to
be done to address the issues of creating and restoring other
intertidal habitats such as mangroves and sea grass beds
which are also important for waterbirds (e.g. Field 1968).

CURRENT STATE OF COASTAL WETLAND
RESTORATION SCIENCE

The science of restoring coastal habitats has been developed
in the United States for three decades and there is now a
substantial and growing body of literature covering the ex-
pertise that has been acquired there on the creation and re-
storation of wetlands. Of most relevance to this review, are
those studies that have focussed on efforts to create and re-
store tidal wetlands (e.g. Broome et al. (1988), Zedler et al.
(1988) & Zedler (1996)), despite the fact that many of them
have concentrated on physical features with only limited
monitoring of plants, fish and invertebrates. This has culmi-
nated in the production of practical handbooks for the re-
storation of tidal wetlands (e.g. Zedler 2001). A recent spe-
cial issue of Wetlands Ecology and Management focused
upon the beneficial use of dredge material for the restoration
of US salt marshes and mudflats (Streever 2000). Unvege-
tated mudflats are not classed as wetlands under S.404 of the
US Clean Water Act and thus intertidal habitat creation work
in the US has focussed on the creation of salt marshes. As a
consequence, mudflat creation schemes in the US have usu-
ally been motivated by a desire to dispose of dredged mater-
ial rather than by nature conservation concerns.

In NW Europe the experience of creating new habitat,
especially mudflats, is fairly limited and the use of dredge
material or managed realignment to create or restore areas
has often been haphazard with little or no monitoring. Again,
few studies have monitored the impact on shorebirds though
there have been some. In particular, a created mudflat on the
Tees estuary, NE England, has been monitored intensively
and this has provided valuable information on benthic inver-
tebrates and shorebird usage (Evans et al. 1997, 2001). In
addition, managed realignment sites at Tollesbury and Orp-
lands on the Blackwater estuary, SE England, have been
monitored for plants, invertebrates and birds (Reading et al.
2000, Atkinson et al. in press b).

The majority of papers about managed realignment in the
UK have concerned non-biological processes such as geo-
chemical changes, tidal exchange, persistence of salt marsh
in unmanaged retreat sites and policy related to managed
realignment (see Atkinson er al. 2001 for list). It is perhaps
not surprising that little has been published in the peer-
reviewed literature on the biological aspects, as sites at which
habitat creation or restoration has been practised in the UK
are generally less than five years old.

Large areas of man-made marshes and mud flats are found
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in the Wadden Sea. Although only a fraction of the area
present about 2,000 years ago, these intertidal habitats are
still the largest contiguous area of salt marsh in Europe, and
the Wadden Sea is Europe’s largest intertidal wetland cov-
ering some 8,000 km”. However, in the 50 years to 1987,
33% of the area was lost to embankments (Dugan 1993) and
new marshes formed in front of the new sea walls. Within
The Netherlands, there are over 17,000 ha of man-made salt
marshes, created specifically for flood defence purposes
rather than for any other environmental benefit (Esselink
1998). This policy is changing and salt marshes on the North
Sea coasts of Germany, Belgium, The Netherlands and Den-
mark, which are of high conservation importance because of
the large concentrations of wintering, passage and breeding
waterfow] that they support, are now increasingly being
managed for nature conservation purposes (Esselink 2000).
Again little has been published in the peer-reviewed litera-
ture although the created marshes at Sieperda in The Neth-
erlands are a notable exception (Castelijns et al. 1997, Eert-
mann et al. 2002).

Elsewhere in the world, Japan has led the way in creating
tidal mudflats and, according to the Environment Agency of
Japan, 37 covering approximately 900 ha were created be-
tween 1973 and 1998 (WAVE 2001a,b). This is small com-
pared to the loss of nearly 4,000 ha (42% to reclamation)
over the same time period (WAVE 2001a,b). The total area
of tidal flats in Japan is 51,443 ha (Environment Agency of
Japan 1997). Six of the newly created mudflats were directed
towards creating areas for birds, but there are few accessi-
ble data with which to assess success.

Research has therefore been geographically rather limited
and focussed on particular habitats or ecosystems. One of the
largest issues, rarely tackled in most studies, has been a de-
tailed assessment of the physical, temporal and biological
factors that determine the resulting habitats and communi-
ties and how these relate to the range of variation found in
natural areas. Most studies have simply described the bio-
logical communities and the changes within them. Restora-
tion schemes are also generally small (both in extent and
number) compared with surrounding “natural” areas. Where
comparisons are made, the high variability exhibited by natu-
ral areas often hides differences in the sampled attributes
between created and restored sites and surrounding natural
areas. This means that results from many studies may not be
applicable at a larger (i.e. regional rather than site) scale.

This makes the definition of a “successful” restoration
quite difficult, given that natural habitats are very varied and
restoration sites tend to be small. It may be that we can only
create a subset of natural habitats and thus any wetland habi-
tat created could be thought of as a success. Therefore to be
able to restore or create habitats for shorebirds successfully,
they should exhibit the functions and processes within the
variation found in surrounding natural habitats at a range of
spatial scales. In many cases, this will mean allowing dynamic
change to take place, e.g. allowing habitats to shift upshore
in relation to sea level rise. In estuaries, it means taking a
strategic approach at the flood plain level, using the whole
estuary as a functional unit rather than concentrating on
particular vulnerable areas within the estuary. This type of
approach has the advantage of allow ephemeral habitats such
as saline lagoons and fresh/brackish water transitional habi-
tats, which are important for shorebirds, to remain.
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WHAT DO STUDIES TELL US SPECIFICALLY
ABOUT SHOREBIRDS?

Are created/restored salt marshes equivalent to natural
marshes? Despite waterbirds, and shorebirds in particular,
being an important component of coastal ecosystems, few
intertidal habitat restoration schemes have specifically tar-
geted this group, unless specialist or endangered species are
involved (e.g. Light-footed Clapper Rail Rallus longirostris
in the United States). The results of the few studies in the US
that have assessed bird usage on restored or created Spartina
dominated marshes are mixed. Both natural and restored
marshes provide habitats for birds, but not necessarily for the
same communities. For example in Galveston Bay, Texas,
shorebird usage and diversity was higher on natural marshes
due to a greater diversity of habitats in natural areas (Melvin
& Webb 1998). However, Havens et al. (1995) found that,
although waterbird abundance was higher in restored areas,
they did not hold populations of Willet Catoptrophorus
semipalmatus, a marsh specialist, whereas Brawley et al.
(1998) found that restoration of tidal flow to an impound-
ment led to reinstatement of breeding Willet. In a study of
ditched and unditched marshes, Reinert et al. (1981) found
that more open water led to a greater diversity of shorebirds.

Overall, the few US studies have concluded that, in terms
of bird usage, functional equivalence of man-made marshes
with natural marshes may or may not occur and much of this
is due to differences in habitat between the two types of site.
In most cases, macrofauna (including birds) colonise quickly
and the assemblage reaches maturity in a short space of time,
often less than three years, e.g. at the Gog-le-hi-te wetland
(Simenstad & Thom 1996). At this site, the taxa richness of
epibenthic organisms, fishes and density of fishes all ap-
proached asymptotic trajectories (i.e. stability) within three
to five years of restoration, but the numbers of birds using
the site continued to increase over the seven year duration of
the study. Despite these rapid responses by fish, invertebrates
and birds, the restoration, creation and enhancement of the
estuarine marshes appears to have been problematic (Zedler
1988, Moy & Levin 1991), as measurements of other eco-
logical functions indicated that this particular wetland was
in an early stage of maturity. Few predictable trajectories of
community development were evident and few indicated
system maturity. For example, the organic content, chloro-
phyll/phaeophytin pigments and the infauna taxa richness
and density increased slowly or remained relatively de-
pressed over the same three to five years of monitoring, but
Carex production showed a gradual progression towards
reference marsh levels. Simenstad & Thom (1996) also point
out that many “functional trajectories” are unpredictable and,
due to the short-term nature of monitoring projects, it is
impossible to understand why trajectories either converge,
diverge, fluctuate or achieve an alternative stable state to ref-
erence areas.

Differences in habitat are often cited as reasons why bird
assemblages are not the same in restored and reference
marshes. Havens et al. (1995) showed that a constructed
marsh in Sarah’s Creek in Virginia supported far fewer
Marsh Wrens Cistothorus palustris than natural marshes
because the band of Spartina on the restored marsh was too
thin. The stem density and height of Spartina on some re-
stored marshes in southern California was unsuitable for
Light-footed Clapper Rails (Zedler 1993). Also, Havens et

al. (1995) showed that the higher length of open water/marsh
interface in restored sites caused a higher usage by shorebirds
whereas the lack of a mature salt bush community (Iva frutes-
cens and Baccharis halmifolia) led to a lower usage of the
restored marsh by passerines.

In Galveston, Texas, species richness and diversity was
higher in the natural marshes due to the presence of migra-
tory waterfowl, wintering shorebirds and salt marsh special-
ists such as rails and marsh sparrows (Melvin & Webb 1998).
The assemblage on constructed sites was dominated by gulls
and terns, which nested on the surrounding unvegetated
berms. The main conclusion from this study was that created
salt marshes provided bird habitat, but not necessarily for the
same species assemblage as natural salt marshes. The reasons
for the differences were thought to be due to the nature of the
sites. All of the created marshes were on smooth, gently slop-
ing shorelines exposed to wave action and contained flat
monocultures of Spartina with few openings. Ponds and tidal
flats were rare. Natural marshes tended to have more marsh
edge and open water. Melvin and Webb postulated that created
marshes supported fewer shorebirds and rails because they
were at overall higher elevation, had less edge habitat, deep
and steep-sided channels and taller and denser Spartina.
Peaks and troughs in bird abundance on natural salt marshes
were strongly related to seasonal migration chronology,
whereas those in restored areas did not. This indicated that
natural marshes provided habitat that was not available in
nearby created salt marshes.

Salt marshes in the UK and US show very different soil
characteristics, ones in the US tending to be peat rather then
sediment based. One frequent difference between restored
and natural marshes in both the UK and US, is the consoli-
dated nature of the sediments in restored and created salt
marshes (due to re-wetting with salt water), as well as their
lack of natural creek systems, smooth topography and poor
drainage. Re-wetted sediments in the UK tend to be ex-
tremely hard and tabular in form and thus, if sediment does
not come in from the surrounding area and settle, these hard
mud habitats are inhospitable environments for invertebrates
and plants. This has lead to reduced structural diversity and
differences in vegetation communities on some of the natu-
rally-regenerated marshes in SE England.

Although not a shorebird, the English population of Twite
Carduelis flavirostris winters exclusively on salt marshes and
feeds on some restored salt marshes. Atkinson (1998) com-
pared usage of naturally restored salt marshes by Twite with
surrounding areas. Twite feed on the seeds of Salicornia spp.
and the pioneer communities dominated by this species were
absent from many of the restored marshes. The sites tended
to be flat, highly dissected and poorly drained, except around
creek edges. Consequently, the vegetation communities were
dominated by a rank mix of salt marsh grass Puccinellia
maritima and Sea Purslane Halimione portulacoides and
lacked the diversity found on surrounding “natural” areas
even though some of the restored sites were more than 100
years old. It is therefore unlikely that they will ever reach a
state where they will be colonised by Twite. This study in-
dicates that, because created marshes in SE England tend to
be different from natural marshes, other species such as
Redshank Tringa totanus, which breed extensively on salt
marshes in NW Europe, may well use created areas in dif-
ferent ways to natural areas.
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DO CREATED MUDFLATS FUNCTION IN A SIMILAR
MANNER TO “NATURAL” ONES?

Although mudflat creation is most highly developed in Japan
(WAVE 2001), there are few accessible reports of bird usage
from there and success has to be inferred from studies of
benthic invertebrates. The best examples of how birds use
areas of created or restored mudflats are from UK studies.

At two of the most intensively studied managed realign-
ment sites in the UK (Tollesbury and Orplands on the Black-
water estuary in SE England), the sediments typically be-
came consolidated as re-wetting with saltwater occurred.
However, accretion of soft sediments was quite rapid and
benthic invertebrates colonized relatively quickly and shore-
birds and wildfowl soon began to use the site. Shelduck
Tadorna tadorna, Dunlin Calidris alpina, Grey Plover
Pluvialis squatarola and Redshank probably exploited the
polychaetes and Hydrobia that initially colonised the sites
(Atkinson et al. in press b, Reading et al. 2000). In three to
four years Macoma balthica colonised and particularly at
Tollesbury this coincided with increasing usage by Red Knot
Calidris canutus. Other species such as Eurasian Oyster-
catcher Haematopus ostralegus, which feed mainly on larger
bivalves, tended to show very low usage of the site.

At the created mudflat at Teesmouth, both shorebirds and
their invertebrate prey colonised in the first winter (Evans et
al. 1998, 2001) and man-made wetlands surrounding the
almost completely reclaimed estuary provided extra feeding
time for shorebirds, especially during severe and windy
weather (Davidson & Evans 1986). It was found, however,
that successful recolonisation by three of the main inverte-
brate prey species, Corophium, Nereis and Hydrobia, re-
quired a lead in time of about three years (Evans 1998). Even
after abundant prey populations had become established,
some wader species, such as Grey Plover, Bar-tailed Godwit
Limosa lapponica, Dunlin, Red Knot and Ringed Plover
Charadrius hiaticula, were still rare or absent. The degree of
enclosure of the site was thought to be responsible, highlight-
ing the importance that perceived predation risk can play in
determining where birds feed. This has important implica-
tions for the siting and design of future mitigation sites as
birds may only use such unsafe sites when food resources are
low elsewhere or during severe weather. Creating “poor
quality” sites to replace “high quality” ones is likely to lead
to population declines or at least a reduction in the capacity
of the habitats to support birds.

Many more studies look at changes in invertebrate num-
bers. The speed with which invertebrates colonise these sites
tends to be in line with what can be predicted through know-
ledge of life history traits. Mobile species, and those that have
a planktonic larval phase, such as Nereis and other poly-
chaetes, and Hydrobia colonise in the first year or two.
Bivalves and other species that have no planktonic larval
phase or take time to grow to a suitable size, such as oligo-
chaetes and larger bivalves, either fail to colonise or take
several years to appear (Atkinson et al. 2002). This has im-
plications for the rates of colonisation by birds, so that
species that feed on small polychaetes are likely to colonise
before those that feed on large bivalves, a feature observed
at various UK realignment sites (Atkinson ef al. in press b).

The Waterfront Vitalization and Environment Research
Center (WAVE) handbook (WAVE 2001a,b) details the
mechanisms by which mudflats can be created and highlights
the importance of creating small-scale habitat diversity for
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waterbirds. For example, Dunlin Calidris alpina gather near
the water’s edge, Red-necked Stints Calidris ruficollis are
found “where the water has drained to a thin film” and spe-
cies such as Grey-tailed Tattler Heteroscelus brevipes and
Greenshank Tringa nebularia are found where there are
small pools. Kentish Plover Charadrius alexandrinus and
Lesser Sand Plover C. mongolus are found in drier areas.
This highlights the fact that a diversity of habitats, even
within what might seem homogeneous mudflats, is important
for shorebirds. Restored sites often lack this range of micro-
habitats and tend not to show such habitat diversity at a fine-
scale.

HOW CAN NEW HABITAT CREATION SCHEMES
MAXIMISE BENEFITS TO SHOREBIRDS?

Coastal habitats can be created or restored. The majority of
studies reviewed by Atkinson ef al. (2002) involved coastal
sites that were created for reasons other than supporting wild-
life and success, however it was measured, was often a very
hit or miss affair. Most sites supported populations of
waterbirds, but often failed to capture the diversity observed
on natural areas.

Most studies looking at the processes underlying restora-
tion/creation have been carried out at small scales in com-
parison with surrounding areas and often fail to capture the
range of natural variation found at the larger scales (Neckles
et al. 2002) at which migratory shore birds usually operate.
Successful restoration/creation may take time but, once the
general roles of hydrodynamics, sediment dynamics and
other forcing factors are understood, then wetland habitats
can be created. The current results are often unpredictable
and it is unclear whether the salt marsh creation process is
essentially chaotic (i.e. small differences in starting states or
management leading to very different stable states) or
whether it is just a case of “getting the recipe right”. What-
ever the case, to maximise the likelihood of creating a fully
functioning wetland encompassing that range of variation
found in natural areas, it is likely that larger-scale projects
are more likely to be successful. At present, our knowledge
is limited and it is essential that new projects adopt an experi-
mental approach and ensure that adequate monitoring is car-
ried out at appropriate timescales.

Generally, once habitats are created, benthic fauna and
birds respond fairly quickly if conditions are suitable. This
is because coastal wetlands are often high-energy environ-
ments, at low elevations, and with high soil-water tables. As
such, they are likely to resemble the surrounding natural
environment in a relatively short time-frame, i.e. years rather
than centuries (Warren et al. 2002). For example, created
marshes in the high energy sandy environments of the Sev-
ern Estuary are virtually indistinguishable from surrounding
marshes. However, marshes in the muddy, lower-energy
environments of some estuaries in SE England are often of
a very different structure and support different vegetation
types than surrounding natural marshes (Atkinson 1998,
Atkinson et al. 2001).

HOW WILL SHOREBIRDS RESPOND?

As recognition of the need for mitigating industrial develop-
ment increases, one of the greatest challenges may not be the
creation of suitable sites with sufficient food and shelter, but
a good knowledge of shorebird ecology. Given the inter-
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dependence of sites, changes in one site may have knock on
effects on populations in others. Therefore it is necessary to
maintain a complete network of sites in each flyway in order
to preserve viable shorebird populations. These must include
wintering, staging and breeding areas as well as other key
sites such as cold-weather refuges and or “drop out” zones
for migrants during adverse weather conditions. In most
years, such additional sites may not be important for main-
taining survival rates, but in a few, they might be crucial.

Very few studies have evaluated the impact of creating
new habitats on birds. However, the general principles found
in the large literature on habitat loss can be applied, as this
is the converse situation. Migratory shorebirds rely on whole
networks of sites so, to understand the impacts of habitat
creation on these populations, research needs to be carried
out at large scales encompassing whole migratory ranges
(Haig et al. 1998). It is fine to create habitats that birds use
but a more relevant question to ask is what are the conse-
quences for the population as a whole? Sites vary in quality
and if, for example, a site created for wintering shorebirds
runs out of food, it may have led to an increase in mortality
rates and not have improved the capacity of the network to
support the species. Similarly, if the food supply is insuffi-
cient at a staging site, birds may fail to refuel with sufficient
speed and thus fail to reach the breeding grounds in time to
breed successfully.

For the vast majority of species, we do not know the con-
sequences of habitat creation or loss on the population as a
whole. Given the interdependence of sites, changes in one
area will affect the populations in other areas. The choice of
wintering or staging areas can have important implications
for survival and possibly the production of young in shore-
birds (Clark & Butler 1999, Gill et al. 2001). The effects of
climate change may alter the quality of currently used sites
and thus impact on shorebird populations sometime in the
future. At present, however, it can be argued that few clear
impacts of climate change at a population level have been
seen in shorebirds (Norris & Atkinson 2001, Piersma &
Lindstrom in press) and that changes in populations have
been due to impacts by man (e.g. Evans 1997, Piersma et al.
2001, Atkinson et al. in press).

HOW DO WE PROCEED IN THE FUTURE?

To understand the impact of habitat creation we need a better
understanding of the consequences of wintering, staging and
breeding in particular sites. The available evidence is that the
“quality” of a site is important, but for the majority of spe-
cies this concept is not fully understood. We are beginning
to achieve an appreciation of this through detailed large-scale
studies of birds and their food supplies (e.g. Gill et al. 2001),
through investigating the role of density-dependence in
breeding and wintering areas (Sutherland 1996) and through
the use of process-based models that predict mortality under
different scenarios (e.g. Stillman et al. 2000, Stillman et al.
in press, Stillman, this volume). However, we still need more
detailed studies that relate environmental factors to demo-
graphic rates.

With an increasingly developed world, the capacity of the
network of sites upon which shorebirds depend will become
reduced and more and more shorebird species will effectively
become “managed populations” through a network of pro-
tected sites. There will come a time when there will be a
need, not only to create high quality habitats, but also to

know where to target them in the best way that will maintain
and shore up the inevitable gaps that will appear along the
flyways.

To answer the question in the title of this paper: yes, we
can create intertidal habitats, but if the question is “can we
created habitats to order”, the answer is probably no. The
track record in creating good quality habitats has been poor
and, especially where salt marsh is involved, restoration has
tended to be a very hit or miss affair. This is because we
know far too little about what constrains the restoration pro-
cess. In the long term, a partnership is needed between ecol-
ogists, conservation bodies, governments and engineers.
Only in this way will it be possible to set up the kind of large
capital projects required to take the science forward and reach
an understanding, not only of how to create coastal habitats,
but also the impact they will have on shorebird populations.

ACKNOWLEDGEMENTS

I would like to thank Jenny Gill, Rob Robinson and Jennifer
Smart for useful comments on drafts of this manuscript and
Steve Crooks, Alistair Grant and Mark Rehfisch for useful

_discussion of the topics within this paper. Much of the think-

ing behind this paper was carried out for a project funded by
English Nature.

REFERENCES

Atkinson, P.W. 1998. The wintering ecology of the Twite Carduelis
flavirostris and the consequences of habitat loss. PhD thesis, Univer-
sity of East Anglia.

Atkinson, P.W., Clark, N.A., Clark, J.A., Bell, M.C., Dare, P.J. & Ire-
land, P.L. in press a. Changes in commercially fished shellfish stocks
and shorebird populations in the Wash, England. Biol. Cons.

Atkinson, P.W., Crooks, S., Drewitt, A., Grant, A., Rehfisch, M.M.,
Sharpe, J. & Tyas, C. in press b. Managed Realignment in the UK —
the first five years of colonisation by birds. Ibis.

Atkinson, P.W., Crooks, S., Grant, A. & Rehfisch, M.M. 2001. The success
of creation and restoration schemes in producing intertidal habitat
suitable for waterbirds. English Nature Research Report 425. English
Nature, Peterborough.

Brawley, A.H., Warren, A.S. & Askins, R.A. 1998. Bird use of restora-
tion and reference marshes within the Barn Island Wildlife Manage-
ment Area, Stonington, Connecticut, USA. Environ. Management 22:
625-633.

Broome, S.W., Seneca, E.D. & Woodhouse, W.W. 1988. Tidal salt
marsh restoration. Aquatic Botany 32: 1-22.

Burchett, M.D., Pulkownik, A., Grant, C. & MacFarlane, G. 1999.
Rehabilitation of saline wetlands, Olympics 2000 site, Sydney, Aus-
tralia. I: Management strategies based on ecological needs assessment.
Mar. Poll. Bull. 37:515-525

Castelijns, H., van Kerkhoven, W. & Maebe, J. 1997. Vogels Van Het
Sieperdaschor, Over Een Niet Voorziene Dijkdoorbraak En De
Onverwacht Gunstige Gevolgen Die Dat Voor Vogels Had. Natuur-
beschermingsvereniging de Steltkluut in samenwerking met het RIKZ
ed. Terneuzen en Middelburg.

Clark, C.W. & Butler, R.W. 1999. Fitness components of avian migra-
tion: a dynamic model of Western Sandpiper migration. Evol. Ecol.
Res. 1: 443-457.

Davidson, N.C. & Evans, P.R. 1986. The role and potential of man-made
and man modified wetlands in the enhancement of the survival of
overwintering shorebirds. Col. Waterbirds 9: 176-188.

Davidson, N.C.D., d’A Laffoley, D., Doody, J.P., Way, L.S., Gordon,
J., Key, R., Drake, C.M., Pienkowski, M.W., Mitchell, R. & Duff,
K.L. 1991 Nature conservation and estuaries in Great Britain. Nature
Conservancy Council, Peterborough

Dixon, A.M., Leggett, D.J. & Weight, R.C. 1998. Habitat creation
opportunities for landward coastal re-alignment. Water and Environ-
mental Management 12: 107-112.

Dugan, P. (ed) 1993. Wetlands in Danger — A World Conservation Atlas.

Bulletin 100 April 2003




72 Wader Study Group Bulletin

Oxford University Press, New York, United States of America.

Eertman, R.H.M., Kornman, B.A., Stikvoort, E. & Verbeek, H. 2002.
Restoration of the Sieperda Tidal Marsh in the Scheldt Estuary, The
Netherlands. Restor. Ecol. 10: 438—449.

Environment Agency of Japan 1997. The present circumstances of tidal
flats, seaweed/seagrass beds and coral reefs in Japan. Volume 1. Tidal
Flats. Marine Parks Center of Japan.

Esselink, P. 2000. Nature management of coastal salt marshes. Interac-
tions between anthropogenic influences and natural dynamics.
Koeman en Bijerk bv, Haren, The Netherlands.

Evans, P.R. 1997. Improving the accuracy of predicting the local effects
of habitat loss on shorebirds: lessons from the Tees and Orwell estu-
ary studies. In J.D. Goss-Custard, R. Rufino & A. Luis, eds. Effect of
habitat loss and change on waterbirds. 1.ondon: HMSO.

Evans, P.R., Ward, R.M., Bone, M. & Leakey, M. 1998. Creation of
temperate-climate intertidal mudflats: Factors affecting colonization
and use by benthic invertebrates and their bird predators. Mar. Poll.
Bull. 37: 535-545.

Evans, P.R., Ward, R.M. & Bone, M. 2001. Seal Sands northwest en-
closure intertidal habitat re-creation: invertebrate recolonisation and
use by waterfowl and shorebirds, 1997-2000. Final report to INCA
Projects and English Nature. Department of Biological Sciences, Uni-
versity of Durham.

Field, G.E. 1968. Utilisation of mangroves by birds on the Freetown
Penisula, Sierra Leone. 1bis. 110: 354-357.

Gill, J.A., Norris, K., Potts, P.M., Gunnarsson, T.G., Atkinson, P.W.
& Sutherland, W.J. 2001. The buffer effect and large scale popula-
tion regulation in migratory birds. Nature 412: 436-438.

Haig, S., Mehlman, D.W. & Oring, L.W. 1998. Avian movements and
wetland connectivity in landscape conservation. Cons. Biol. 12: 749-758.

Havens, K.J., Varnell, L.M. & Bradshaw, J.G. 1995. An assessment of
ecological conditions in a constructed tidal marsh and two natural
reference tidal marshes in coastal Virginia. Ecol. Engineering 4: 117-
141.

Melvin, S.L. & Webb, J.W. 1998. Differences in the avian communities
of natural and created Spartina alterniflora salt marshes. Wetlands 18:
57-69.

Moser, M., Prentice C. & Frazier, S. 1996. A global overview of wetland
loss and degradation. In Papers, Technical Session B, Vol 10/12B,
Proceedings of the 6th Meeting of the Conference of Contracting
Parties, Brisbane, Australia, 19-27 March 1996, Ramsar Convention
Bureau, Gland, Switzerland, 21-31.

Moy, L.D. & Levin, L.A. 1991. Are Spartina marshes a replaceable re-
source? A functional approach to evaluation of marsh creation efforts.
Estuaries 14: 1-16.

Neckles, H.A., Dionne, M., Burdick, D.M., Roman, C.T., Buchsbaum,
R. & Hutchins, E. 2002. A monitoring protocol to assess tidal re-
storation of salt marshes on local and regional scales. Restor. Ecol. 10:
556-563.

OECD 1996. Guidelines for aid agencies for improved conservation and
sustainable use of tropical and subtropical wetlands. Organisation for
Economic Co-operation and Development, Paris, France.

Norris, K & Atkinson, P.W. 2000. Declining coastal bird populations in
Great Britain: victims of climate change and sea-level rise? Environ.
Rev. 8: 303-323.

Piersma, T., Koolhaas, A., Dekinga, A., Beukema, J.J., Dekker, R.,

Bulletin 100 April 2003

7

Essink, K. 2001. Long-term indirect effects of mechanical cockle-
dredging on intertidal bivalve stocks in the Wadden Sea. J. App. Ecol.
38: 976-990.

Piersma, T. & Lindstrom, A. 2003. Migration shorebirds as integrative
sentinels of global environmental change. Ibis in press.

Reading, C.J., Paramour, O.A.]J., Garbutt, R.A., Barratt, D.R.,
Chesher, T., Cox, R., Gradwell, M., Hughes, R., Myhill, D.G.,
Rothery, P., Whitelaw, R.LLA. & Gray, A.J. 2000. Managed realign-
ment at Tollesbury and Saltram. Annual report for 1999. Unpublished
Report. Centre for Ecology & Hydrology, Dorset.

Reinert, S.E, Golet, F.C. & DeRagon, W.R. 1981. Avian use of ditched
and unditched salt marshes in south-eastern New England: a prelim-
inary report. Proc. NE Mosquito Control Assoc. 27:1-23.

Simenstadt, C.A. & Thom, R.M. 1996. Functional equivalency trajec-
tories of the restored Gog-Le-Hi-Te estuarine wetland. Ecol. Applic.
6: 38-56.

Stillman, R.A., Goss-Custard, J.D., West, A.D., Durell, S.E.A.le V.,
Caldow, R.W.G., McGrorty, S. & Clarke, R.T. 2000. Predicting to
novel environments: tests and sensitivity of a behaviour-based popu-
lation model. J. App. Ecol. 37: 564-588.

Stillman, R.A., West, A.D., Goss-Custard, J.D., dit Durell, S. E.A. le
V., Yates, M.G., Atkinson, P.W., Clark, N.A., Bell, M.A., Dare, P.J.
& Mander, M. in press. A behaviour-based model can predict
shorebird mortality rate using routinely collected shellfishery data.
J. App. Ecol.

Streever, W.J. 2000. Spartina alterniflora marshes on dredged material:
a critical review of the ongoing debate over success. Wetlands Ecol.
Management 8: 295-316.

Sutherland, W.J. 1996. Predicting the consequences of habitat loss for
migratory populations. Proc. Royal Soc. London Series B 263: 1325~
1327.

Warren, R.S., Fell, P.E., Rozsa, R., Brawley, A.H., Orsted, A.C.,
Olson, E.T., Swamy, V. & Niering, W.A. 2002. Salt marsh restora-
tion in Connecticut: 20 years of science and management. Restor. Ecol.
10: 497-513.

WAVE 2001a. Guideline for the conservation and creation of ecosystems
in relation to coastal development. Volume 1. Introduction. Waterfront
Vitalization and Environment Research Center, Tokyo.

WAVE 2001b. Guideline for the conservation and creation of ecosystems
in relation to coastal development. Volume 2. Technologies for the
conservation and creation of tidal flats. Waterfront Vitalization and
Environment Research Center, Tokyo.

Zedler, J.B. 1996. Coastal mitigation in Southern California: The need
for a regional restoration strategy. Ecol. Applic. 6: 84-93.

Zedler, J.B. 1993. Canopy architecture of natural and planted cordgrass
marshes: selecting habitat evaluation criteria. Ecol. Applic. 3: 123—
138.

Zedler, J.B. 2000. Progress in wetland restoration ecology. Trends Ecol.
Evol. 15: 402-407.

Zedler, J.B. 2001. Handbook for Restoring Tidal Wetlands. Marine
Science Series, CRC Press LLC, Boca Raton. Florida.

Zedler, J.B. & Callaway, J.C. 2000. Evaluating the progress of engi-
neered tidal wetlands. Ecol. Engineering 15: 211-225.

Zedler, J.B., Langis, R., Cantilli, J. & Zalejko, M. 1988. Assessing the
Functions of Mitigation Marshes in Southern California. National
wetland symposium: Urban Wetlands. Oakland: CA, Omnipress.



