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Factors affecting habitat selection by waterbirds at temporarily abandoned fish farms in the southwestern coast of Taiwan

Abstract

This study aims to identify the environmental factors affecting the habitat selection of
waterbirds at temporarily abandoned fish farms in the southwestern coastal area of
Taiwan. The results of this investigation are used to make management
recommendations to enhance the value of these fish farms for the conservation of
wetland birds. Data were collected on the annual pattern and chronosequence of
characteristic environmental attributes of 179 sample wetlands. Simultaneously, the
biological responses of waterbirds were recorded, including species richness, species
composition and abundance. Guilds of waterbirds were identified and their
distribution and abundance in sample wetlands, including actively managed
aquaculture ponds, temporarily abandoned aquaculture ponds, saltpans and natural
wetlands were analysed. Multivariate techniques were used to relate each guild to
particular environmental attributes: these relationships are then utilized to recommend
appropriate habitat management. Specifically, two types of recommendation are
made. First, guidelines are provided to enable conservation site managers to
evaluate the present status and potential of aquaculture ponds for the conservation of
waterbirds. Second, a protocol is established for the enhancement of aquaculture
ponds in terms of habitat use by waterbirds. A manipulation experiment was
conducted in which the water level was modified in order to ascertain if guilds of
waterbirds responded in the manner predicted by the multivariate analysis. This is
one of very few investigations that have simultaneously utilized environmental and
biological data for a range of sites and all wetland bird species in order to understand
how environmental factors act to determine species distributions and abundance.
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Chapter 1 Introduction and literature review

1.1. Introduction

The Taiwan Strait, situated between Mainland China and Taiwan, is part of the
Western Pacific Ocean Flyway for migrant birds (Figure 1.1). This flyway provides
a number of stopovers, mainly coastal wetlands, for birds to migrate between Japan,
northeastern China or even Siberia and southeastern Asia. Maintenance of habitat
suitability in these coastal wetlands for these migrant birds has become an
international conservation issue. Tidal mudflats, lagoons and mangroves in this
coastal area are among the habitats utilized by these birds. The natural spectacle that
results from the stopover and wintering of migrating birds is obvious especially on the
western coast of Taiwan, particularly in Tainan and Chiai counties where a series of
sand dunes formed as a result of strong sedimentary activity in this area, and many
associated brackish lagoons and mud flats occur. These natural wetlands and
associated habitats provide shelter and food resources for these migrant birds, which
need to refuel immediately after a long journey from Siberia or Northern China.
Abundant invertebrates thriving in these natural coastal wetlands attract many tens of
thousands of waders, shorebirds, waterfowl and other migrant birds to Taiwan every

year.
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In terms of human population, western Taiwan is the most populated region of Taiwan,
and development pressures are high. As a result, most of these natural coastal
wetlands have been reclaimed for fishery, agriculture and industry. Fishery use,
mainly for the creation of aquaculture ponds, has become one of the common land use
forms in these coastal counties. According to the annual official statistics of FACOA
(Fisheries Administration, Council of Agriculture, Taiwan R.O.C., 2000), the extent of
fishery land use in these six southwestern coastal counties is 31.2% by area. In
Tainan and Yunlin counties, aquaculture use even exceeds 40% of land use by area.
The expanding development in the aquaculture industry has reduced the extent of

natural wetlands available to waterbirds.

However, during the last decade, the trend for reclaiming coastal wetlands for fishery
use has slowed down for several reasons (SIECLC, 1995). First, in 1988, the
cultivation of shrimps, one of the three main species raised in these fish farms, was
severely affected by several shrimp diseases. This problem still remains unsolved.
Second, high prices and an unstable supply of elvers has greatly limited the profit
from the cultivation of eels, which is another of the principal cultivated species in the
aquaculture industry. Third, the intensive enforcement of laws of relating to the
reclamation of land for aquacultural use, especially on government-owned property,
has resulted in the further abandonment of aquaculture ponds. Fourth and possibly
the most important reason, is the over use of groundwater, which is used to supply the
freshwater for the aquacultural practices in fish farms. This has resulted in a sharp
drop of the groundwater table and consequently caused the ground level to subside
over a large region due to no adequate support from ground water. More than 2.5
metres ground has subsided in the most seriously-affected area of Taiwan (SUPGS,
2001). In an attempt to relieve the large-scale subsidence of land, the Taiwanese
government implemented strict control measures for groundwater use.  This situation
has resulted in higher costs for freshwater supply and thus a further decrease in the

profitability of fishery cultivation.

These four reasons have resulted in an increased trend in the temporary abandonment
of aquaculture ponds. According to the official statistics of FACOA (1994, 1995,
1996, 1997, 1998, 1999, 2000) between 1993 and 1999, there has been a high rate of

temporary abandonment of aquaculture ponds (Figure 1.2). For instance, an average
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Chapter 1 Introduction and literature review

1.2. Literature review

Many studies of waterbirds have been conducted as a consequence of the awareness
of a decline in their population. A review of UK and European studies provides an
introduction to the present study. Early studies were often only descriptive, for
example studies offering a comparison of waterbird population trends over time
(O’Brien & Smith, 1992). Some of these studies provide basic information required
for the assessment of habitat quality by nature conservation authorities, site managers
or scientists. For example, nationwide inventories such as the National Waterfowl
Counts of the Wildlife and Wetlands Trust (WWT); Birds of Estuaries Enquiry of the
British Trust for Omithology (BTO); and Seabird Colony Register of the Nature
Conservancy Council (NCC) as well as local inventories such as August peak counts
for the passage of each wader species at particular sites (Stewart & Kantrud, 1972;
Lloyd et al., 1991; Burgess et al., 1992; Pollitt, 2003; Peck, 1993; Smith, 1994).

Early studies and research effort focused on the possible causes for the decline in the
number of waterbirds and how different factors influenced their populations. The
relationship between prey availability and the population dynamics of predators,
namely waterbirds, continues to be a popular research topic. Research was
conducted either by solely observing the dynamics of the predominant prey species in
the diet of a particular waterbird species and the interaction with the associated
environmental factors (Riley & Bookhout, 1990; Euliss ef al., 1991; Kalejta &
Hockey, 1991; Cronk & Mitsch, 19942; Robarts et al., 1995; Robinson et al., 1997%;
Robinson et al., 1997%; Euliss & Mushet, 1999), or more directly by observing the
interaction between the population dynamics (Hudson,1983; Kaminski & Prince, 1984;
Tuite et al., 1984; Craig & Beal, 1992; Colwell, 1993; Hill et al., 1993; Fox & Bell,
1994; Savard et al., 1994, Boettcher & Haig, 1995; Dehorter & Tamisier, 1996; Norris
et al., 1997; Rehfisch et al., 2000), foraging behaviour (Norris et al., 1997), habitat
selection (Norris ef al., 1997) and the spatial distribution (Tuite et al., 1984; Boettcher
& Haig, 1995) of waterbirds and the associated environmental factors. Some studies
analysed a combination of prey, waterbird dynamics and associated environmental
factors (Danell & Sjoberg, 1982; Pienkowski, 1983; Pehrsson, 1984'; Kalejta &
Hockey, 1994).

Several studies focused on the threats to waterbirds by analysing the effect of various
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threats on the birds’ population dynamics. Such research has successfully identified
the main threats to waterbird population such as habitat loss (Bibby & Lunn, 1982;
Goss-Custard et al., 1987; Williams & Bowers, 1987; Goss-Custard & Moser, 1988;
Partridge, 1988; Goss-Custard et al., 1994; Goss-Custard et al., 19951; Goss-Custard
etal., 19952; Yates et al., 1996, Norris et al., 1997, Rehfisch et al., 2000),
over-exploitation of waterbirds (Dehorter & Tamisier, 1996), drainage (Kadlec, 1962;
Williams & Bowers, 1987; Partridge, 1988), disturbance from recreation (Tuite et al.,
1984; Bell & Austin, 1985; Platteeuw & Henkens, 1997) and flooding (Johnsgard,
1956). Research focusing on the impacts of threats on waterbirds inspired
experiments in wetland management. Such expériments were designed either to
show how the population of waterbirds or the main prey species respond to the
manipulation of the features of wetlands or to restore the degraded wetlands to a
natural state. Such management-oriented studies are usually confined to several key
characteristic parameters of wetlands such as water level (Rundle & Fredrickson,
1981; Murkin et al., 1982; Riley & Bookhout,1990; Velasquez, 1992; Green & Robins,
1993; Erwin et al., 1994, Self et al., 1994; Boettcher & Haig, 1995; Robinson et al.,
1997'; Robinson et al., 1997%), vegetation (Murkin et al., 1982; Huseby, 2000),
salinity (Velasquez, 1992) and the hydrological characteristics (Cronk & Mitsch,
1994 ; Fennessy et al., 1994; Rehfisch, 1994; Self et al., 1994).

Apart from the awareness of a decline in the population of threatened waterbird
species, growing demands for natural-tourism after World War II have also stimulated
research on waterbirds. Many people are now more likely to spend their spare time
observing natural spectacles such as the flocking assemblies of shorebirds on the
exposed mudflats at high tide and the aggregation of foraging waterfow] at wetlands.
Such leisure pursuits have brought substantial financial reward to those who provide
such services. In addition, the obligations coming from legal delegations and
conservation interests have stimulated management-related research. For example,
grazing management of large herbivores, which can alter the physical environment of
grasslands and thus affect waterbirds, is the most popular research topic (Green, 1988;
Allport, 1989; Campbell & Mudge, 1989; Burgess et al., 1992; Norris et al., 1997,
Welch, 1997). Vegetation management, especially reed bed management, is also
popular (Sills, 1988; Burgess & Evans, 1989; Everett, 1989; Tyler ef al., 1998).

Management-oriented research aims to achieve one or both of the following
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objectives: to increase waterbird biodiversity or the population of some rare or

common species. The latter is more favoured by most site managers.

Among the management-oriented studies, those conducted by the RSPB (The Royal
Society for the Protection of Birds) in their nature reserves are prominent. A great
deal of conservation effort has been geared towards changing coastal brackish
wetlands into optimal habitat for bitterns (Botaurus stellaris), which recolonised the
UK in 1911 (Andrews & Ward, 1991; Tyler, 1994). Bittern sites require to be
maintained at a particular seral stage with an appropriate cover of reeds by means of
periodic reed harvest or flooding. This is expected to increase the prey accessibility
and to provide suitable nesting sites for bitterns. Water depth needs to be maintained
at 25 cm or less--the optimal water depth to harbour this rare species (Andrews &
Ward, 1991; Tyler, 1994). A similar species-based approach prevails at other
conservation sites such as for the Wood Stork (Mycteria americana) at Kathwood
Lake of the National Audubon Society’s Silver Bluff Plantation Sanctuary (Coulter et
al., 1987) . However, this single species approach has had negative impacts on some
non-target species and thereby resulted in conflict between site managers,
conservationists and conservation authorities as well as scholars who are concerned
about site biodiversity. Unfortunately, management-oriented research often lacks
background ecological knowledge and is therefore usually conducted on a
trial-and-error basis (Wood, 1996). This is rather risky especially when habitat
alteration is more or less irreversible or requires extensive time for recovery from

manipulation.

As aresult of extensive global industrialization, many natural wetlands have been
altered, degraded or lost. At the same time, artificial wetlands have also been
created intentionally or unintentionally worldwide, and these artificial wetlands are
beginning to play an increasingly important role in the conservation of waterbirds.
Consequently, recent studies have focused on the habitat selection of waterbirds in
these artificial wetlands. Such studies cover a wide spectrum of research such as the
comparison of habitat utilization by waterbirds between natural and man-made
wetlands (Ruwaldt et al., 1979; Burger et al., 1982; Fasola, 1986; Hafner, 1986;
Wilcox, 1986; Weber & Haig, 1996; Melvin and Webb, 1998), the relationship
between the habitat utilization of wetlands by waterbirds and their prey (Hafner, 1986;
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