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Abstract: Water level fluctuation and changes of wintering waterbird community at the
Junam Reservoir areas (Junam Reservoir, Dongpan Reservoir, Samnam Reservoir) were
investigated from October 2002 to March 2005. To analyse the relationship between water
level fluctuation and habitat use pattern of waterbirds, the annual water level was
measured at Dongpan Reservoir; and wintering waterbirds in the area were annually
monitored. Most waterfowls (ca. 6000 individuals) utilized the Junam Reservoir for feeding
and resting ground in the early winter (October to middle December). However, waterbirds
moved to the Dongpan Reservoir since December, after the decrease of water level.
During winter 2002/2003, a number of dabbling ducks (r2 = 0.97), swans and geese
(* = 0.99), and shorebirds (* = 0.95) had significant relationship with the decrease of
water depth; while relationship with diving waterbirds (r2 = 0.63) was relatively low. In
2003/2004 only swans and geese (r‘2 = 0.90) were highly influenced by the water level,
however other groups were not affected by water level changes because of relatively low
fluctuation. In 2004/2005, diving waterbirds (,2 = 0.62) and shorebirds (r2 = 0.62) showed
weak relationship with water depth. Relatively, the seasonal 2003/2004 and 2004/2005 did
not have sufficient summer rainfall and also the regulation of water level was not good for
sustainable waterbird habitats. To maintain the Dongpan Reservoir as a waterbirds
wintering ground, not only systematic regulation of water level, in wintering season, but
also the regulation of summer water level, is very important for food plant growth and
animal food sources such as benthos and fish.

Keywords: Waterbird, Dabbling Duck, Shorebird, Water Level, Habitat Use Pattern,
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INTRODUCTION

Wetlands are recognized as one of the most important ecosystems in the world
(Mitsch & Gosselink 1993). They are one of the most productive ecosystems and
support various biotic communities including diverse plants and animals that are
adapted to shallow and often dynamic water regimes (Weller 1999). Wetlands are
vital habitats for many waterbird species (Dugan 1990); and loss of these habitats
generally increases waterbirds competitive interaction between individuals,
mortality rate (Goss-Custard & West 1997) and severe consequences of their
populations. Therefore, loss of wetlands has significantly increased the
importance of those that remain to wetland-dependant organisms such as
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waterbirds (Taft et al. 2002). However, many wetlands around the world are
slowly diminishing or under threat (Mitsch & Gosselink 1993; Davis & Hirji 2003),
despite growing public demand for wildlife conservation and the ratification of the
Ramsar Convention by many countries (Guillemain et al. 2002). There are few
exact figures available on the extent of wetlands loss worldwide, although experts
estimated that half of the world's wetlands have disappeared since 1990 (Munro
& Holdgate 1991; Davis & Hirji 2003).

Fortunately, wetland restoration is carried out all around the world for
different purposes such as habitat and species enhancement, water quality
improvement, and environmental protection (Mitsch & Gosselink 1993). A number
of restoration projects are focused on the goal of attracting diverse and abundant
waterbird communities by providing a diversity of foraging habitats (Fredrickson &
Reid 1986; Velasquez 1992; Laubhan & Fredrickson 1993; Reid 1993).

Korean peninsula is located in the middle of the East Asian-Australian
Flyway. Accordingly, large area of the wetland is utilized as stopover and
wintering site for waterbirds (Barter 2002). During the wintering season, Korean
peninsula is an important waterfowl wintering ground. The birds usually breed in
Russian Siberia, Mongolia and Northern China over winter in Korea from October
to early March (Lee & Rhim 2002).

Until 1970s the lower part of the Nakdong River basin had well
developed riverine wetlands in the waterside of main channel and its tributaries.
However, large area of the wetlands vanished due to cultivation, embankment
and other human activities. Consequently, about 90% of the total riverine
wetlands loss occurred in the Nakdong River basin (Son & Jean 2003).
Nevertheless, its estuary and several remaining inland wetlands are still the most
important waterbirds wintering ground in the Korean peninsula (Cultural Heritage
Administration 2001).

The Junam Reservoir Area (total area of three reservoirs, 602 ha) lies in
the middle of the East Asian-Australian Flyway and is an important wintering
ground for waterbirds. These reservoirs were constructed in 1920s to source
water for nearby rice paddies. This area is used for an alternative habitat rather
than Nakdong River Estuary and Woopo Wetland for waterbirds. Diverse
waterfowls utilize the reservoirs as feeding and resting ground because of the
shallow water depth (ca. 30~200 cm) with various water plants, fishes,
invertebrates and relatively little human disturbances (Yoon & Kim 1989).
According to the Biodiversity Management Plan, the Ministry of Environment has
established two conservation methods for wintering waterbirds. The regulation of
water level for supply of food to wintering waterfowls in the Dongpan Reservoir
and the preparation of winter barley fields after rice harvest as a waterfowl food
source were conducted for the better waterbirds habitat (Lee et al. 2006).
However, consequences of water level management had not been evaluated,
and there was no guideline for the regulation of water level and effect.

In this study, we evaluated the waterbird habitat use patterns at the
Junam Reservoir Area. The relationship between water level regulation in
Dongpan Reservoir and waterbird utilization were evaluated. The optimal water
level management for maximizing utilization of waterbirds was proposed for the
reservoir area.
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MATERIALS AND METHOD

Study Area

Geographically, the study site is located in the middle of the East Asian-
Australian Flyway (128° 40' E, 35° 18' N). The Junam Reservoir area consists of
three separate reservoirs (Junam Reservoir, 285 ha; Dongpan Reservoir, 242 ha;
Samnam Reservoir, 75 ha). Originally, these areas were formed after the glacial
period, due to the accumulation of sediment caused by the rise in sea level
(Kown 1976). Three reservoirs were constructed at a natural riverine marsh by
installing dike for water supply to rice paddies in 1920s (Cultural Heritage
Administration 2001), and the reservoirs are connected to the Nakdong River
main channel through the Ju-chun stream (Fig. 1). Most of the lands around the
reservoirs are used for rice and orchard cultivation. The depth of three subdivided
reservoirs are very shallow (ca. 30~200 cm); and various water plants, fishes and
invertebrates are found in the area (Yoon & Kim 1989; Hahm et al. 1999). In
winter, a large number of waterbirds use this area as a feeding and roosting
ground. Internationally important waterbirds such as White-naped Crane Grus
vipio (30-70), Eurasian Spoonbill Platalea leucorodia (4—12), Baikal Teal Anas
formosa (5,000-10,000) and Swan Goose Anser cygnoides (5-10) utilize this
area (Cultural Heritage Administration 2001). Therefore, the Junam Reservoir
area was designated as a Waterbird Conservation Area. However, the
urbanization and shrinkage of rice paddies had an impact on the birds' habitats.
Fortunately, various approaches for winter bird protection are currently
implemented by the central and local government.

Data Collection and Field Survey

Air temperature data of the reservoir area was obtained from the Korea
Meteorological Administration. Monitoring waterbird community was conducted at
three subdivided reservoirs, biweekly from October 2002 to March 2005. Point
count method (Bibby & Burgess 1992) was adopted at 10 sites. Waterbird
observations were made with a zoom telescope (magnification x25—x60, NIKON)
and binoculars (10 x 42, SWARQOVS KI).

Since 2001, the Ministry of Environment regulated the water level in
Dongpan Reservoir during winter. Dongpan Reservoir water level was monitored
in the three points (Fig. 1). We installed wooden ruler in the measure point and
water level changes were measured biweekly simultaneously with waterbird
monitoring.
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Figure 1: Junam Reservoir area and the location of study site (dark shaded area
in Junam Reservoir is an island).

Classification of Waterbirds

We classified observed species into four behaviour-type groups as the following;
swan and geese (large Anatidae species that require large habitat), dabbling
duck (small or middle size of Anatidae species that require shallow wetland for
feeding), diving waterbird (includes all kinds of waterbird species that can dive for
feeding) and shorebird (wader species and are not good at swimming) (Table 1).
In particular, we analysed the relationship between water level fluctuation and the
habitat use of wintering birds in Dongpan Reservoir.
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Table 1: Important species observed in Dongpan Reservoir and classification of foraging

group.

Swan and geese

Dabbling duck

Diving waterbird Shorebird

Whooper Swan
Cygnus cygnus

Tundra Swan
Cygnus
columbianus

Bean Goose
Anser fabalis

White-fronted
Goose
Anser albifrons

Common Shelduck
Tardona tardona

Mallard
Anas platyrhynchos

Spot-billed Duck
Anas
poecilorhyncha

Northern Shoveler
Anas clypeata

Common Teal
Anas crecca

Bikal Teal
Anas formosa

Falcated Teal
Anas falcata

Garganey
Anas querquedula

Gadwal
Anas strepera

Eurasian Wigeon
Anas penelope
Pintail
Anas acuta

Great Cormorant Black-crowned Night
Phalacrocorax carbo  Heron

[ Nycticorax
Little Grebe :
Tachybaptus nycticorax
ruficollis Striated Heron
Butorides striatus
Pochard

Aythya ferina Cattle Egret

Baer's pochard Bubulcus ibis

Aythya baeri Great Egret
Tufted Duck Egretta alba modesta
Aythya fuligula Little Egret
Egretta garzetta

Common Goldeneye
Bucephala clangula Grey Heron
Ardea cinerea

Oriental White Stork
Ciconia boyciana

Smew
Mergus albellus

Moorhen
Gallinula chloropus Eurasian Spoonbill
Coot Platalea leucorodia

Fulica atra Black-faced Spoonbill

Platalea minor

RESULTS AND DISCUSSION

Weather

Inter-annual variation of monthly average air temperature at the study area
showed slight difference, whereas monthly rainfall had high variation (Fig. 2). Air
temperature in summer (June—August) was high (20-26°C) and mild (10—4°C) in
winter (November—January). In winter 2002/2003 particularly from October to
January, relatively low air temperature persisted compared with other wintering
seasons. During the study period, rainfall was concentrated from April to
September in each year. The highest rainfall was observed in August 2002 with
more than 700 mm [Fig. 2(B), arrow]. In Korea, more than 50% of rainfall
concentrated during summer with monsoon and 3~5 typhoons (Park et al. 2002).
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Figure 2: Air temperature (A) and rainfall (B) at the Junam Reservoir area from
April 2002 to March 2005 (arrow, high rainfall).

Water Level Fluctuation and Waterbird Changes in Junam Reservoir Area

Water level fluctuations in Junam and Sannam Reservoirs were low, while large
variation was observed in Dongpan Reservoir during the study period [Fig. 3(A)].
Every year, two occasions of entire water drain-off were occurred at the Dongpan
Reservoir. The first was observed from June to August 2003 and the second was
from June to November 2004 [Fig. 3(A), shadow area]. During winter 2002/2003,
water level was maintained about 100 cm depth until mid-December. The
impoundment was drained for the food supply of waterbirds from mid-December
2002 to January 2003. From February 2003, water level increased rapidly. In
April, another drainage was observed because of water supply for rice paddies.
From late August 2003, water level recovered rapidly up to 60 cm and was
maintained for two months. From mid-November 2003 to mid-January 2004,
winter dry-off was observed again. From April 2004 compared to the previous
year, water level declined very rapidly and a very large exposure of the bottom
could be found. The reservoir bottom was exposed for five months, from July to
November 2004. Water level increased again from December to the next April.

In the Junam Reservoir area, the number of waterbirds was significantly
different seasonally [Fig. 3(B)]. During wintering season, more than 6000
individuals of waterbird utilized the area for feeding and roosting, even though
there was slight inter-annual variation. In 2002/2003 wintering season, the
highest number of wintering birds was counted (ca. 13000) in early January 2003.
Total wintering waterbirds were 5000~8000 individuals in 2003/2004, and the
abundance decreased in 2004/2005. The high variation of abundance in
2002/2003 would be due to the assemblage of Bikal Teal Anas formosa (ca. 5500
individuals). Total wintering waterbirds decreased significantly from March in
every year due to the northern migration of wintering birds.
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Figure 3: Water level fluctuation (A) at Dongpan Reservoir and seasonal
changes of waterbird (B) in Junam Reservoir area from October 2002 to March
2005 (shadow period, exposure of reservoir bottom).

Waterbird Population in Three Reservoirs

There were different patterns in habitat occupancy by the waterbirds in the three
reservoirs. The most dynamic changes of waterbirds were found at Dongpan
Reservoir (Fig. 4). In this reservoir, wintering population significantly increased
according to the water level decrease after late December 2002. The waterbird
abundance increased at the Dongpan Reservoir with the decrease of waterbirds
in the Junam Reservoir. Waterbird population at the Samnam Reservoir was
relatively stable compared to the other two reservoirs. Similar pattern of
distribution was observed during the 2003/2004 wintering season, and the inter-
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annual variation of the waterbirds distribution at the Junam Reservoir was small.
However, wintering population of 2004/2005 at the Dongpan Reservoir was small
compared to the past two winters (Fig. 4).
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Figure 4: Seasonal changes in waterbird abundance at each reservoir from
October 2002 to March 2005 in Junam Reservoir area.

Water Level and Wintering Waterbirds in Dongpan Reservoir

Waterbirds habitat utilization was significantly influenced by the fluctuation of
water level in the Dongpan Reservoir during the three wintering seasons
(Fig. 5). During wintering seasons in 2002/2003 and 2003/2004, water level was
controlled. In 2002/2003 wintering season, water level was maintained at
100-120 cm in the early winter. When the water in the reservoir was drained out,
waterbird population increased very rapidly at 405-9924 individuals in December
2002 and January 2003. After mid-January 2003, the water level started to
increase for water supply of rice field, and waterbird population decreased
obviously [Fig. 5(A)].

During 2003/2004 wintering season, the water level was sustained below
70 cm from October 2003 to late January 2004. In this period, more than 1000
individuals were observed compared to 2002/2003 wintering season. After
November 2003, the water level decreased gradually, whereby the depth reached
about 50 cm; waterbird population increased up to 6000 individuals [Fig. 5(B)].

In 2004/2005 wintering season, water level fluctuation showed significant
difference from those of 2002/2003 and 2003/2004. From June to late November
2004, bottom of the Dongpan Reservoir was exposed to the air due to the
prolonged drought [Fig. 3(A)], and the water level increased from December 2004
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when the reservoir gate was closed. In contrast to 2002/2003 and 2003/2004,
only a small number of waterbirds utilized the Dongpan Reservoir although
gradual increase of water level in this reservoir. After February 2005, slight
increase of the waterbirds was observed due to the appearance of diving
waterbirds [Fig. 5(C)].
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Figure 5: Water level fluctuation and changes in wintering population at
Dongpan Reservoir during the wintering season (A, 2002/2003; B, 2003/2004;
C, 2004/2005).

Water level is one of the most important factor for various kind of wetland
wildlifes. Waterbirds rely on water regime and they can select habitat by migrant
waterbirds during the non-breeding season for availability of food, safe roosting
sites and the degree of disturbance (Ens et al. 1994; Piersma 1994). They also
respond quickly to declines in water level, this includes many shorebirds (e.g.
stilts, sandpipers and plovers), dabbling ducks, egrets and herons (Weller 1999).
Besides the size of a wetland, (Baldassarre & Bolen 1994; Hoyer & Canfield
1994; Suter 1994), trophic status and/or shallowness are also major factors
influencing waterbird richness and abundance (Colwell & Taft 2000). Therefore,
the concentration of dabbling duck, geese and swan in the Dongpan Reservoir
during the low water level period had obvious link to water level for abundant food
sources. In this wintering season, most waterbirds in the reservoir showed
foraging activity. However, in summer 2004, high air temperature was maintained
compared to the other two years [Fig. 2(A)]. The high air temperature not only
influenced the evaporation of the reservoir water but also water supply to the
adjacent rice fields. Summer rainfall (839 mm) in 2004 was much less than 2002
and 2003 (1143 and 1008 mm, respectively) [Fig. 2(B)]. The bottom of Dongpan
Reservoir was exposed to the air about six months during the 2004 summer and
fall (Fig. 3). Various kind of waterbird food sources such as aquatic plants,
benthos and fishes were completely eliminated due to the lack of water.

Water Level and Four Waterbird Groups in Dongpan Reservoir

The relationship between four waterbird groups and water level fluctuation in
Dongpan Reservoir showed different variation in each wintering season. Dabbling
duck, swan and geese preferred the low water level, whereas diving waterbirds
were abundant in higher water level (Fig. 6).
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Figure 6: Water level fluctuation and habitat use of four waterbird groups in
Dongpan Reservoir. (A) swan and geese, (B) dabbling duck, (C) diving waterbird
and (D) shorebird.

During the 2002/2003 wintering season, water level had significantly
influenced swan and geese (r2 = 0.99), dabbling ducks (r2 = 0.97), and shorebirds
(r2 = 0.95). In this wintering season, about 2400 individuals of swan and geese
concentrated in the Dongpan Reservoir during the low water level period
(ca. 40 cm). Large number of dabbling ducks (ca. 7000) utilized the reservoir
during the low water level, and Baikal Teal Anas formosa occupied about 70% of
the total of dabbling ducks [Fig. 6(A-B)]. Diving waterbirds showed weak
relationship between water level and population (r2 = 0.63) than other waterbird
groups, and this waterbird group prefers a wider range of water level [Fig.
6(A—C)]. Only small number of shorebirds used this reservoir during the winter
season. In 2003/2004 wintering season, water level fluctuation was much lower
than other winters. Only swans and geese were significantly affected by the
fluctuating water level (* = 0.90). Most of the dabbling ducks utilized the reservoir
when the water level was about 40—-70 cm. Diving waterbirds and shorebirds did
not show a significant relationship to water level change [Fig. 6(B)]. In the
2004/2005 wintering season, diving waterbirds and shorebirds showed slight
influence by water level; whereas dabbling ducks, swans and geese were not
influenced by water level [Fig. 6(C)].

Wetland-dependant waterbirds such as Podicipediformes, Ciconiiformes,
Anseriformes and Charadriiformes need proper water level. For managed
wetlands, the most important goals are attracting diverse and abundant waterbird
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communities by providing a diversity of foraging habitats (Velasquez 1992; Reid
1993). However for waterbirds, access to these resources is constrained by water
depth (Elphick & Oring 1998; Isola et al. 2000) and depths required for foraging
vary widely among species (Taft et al. 2002). Consequently, the manipulation of
wetland’s water depth can be a valuable tool in providing habitat for multiple
species of waterbirds. Large number of dabbling duck, swan, geese and
shorebird used the Dongpan Reservoir habitat as feeding ground during the low
water level (30—40 cm) in the wintering season [Fig. 6(A)]. Large waterbirds such
as swans and geese used the area mainly as feeding ground where the water
level is deeper than 40 cm [Fig. 6(B)]. Generally, diving waterbirds feed in deeper
water depth than dabbling ducks (Taft et al. 2002). In this reservoir diving
waterbirds were not impacted by water level than dabbling duck, swan and geese
[Fig. 6(A & B)]. For management of waterbirds, the distribution and abundance of
resources such as seeds, tubers and invertebrates are critical to this end (Krapu
& Reinecke 1992; Davis & Smith 1998; Sanders 2000). In Dongpan Reservoir,
the proper regulation of water level during summer is one of the most important
tools for supporting food sources. Therefore, 2004/2005 winter water level
regulation was not important for waterbirds.

Many animal populations are limited by their food supply, and their
distribution is often influenced by food abundance (Newton 1980; Ntiamoa-Baidu
et al. 1998; Krebs 2001). In the Dongpan Reservoir, water level regulation is a
very important issue for waterbirds' feeding and roosting. Firstly, the minimum
water level (20—40 cm) should be maintained during the plant growing season
(summer) as a provision of food source, such as benthos and fish, for waterbirds
in the reservoir. Secondly, in order to make the three reservoirs as the possible
alternative habitats and to keep sustainable wintering ground, the water level
should be decreased gradually during wintering season (December—February) to
maintain the food sources for wintering birds.

REFERENCES

Baldassarre G A and Bolen E G. (1994). Waterfow! ecology and management. New York,
USA: John Wiley & Sons.

Barter M A. (2002). Shorebirds of the Yellow Sea: Importance, threats and conservation
status. Wetlands International, Global Series 9.

Bibby C and Burgess N. (1992). Bird census techniques. London: Academic Press.

Colwell M A and Taft O W. (2000). Waterbird communities in managed wetlands of varying
water depth. Waterbirds 23: 45-55.

Cultural Heritage Administration. (2001). The research on wintering status of natural
monument bird species /. Gunsan, South Korea: Nine Publishing Co., pp. 94-309.

Davis C A and Smith L M. (1998). Ecology and management of migrant shorebirds in the
Playa Lakes region of Texas. Wildlife Monographs 140: 1-45.

90



Water level fluctuation and wintering waterbirds

Davis R and Hirji R. (2003). Water resources and environment technical note G.3 wetlands
management. Washington D.C.: The World Bank.

Dugan P J. (1990). Wetland conservation: A review of current issues and required action.
Gland, Switzerland: IUCN.

Elphick C S and Oring L W. (1998). Winter management of Californian rice fields for
waterbirds. Journal of Applied Ecology 35: 95-108.

Ens B J, Th Piersma and Drent R H. (1994). The dependence of waders and waterfowl
migrating along the East Atlantic Flyway on their coastal food supplies: What is the
most profitable research programme? Ophelia Suppl. 6: 127-151.

Fredrickson L H and Reid F A. (1986). Wetland and riparian habitats: A nongame
management overview. In: Hale J B, Best L B and Clawson R L (eds.).
Management of Nongame Wildlife in the Midwest: A Developing Art. Grand Rapids,
MI: The Wildlife Society, pp. 59-96.

Goss-Custard J D and West A D. (1997). The concept of carrying capacity and shorebirds.
ITE Symposium No. 30; Wetlands International Publication No. 42. London: HMSO,
pp. 52-62.

Guillemain M, Fritz H and Duncan P. (1999). The importance of protected areas as
nocturnal feeding grounds for dabbling ducks wintering in western France. Journal
of Biological Conservation 103: 183—198.

Hahm K H. (2000). Studies on the variation of birds within the Junam Reservoir in the last
ten years (1989-1998). J. Basic Sci. Res. Inst. Kyungnam Univ. 14: 73-84.

Hoyer M V and Canfield Jr D E. (1994). Bird abundance and species richness on Florida
lakes: Influence of trophic status, lake morphology and aquatic macrophytes.
Hydrobiologia 297(280): 107-219.

Isola C R, Colwell M A, Taft O W and Safran R J. (2000). Interspecific differences in
habitat use of shorebirds and waterfowl foraging in managed wetlands of
California's San Joaquin Valley. Waterbirds 23: 196-203.

Kown H J. (1976). Floodbasins of the Lower Naktong River. Journal of KARG 11(14): 1-8.

Krapu G L and Reinecke K J. (1992). Foraging ecology and nutrition. In: Batt B D J, Afton
A D, Anderson M G, Ankney C D, Johnson D H, Kadlec J A and Krapu G L (eds.).
Ecology and Management of Breeding Waterfowl. Minneapolis, MN: University of
Minnesota Press, pp. 1-29.

Krebs C J. (2001). Ecology The experimental analysis of distribution and abundance.
5™ ed. San Francisco, California, USA: Benjamin Cummings, pp 695.

Laubhan M K and Fredrickson L H. (1993). Integrated wetland management: Concepts

and opportunities. Transactions of the North American Wildlife and Natural
Resources Conference, pp. 323-334.

91



Lee Chan-Woo et al.

Lee CW, Kim G Y, Jang J D and Joo G J. (2006). Evaluation of winter barley fields as
feeding habitat for waterfowl in the Junam Reservoir system, South Korea. Journal
of Ecology and Field Biology, 29(2): 165-169.

Lee W S and Rhim S J. (2002). Migration of Internationally Important Black-Faced
Spoonbill and Cranes in Korea. Wetland Conservation and Need for
International Cooperation in the Northeast Asia Conference, Pusan National
Univ., pp. 11-19.

Mitsch W J and Gosselink J G. (1993), Wetlands. New York: Van Nostrand Reinhold.

Munro D A and Holdgate M W. (1991). Caring for the earth: A strategy for a sustainable
living. Gland, Switzerland: IUCN/UNEP/WWF.

Newton |. (1980). The role of food in limiting bird numbers. Ardea 68: 11-30.

Ntiamoa-Baidu Y, Piersma T, Wiersma P, Poot M, Battley P and Gordon C. (1998). Water
depth selection, daily feeding routines and diets of waterbirds in coastal lagoons in
Ghana. Ibis 140: 89-103.

Park S B, Lee S K, Jang K H, Jung K S and Joo G J. (2002). The impact of monsoon
rainfall (Changma) on the changes of water quality in the Lower Nakdong River
(Mulgeum). Journal of KLS 3: 160-171.

Piersma T. (1994). Close to the edge: Energetic bottlenecks and the evolution of migratory
pathways in knots. Den Burg: Uitgerverij Het Open Boek.

Reid F A. (1993). Managing wetlands for waterbirds. Transactions of the North American
Wildlife and Natural Resources Conference 58: 345-350.

Sanders M D. (2000). Enhancing food supplies for waders: Inconsistent effects of
substratum manipulations on aquatic invertebrate biomass. Journal of Applied
Ecology 37: 66-76.

Son M W and Jeon Y G. (2003). Physical geographical characteristics of natural wetlands
on the downstream reach of Nakdong River. Journal of KARG 9: 66-76.

Suter W. (1994). Overwintering waterfowl on Swiss lakes: How are abundance and
species richness influenced by trophic status and lake morphology? Hydrobiologia
280(279): 1-14.

Taft O W, Colwell M A, Isola C R and Safran R J. (2002). Waterbird responses to
experimental drawdown: Implications for the multispecies management of wetland
mosaics. Journal of Applied Ecology 6(39): 987-1001.

Velasquez C R. (1992). Managing artificial saltpans as waterbird habitat: Species’
responses to water level manipulation. Colonial Waterbirds 15: 43-55.

Weller M W. (1999). Wetland bird "The habitat perspective". UK: Cambridge University
Press, pp. 1-2.

Yoon H S and Kim J M. (1989). The vegetation of Junam Reservoir. Busan, South Korea:
Research Institute for Basic Science, Dong-A University, 6: 49—60.

92




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


