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Abstract

Management intensity of aquaculture ponds may affect bird communities
distributed in the ponds. The Taiwan Black-faced Spoonbill Conservation Association
conducted a long-term bird survey project in Qigu, Tainan, Taiwan, from 2004 to
2017, with one of the sample areas being an aquaculture pond. The aquaculture pond
underwent low management intensity until 2009, and was used for clam rearing after
2010. This study analyzed the survey data collected from the pond from November
to February of the following year during the project timeframe to understand how
different management intensities of the aquaculture pond influence bird assemblage
in winter. It was found that the number of bird species decreased from an average of
21 to 12, and the total number of individuals decreased from an average of 688 to
102, while the number of waterfowl individuals decreased from an average of 463 to
five, amounting to a decrease of 99%, and the number of wader individuals decreased
from an average of 193 to 81, amounting to a decrease of 58%. Aquaculture ponds
drained after harvesting can be used by waders. However, in this study, the clam pond
was drained approximately once every three years, therefore there was no significant
increase in wader abundance in the study area. The results of this study revealed that
bird assemblage in an aquaculture pond with low management intensity can be relatively
diverse, and this condition should be preserved as much as possible. It is unrealistic
to expect that the resumption of aquaculture in ponds and the basking operation will

increase available habitats for waders.
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Fig. 1. The study area was (a) an abandoned aquaculture pond before 2009, which was (b) prepared for
aquaculture in November 2009, and it became (c) a managed aquaculture pond after 2010. (Photo
by Hsiao-Chi Wang)
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2 IHEREALE - BB O R/KEE - BRI ERS - IR - PREEM B -
Fig. 2. Location of the study area. The blue areas in the figure are water bodies. The white areas are roads,
fishpond dikes, bare land, or grassland.
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Fig. 3. Changes in the (a) bird species richness and (b) total abundance in the study area from August,
2005 to July, 2017. Between 2005 and 2009, both species richness and total abundance showed
a regular annual cycle with peaks in winter and troughs in summer; however, after 2009, both
decreased significantly, and the annual cycle was not obvious.
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Fig. 4. Box plots of (a) bird species richness and (b) abundance of the abandoned aquaculture pond

(AAP) and the managed aquaculture pond (MAP) during winters. Regardless of species richness or

abundance, AAP was significantly higher than MAP.
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Fig. 5. Distribution of samples of the abandoned aquaculture pond (AAP) (solid circles) and the managed
aquaculture pond (MAP) (hollow circles) in the first two axes of the detrended correspondence
analysis (DCA) of bird community structure during winters of 2005-2008 and 2010-2016. The AAP
and MAP samples were clearly divided into two groups along the first axis of DCA. Except for the
fishing birds (FSB), the abundances of other habitat guilds—aerial birds (ARB), terrestrial birds
(TRB), small wading birds (SWB), large wading birds (LWB), and waterfow] (WFL)—were all
vectorially oriented to the right of the first axis, which is the distribution area of the AAP samples.
This indicated relatively high abundance of these guilds in the AAP samples.
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Table 1. Mean number of individuals of each habitat guild in winter bird assemblage under two

management modes: the abandoned aquaculture pond (AAP) and the managed aquaculture pond

(MAP). The nested analysis of variance was used to determine whether the mean number of

individuals was the same between management modes and between winters

Habitat Guilds Mean number of individuals per survey Nested ANOVA, p-value
AAP (n=32) MAP (n = 55) Between modes Between winters
Aerial Birds 12.7 5.0 0.03 NS
Terrestrial Birds 16.4 6.9 0.002 0.03
Fishing Birds 32 3.5 NS NS
Small Wading Birds 95.5 41.8 0.001 NS
Large Wading Birds 97.8 395 0.012 NS
Waterfowl 462.8 5.0 <0.001 NS
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Table 2. Mean number of individuals of each bird species in winter under two management modes: the

abandoned aquaculture pond (AAP) and the managed aquaculture pond (MAP). The nested analysis

of variance was used to determine whether the mean number of individuals was the same between

management modes and between winters

Chinese names _ Seientific names ‘ Mﬁ:an number of Nested ANOVA, Hébitat
individuals per survey p-value* guilds**
AAP MAP Between Between
(n=32) (n=155) modes winters
Ereg Spatula clypeata 67 0 <0.001 NS WFL
A EEg Mareca penelope 102 0.1 <0.001 NS WFL
A Anas acuta 41.2 0 <0.001 <0.001 WFL
|k vg Anas crecca 2393 3.2 <0.001 NS WFL
| RES Tachybaptus ruficollis 8 1.7 <0.001 <0.001 WFL
g Streptopelia tranquebarica 1.1 0.6 NS NS TRB
B R Gallinula chloropus 2.2 0 0.002 <0.001 WFL
% BEfiB Himantopus himantopus 18.6 5.5 <0.001 NS SWB
F oo Recurvirostra avosetta 16.4 0.05 0.001 NS SWB
*Tx spff  Pluvialis fulva 0.19 1.4 0.01 <0.001 SWB
1> kg fiB Charadrius alexandrinus 13 11.8 NS NS SWB
2997k 38 Calidris ruficollis 14.3 2.9 NS NS SWB
2R E Calidris alpina 16.2 12 NS NS SWB
38 Actitis hypoleucos 0.09 0.3 NS NS SWB
R Tringa nebularia 6.2 4.2 NS NS SWB
T &38 Tringa stagnatilis 6.4 1.8 0.015 NS SWB
# 838 Tringa totanus 0.5 1.4 NS NS SWB
Biazw Hydroprogne caspia 0.3 1.1 0.01 NS FSB
2 ' % Chlidonias hybrida 1.1 1.6 NS NS FSB
/-1 Ardea cinerea 7.1 6.4 NS NS LWB
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<6 ¥ Ardea alba 437
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8] Nycticorax nycticorax 1.4
b2 FEY Threskiornis aethiopicus 1.1
25 EH Platalea minor 134
RE Alcedo atthis 1.7
Lk By Lanius cristatus 0.56
AEE A B Prinia inornata 2.1
12 # Riparia chinensis 1
T Hirundo rustica 6.1
pESE3 Hirundo tahitica 4.8
v Ef 5% Pycnonotus sinensis 1.5
& S p Zosterops simplex 6.8
e % Passer montanus 0.4

14.3 0.02 NS LWB
16.1 NS NS LWB
0.13 0.03 NS LWB
0.8 NS NS LWB
1.6 0.034 NS LWB
0.2 NS NS FSB
0.04 <0.001 0.04 TRB
1.1 0.02 0.04 TRB
1.8 NS 0.014 ARB
0.4 NS NS ARB
2.4 0.03 NS ARB
0.9 NS NS TRB
0.2 0.007 NS TRB
2.7 0.002 NS TRB

* NS: no significant;

** ARB: Aerial birds, FSB: Fishing birds, LWB: Large wading birds, SWB: Small wading birds, TRB: Terrestrial

birds, WFL: Waterfowl.
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coverage in MAP was generally higher. However, the ratios in 2011 and 2014 were slightly lower

and more variable, which may be due to the basking operation.
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