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Utilization of aquaculture ponds by wading birds during the
draining period —a case study on milkfish and hard clam
ponds in Qigu Area
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Abstract

With continuous loss and degradation of natural wetlands, artificial wetlands have become
increasingly important for the conservation of waterbirds. Aquacultural ponds are ones of the main types
of artificial wetlands in Taiwan. When the ponds are drained, they create mudflat environment that
provide ideal feeding and resting habitat for waterbirds. We examined how wading birds used two types
of aquacultural ponds, milkfish ( chanos chanos) ponds and hard clam ( Meretrix lusoria) ponds, both
commonly found in Qigu. Waterbirds density of milkfish ponds was higher from August to November,
while that of hard clam ponds occurred from November to January. Milkfish ponds were drained after the
fish were harvested in October to November every year, while hard clam ponds were drained in
November to January every two or three years. The drained ponds could attract waterbirds. The density of
waterbirds was higher in ponds during the draining period than in the rearing period. The density of
waterbirds was highest during the first four days after dewatering, and then, it gradually decreased with
time. Waterbirds assemblages differed significantly between the two types ponds. According to
morphological and feeding behavior, the wading birds were categorized into four guild groups: 1) stalking
herons, 2) pelagic-foraging waders, 3) tactile surface-foraging waders, and 4) visual surface-foraging
waders. Stalking herons and pelagic-foraging waders congregated on the first two days after dewatering,
and also in hard clam ponds when the water level was temporarily reduced for harvesting or water
changes. Tactile and visual surface-foraging waders were the main guilds during the draining period of
the ponds. They also congregated in milkfish ponds during the period of algae cultivation in winter. The
study suggests the importance of including waterbirds conservation in the operation tactics of milkfish
and hard clam pond management.
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Fig. 2. Seasonal changes in density of waterbirds and percentage of drained milkfish ponds.
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Fig. 3. Seasonal changes in density of waterbirds and percentage of drained hard clam ponds.

TEEL -

16

14

12

10

Density of waterbirds (ind/ha)



344

(1) 7K B Sty BNt fa i 2288« 5 i
K R ik rhr s EIRRE T £ 4 4
LA chi-square goodness-of-fit LLH& /K B4 %
R F i b B LD 75 B B fa A
THIFRLLAGIAEIR] o 25 EL A B 72 5
FELL Bonferroni z-statistic Lb# £ XA £t
K EBEER S S P BRI E (Neu
et al 1974; Byers et al 1984; Young
1998 ) K] H (15 Hes /K S iyt B J i vt
FORIERE > BRI IR B AR 1
1) 9-2 H (2012-2013 %) 3EFTH3H7T

(7<) ANOSIM L Primer 6.0 gl » HERERILL
SPSSs/Windows 19.0 MEFTH#EET53HT o SCH
FAREERIEERR > R {E L meantSD 7K ©

X

— ~ BREAET BTG RE

2[5 B 7 35 B f R AL IR R R A
ot Hegihls 1,310 AtH (REER ~ %)
HEHAEREEAEE A 44 10 (181 ha) 5 X

At 229 b (636 ha) 2 [ SCRA T T FE Y £ 158
PR EE AR 35 6F -

e EH R R I R o A
MABRERE 3-5 INREH  HUEE R
YRR /K GERY 30-50 cm 214 [HifE 3.68£0.89
ha (n=17) - E\H A EEMEFEHEEL 3-11
A BEMRER AT 2-3 HLAa T - 2 5-8 AT
RIS - RE R — R o 2R EA
IKEGE N4 o Bt — A TP EREAE 10-11
AR (& 2) » Yok T By 1 (62 Him
M KRR IR R TR -

SO R T £ VR AR o JKEERY 60
cm » R FE 2.09+0.81 ha (n=71) » £ kb [ Jek
R E A o SUA D E L - — i

Wt U A

REEIH AR IRE LIS bRt - AthaR
A (Acanthopagrus schlegelii) B 75 $5

( Rhabdosargus sarba) LIGFRIEGIERE - L%
il SO A R B RRIRR ] > 8-10 H Uk
R 0 11-12 FCEE 2R - Wi s HI S e
2111 A (& 3) o SRR S A —RE
PG - R A4 R AR o U 32.39 %
HM 1T o BT A St WA ZE g A
W3t 1 X915 47.89 % » B KRG (5 45.07
% » EHEY T 7.04 % ©

— -~ Wt SRR AR 7K B/ HI A
HEHHF vt P B R i P R AR THC T - BRI
B\ H s (17 ) S HE 7 #HETE
i o DRI vt 27 M i v f S ] (S -
g3t 2012 A 10 H ERHER » Wit g Y K
B (151.8£192.3 ind./ha) BEE KHAHHERRY
Fhirh fa il (4.845.9 ind./ha, z=-2.366, p=0.018,
n=7)° 2013 9 A (n=1) & 10 A (n=6) %
il SR 7 S W 3 AR AR R Y K S %
(59.1+83.1 ind./ha) FHE KA FHAR B b
#i (2.7+1.4 ind./ha, z=-2.028, p=0.043,n=7) °
BRIEASTIAM (713 MRS 21 #HACE
SETTLLES © 9#7 2012-2013 F 10 A (n=1) ~ 11
H(n=5)~12 A (n=5)~1 H (n=7) &z 2 H (n=3)
BRHER - Wb R K B2 (37.9+46.9
ind./ha) S KIAFHARRYZ AP A (4.246.1
ind./ha, z=-3.771, p<0.001, n=21) ° 2013-2014 £
11 H (n=4)~12H (n=10) 1 H (n=7) 5
DI S ¥ < PN R L R B R S
(43.8£69.9 ind./ha) EAZEAFAHHARHIEIH A
R (1.94#2.4 ind./ha, z=-3.099, p=0.002, n=21) °

=~ AR TKREESML
K RSB LA 26 1-4 Kby - SIfibE



EIEEYIZ B ERTSE(TW J. of Biodivers.) 16 (4): 339- 354, 2014

MR [T T 9% © 7K RS 28 FEE AN R vt K B et U565 1-4 KK » B KPS 7-14 K > 55 5-6
AL (milkfish ponds, ¥?=47.7 , p<0.001, REFERA 28 5 SCE T DA 25 1-4
n=10; hard clam ponds, ¥°=59.5 , p<0.001, RE > BEE R HERRE (£ 1, £2)-

n=17) o HrhaEl H A K S R DA it

R 1. AHROKBERH A ERImHarr Z g (PaE « FHEE) -

T FRRH % T R 7

B R

Table 1. Density (mean + SD) of different waterbirds groups during the draining process of milkfish

ponds. Data with significant difference are marked by different superscripts

Density (ind/ha) of different waterbirds groups

Day since Total Stalking Pelagic foraging Tactile surface- Visual surface-
draining waterbirds herons waders foraging waders foraging waders
1-2 377.9+ 156.6% 589 + 34.9° 424+30.3 238.9+ 136.8% 37.7+11.4®
34 303.8+ 152.4%® 57+53%® 18.7+21.1%® 214.4+ 129.9% 655 + 26.1°%
5-6 115.1+ 71,33 14+ 1.3% 9.0+ 11.2% 65.6 + 63.0°° 39.1+ 153
7-8 61.6 + 31.7™ 1.1+0.8% 3.8+ 40% 30.1+16.0° 26.6 + 15.4™¢
9-10 35.7+19.7% 2.7+35% 25+37" 148+128° 158+ 9.2¢
11-12 51.8 + 50.5% 0.4+04° 27436 347+39.3° 14.0+9.8%
13-14 304 +27.9° 0.8+0.7% 2.2+32° 15.7 +17.5° 117 +9.2¢
P 47.7%* 35.1%* 405%* 43.9%* 42.7%*

Friedman’s test, *p<0.05, **p<0.01, n=10
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Table 2. Density (mean + SD) of different waterbirds groups during the draining process of hard clam

ponds. Data with significant difference are marked by different superscripts

Density (ind/ha) of different waterbirds groups

Day since Total Stalking Pelagic Tactile surface-  Visual surface-
draining waterbirds herons foraging waders  foraging waders  foraging waders
1-2 208.2+130.7°  122.5+ 118.4° 58.2 + 34.7° 22.8+27.9° 47+59
3-4 166.5 + 117.1° 18.3 + 18.8% 27.7+ 18.4% 112.9 + 96.7% 7.6+ 8.6%
5-6 123.7 + 88.8™ 5.4+ 9.9% 6.3+ 6.6 96.1+ 77.7° 15.9 + 15.4°
7-8 119.3 + 80.4™ 2.9+51" 5.6 + 5.0™ 95.4 + 79.2% 15.4 + 13.1°
9-10 63.4 + 50.6™¢ 3.4+ 4.9 3.3+ 2.8% 46.7 + 40.9% 10.1+ 9.0%
11-12 55.6 + 44.1% 05+0.7° 37+4.2° 37.1+31.2% 14.4 + 11.1°
13-14 30.9 + 35.6° 0.3+0.5° 1.2+ 15° 19.8 + 24.1° 9.6+ 9.0

Ve 59.5%* 65.5%* 53.9%* 22.7%* 15.6*

Friedman’s test, *p<0.05, **p<0.01, n=17
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Table 3. Density comparison (ind/ha) of different waterbirds species in two types of fish ponds during the

draining period

347

Milkfish ponds (n=10)

Hard clam ponds (n=17)

P value
Mean SD Mean SD

BB Ardea cinerea 2.63 7.40 0.95 1.67 0.902
KEE Ardea alba 4.95 7.38 32.78 33.89 0.021*
HEE Mesophoyx intermedia 1.91 2.06 0.36 0.60 0.005*
N=}-4 Egretta garzetta 49.31 40.24 58.94 62.23 0.749
ek S Bubulcus ibis 0.06 0.12 0.00 0.00 0.414
Y& Threskiornis aethiopicus 0.37 0.62 0.32 0.73 0.749
RIMEE Platalea minor 0.45 1.32 22.62 48.90 0.020*
IR B Pluvialis squatarola 0.00 0.00 4.54 3.76 <0.001**
KEEVESBERE  Pluvialis fulva 6.36 5.20 18.48 39.77 0.824
B Charadrius mongolus 0.32 0.31 3.61 5.01 0.204
W7 ERSA R Charadrius alexandrinus 54.29 28.81 15.60 9.34 <0.001**
B Charadrius hiaticula 0.07 0.12 0.00 0.00 0.204
/NERSH R Charadrius dubius 17.55 8.41 0.02 0.06 <0.001**
=Y Himantopus himantopus 15.45 16.95 2.37 2.38 0.031*
TS Actitis hypoleucos 0.23 0.33 0.08 0.21 0.127
HICHE Tringa nebularia 3.74 3.05 44.25 29.96 <0.001**
NP Tringa stagnatilis 30.15 33.79 2.99 2.61 0.015*
[EBTES Tringa glareola 4.30 4.37 0.00 0.00 <0.001**
DI Tringa totanus 5.83 478 13.85 10.81 0.050*
KI5 Numenius arquata 0.00 0.00 0.21 0.47 0.334
BEHS Limosa limosa 0.09 0.30 0.00 0.00 0.675
HEERS Limosa lapponica 0.03 0.08 0.52 0.94 0.064
A& Arenaria interpres 0.10 0.13 0.00 0.00 0.093
= kRS Calidris alba 0.03 0.08 0.00 0.00 0.675
HL KRS Calidris ruficollis 73.57 55.11 21.75 3272 <0.001**
Rk RS Calidris subminuta 49.48 38.44 0.05 0.21 <0.001**
KRR Calidris acuminata 0.06 0.12 0.00 0.00 0.414
MRV Calidris alpina 116.47 76.58 158.70 144.00 0.863
B ERS Calidris ferruginea 9.24 14.56 0.03 0.13 <0.001**
TEMETS Eurynorhynchus pygmeus 0.06 0.13 0.00 0.00 0.414
TS Limicola falcinellus 0.24 0.39 0.00 0.00 0.093

Mann-Whitney U test, *p<0.05, **p<0.001
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Table 4. Selection of different ponds by eight common species of wading birds in Qiku during 2012-2013

a. Ardea alba

b. Egretta garzetta

Wt U A

Sep Oct Nov Dec Jan Feb Sep Oct Nov Dec Jan Feb
Non-drained hard b o4t o4 Non-drained hard Y4 o4+ o444
clam ponds clam ponds
Non-drained Non-drained

++ - = = == - - —=
milkfish ponds O milkfish ponds o O O
Drained ponds O ++ ++ ++ O O Drained ponds ++ ++ + O O O
Dry ponds na na —— —— —— —— Dry ponds na na —— —— —— ——
¢. Himantopus himantopus d. Tringa nebularia

Sep Oct Nov Dec Jan Feb Sep Oct Nov Dec Jan Feb
Non-drained hard O 44 44 —— Non-drained hard O O +4 ++ ——
clam ponds clam ponds
Non-drained Non-drained

++ ++ - == - ++
milkfish ponds o 0 0 0 milkfish ponds o O
Drained ponds ++ ++ ++ + —— O Drained ponds ++ ++ ++ O + O
Dry ponds na na —— —— —— —— Dry ponds na na —— —— —— ——
e. Calidris alpina f. Calidris ruficollis

Sep Oct Nov Dec Jan Feb Sep Oct Nov Dec Jan Feb
Non-drained hard Non-drained hard
clam ponds clam ponds
N(_)n-c_iralned o 44 4444 N(_)n-(?ralned L O 44 4+ 4+
milkfish ponds milkfish ponds
Drained ponds ++ ++ ++ ++ ++ ++  Drained ponds ++ ++ ++ ++ ++ ++
Dry ponds na. na —— —— (O —-— Dry ponds na. na —— —— O —-—
g. Charadrius alexandrinus h. Pluvialis fulva

Sep Oct Nov Dec Jan Feb Sep Oct Nov Dec Jan Feb
Non-drained hard Non-drained hard

- - - = O -
clam ponds clam ponds
Non-drained Non-drained

- —— —— + ++ ++ - —= - = ==
milkfish ponds milkfish ponds O
Drained ponds ++ ++ ++ ++ ++ ++ Drained ponds + ++ +4+ O O O
Dry ponds na na ++ O O O Dry ponds na na —— ++ ++ ++
+ + FTKSEEIBSE R IAZLE, p<0.01;, +FRRBEERPIAZLE, p<0.05;, OFREEZM
BN (R AR 2 58, — R SHE NI AE, p<0.05; — — KRB i/ Mt IS fiE, p<0.01;
n.a. 2T a% KAk 2 RS A FUA o

+ 4+ =observed usage > expected usage, p<0.01; + = observed usage > expected usage, p < 0.05; O=
observed usage equals expected usage; —
observed usage < expected usage, p < 0.01; n.a. = habitat not present.

observed usage < expected usage, p < 0-05; —— =
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