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ABSTRACT

ABSTRACT

Keywords: Black-faced Spoonbill, habitat, satellite tracking, satellite imagery, water
quality, mud skipper

Taijiang National Park is a wetland type park. The region has vast areas of
wetlands and fishponds with rich biological resources including large number of
waterbirds wintering here and the Black-faced spoonbill. This species inhabits all
kinds of wetland habitat including fish pond and natural areas. Wetlands with high
productivity are breeding sites for many fish and shrimp and they also play an important
role in water storage, purification and shoreline protection. From the perspective of
conservation, black-faced spoonbill is a umbrella species of wetland ecosystem. With
the protection of this species and its habitat, not only benefit other birds living in the
same environment, but also effectively maintain wetland functions. This project is an
integrated study to combine the study of spoonbill biology, water quality, fish ecology,
and the consequence of the environmental change in the greater Taijiang National Park
Area from Jan. To Dec. 2012. We used radio and satellite tracking to learn the
distribution and population status of Black-faced spoonbill in the Area and its migratory
route. We differentiated the features between fishponds used by the Black-faced
spoonbill and the fishponds not used by the species. We applied GIS technique to
monitor the historical changes of fish aquaculture practice in the bird wintering areas to
recognize the changing hotspots. We monitored water quality to document the primary
production among resting and foraging habitat of the Black-faced spoonbill and its
surrounding habitat. We studied the abundance and distribution of mudskipper species
as an indicator of wetland quality.

From satellite tracking we learned 2 migratory routes in spring migration. One
was from Tainan to Fuchian and another was from Tainan to Taipei and then to
Hunchow Bay. From there, they flew north along coastal line to reach Santung or
Liutung Penesula and then cross sea to Korea. It took 15-18 days to accomplish the
trip. During fall migration, it covered about 1700 km sea surface in 30 hr., a direct fly
from southern Korea to Tainan. While wintering, it used mainly man-made habitats.
Among them the abandoned fish ponds were more often used than those of salt pans and
active fish ponds. It distributed along both sides of Tseng-wen River including Budai
salt pan, Shinwen, Dinshan salt pan, Duchia fish pond, veteran house north fish pond,
North fish pond and East fish pond in the north of the River; and Tuchian, Shechau area,
Fuan Road north fish pond and Hwanhai Road fish pond in the south of the River. The
bird used mainly North and East fish pond in Jan. and Feb. They gradually dispersed
toward north in Mar. and used Budai in May. In fall from Sep. to Dec. they mainly
used main habitat of Tsenwen River mouth, Tuchian and Shechau area.

Spatial data with satellite imagery analysis showed that the need to pay
attention to two changing hotspots, Kuo and East fishponds. In Kuo fishponds,
grouper aquaculture largely replaced milkfish fishponds; and in East fishponds,
intensified aquaculture activities and vegetation succession changed the landscape.
These changes may affect the bird main wintering areas. Results also indicated

X
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changes from shallow water to deep water in the acquatural practice of milkfish pond
which will not be detected from registered record.

Water quality and primary productivity results indicated that, one of the 3
resting habitats was highly eutrophic (chlophylle contain 85.4+31.4 Wgioe to the
import of nutrients from an adjacent highly polluted river. A second resting habitat
exhibited wide swings in water temperature and salinity due to its relatively shallow
water. Water quality of the third resting habitat was better due to the active exchange of
its water with the nearby coastal water. Strategies on the improvement of aquatic
environment were proposed for the degraded resting habitats. Results of a
multi-dimensional scaling using area, water depth and primary productivity as variables
indicated that spoonbills had a preference on water bodies with large areas in choosing
their resting habitats. No preference on either water depth or primary productivity was
found in this analysis. The primary productivity of water bodies investigated was
found to be dependent on their management conditions with lowest primary
productivity (125.0+108.5 mgC fhr?) for abandoned aquaculture ponds and highest
(201.9+166.1 mgC thr?) for large, semi-enclosed, unmanaged water bodies. Active
aqzuaclulture ponds exhibited an intermediate primary productivity (125.0+108.5 mgC
m<hr-).

Results of the abundance and distribution of mudskipper species showed that
2 species of mudskipperBeriophthalmus modestus and Boleophthal mus pectinirostris,
were found in Taijiang National Park. Its population and distribution decreased
sharply due to habitat destruction including cement pavement and construction on river
bank, fish pond and dike. Their habitats were characterized by vast salinity changes
and content of dissolved oxygen. From the current information, mudskippers’
tolerance towards environment is not as good as expected. They may disappear easily
under the influence of environmental changes, including natural disaster and human
interference. It may serve as an indicator species for the wetland environment and
further monitoring is needed.

In order to understand the biology of the species and promote the quality
and quantity of habitat, this project concludes that:

1. International cooperation on the study of the black-faced spoonbill such as
banding and tracking should be extened and continued.

2. List mudskippers as conserved species and start its conservation.due to its small
population, limited distribution and human influence in Taijiang National Park.

3. Set up a long term monitoring system on water quality in different wetland
habitats and key staging area of black-faced spoonbill.

4. Build up partnership with neighboring fishpond farmers to safe-quarding habitat
quality, quantity, and aviablility for the bird use, especially Tuchian and North
Fish Pond Area.

5. Uses satellite imagery in monitoring habitat of Black-faced spoonbill could be
advantageous and be used in the future.
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’
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L e e e A A
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HERZ BEAFEYINTFAFH I FHEERREF AL T RHE
(Quadratcountsy & » - B RPN 2 8% d 3 > VU F JHEB TS aﬁi A EE
e o FABEHFC 0 RT LY B T AREE (Line transect methods)ze ék & 5 AX AR

P2 g hHE R AR U THRP A EEHELEE 2 2 5
- ~ ®#.7% (Quadrat countsy & (Greig-Smith, 1964) iz fd * 3¢ ;@ LIRSS
AleEnd Fooo Wb 4 Fe o Fenk BT DA EFH o RS E A B
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i,%ﬁamga—ﬁuLﬂiééw?ﬁﬁ’u%iwﬁ§%¥?ﬁﬁ
SR LY EIC RS TR SO Rt U N R
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=~ 84p ﬁ: © 4 4 #dp ¥ (Body mass index, BMI)% 57 % & (Rohrer index, RI)
R £ 2 ;44245 Eknoyan (2008) = % - 2N E de T
BMI = # # (Kg)/(R £ 2 & T = (m))?
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FHEFE BEEEAREEE(EFR) A ERA TN BN HEE(Y)

% T8 23.004056  120.146983 3% 4. Y
K- 23.118930 120.088382 & % 4. RVE
AR = 23.119522  120.088382 3% 4. RTE
ke 23.076455  120.042286 58 % 4. b A

+ % 4
afENEE - 23.066426  120.046406 38 % 4. R

+ % 4
RN - 23.064294 120.04743638 % 4. R

+ % 4
F 92k 2 B e LR/ A

N NN DNDNDNDNDNDNDNDDNDDNDDNDDN

N
i

- BB R L % 4 (Periophthalmus modestus):t 12 £ > 4 %
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BT R TR

1) 15t dorsal fin slender
Lower jaw with barbels

Ist dorsal fin with !@ 5. histoplorus (12em 5L)

3 spimes @ ) “Tokage-haze™

(1) 1st dorsal fin broad : ' i g
L&) Lower jaw without barbels ks 3
B. pectimirosiric (16em 5L)

(D Anterior part of 1st dorsal “Mutsugord™
B P fin men-clevated and round
o (£ No dark band on upper part
of 1st dorsal fin
2D & Frepum and comnecting

membrane present between
both pelvie fing

X
[ ,/%

“Tobihaze"
1st dorsal fin with a
1017 spines

(@ Anterior part of 1st dorsal
fin elevated andl pointed
@ Dark band on upper pant F argentilineatus (Bem 5L)

(from Masuda, 1921)

(B)

TR MREEIZ T » HERL 0 R 2 ARTI(FREERSR Perophthalmini)
=y TRRERREE RIS A S - BWER23~-2TH R BER24~-2THR
By PREMEEEAEEA(FIEE AR Scartelaos)

B&)] > =g Scartelaos histophorus
= -y BEEMEENEE(FE %48 Boleophthaimus)
=E) » AhEE e Boleophthalmus pectinirostris
=i TEREE Baley B 0 BEREE9-10 » BRSO~ 138R(FEE S E Periophthalmus)
[ﬁ@ »O BEE s Periophthalmus modestus

W 2-4-2~ <> )'f’%ﬂ R A A NE o (A)B-p Masuda(1921) - B) s B ABEFTHE -
(http://fishdb.sinica.edu.tw/chi/home.php)
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P B R R e R R

% 3-1-1~ #x1 i 4

p A ooz ¥ FEEE(e) PEEFER oz gl
2012.03.22-24 -~ %RFHKE 4 & &
2012.03.27-28 -~ %E K% 4 3279+ ~3/28 T43-T44
+ R
2012.04.02-03 = ¥ & 8 # &,
2012.04.05-06 = ¥ * % 8 415 . ¢ T45
2012.04.12-14 = ¥ % 8 4/12%. } T46
2012.04.17-18 = ¥ 10 * L 4/18F B T47 ~T48
2012.11.17-19 = ¥ % 4 ® 4 11/17% 2+  T49-T50
2012.12.16 =R A 10 ¥ B T51
2012.12.23 Ba 2 10 F R T52
312 Ay RRERBEWAG AT
55 Tk T43 T44 T45 T46 T47 T48 T49 T50 T51 T52
Bk HE% %Ev HEL SEF YT SFE0 Hok Ko F ¥oF ¥9 %
£ % HO00815 HO0816 HO00817 H00818 H00819 H00820 HO02501 HO02502 HO02503 H02504
i BEE AMT AMT GSM (a1 (A GSM ART ARMT ERT ART
#Fapd  3.28 3.28 4.6 4.12 4.18 4.18 11.18 11.18 1216  12.23
#ogp gl SR =R > ¥ pa pa pa pa e = B
we 2000g 1780g 2050g 1870g 2000g 1800g 1800g 1530g 1490g 1690g
A 33 £1F B LI = L1 R # & & &
73 7Y ¢
5% 8 S AL g | ] i # 3o & E
# #
brwe = & d i d ¢ wRd FARE Rk i Bk @k
ke PRI & FAde 4 A & -y A K #
X %3 E 2/3% 213w 2/3% 2/3 %
it iga FRE OFRER =
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(mm)
2T 51.8 51.9 55.9 55.7 53.8 53.5 55.5 52.3 50.6 53.6
(mm)
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RS TR T43 T44 T45 T46 T47 T48 T49 T50 T51 T52
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(mm)
R S 128.7 135 137.4 134 137.3 132.7 146 135.4 118.2 134.2
(mm)
pAREL 350 371 372 375 380 368 370 375 30.5 36.5
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k£ (mm) 115 110 103 114 103 108 95 100 100 140
TRplEE 3+ 1- 2+ 1+ 1+ 1- 1 3+ 1 1
SRR 2 Z 2 2? 2 it it B B it

SRS TR E65 E84

Bd Ik v o %o %

E2F: 3 - -

EHRE (2 fFk

o p g 6.7 6.28

gy gt i¥ ® Suhaam, Yeongion, ## B Gujido, Yeopyungdo, Inchen
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HE(9) 1810 1645

o £ (mm) 110 118

i # & (mm)  145(out): 135(in) 130(in)~ 140(out)
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AP FR P FEEFFELRS N RE S AR FEHFS P RLLT P
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IR B 525150 AfrBRIFIRA SIS 0 i AR
g Y E(R3L4)e AL AL BRE D FEFRE 0 J 20128470 13
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£ 150«
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% 314 AR T

Class Type Estimated error* Number of messages
received per satellite
pass

3 Argos < 150m 4 messages or more

Argos 150m < < 350m 4 messages or more

1 Argos 350m < < 1000m 4 messages or more

0*  Argos >1000m 4 messages or more

A Argos No accuracy estimation 3 messages

B Argos No accuracy estimation 2 messages

Z Argos Invalid location (available only for Service

Plus/Auxiliary Location Processing)

% 3-1-5- ¥k BT EKP

Fh s
REL O Bdseit B W ELHc 3 2 1 0 A B

T46 2012.4.13 2012.10.2 1072111 180 182 121 187 291
T47 2012.4.18 2012.06.08 37030 51 53 51 58 127
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B AREF R #R wR
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WA o AT

lHEES

Temp DO Turb | OP | TP | TN | NHsN|NOsN |NOSN| Chl-a | SiO,
[ == s p¥  |Weathe pH Sal (ppt
(C) (mg/L) (NTU) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) |(mg/nP)| (mg/L)
22 7p E 22.6 8.1 5.0 51.0 16.1 0.06 0.1 1.27 0.07 0.05 0.p03 8B.31 D.44
37 26¢p E 23.0 8.1 4.5 64.8 12.7 0.05 0.1 2.21 0.11 0.p2 0.p01 2.35 D.18
4% 23p E 32.7 8.2 54 63.4 15.8 0.05 0.1 1.15 0.14 0.p7 0.p02 54.02 D.36
5% 28¢p E 34.1 8.5 6.2 24.8 16.2 0.04 0.1 0.70 0.05 0.1 0.p01 3p.47 D.43
67 27F E 34.4 8.7 6.3 7.8 22.6 0.04 0.04 0.52 0.04 0.5 0.p01 1B.7111
TE LA H-DS | 7% 23p E 33.9 8.6 7.4 19.2 24.9 0.04 0.2 0.68 0.31 0.1 0.po1 385 .79
8% 20p E 33.1 8.6 4.8 9.5 225 0.08 0.2 0.37 0.13 0.6 0.p02 481 .98
9% 21p E 30.7 8.3 5.2 24.7 27.9 0.04 0.4 0.44 0.03 0.B5 0.p01 5p.5382
10% 21 p E 29.4 8.2 51 34.6 355 0.11 2.0 1.87 0.51 0.39 0.p01 31.28 .63
11% 24 p 4 24.2 8.3 7.8 34.2 24.4 0.07% 1.1 3.55 0.44 2.36 0.p180.40 | 0.08
12% 14 p E 23.3 8.3 3.6 35.8 18.0 0.05 0.40 1.61 0.72 0.77 0.002| 10.49 | 5.08
2% 7R E 22.2 8.6 10.2 314 20.4 0.26 0.3 0.32 0.05 o2 0.001 §r.00 D.30
37 26¢p E 20.2 8.5 7.5 32.6 33.1 0.51 0.7 1.09 0.05 0.B85 0.p@00.95( 1.32
47 23p E 28.6 8.6 5.8 32.1 43.1 0.64 0.9 1.41 0.06 0.38 0.p01 8B.26 D.15
5% 28p oy 29.8 8.6 3.8 17.5 45.1 0.57 0.9 0.98 0.03 0.p4 0.0@23.01| 4.45
. 6" 27p oy 325 8.8 4.1 9.5 31.3 0.1@ 0.44 0.91 0.95 0.5 0.p01  4y7.4%40
B J.-A2 H-A2 | 7% 23p oy 29.1 8.3 4.75 16.7 29.1 0.59 1.2 0.50 0.05 0.25 0,001 83.1359
o 87" 20p oy 30.8 8.7 5.7 12.6 49.0 0.31 1.4 0.45 0.04 0.18 0.p01 2p.88B83
9% 21p oy 27.4 8.3 2.1 20.9 48.3 0.3¢ 0.9 0.38 0.03 0.9 0.p01 102.3H9
10* 21 p oy 25.3 8.1 3.8 28.1 53.2 0.64 2.8 2.55 0.57 0.38 0.p@25.57( 8.44
11% 24 p 4 26.2 8.9 12.5 23.4 96.9 2.06 0.6 2.45 0.44 1.85 0.02D.60 | 0.49
127 14 p oy 29.8 8.7 8.4 26.9 42.6 0.28( 0.30 1.30 0.71 0.52 | 0.002 | 58.77 | 4.01
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[T B B TR R R R I 3
Frig4 =

2% 7p [ 22.7 7.9 8.3 33.0 6.3 0.08 0.12 0.60 0.10 0.13 0.p04 3.24 .21
3% 260p G 24.2 8.2 6.7 31.0 11.6 0.05 0.08 0.52 0.05 0.p7 0.po1 3.52 D.00
41 23p E 29.3 8.3 8.5 31.5 7.3 0.03 0.13 0.99 0.10 0.32 0.p01 17.32 D.00
5% 28p (£ 30.6 8.3 6.3 229 10.2 0.04 0.08 0.35 0.05 0.p2 0.po1 §.83 D.60
6% 27p E 35.3 8.2 2.6 24.0 45.2 0.05 0.0y 0.58 0.08 0.87 0.po3 4.99 .159

A | H-MN | 72 23 E 30.2 8.3 5.6 29.6 15.8 0.04 0.0y 0.97 0.19 0.p4 0.po2 1.79 D.56
87 20p E 30.7 8.2 4.7 27.0 28.7 0.07 0.39 0.53 0.18 0.80 0.po2 Q.37 .35
9% 21p G 27.2 8.3 51 29.5 16.9 0.0d 0.30 0.45 0.07 0.B6 0.po1 3.65 D.73
10% 21 p G 26.1 8.2 6.0 31.8 7.4 0.08 0.80 1.4 0.10 0.37 0.p04 g.63 .30
11% 24 p £ 23.5 8.4 7.3 28.9 13.6 0.06 0.06 2.08 0.44 1.38 0.p32.19 0.00
127 14 p G 25.2 8.6 6.6 30.8 7.9 0.05 0.03 1.16 0.73 0.35 | 0.003| 0.60 2.78
3% 26p E 24.9 8.2 8.0 34.6 15.1 0.05 0.06 1.49 0.06 0.83 0.po1 4.82 D.00
4% 23 p E 324 8.1 7.1 32.7 10.5 0.04 0.10 0.87 0.09 0.82 0.poo 1.76 D.05
5% 28p E 31.9 8.3 29 15.9 25.7 0.05 0.08 0.36 0.09 0.9 0.po2 5.86 .07
6% 27p E 38.0 8.3 3.1 23.0 15.4 0.03 0.0b 0.75 0.21 0.89 0.po4 2.39 .77
7% 23¢p E 31.2 8.4 7.2 29.1 19.7 0.02 0.09 0.49 0.15 0.2 0.po1 1.59 D.72

ik a | H-MS
87 20p E 33.9 8.1 5.5 25.3 30.8 0.07 1.39 0.45 0.11 0.33 0.po1 Q.27 p.11
9% 21p E 28.1 8.3 5.5 30.1 334 0.03 0.20 0.43 0.06 0.B5 0.po1 4.82 D.62
10% 21 p E 28.1 8.2 6.5 335 11.6 0.04 2.40 1.69 0.10 0.38 0.p02 1.84 b.23
11% 24p (£ 26.4 8.4 7.1 28.3 9.8 0.03 0.16 1.98 0.45 1.B7 0.p38.09 1.99
12 14¢p oy 27.5 8.6 7.1 31.7 5.2 0.00 0.05 1.05 0.55 0.38 | 0.002 | 0.73 2.20
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C s am - g Weathg Temp H DO Sal | Turb oP TP TN |[NH3N| NOs-N [NO,N| Chl-a Sio,
o2 oA i~ 5 2 ) . p
r (C) (mg/L) | (ppt) | (NTU) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) |(mg/L)| (mg/nP) | (mg/L)
22 7¢p 24 23.1 |8.2| 5.7 8.9 6.9 0.49 0.67 2.17 0.040 0.145 0.001 54)56 1|07
¥ A g F-FA
3% 260p E 19.6 |84 6.1 |12.2] 59 0.64 0.77 3.97 0.08p 0.676¢ 0.0p1 60.83 4.13
HAA A FCS |20 7P 2 21.7 (8.1 12.0 | 9.6 19.2 0.47 0.75 2.95 0.0%0 0.181 0.001 95|74 0 (0]0]
4 4s (X
&K F-CS1|3*" 26p E 20.9 (85 6.4 |[26.0( 17.1 0.16 0.34 5.42] 0.08D 1.740 0.0p1 20.90 0.90
¥ A3 T s A3 22 7p & S 205 |79 7.2 |36.2| 14.9 0.05 0.22 0.63 0.14p 0.129 0.0p1 96.04 1.13
A 3% 26¢p oy 22,2 (8.3 50 [41.3| 4.8 0.03 0.09 0.75| 0.05p 0.551 0.0p0 36.49 0.43
, 22 7¢p 24 21.7 |8.3| 8.4 |[28.8| 46.2 0.12 0.22 1.09] 0.05D 0.11% 0.0p1 85.08 0.90
2~ Clas | F-ND-C
3% 260p E 24,1 (8.5 10.5 [ 39.0( 56.8 0.19 0.44 1.12[ 0.05D 0.618 0.0p1 127{17 2.p7
, 22 7¢p 24 22.0 |82 8.4 |19.4| 45 0.01 0.10 1.39] 0.050 0.094 0.0p2 17.18 0.20
2~ Bl 4.3 | F-ND-B
3% 260p E 31.6 |83 80 | 317| 36.3 0.14 0.36 2.74 0.04p 0.713 0.0p1 143)31 0.B1
' 27 7hp 2 222 (82| 7.8 |26.1| 8.7 0.02 0.09 0.72 0.100 0.114 0.0p1 8.8¢ 0.17
%~ Al 43 | F-ND-A
3% 260p oy 31.8 |8.2| 7.2 |38.0| 3.7 0.01 0.05 1.37 0.05p 0.76% 0.0p1 4.683 0.39
22 7p i 21.0 (8.0 2.8 |28.4( 2150 0.71 1.53 5.20 0.480 1.318 0.0P4 541)28 0.p9
i 3% 26¢p i 21.1 (8.7 6.9 |30.5( 624 0.64 1.19 9.74) 0.44D 0.639 0.0p5 13674 1.p8
= 3R A
" F-SK [(10* 21¢p 259 |8.4| 4.0 |[17.7| 25.2 | 0.380| 1.60 2.34 0.47 0.42 0.0p3 58.66 7.06
11 24 p 24 251 |84 10.2 {183 521 | 0.21 | 0.52 | 2.46 | 0.25 2.06 0.034| 154.37 2.27
12 14 p E 27.0 | 9.4 115 (199 542 | 0.21 | 2.06 | 1.52 | 0.58 0.71 0.002| 66.29 5.01
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GES IR § M3 Yy

Chl-a
Weat| Temp DO Sal Turb OP TP TN | NH3-N | NOs-N [ NO,-N SiO,
AR Eh P ) pH (mg/nt
her | () (mg/L) | (ppt) | (NTU) [ (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) ) (mg/L)
22 7p o 23.3 8.1 5.3 10.5 12.3 0.03 0.2b 2.9 0.p4 0J15 0J001 68.53 [pP.05
¥ @ g Z-FA-1
32 26¢p E 20.1 8.1 5.2 14.4 15.4 0.08 0.2b 2.40 0.p5 0j76 0J001 75.43 p.84

FrE L s h 5 Z-FA-2| 5" 28p | | 30.3 7.8 2.1 0.8 9.9 0.0¢ 0.19 0.56 | 0.04 0.42| 0.001 5100 2.3p
FrEd s h % Z-FA-3| 5" 28p |[I&& | 29.7 7.7 3.0 0.7 7.2 0.33 0.4f 0.61 0.05 0.40( 0.001 7110 7.5
23 7p [KEs| 221 8.2 10.6 14.4)  48.7 0.24 0.50 1.13 0.p5 018 0j001 §2.69 [0.02

LAt b Z-CS-1

3726p | 8 | 196 | 8.4 6.7 | 269| 164 | 085| 1.00( 5.33 0.07 157 0.0p1 7.08 0)1
t4d %48 |ZCS2/5%28p |Ka| 297 | 7.7 3.4 35| 103 041 04p 052 | 0.04| 046 0.001 2250 3.9
t4add 4% |ZCS3 5" 28p |a| 298| 7.5 2.4 35| 195 037 0.4p1.28 | 0.07| 0.24| 0.001 87.72 3.1B
ERN B3 Z-ND-1| 4" 23p | & | 299 | 8.1 6.2 | 403 157 0.04 015040 | 0.09| 0.30| 0.001 19.18 0.0p
@M A% |ZND-2{ 4" 23p | # | 308 | 7.6 46 | 411 3.8 004 015141 | 0.49| 0.48| 0.004 36.28 0.7
CRNLE X1 ZND-3| 5% 28p | & | 312 7.9 59| 148 139 011 0.1p046 | 0.16| 0.23| 0.004 27.60 1.6p

4123p | & | 290 | 84 46 | 642 354 007 019240 | 0.11| 1.24| 0.001 7063 0.1

10* 21p | % 23.8 8.0 3.6 20.8 16.9 0.09 0.80 152 005 0837 0j002 3J1.73 p.01

A2 M |Z-A2-1
117 24p | 5 | 248 | 86 | 91 | 224| 248 | 1.81 | 029 | 239 | 0.44 | 1.84 | 0.017| 23.02| 0.09

127 14 p 26.0 | 8.6 7.5 242 11.7 | 0.09 | 0.08 | 1.42 | 0.62 | 0.62 | 0.002 | 25.35| 2.92

i
47 23 p E 29.6 8.2 3.6 57.4 22.8 0.08 0.29 2.34 0.67 1.58| 0.000 98.34 0.1)
i

107 21p 24.6 8.0 3.7 21.6 21.0 0.09 1.00 1.2 0.48 0j32 0J002 2456 .99

3 A2 A | Z-A2-2
117" 24¢p

®

25.2 8.5 8.0 224 | 246 | 022 | 0.16 | 222 | 0.38 | 1.79 | 0.022 | 28.21| 0.06

127 14 p

e

26.5 8.6 8.2 244 |1 9.18 | 009 | 0.19 | 1.60 | 0.80 | 0.71 | 0.003| 29.86| 3.12

148



lHEES

¥t e
P A3 |2-A31 22 7¢p £ 215 7.9 5.2 344 8.0 0.04 0.18 0.48 0.21 013 003 1255 p.89
3% 260p G 22.0 8.2 5.0 37.0 2.6 0.07 0.0p 0.47 0.06 041 0001 1p.22 p.13
r 3 A3 G & 43 |Z-A3-2| 5" 28p £ 30.3 8.4 4.6 18.1 10.4 0.02 0.04 1.01 0.02 0.22| 0.002 26.31 0.86
21 7p E 21.2 8.3 8.3 51.3 27.q 0.07 0.25 0.97 0.06 0.08 0.002 93.p3 O0O.f7
37 26p E 27.0 8.4 7.5 70.0 12.71 0.04 0.12 1.69 0.05 0.8 0.000 46.57 0.p0
— 7.DS.1 4% 23p E 33.9 7.8 3.6 57.5 19.9 0.07 0.23 1.07 0.21 0.64 0.003 57.69 0.p5
5% 28p E 32.7 8.7 7.1 21.7 10.2 0.02 0.04 0.45 0.04 0.3( 0.000 28.2 0.fO
107 21p | &5 28.9 8.2 4.4 35.3 16.4 0.09 1.6p 1.7 0.13 053 0J004 42.86 H.33
127 14p | &5 251 8.4 4.7 36.9| 174 | 0.07 | 0.10 | 1.50 | 0.69 | 0.79 | 0.002 | 17.21| 3.26
BLEF e Z-DS-2| 5" 28¢p £ 34.1 8.4 6.4 211 24.9 0.10 0.17 0.54 0.05 0.30| 0.001 2259 0.81
4% 23p E 38.5 8.3 5.6 98.0 16.6 0.0% 0.26 1.63 0.60 0.73| 0.000 5355 0.0p
— 7.DS.3 107 21p | & 29.7 8.3 5.7 31.6 24.9 0.12 2.20 1.97 0.46 0/50 0J003 50.83 H.94
11 24p | £ 23.4 8.3 8.5 366 | 336 | 0.10 | 0.08 | 3.68 | 1.08 | 2.49 | 0.023| 29.30| 2.67
127 14p | &5 24.2 8.5 6.0 39.4| 26.0 | 0.07 | 0.03 | 146 | 049 | 0.82 | 0.001 | 13.72| 2.47
Bl A 438 |Z-DS-4| 4% 23 G 30.5 9.0 8.9 41.1 13.6 0.06 0.34 2.13 0.82 1.07( 0.000 38.29 0.0p
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AT - AAAREE L ARE AR

oo 1 C-GP-1 BT E % 75 h s 23° 07' 52.30"
. 120° 05' 21.37"
) C-GP-2 SRR %7 g5 23°07' 54.52"
- 120° 05' 22.46"
7373 C-GP-3 = Ak & %70 43 23° 07'54.52"
. 120° 05' 19.00"
s 1 C-CM-1 BTN E %75 h b 23° 07' 39.60"
v 120° 05' 14.86"
s o C-CM-2 BTN E %75 h b 23° 08' 09.27"
& 120° 05' 44.84"
s 3 C-CM-3 BTN E %75 g b 23° 08' 08.30"
v 120° 05' 41.21"
N C-MD-1 SR AT A RS %7 4 b 23° 05' 51.32"
kE P oAl 120° 05' 19.85"
N C-MD-2 SR AT A RS %7 4 b 23° 05' 50.88"
FkE P42 120° 05' 19.04"
N C-MD-3 SR AR RS %7 4 b 23° 05' 08.30"
FkE P 43 120° 05' 19.77"
Sgon 41 C-Ms-1 <R i RS %7 4n 23° 05' 53.39"
MR 120° 05' 07.31"
REE P A2 C-MS-2 g R %75 A 23° 04’ 53.66"
120° 03' 54.43"
REE P A3 C-MS-3 g R %75 A 23°04'52.39"
120° 03' 53.24"
REE P 44 C-MS-4 O R %7 a % 23°04°49.15"
120° 03' 54.47"
&S s R AR KRG
koA 2 £ (m) % (m) * £ (m) & f% (M°)
£zl e 60 48 226 2880
F 32 B3 30 38 131 1140
£33 B3 57 50 214 2850
vl B3 45 110 320 4950
v 2 #.25 116 77 335 7392
v g3 &7 58 150 479 8700
FokE P oAl 3 25 85 228 2125
FokE P A2 Py 49 39 167 1911
ok P g3 B3 41 84 266 3444
REEP AL ) 161 158 643 25438
NiEE P42 &2 48 247 597 11856
NiEE P43 &2 104 71 348 7384
NEE P44 &2 64 71 281 4544
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A P REUX AR KT

lHEES

Temp DO Sal Turb OP TP TN | NH3-N | NOs-N [ NO,-N| Chl-a | SiO,
h . S B p g Weather pH

() (mg/L) | (ppt) | (NTU) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/nT) | (mg/L)

10 21 p i 25.9 8.1 6.4 321 36.3 0.11 1.6p 1.39 0.07 0j31 0Jo01  37.47 4.08

vkl C-Cl:M- 117% 24 p £ 21.2 8.2 6.7 309/ 1848 0.08 006 281 0.b9 12 0y007 877 1.29
127 14 p E 240 | 84 6.8 30.7| 113 | 0.05 | 0.09 | 1.42 | 055 | 0.76 | 0.003| 5.31 0.05

10 21 p i 26.8 8.0 6.5 32.0 11.1 0.10 1.2p 211 0.20 0j40 0Joo4 6,25 1.63

v g2 C-C;M- 11 24 p £ 21.3 8.2 6.7 31.8 8.8 0.0¢ 0.1 3.12 1.45 228 0012 31.35 .66
12% 14 p i 25.0 8.4 6.6 32.3| 114 | 0.04 | 005 | 145 | 0.47 | 0.89 | 0.001| 3.71 0.04

10 21 p i 26.8 8.0 5.2 31.7 4.8 0.07 1.4 1.90 0.16 053 005 7178 b.16

2353 C-CM- 117" 24¢p 24 21.5 8.3 6.1 31.2 8.0 0.0¢ 0.1p 3.05 0.Y6 231 0008 27.20 P.81
° 127 14 p E 248 | 8.3 6.4 31.4| 7.8 0.09| 0.17 | 1.37 | 0.63 | 0.66 | 0.004| 2.28 0.09

107 21 p E 25.4 8.0 6.5 243 300 149 1000 495 2.J0 95 0f250 10.70 |7.13

Ful C-GP-1{11* 24 p £ 22.9 8.1 5.8 249 529 150 20 512 159 3j08 04329 191 1.08
12® 14 ¢p E 22.2 8.2 55 258 344 | 115 | 115 | 6.48 | 567 | 052 | 0.176| 1.09 1.15

10% 21 p i 245 7.9 5.7 26.9 49.6 0.82 2.80 4.05 1.16 32 0J118 2110 .59

o2 C-GP-2111* 24 p £ 23.0 8.1 5.2 27.2 36.6 0.99 0.94 3.81 0.88 56  0J092 2151 5.99
125 14 p i 22.3 8.2 6.3 279 291 | 082 | 090 | 6.22 | 537 | 0.60 | 0.102| 1.99 0.82

10 21p e 24.9 8.3 6.4 28.9 35.3 0.39 4.6D 241 0.42 0j82 0J068 7,88 .42

o3 C-GP-311* 24 p £ 23.2 7.9 5.5 29.0 18.8 0.36 0.66 5.04 1.91 97 0145 5.66 3.50
127 14 p E 222 | 82 6.1 29.7| 151 | 0.37 | 040 | 6.31 | 554 | 0.48 | 0.258| 1.71 0.37
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k: 3 li:]-%‘ =
10* 21 p % 25.6 8.5 10.4 8.0 17.3 160 16.00 1.%1 0.5 026 0J009 225.74 |4.18
C-MD-
FkE R AL 1 117 24 p s 23.8 8.4 7.5 9.2 30.4 4.14 4.6 4.33 2.88 207 0040 197.32 [0.18
127 14 p e 22.4 9.2 105 93 28.6 | 213 | 2.36 7.1 6.28 | 0.62 | 0.022| 203.00| 2.13
107 21p E 26.6 8.5 10.4 6.7 35.2 409 16.00 125 0.B8 0|32 0j051 296.84 ]0.94
C-MD-
FokE B A2 5 117 24 p s 24.5 8.4 6.2 8.5 24.1 3.11 4.0 3.17 0.86 2/13 04093 101.87 |1.66
121 14 p E 23.1 9.0 10.0| 9.0 369 192 | 10.50| 7.34 | 6.59 | 0.67 | 0.018| 210.00| 1.92
107 21p & 25.6 8.3 8.2 4.1 32.4 2.69 12.00 1.38 0.60 0{18 0J003 37190 }4.36
C-MD-
#FkE P A3 3 117 24 p s 23.6 8.5 8.5 4.4 25.3 3.9 4.3B 3.31 118 199 0030 100.82 pB.14
121 14 p E 22.1 9.2 9.9 9.16| 43.3 | 3.11 | 20.00| 5.88 | 4.67 | 0.63 | 0.124 | 159.00 | 3.11
107 21¢p e 29.4 9.0 9.9 18.2 17.2 0.20 1.60 1.37 0.46 0/51 0j001 37.08 7.46
MEEP AL |C-MS-1
117 24 p s 23.6 8.9 9.8 22.7 17.0 0.10 0.4y 3.85 1.46 232 0/015 359.06 [2.06
107 21p E 24.7 10.4 14.5 16.20 151.p 0.1p 2.30 2.55 042 069 0[002 342.94 |2.23
NITE P A2 |C-MS-2
117 24 p s 24.0 8.7 12.3 15.7 63.1 0.12 0.93 4.74 2.B6 2125 0j025 105.99 |2.42
107 21p o 24.2 8.2 15 18.4 19.7 1.0¢ 3.28 8.36 0.7 0/64 0J003 14.17 1.59
NITE P A3 |C-MS-3
11 24 p s 23.7 8.6 10.2 17.9 19.3 0.87 1.01 6.52 3.89 2|37 0j090 248.14 |1.05
107 21¢p e 235 9.3 9.7 17.4 21.8 0.09 1.3p 1.86 1.10 0/50 0j002 204.96 [0.08
MEEP A4 |C-MS-
11 24 p s 24.0 8.7 10.0 171 17.4 0.21 0.76 3.40 1.p5 2|17 0{018 5(03.53 |0.80
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AN A % TSR L HRE S 4 W4 BMDZ S RRDZ T # 2
SR AR

T 3ok i i T IR I E
SRR 0.44940163 68 0.1395488 0.016922776
%I 0.37340439 68 0.1615851 0.019595068
BMI %I 0.39435686 65 0.1707902 0.021183915
LR 0.43054573 65 0.1575111 0.019536852
A 0.45463719 91 0.1383957 0.014507809
LR 0.41584513 91 0.1733052 0.018167325
A 92.0567474 68 18.728353 2.271146405
x T 100.9113591 68 36.544477 4.431668726
RI x T 104.3223633 65 36.411712 4516317073
LR 101.682418 65 37.194106 4.61336109
A 93.8847224 91 20.506267 2.149640834
LR 96.83500004 91 35.961814 3.769822406
= ¥k~ 4p W
i e p B o R e
SpR-% TR 68 -0.135 0.271
BMI Z L5 dF 65 0.023 0.853
AR e 91 0.11 0.301
AHR-E T 68 0.301 0.013*
RI & LS - 65 -0.22 0.079
o o 3 R 91 -0.022 0.836

*3. 8 % P<0.05
EHE A R

~ gL R t pd AR EFL

Tiofe L TIoBR i 95% G R R
TR R

AR - £ T 0.076 0.22735810.0275712220.0209648.13102962.756 67  0.008*
BMI % T i3 - dvj?  -0.0360.22960760.028479319-0.0930830.020705%:1.271 64  0.208
SZAHR - 9 0.039 0.20960750.021972835-0.0048610.08244491.765 90  0.081

AR - % T8 -8.85535.7008464.329363504-17.49606-0.213166-2.045 67  0.045*
RI %% - 2640 57.4856667.130219326 -11.6043 16.8842020.37 64 0.712
SRR - P -2.95041.7881394.380587227-11.653085.75252350.673 90  0.502

*3 B % P<0.05
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PB [mgC/mgChia - hr]

P8 (mgC/mgChla - hr)

L= B SR T - (R~ Y
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