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R

AR E BRI =% HHEE Tachypleus tridentatus (Leach, 1819) 5335 N7 <K B &iE3). 2018
F12AF 201952 AE G BRI T IR 6 KGMIESIZ FRTRE, SRR\ 54 THIREH
=R B S I BIEER, 20197 H THS8H /- Hidx 2|25 R (52 %30.0~132.0 mm,
F¥£161.3 mm) K42 3 (% H28.0~147.0 mm, FIZ)57.8 mm)HHEE; HH8H Fric FHEE A AR/
AT H #8818 % T-7 3 (Mann-Whitney U test, Z = 1.783, p = 0.036) . Bt B R =SHifE A KiEE7
RS (5298 25.1~31.0 mm) M AME A TG TR B AT T AR B /1530, BB ERETHKAZ
W, WEEE, KRS RAEE (<4 cm)24b; SB1URRER (5E5£60.1~76.0 mm )BEBUE, 7KIE(> 10 cm)
Zhb . BANNEBIER, 557~ 108 E 7E B S vE SN RTHER B 75 AL ¥ 51 H (Rayleigh Z test, r = 0.1422,
Z = 0.4653,n = 23, p > 0.05), {EESANCITHZRAEDR M IE& TR 44T~ (positive rheotaxis) (Nonpa-
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Abstract

The purpose of the present study was to examine the foraging patterns related to environmental
factors of the wild juvenile horseshoe crabs, Tachypleus tridentatus (Leach, 1819). After six times
beach clean-up activities, which were from December 2018 to February 2019 at Chingluo wetland
of Penghu, Taiwan. We recorded that the T. tridentatus juveniles, had obviously seasonal activities
in late July and August 2019, of which the average of prosomal width (abbr.: pw) (mm) (range,
numbers) 61.3 (30.0~132.0, 25) and 57.8 (28.0~147.0, 42), respectively; and the sizes among
months had a statistically significant difference (Mann-Whitney U test, Z = 1.783, p = 0.036). The
data also demonstrated when ebbing, the juveniles of the 7th instar stage (pw of 25.1~31.0 mm)
began emerging from the sediment of the nearshore habitat for surface feeding around tributary
(water depth < 4 cm), and the 11th juveniles (pw of 60.1~76.0 mm) been recorded mainly from far
shore area (water depth > 10 cm). In the area of activities of the 7th~10th instar stage juveniles,
where water flows weakly, crawling data showed the azimuths of advancing were uniform distri-
bution (Rayleigh Z test, r = 0.1422, Z = 0.4653, n = 23, p > 0.05), but the final crawling trajectory
positive rheotaxis (Nonparametric Binomial Test: test value = 45°, test proportion = 0.5, n=23,p =
0.011), i.e., supported the hypothesis: feeding likely rely primarily on chemical cues, which also
lead to clumped-type of internal distribution pattern. Conclusions: The conservation of T. triden-
tatus in Chingluo wetland of Penghu in Taiwan attracts more attention, recently. During a routine
survey, especially, after the artificial reasonable restoration policy (i.e. beach clean-up activities in
this study) on the Chingluo wetland, where the population of juvenile T. tridentatus was recovered
subsequently. Of which, we surmise that the weaker water current is one more important factor
inducing arheo-chemotaxis strategy adopted by the juvenile T. tridentatus for foraging action, and
the factor wants to be managed as the top priority in restoration policy.
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1. 518

WA TEA IR, R A S IR ER 24 500 JFOR S i S R, B IR E AMUER T AR
f@RE, TRNNFESCHERFRIRAE: & AR E TAER 7RI E RS X nE s, BAAhS
SEET1] [2] [3]. 2019 4E{H T SRR P B B (IUCN) (1 B fa ¥ Fi 41 €6 4 S [4]6 = # Tachypleus
tridentatus (Leach, 1819)[\55Z M JE AT “#dfifk = 2% ” (DD, Data deficient endangered), #idky “#if&
2¢” (EN, Endangered) (1) U2 S s A B ) 7 52 R B I OGVE R EE[S] [6] [7]. oA, =i f & 00 b i 2
5 HAMAR SR A AT R T FURE 2451 Dy E S I E [1] [3].

IR H R G HIX B 2R —, AT s B A S BURIX, AR 250 AT, R EE K
Hh R LMK G X [8], HIXEE XU IAA A =i % R A 0 SR 5 9], A SRR RS Y h 2 —
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g, WEMRITRET 2018 F£HFEZFE 2019 4£HFET, EHIREMIET 6 iEMEshHE, 1032 =
HAE 2019 R FIE AN B L 2018 “E[RIHAE 25 M\ 2018~2019 - e Fh M A 20 5%, K IHH IR
BN % G VS HLIX 5B — b = 1) B A, SRR R B B R E[9]

AR FEAE 2019 K 2%, JH k6 7 R UE Hh = R & B HE 046 5 B 1S B0 I TC IR R S v b 3R 55 7K
WA FZ I8 R M, TR HE S B 40 00 & (1047 SR, B LA v s R S99 A B3 N R, SRt
KRS 5T ZE s . SR SRRV M AR IR () e, =R R I R B,
WARPUE BN NI R E MR E 2 —HEDE, FERufEREN.

2. MR A%
2.1. FARXER

FHIEVE HL AL T A S IATE 2 b/, 248N 23°35'48"N, 119°38'12"E, 7 i E AR IBH /N

EA N IR, )R TIRA IR HEA, MY 250 km?; HAGTI R ERI 2 DY X, C3E T 08 vb Wi

FX . AMREE X FHIE b X 20 B VS A X (] 1); Hodr, 2020 7 1) X ASHIE 70 = i
HEIHSW X (K 1(3), A-F).
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Figure 1. Map of Chingluo wetland in Penghu islands, Taiwan
E 1 AZnHERTtiEE

2.1.1. EURiEHbKL

T BFNEHOAL AL DY R A &, A B2 M ERSE AL, iE 10 FIRUR 23.7°C, AR
31.2°C, ARSI 17.8°C; FREmE/D> HAETERE S, 112018 Fhk M 8 H 611.2mm, &K 9 H 1.5 mm,
DRI}t 2 e R AL, KR EORFFAS S s 775 MR M AT 79 2 /INIBR UL EH 2R IR ZR T (0 N /N B R 7K (1] 3)e
KRBZNGREN, T T AT R IA 9.7~12.2 mis. S 51 5 42 B K L 2 - 2 A TR R PR o S,
RN T 14~79m 28], LIRERNXREZRTERL, 50550 A DK AT A 1 5 1 9]
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(BHIRS, 2010). o T-T5URIHO R 00 620 57 F500 1035 AR e = RAE R0 X, % BN IR R
(TL.7%), 2L ER AR FURS e G T R FOR 2 B DU LTS R b S SRR S B E, BAN
AR TR A R 2 A B (11.3%) . 255(10.5%) K W74 (6.0%) [10].

2.1.2. FIgEHEME

FIZ2EH AR A, C45%%): + /2 H (Decapoda) 20 £ 67 Ff, f13E K 235 (e.g. shrimps and lobsters)
3RF13 . 7R (Anomura) 4 Bl 11 Fh K fH 2 25 (Brachyura) 13 Bl 43 F, HoAr DLAE 2070 8 L Ocypodidae
T2k 12 i, e brtERh A 1B Rl Gecarcinidae ) XIAR [5 %l # (Cardisoma carnifex) & ¥0 B R}
T 8% (Uca splendida) & 2 F[11]. 42 D125(Mollusca), & 2. B2 N =4, 3L 84 £} 231
F[12]. 528050 31 B 68 Fh, WA 4 Bl 4 Fh, fid i 195 26 Bl 50 F. 4R AAEY) 88 F} 318
Flt, DIORAEL 48 i %, %5FF 26 Fhikz: SMRFE 122 Fh, SHEY)EFAE 38.4%, HAHMEMH
88 F: 3T 1994 % 2000 4F:[H], 7EWRHL A TR A #FH % (Avicennia marina). 1AL (Rhizophora stylosa).
JKZE4¥ (Kandelia candel) 5 #§ 2= (Lumnitzera racemosa) % 4 Fi£LH#K[8].

22. BIRAE

22.1. AMEDMEYHEE

T 2018412 4 9, 29 H & 2019 4 1 A 17, 20 Hf 2 A 17, 28 H, H5HIEMN RILFEHAT 6 KM
WWEh. 2018 4F 12 F 26~29 H ) 2019 41 H 26~29 H. 4 H1~4 H. 7 H30 H& 8 H 2 H. 8 A 20~23
H 3t 5 Rp £

2.2.2. iR MK BRI HEM

AFELBLIEI, 5 A T SEAEH P IO PO ME IR IX . MR E B XLt it X S 20 2 i [a) 4 (X 45 PUAS X
BEAT KRR, T 2018 4EEEPUANZEA 2019 AR5 —, T ZRILHET 6 VOREE,  HIMAT AT MR H 2R bk
BRI 7 9 M FE AT [8]

223 ZHHEEEINE

TERIRAT 1 /N HUERE X, PUTSBCE A, WISk AT e A XA K 202 7 1 )y 7K O3
PRI 5> A-F XEAT PP A1 Ee A (] 1(3)) . 4k B AMAFEATE A [13] [14]. IR K Aot /K A8 (19 77 7 [15]
[16] [17].

1) =R R IR A KU 77 AL A U &

(1) % IR S BB (5 2(A)), 18 H] Olympus TG-3 g4 40 e, MEMRAMKE:
LG (@) B L () MEE s TQRIR AP IR B T IEsesmiess. PR 5L 8 =%, 2,
SRR N BENIERL, LR 5 A(O~@) Ll &, FIHTEESME. (2) e TR AR 75 A A Il &
(K 2(B)), FATEMHE HH — 2% KL Ak I 28 (pro-estimated line, id A “p-line” ), {RBILATHE 5 m Al fC#%
e SRIRERAT I J7 10l (] 2(A))s TSI ZR NS E AR BN RS E], B—% 5K EHKK
53 B B (@B @) 1T AT 2o 42k 2 SRS T [m) ARGt el (F) 77 67 1 BE < B p-line (4] 2(B), ¢
&Eid 2)5 F BT A B B EKIAMIR) BN T 45718 9 rl MRS, KT BT 45° 28 r2 M BE: 1
AKFRAM(L) BT 457188 11 M FE, KTEREET 45° T4 12 fiFE.

2) =RRHEE AR BT T E

(1) HE&AMATT AL E T2 2(B)), R MEE T LR R E Ry, SKEATIR ), R DAHEE 14
W2k (body mid-line) NI EHELE, v “m-line” FTdR7 (I 2(A)). HEE AR T 77 1A R KSR 17 (F)
M B m-line (A% 2(B), a £k b £k)5 F Frdez M #EKmAMR) BT 45°12 9 R1 £
B, RFEREET 4578 R2 M5 7EKAAMI(L) B/NF 45588 L1 AR, KFEiEET 45700 L2 M.
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224 ZHHEBRRITHSKRE ALK REVHERN

AR FUHE B AR ) R (0 TCIR T 17 -5 ARG b 7K S8 30 17 T I A Sl 00 e 38 0 6347 M 5 7K
BITTRLRFR, WRSCHRKI 5 A TE & 1% (positive rheotaxis) 5 11 & i 1 (negative rheotaxis) P FlAT i [a) 2 A4
[18] [19] [20]. 3 A & % PR BE AR R 7R3, AT SRRy =i 5. 1) AMAHT KR : kAN T 457,
2) MM KR Jeff 45~135°, I)MASSAIKIL: Jeff 136~1807;  HIREAMART Al K& A g o iE B4

PEAT RAY T A5 )5 R R & O SO AT 2R

p-line - SEALAF
S, AT @
b "\._\_‘ G Cn \ % KR I
n¢—\\§§M § \’\:® ¥ \'\f
n-AY D : < N
S ®
T o~
S, ® a
A G
F

W A FEFAMNEITEE, a: TEATHELAAS, b: £, o EMMET, O-6: ER
T, m-line: FEEEMRFLE, p-line PATIWRE KA MMHEEL, 465 kEkR:
AMETAR AL, W OFEkTERR: KRR B: =BiHiE A AN EREE, a. b:
LR S SR ERTR ), oo d: &R, F: KWJ51A, R1. R2. L1, L2 Frl. r2. 11,
12: RAER, Rir: EKRFEITHAN, LN EKFEIT R ZEM.

Figure 2. Schematic diagram of azimuth measurement of the Tachypleus tridentatus juve-
niles’ crawling path and water current

E 2. ZHHEERRMKRNA A ANEREE

23. gitAE

AP SPSS 19 Hof: ot = it 2 AN [R] K/ 55 4 S AE i IR U3 PR 2 22 18] 5 2 AR X 7041 2050
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K FHAEZ % Mann-Whitney U test A Kruskal-Wallis test i£47 7 #7 H 22 7 % ; TGRS 42K 5 52 FUREE KNG
9K FHAES % Kendall’s tau-b test #:56 HAH e ME[21]: &% 5 3E sh w15 67K B Rayleigh’s Z test %
e B oA 5 e 7 A K [22] [23]; KA AT R F ARS8 — w36 (Binomial Test): £ %6 {# v 45°,
KIG EEBI{E 7y 0.5 [24].

3. BERESR
3.1. BB BB KRIA

AT 5T WA — M 2 R SR X AL BN A, 2018~2019 AFE /K B AL IR M 45 R (% 1) WK
KIR(C)5 5B (ppt) M B ARME ~ B i E (BB £ FRitEZE) 73738 16.2~30.6 (23.3 + 5.74)5 32.5~34.3 (336 +
0.71); HAg/K/KIR ZIMFEWIERD), WRRERESRESNELATSE T, JI7EBIF FE AR I 1 H %
AR SRR, il 34.8 (mg/L)FIERRAE 2.90 (mg/L), 735 BLAE 2018 F1 2019 PRI Z., IKGIEHE
SRS AR UE £ EIR bR 5 TS EL, A X B IE R G, W FOME £ badEZE) B BRI {E (pH) 7.97 £ 0.29,
44 E(DO) 8.22 + 1.49 (mg/L). ‘EMT % 5 (BOD)/M T 2.0 (mg/L). sk £h%(NH;N) 0.06 + 0.01 (mg/L)
HLEE(T-P) 0.03 +0.03 (mg/L) (K. % 1),

Table 1. General hydrographic parameters at Hongluo bay of Chingluo wetland during 2018~2019
7= 1. 2018~2019 FRITH LT T8k BRELR

24 B +sD Ja BVEHE K H AR AE
KIR(C) 233+5.74 16.2~30.6
#hJE (ppt) 33.6+£0.71 32.5~34.3
DB FIRETRH(pH) 7.97 £0.29 7.55~8.41 7.5~85
%% & (DO) (mg/L) 8.22 £1.49 6.57~10.5 >5.0
AL T 4 5 (BOD) (mg/L) <2.0 <2.0~2.80 <2.0
TR 25 %U(NH;5N) (mg/L) 0.06 +0.01 0.02~0.15 0.30
JE(T-P) (mg/L) 0.03+0.03 0.01~0.09 0.05
1k % 7 % 5 (COD) (mg/L) 6.67 +2.08 4.10~9.40
BIFFEAR(SS) (mgl/L) 143+14.1 2.90~34.8
SYLRE(TKN) (mg/L) 0.42 +0.06 0.35~0.51
SHLUE(EC) (ms) 53.3+1.80 50.6~54.5
AHR £ 2 (NO;N) (mg/L) 0.02 +£0.01 0.01~0.03

WEIMIA7E . WGS84/TW D97, X: 84648; Y: 2584532; WiillH ). 2018/2/6, 4/1, 7/6, 11/19; 2019/2/25, 6/18.

3.2. ZRENSH

T 2019 /£ 7 H5 8 AWK = lia A Al A, 45 (18 3), TEMEAK/N T, P35 %8 (mm) + SD
(FEFE) (AMA%D) 43718 61.3 + 23.4 (30.0~132.0) (25)F1 57.8 + 29.9 (28.0~147.0) (42), Hixk&it*: LHIEE
72 5%(Mann-Whitney U test, Z = —1.783, p = 0.036), Bl 7 A 5 8 H 4% B EAMA K/ NGB G it- 2410 53 % 7
FEE 8 A E SR E 2 (K 4). H4h, XMW EE =i o A e & X A tE o, 7 A 280
3% 7 743 A (Kruskal-Wallis test, 4° = 8.071, n = 25, p = 0.089) (41 5); 11 8 Hn ik Git ¥ LR EER
7347 (Kruskal-Wallis test, x° = 32.254, n = 42, p = 0.000) (/41 5), i, 8 F 4B &40 3 B R KA % (I 55
11 FERSHR) A B, KR Rk 20 A0rAbs ANAMAEE (B 7~10 HERSIA) U el o0 i 2, IRIR /NS
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I, BRI, AR 4 cm) (€ 3(B)).

pw: 61.3 (30.0~132.0)
mean (range) (mm)
n=25

pwW (mm)
e 251~31.0
e 31.1~38.0
® 38.1~48.0

@ 48.1~60.0
@ 60.1~76.0
@ 76.1~940

@ o4.1~1205
@ 105

100 AR

pw: 57.8 (28.0~147.0)
mean (range) (mm)
n=42

20190823
100 AR

Figure 3. Map of the body size and distributions of the juvenile Tachypleus tridentatus were recorded

from Chingluo wetland in 30 July and 23 August, 2019

B 3.20194 7 330 Hf18 A 23 HAEB B EMIMHEELRI = REM KX NEMNESHE

PRVT =l A2 o B TRIR BR AR S 5 MARR /N R R (W AE 2), JEig 22 L, % 7 % 10 AME%,
76 %0 Y [l 28~62 mm. EIREFAE NI U (open-type),  BIICAT 24 Ay B 5 s Ao B AR B A Beli s, AN [
—hb; TR KEESSWECHFAME + brfEz, YEE)5 A9 115.5 £ 63.4, 28.0~298.0 cm £ 30.3 +11.2,
17.4~59.6 mm; H 5/ 7 8 A B G B E R R, 7059 Kendall’s tau-b test (z,): 0.444, p < 0.05

F10.447, p<0.05, n=22,

Table 2. The relationship between the total length of feeding path and the individual size (prosomal width) of juvenile Ta-

chypleus tridentatus (n = 22)

R ZREMERRURBESKES MR NMNER)XFERN=22)

5¢ 98t Fl (mm) MMAEEL(H) H AR A TEE (cm)
20.1~25.0 0 -
25.1~30.0 8 75 (61~96)
30.1~35.0 4 118 (74~188)
35.1~40.0 6 170 (96~298)
40.1~45.0 1 103
45.1~50.0 1 148
50.1~55.0 0 -
55.1~60.0 1 112
60.1~65.0 1 229

e 7 RAR.
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10 - 2019/7/30 [ n=25,66.3 + 23.4 (mean + SD) (JI{HAFENEL) (mm)
9 | 2019/8/23 [l n =42, 57.8 +29.9 (mean + SD) (JI{H+FREZ?) (mm)
Mann-Whitney U Test, Z =—1.783, p = 0.036 (one-tailed)

gal Hnlm

25.1-31.0 31.1-38.0 38.1-48.0 48.1-60.0 60.1-76.0 76.1-94.0 94.1-120.5 120.6-

MAEZE(Number) (F)

vl 7t.3 (Prosomal width) (mm) XIII
i HH (Instar stage)

Figure 4. Comparisons of the composition of different sizes of juvenile Tachypleus tridentatus and corres-
ponding instar stages, which were recorded in Chingluo wetland in July and August 2019, respectively

4.2019 £F 7 A0 8 AAEBIRIEM 40 RB = MRHEE B A/NME R EAE R AR AT HIRY4H AR EL 3R

150 [O: 2019/7/30, n=25
14T m: 2019/823, n=42

1; FEE (pw) s I MH(mean) bRl (SD) (cm)
11} -
10 f

3

i Prosomal width (pw) (cm)

sk
7
6
5
R 4
3
z -
1 ] ] ] ] ] ]
A B C D E F
X (Areas)

Figure 5. The distributions of different sizes of juvenile Tachypleus tridentatus among each area in Chin-
gluo wetland in July and August, 2019
[ 5.2019 & 7 A1 8 AFREMEHXARKX/ NN =REHRE D HE

3.3 ZREERRRMKRNSAA

T AR HB2T 2V h) —  ME AT BE AR IR 7 ) (T) A5 B A2 e 287 B I SR T 1 i BT 446 07 171 (H))
A3 BRI R (F) BT e 5 AL M B, 53 LA F-T 4080 F-H Ak RoRx, SIAIT7 gt R R s 20
%14y #i(Rayleigh’s Test, p > 0.05); B F-H #1: r=0.3103, Z =2.3103, n=24, p > 0.05 (/% 6(A))f1 F-T 4.
r=0.1422, Z=0.4653, n=23, p>0.05 (] 6(B)).

3.4. ZRRMEE R RITASKREZ R FREHER
AT TR FRME 2R 2% 7 LIS P8 e A Al S 2 AT [0 1 5 70 ) 45 A L 7K JREA 1 ol €
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SRARIHE R 58 AT N SRR T ALK R, Fhoe BEE M BEAE y 45°. 45 08R A, HE% 7E 2% i fr B I A A48 )
MR b KA 1 T S A B KBS T 45° 9 33% (n = 8), /T 45°9 67% (n = 16), ENIEHRTEmZ, (H
FESH A, p=0.152, KREBHEEFEE 7, F-HA): HEHEEOICIR T F -5 R K R BT
e KB EE T 45° 4 22% (n=5), /N T 457 78% (n = 18), AESE AL, p=0.011, EGiTH#E
R, WA SCRA IEBRETAE 7, F-H4).

n=24 F-H n=23 F-T
r=0.3103 " r=0.1422 o
Z=23103 7 =0.4653

p>0.05 p>0.05

0=271.1° 0=250.2°

270

90

90

E: A: F-HAL B: F-T AL WEOHESLONRA IR, BEHTELO A (0).

Figure 6. Schematic diagram of crawling orientation and angle of juvenile Tachypleus tridenta-
tus in Hongluo Bay, Chingluo wetland

E 6 SEEMITIEN=REHMERITENHUAEREE

100 ¢ . . .

Jeff(angle): [ =45 [] <45

90 n=23
%

80 F n=24 1

n.s.
01 I 1

60
50
40 F
30F
20 F

10F

J7 18 5 Hepercentage of directional angles (%)

0 T v
F-H F-T
2H(Groups)

Figure 7. The head toward (Group F-H) and the crawling trajectory
(Group F-T) of juvenile Tachypleus tridentatus when they stopped at
end position, and the angles between them the direction of water flow,
respectively compared with the reference angle (45°).

E 7. —REHEETN | REIFELN LR EF-H )R
ICRERZFE)(F-T 4H), BESKRAEMERAEAE, 2A5E
HEFR (45 F)RIEEER
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4. ¥ig

BEE AT Gt , TR AKEfE, SRENI AR A6 ZE X R R L S A Rk B H X
(R o TR A R T R DR 3, R0 KT PR3 52 X T B O, A2 g o 1 T e ) B e o it it
W FTA . 2018~2019 4452, #HATEAMEIBEHAMETE SN Ja, BRONBURZ — R St L S 2 M
—RHES 2019 B 2GR LRI, AL AT AR AR A s I ACRR AR [9], PRI idE
B, AR REE S, R =BEE S E 2 REP IR, WlF Chen 55(2004) 2514k S BB w1 =
TR AE R X BE LG B RO — 5 B2 140 T Akt 3 (140 ) At Y PR P b AR 0 [26] [27], 0Hi5 Bediiiehy
UK [28], JEHAEEA 4 1 A8, 220l e 38 [B] 7 G = AR AN R A, ATk 2D 17 A B3GR P B 11 [ b 2 B [29]
[30] [31]

H AT = 0 4 f F AMF R 2h 25 S R B 4% 52 593 [14] [32], R AW HArZ —. Pittman %(2001)
[33] 23 AT LA I fif B4 () & sk R AFIZ B 75 X (movement patterns), filHiEg 42K, Jyla), AT HERREEm A,
TSR A, SRALEARBARAE AR ORI R TR SR o FRATT A0t I W = A AT T, e
REKRMAEZISE, S5RER, 5 7~10 WHEE ARG, ERDIMERHIK REM /NSO,
IR E NS, A HAKBIRBELL, B R pRE A AT 8 B0E 3N FGUIIEIR (22123, 96%), X & 1T
ST A — E AT B RS A E, A — BB [14] . FRATHEI = Jolufte 2 Xof ARG H 0 32k 3¢ 2 2 3l
TR RE(R), T LIS A R ) DR SR R R () N 23 A Y (internal - distribution pattern) J& TR, 2
— Rl R R AT AN ST PTG B S s 0T 00 B —RHE R IR, AR B T RELZ 18 /K At >k
£ VR HUE T 51 2 (chemically stimulated rheotaxis) [20] [34]. & 1 FE % Bl L0 A7 AL AL, i 6] 2218
KA B IS, TR AT AR A RN, BRI = R 2 S TR B AR FK It 7] BT & 7 W) F - < 45°
FHH T 78% (p = 0.011), KB —iifE % A 3% 1IE B %47 A (positive rheotaxis) (] 7); & T W
SeBRF, A RRRNRI 1 RGUCIR R D S R E, IR AR [15] . SCREES 7~10 S
SRHEE TR AP AT N IARTE B AREEEE, B A S I R, SRR K, 3
A FEN LS i e £ 7 £ % 5% (optimal foraging strategy), B[IE A7 5 €I [A] BR 5% /7R N 3R 15 f KRB R3S
[15] [35].

REAT AN T = HHEE T S, A EE4T J(crawling force) 4 A5e4 K 22 —; 41 Meruy 25(1990) [36]
RIS PNHER (Limulus) K 258 5 WIRER, A % rT 5 AR EAHSEMIRAT /1, RAHREIN ), BAK
K15 L N AT REF= A= FIHL SN 77 (locomotory forces) [36]. K HEASHIF 7 ic 3% B = BAE & I 4 2% H Vb LS shi
BONMMERES 7 IR GE R 28 mm), FIAX =B s B 7 IR A T AR 7R o it 3 b
JEE XS R ERET].

TE RS IR AL A7 b, BB B3 51 o A g sl R AR g2 s, BT
RE RIS, E&5MFH D:W tERE T OL(R) D: RIEELEE, £niniEREsh& i g
M ELRFIER: W: AL LEK) [15] [16]. (FF R QIR S M B W A5 R IE T A5 25 il
IKFHENT, BAE H BT R A, XA IR = AR BN BT AR D:W LB
TEIE, Al SR TEIRZR I J7 1), B RFH AN IR B A% 1) e K B 88 46 1) 114 “F 47 2% (p-line) T 48 77 1) 5K
HEMEHERE IR ) 7 1), SRt EAEAH .

5. &

RIS 50 1 78 PR R [0l S AGE , T R L8 PRI st I B3R BR A B 1 SRATT At 37
M =M ATER, RS KRRASE LS H, GURRY] . AT IRE I I =B slis s 7
W A B B IRAT RE DT A6 AT MR I ICAT B B 5 55 7~10 M =R & 58 | AT 0, ATHERS 7 88 50 A
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PRiiR 45

b, HBRARICRIE R BoR 28 FE SR KRMICT AT, J& T I&RET )y, mE IR
Ry /b B R R B SE R, TN TR R AT R SN . IR R R A B L, SRRSO
e e A R AT R R E R T

B oW

TR 5 V5 VR DT TS K2 2 R 005 2 2 TAT A B B o)t e e 2 S T S 2EAT T, VD S = et
HETH

E&mE
IR TV RMIME S Be e 2 RN A B R s 2 U H . G2019ZK28, G2019ZK36 5

SE

[1] W, YENE, BUKS, % BRENZRAEIS[I]. PR, 2017, 24(5): 509-515.

[2] Vestbo, S., Obst, M., Fernandez, F.J.Q., Intanai, I. and Funch, P. (2018) Present and Potential Future Distributions of
Asian Horseshoe Crabs Determine Areas for Conservation. Frontiers in Marine Science, 5, Article 164.
https://doi.org/10.3389/fmars.2018.00164

[31 Yang, H., Thompson, J.R. and Flower, R.J. (2019) Save Horseshoe Crabs and Coastal Ecosystems. Science, 366,
813-814. https://doi.org/10.1126/science.aaz8654

[4] Laurie, K., Chen, C.P., Cheung, S.G., et al. (2019) Tachypleus tridentatus (Errata VVersion Published in 2019). The
IUCN Red List of Threatened Species 2019, e.T21309A149768986.

[5] Liao, Y., Hsieh, H.L., Xu, S., et al. (2019) Wisdom of Crowds Reveals Decline of Asian Horseshoe Crabs in Beibu
Gulf, China. Oryx, 53, 222-229.

[6] John, B.A., Nelson, B.R., Sheikh, H.1., et al. (2018) A Review on Fisheries and Conservation Status of Asian Horse-
shoe Crabs. Biodiversity and Conservation, 27, 3845-3845. https://doi.org/10.1007/s10531-018-1650-7

[7]1 BB, 2B, Ry, & T MAXENT B PTAk b50 v l [] y vo [] 2 0 [] J  Af 1 8 70 3 43 A % b
RE X H[I]. AR, 2019, 39(9): 3100-3109.

[8] BEIEAE. B4 BT ISR 4 bR K e B 45 40 2 W 7T [D]: [t 2408 3] BRAR: B AR RHE K2, 2012,

[0 ZHnyR, [4IEZE. 2017-2019 45 T 48 5 5 LA 25 A SR8 WA R A5 [R]. etk kv k2%, 2019.

[10] #eEfR, & FHISREHh 2 B v ie) IS B R B R [R]. B B+, 2015,

[11] BRJE=. B0 R SR R e+ 2 H s 50 A 72 [D]: [ 2200050, D2 BAMARN K2, 2014,

[12] Mridz. FBRh iy VIS EER E (T U H) [RYFISE TR A IR A KRR, mfE
Iy k2%, 2019.

[13] Sekiguchi, K., Seshimo, H. and Sugita, H. (1988) Post-Embryonic Development of the Horseshoe Crab. Biological
Bulletin, 174, 337-345. https://doi.org/10.2307/1541959

[14] Chiu, M.C. and Morton, B. (2004) The Behaviour of Juvenile Horseshoe Crabs, Tachypleus tridentatus (Xiphosura),
on a Nursery Beach at Shui Hau Wan, Hong Kong. Hydrobiologia, 523, 29-35.
https://doi.org/10.1023/B:HYDR.0000033085.71861.63

[15] Scheibling, R.E. (1981) Optimal Foraging Movements of Oreaster reticulatus (L.) (Echinodermata: Asteroidea).
Journal of Experimental Marine Biology and Ecology, 51, 173-185. https://doi.org/10.1016/0022-0981(81)90127-1

[16] Mueller, B., Bos, A., Graf, G. and Gumanao, G.S. (2011) Size-Specific Locomotion Rate and Movement Pattern of
Four Common Indo-Pacific Sea Stars (Echinodermata; Asteroidea). Aquatic Biology, 12, 157-164.
https://doi.org/10.3354/ab00326

[17] Sigl, R. and Laforsch, C. (2016) The Influence of Water Currents on Movement Patterns on Sand in the Crown-of-
Thorns Seastar (Acanthaster cf. solaris). Diversity, 8, Article No. 25. https://doi.org/10.3390/d8040025

[18] Shirley, S.M. and Shirley, T.C. (1998) Behavior of Red King Crab Larvae: Phototaxis, Geotaxis and Rheotaxis. Marine
Behaviour and Physiology, 13, 369-388. https://doi.org/10.1080/10236248809378686

[19] Chapman, JW., et al. (2011) Animal Orientation Strategies for Movement in Flows. Current Biology, 21, 861-870.
https://doi.org/10.1016/j.cub.2011.08.014

DOI: 10.12677/ije.2023.121009 77 A


https://doi.org/10.12677/ije.2023.121009
https://doi.org/10.3389/fmars.2018.00164
https://doi.org/10.1126/science.aaz8654
https://doi.org/10.1007/s10531-018-1650-7
https://doi.org/10.2307/1541959
https://doi.org/10.1023/B:HYDR.0000033085.71861.63
https://doi.org/10.1016/0022-0981(81)90127-1
https://doi.org/10.3354/ab00326
https://doi.org/10.3390/d8040025
https://doi.org/10.1080/10236248809378686
https://doi.org/10.1016/j.cub.2011.08.014

PRIk %5

[20]

[21]
[22]

[23]
[24]
[25]

[26]
[27]
(28]

[29]

[30]

[31]

[32]
[33]

[34]
[35]

[36]

Cohen, Y. (2019) Navigation towards the Source through Chemosensory Strategies and Mechanisms. In: Oxford Re-
search Encyclopedia of Neuroscience. https://doi.org/10.1093/acrefore/9780190264086.013.315

Conover, W.J. (1980) Practical Nonparametric Statistics. 2nd Edition, John Wiley and Sons Press, New York.

Botton, M.L. and Loveland, R.E. (1987) Orientation of the Horseshoe Crab, Limulus polyphemus, on a Sandy Beach.
Biological Bulletin, 173, 289-298. https://doi.org/10.2307/1541542

Zar, J.H. (1999) Biostatistical Analysis. 4th Edition, Prentice-Hall, Englewood Cliffs Press, New York.
Mehta, C.R. and Patel, N.R. (1966) SPSS Exact Tests 7.0 for Windows. SPSS Inc. Press, Chicago.

Chen, C.P., Yeh, H.Y. and Lin, P.F. (2004) Conservation of the Horseshoe Crab at Kinmen, Taiwan: Strategies and
Practices. Biodiversity and Conservation, 13, 1889-1904. https://doi.org/10.1023/B:BIOC.0000035868.11083.84

Morton, B. and Morton, J. (1983) The Sea Shore Ecology of Hong Kong. Hong Kong University Press, Hong Kong.
PR, I EEAEYET MY BT B TR H R A, 2011

Botton, M.L. and Itow, T. (2009) The Effects of Water Quality on Horseshoe Crab Embryos and Larvae. In: Tanacredi,
J.T., Botton, M.L. and Smith, D.R., Eds., Biology and Conservation of Horseshoe Crabs, Springer, Boston, 439-454.
https://doi.org/10.1007/978-0-387-89959-6_27

Hsieh, H.-L. and Chen, C.-P. (2009) Conservation Program for the Asian Horseshoe Crab Tachypleus tridentatus in
Taiwan: Characterizing the Microhabitat of Nursery Grounds and Restoring Spawning Grounds. In: Tanacredi, J.T.,
Botton, M.L. and Smith, D.R., Eds., Biology and Conservation of Horseshoe Crabs, Springer, Boston, 417-438.
https://doi.org/10.1007/978-0-387-89959-6_26

Hsieh, H.-L. and Chen, C.-P. (2005) Current Status of Tachypleus tridentatus in Taiwan for Red List Assessment. In:
Carmichael, R.H., Botton, M.L., Shin, P.K.S. and Cheung, S.G., Eds., Changing Global Perspectives on Horseshoe
Crab Biology, Conservation and Management, Springer, Cham, 383-396.
https://doi.org/10.1007/978-3-319-19542-1_22

Sekiguchi, K. and Shuster Jr., C.N. (2009) Limits on the Global Distribution of Horseshoe Crabs (Limulacea): Lessons
Learned from Two Lifetimes of Observations: Asia and America. In: Tanacredi, J.T., Botton, M.L. and Smith, D.R.,
Eds., Biology and Conservation of Horseshoe Crabs, Springer, Boston, 5-24.
https://doi.org/10.1007/978-0-387-89959-6 1

Kawahara, D. (1982) Investigations on Ecology of Horseshoe Crab Larvae. Aquabiology, 4, 380-382.

Pittman, S.J. and McAlpine, C.A. (2001) Movements of Marine Fish and Decapod Crustaceans: Process, Theory and
Application. Advances in Marine Biology, 44, 205-294. https://doi.org/10.1016/S0065-2881(03)44004-2

Atema, J. (1996) Eddy Chemotaxis and Odor Landscapes: Exploration of Nature with Animal Sensors. Biological Bul-
letin, 191, 129-138. https://doi.org/10.2307/1543074

MacArthur, R.H. and Pianka, E.R. (1966) On Optimal Use of a Patchy Environment. The American Naturalist, 100,
603-609. https://doi.org/10.1086/282454

Meruy, T.W. and Gibson, D.G. (1990) Force Generation in Juvenile Limulus polyphemus: Effects on Mobility in the
Intertidal Environment. Bulletin of Marine Science, 47, 536-545.

DOI: 10.12677/ije.2023.121009 78 A RS


https://doi.org/10.12677/ije.2023.121009
https://doi.org/10.1093/acrefore/9780190264086.013.315
https://doi.org/10.2307/1541542
https://doi.org/10.1023/B:BIOC.0000035868.11083.84
https://doi.org/10.1007/978-0-387-89959-6_27
https://doi.org/10.1007/978-0-387-89959-6_26
https://doi.org/10.1007/978-3-319-19542-1_22
https://doi.org/10.1007/978-0-387-89959-6_1
https://doi.org/10.1016/S0065-2881(03)44004-2
https://doi.org/10.2307/1543074
https://doi.org/10.1086/282454

	三棘鲎(Tachypleus tridentatus) (Leach, 1819)稚鲎在台湾澎湖青螺湿地复育关键因子探讨
	摘  要
	关键词
	Discussion on Key Factors of Restoration of Juvenile Tachypleus tridentatus (Leach, 1819) in Chingluo Wetland of Penghu, Taiwan
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 研究区概况
	2.1.1. 青螺湿地水文
	2.1.2. 青螺湿地生物相

	2.2. 研究方法
	2.2.1. 净滩活动与物种普查
	2.2.2. 湿地水质现况监测
	2.2.3. 三棘稚鲎活动观察
	2.2.4. 三棘稚蟹觅食行为与水流的方位关系的推测

	2.3. 统计方法

	3. 论结果与分析
	3.1. 青螺湿地红罗潮间带水质现况
	3.2. 三棘鲎的分布
	3.3. 三棘稚鲎的爬痕和水流的方位角
	3.4. 三棘稚鲎觅食行为与水流的方位关系的推测

	4. 讨论
	5. 结论
	致  谢
	基金项目
	参考文献

