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Abstract

Located at Tamsui estuary, Wazihwei Nature Reserve is a tidal mudflat
ecosystem. With so many creatures blooming in this area, Wazihwei mudflat is one of
the most valuable ecological wetland resources of Taiwan. Mudskippers are
euryhaline and amphibious fish, and play important roles in tidal mudflats, Such as
stabilizing the food web and considered as environmental pollutant indicator. Due to
human development, anthropogenic disturbance and pollution, wetlands are currently
deteriorating and disappearing at an accelerating rate. Therefore, understanding how
environmental changes will influence the mudskippers requires more research;
especially knowing the habitat preference of mudskippers. However, there is a lack of
studies in Taiwan about the habitat preference of mudskippers. The factors that
influence the distribution of mudskippers in the field are still unclear. This study
focuses on how sediment conditions such as soil water content, particle size and soil
organic content, affects the distribution of mudskippers in Wazihwei Nature Reserve.

According to the result, three species of mudskippers were recorded in our study
site, including Periophthalmus modestus, Boleophthalmus pectinirostris and
Scartelaos histophorus. S. histophorus is the most abundant species which occupied
almost the entire mudflat area. B. pectinirostris were found at open mudflat areas and
the riverbank at low tide level. In contrast, only a few individuals of P. modestus were
found scattered at the mangrove edge. There is significant preference of soil water
content in three mudskippers. B. pectinirostris were distributed where the soil water
content was high, and P. modestus were distributed near lower soil water content
areas while S. histophorus were distributed across both high and low soil water

content areas. There is no significant preference in sediment particle size for the three
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species of mudskippers since they all prefer fine sediment. On the other hand, B.
pectinirostris were distributed where the soil organic content was high, P. modestus
were distributed where the soil organic content was much lower.

This research shows the different distribution of three mudskippers at Wazihwei
Nature Reserve which is mainly due to their sediment preference. Understanding the
habitat preference of mudskippers can evaluate and monitor their populations more
efficiently. This study provides a preliminary research of mudskippers’ distribution

and their sediment preference at Wazihwei wetland.

Keywords : Mudskippers, Population distribution, Sediment, Habitat preference,

Wazihwei Nature Reserve
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B e >4 2016 £ 3 7 50 0.06( 8 /m?)(Table 1) o &% > npslg 2ot A
FooWF - LTS CHRE N AEIN AT AN CHREFREES
FE5 R R 3 2R il £ Rl o

LR A B A E kP 586 & 0 BB A SnT 5 2016 8 40
457 198 & 5 BB E Ve > 5 2015 # 8 7 2e45F] 16 & (Fig. 5h) - T o
B5027(8/md) AR EBH? 5 2016 & 4 51 0.4(8/m?) : B A B KD
> % 2015 & 8 * ¢10.06(4&/ m’) (Table 1) - #i 4 + 3% 4 chiedry =3 B4 C
BE o AHER R SIS

FHEE A B N AR 1243 8 BB A S en? > 52015 11
45 278 & BB BV en? > 5 2016 # 3 7 5 20453 123 & (Fig. 5¢) - Lo
B5036(8/md)s & R LR A+ 5hd i 117 6043(2/m?) (Tablel) -

FEE A LTI RETT D DS

FHRFELAEENALS CART L e EE 56 L A EELH0E 5K

~af

4 436 & S BHRE RGeS pEY 08 - <HF 4509 & - 5K G 5428 5C

TR edrptBg 18~ BELTT S~ 738E $ 2658 -1 B ®esd oD
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Mok b ik % (Fig. 6)

=~ RERRE TS
1~2#&5kE

ZAEE A E T RE DR EF LR (Fo=17.44, p<0.01) >
Games-Howell ¥ & # 2 ¢ % 8w = 8584 4% 2 3 7 -k & H¥ % 72 F (Fig. 7a) °
B dF et 3 5 R B 5 47.1049.18(%) ; 4 Bk 4 hiFend KRB L 715+
15.9(%) ; # 3% & i chd 3 7ok £ 5 64.33417.18(%) °

LG R e R R 2 2 KR BT AE Y
4 B (p<0.05) > 7 BPsBEA S 2 2 3 Z R Mg B ek 5 b R feid
FAER ARSI IR B SEL AR 2 IR EREERRG AR
% h ch = (p<0.05)

BRAFIEZRE VR ZHFF 3 ¥ L P (Fus0=186.51, p<0.001) >
Scheffé £tz %% BHFITA-CHFERFI®7-k¥2 F(Fig.7b)'BH %
Tyaz ok $ 5 81.3448.33(%) B+t A T ¢ 50.6+10.77(%)4r C # % ¢ 51.6+

9.97(%) A HRIrCHFEFRRHFLE -

2~ AT
SRR A AT IR Aok B ESiRE L TR FLR = fnTis

JoiT 4 %t 139~142 ym (Fig. 8a) ; #2/% ¥ B & 4 > 85~103  m (Fig. 8b) 1245 &

R A B A (e ) 0 = F A F btk A A S 1R e) (very fine sand) ¢
BESEE foil 4 BRI 2 FR S R R TR ok S Y BRI HE

£ 2 (p=0.87); * W% hF frm 2 fE> v RE% A X HalF LR (p=052) -

BRERFITEREVRESET CRFEIFA-BEREEFFHFLRE CHT
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T 3o e G 167.67 ums B > A4k % 17425 um e B 4% % ¢121.74 4 m (Fig. 9a) ;
FEPFEBICHR®FF L8 CHBREY FEL 9867um-> 33 BT
11699 um (Fig.9b) s RF#F 32 6 AR R il I k7 B E LKA > C

LI R aY R

3~ ¥

R A A PR T304 4 5 R 409%5F 5 B % 4 3.92% 2 ; B
Wf 343%h i 0 53k 2 4 B § AT F L B (Foes=3.63, p<0.05) (Fig. 10a) -

4 EER R S 2 F f 5 Bt BB el B R F £ B (p=0.064): ¢
LR AR 2 W s BRI E R G L 4 hfk o (p<0.01) -

BERRAVLCREEIE R BREFT IR IS R HFLL

~=h
&
re
R0
e

vy)
o

(F224=16.14,p<0.001) » ® = B Feh} 4 s £ % 3 F o T4

% 4.28%%. % ; CH# F 3.85%= 2 ; A # % 3.35%% i (Fig. 10b) -

=~ KkBEERHRF)F
2GR E(IAM %8 0.866)2 1 4 5 B (P M %8 0.825)fr % S 4 chiic

e

% BE¥F 3 & & 4p M (p<0.01)(Fig. 11a, 12a) ; T 353k j% (49 B 1% #c-0.518)frse iz ¥
B & (4p B 2 8c-0.266) B 27 « 384 4 cnlic B % 7 £ 4p M (P<0.05)(Fig. 13a, 14a) - 4
B 7k E(PM ik 052)2 #3% 4 8cE § o 4p B (p<0.05)(Fig. 1lc) ; T 3o fs
(4 B % Bc-0.574)frof i@ R (A B 72 8c-0.494) 27 58 % d & TR f 4o M
(P<0.05)(Fig. 13c, 14c) ; $ 84 5 (4P M % #c0.207)%r + 584 4 B M 27 4 ¥
(p=0.059)(Fig. 12c) (Table 2) - p+s8 % FIF otk A #cig > > Tl 2 AIE A 59 7

7t -
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B3RV Rz BE% 4 320G AN BaEE > pE % ot B 4G 7
rens #del 2 L HREFARTRREF]F > FHFLE > FEY GEHE D
FEANKERIFARL - BERNEFRY -NHERFFATFL RS TLE
MefpF Rt A X ASBCZ BHRT ERFP LEE ABT 5% R 9 95%
R (Table3) » £ 3+ %1 % o A ko 83238 % g fd e £ (Fig.3) - A-
B-C = # % & 4 9 4 26988.73 m*-6347.53 m* - 11888.55 m?» & 45224.81 m’ -
BRI SRR AFRTH G 377812159 & HARH R A AT AL AT B HE
fs3t4 23404381 & - C % 3 11894357 & - At ® A % - & 35384738 & ;
FHE 4 ASBCH R A Y B3 1214582159 & - 2349+317 & v 29724594

&, ¥ 17466+3070 & (Table 4)
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,‘E'i N 2

KPR ART ¥ FRE fehl B0 EFEHA T 8 R TIRE TS T
R R A TR LU SR SE P S R R R P
203 kgup T2 i“!'?ﬁm/ﬁ-/f,i"" ’Zkfigpﬁ&m}%}g’rﬁ J"TZFE"_{.LH‘%

PRI AEE ARG IR AT ERDRT]

- " EBR AP LEKESLF
B R Rl 4G H iR A T nge > 2 P s (P modestus) ¥

S0 B R AT AR e > MNP OB R RS AE B B A F
Fl# ik + 3 % F (Fig. 15) » # & Polgar and Crosa (2009)#73# % Periophthalmus /&
S g A F e B ihgcit o B A i 2015 £ 8 P {4 0 2 1538
HCLE R BALA BT ARG B G R R R P e S AR HAF o

d N EER G LE G AR NES  RABRATHRHEFFEL (3 E 0 2012)

o

CRTRT R EEEE S R T R AR B s LA LR
d R R 3B E (0 2015) 0 H 3§ PRI R % (Fig. 16) > R &
BYSEE ched R0 0 LI R R B 2 B R T SR B B 2 R eh

BBy FlodE- Hhary o

< 38 4 (B. pectinirostris) ¥ % & Mp =B frCHF » 1 R FF 4 F &
WA RO UBHRFALIEEE S > H A F AR 2P R Bt
FiT KRR B P R B B G e (Fig. 15) « 24 & P& 4% e

Hrp b )8 FAgenfiEE e T8 2 3 11 % 2 MR E 40 5 BRERIIEH - B

F_L

S "E’?)‘%"i\ﬂﬁi\%m s 403107 ARApEHHAR
#WwE K 20158 % B3R b 4e(Fig. 5) 0 d 358 7 340 9% X PRk +

PR BROEERRI R 4L A RIBIAR BB RS AL
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Fla A 8 PA AT B E S 10 o1l ) ZRh hF 4T 372 o K
B ARAIIR o RABF O BR S <3 0 P AP Eg AR FO o AR
BEALFOF ERMEG MG P A APTIEF R 215C) 4 rad A EE A
&ﬁ%mﬁ?ﬂﬁgﬁﬁﬁiﬁ%ﬁ%NEO’é&?%ﬂ%£%$@4g%
BYALIN A EE BT F FORERFAEE G S F AR R A b T
# wm Z=#(Yangetal., 2003) -

7 5% 4. (S. histophorus)** 42+ & A~B~CZH® ¥ 7 k4f £ P} Ak

AR AR I LSRR AEEL L BB AT NPT P

=8

FAECKORE R > CHcg A DB P EN > HAHRP NG B eSS B
P AR g R i n(Fig15) c A A HE U BHRFER S R L MBI
PR - AL CHRFDADTEEIIE S AR R RE ARG M A
A ABE 22016 & 37 2 4 % g 2015 & i ki d 35 FHEE G AL R
AR ER RS B E b A8 (Murdy, 1089) - 4L IBI B 9 % 15 0 4 i 4F SR R
F o347 PR RAPHIMERD AT B o

~EE A e BE A TAAEKE T UBRRER OH - PEPCRRT
FRAEIEZRECATEEL PP ZELAFIHFLE BHRwIIHZ
BT e e feqe it B AL CHE T o

e
BT B R L B G R R SRR

S EBRABRTERRTFF

SERTRELAHIE I REDREFPRELE S AEE AL T
Gk BB S FHEE A PR RAF IR R BRM S B2
(1985) s § > psBif et if fh < 20 < SBE 42 FHE A A FT I Apirg s B
R ESTEES SR A RS P L S R £
ks R B (% 0 2010) o
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=B AL G AR R T ko kTRl RS 5 B R (grain
Size<62.5 4 m) % & mF;(grain size<125ym) et 3 gk 5 pF g 4 F 3 R A
3] 5 sy (grain size<250 um) e B o T3 BLRE TR TR A i e e R R)
Fe Ak @ dena® o JLplst = FEg 4 F BRI TR

B D PP L E KRR ES R 2 LG kMR EE 2R
WA LTI EF R R PRI R ORRES FSEHLE G M 1R

G A G RIEERH LA NEE RS TG BF T RRF E S L S

AR AR EINEFLAG R FEAIEHELTRE L P
e R P kR M o TR A b 3 2 AR o

VIRTA R APM BRI E R AT RB TS B E Ol T SR AT

HEZKEHAEE Ay EE AT E G EFIAIM 7R EARF e R A

%—‘v

Rl U Nt S R A=l ik Ll L R RV 3 AR R
Ao IR AP o BT R TARARS 0 A8 FoleE RORT HARS 0 3 B4 3

o

SAEE RO EERF AT SR OTEE A REM R EF
FEVREE FRHEE ST R AR ARTERE L FRERMNOF P
i %R A R AR R TR S 3R R P i e 1
FrRRFORE AEE AF R ABBARS A AT G AESE A A
AR FREDAFE S CEZVRETRPER LS T O S E G EE AL T
FRAFIFRDLE A RRRT LG WY S AT RS XE R E L

f‘? Ll ﬁ{ )

HELG Y
AR A AR AR AR R R RLEEA TSR E Y

I

HH R4 5 2800 3 4275 § o0 v SEg A3 HRE S T 53 me iGh e itk
B - § R RE B TEA RS R ger FAL bt A F RS SRR B
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ik d EECIFE S FP Vo M1 B oREEE o

FoEg 45T B EWE 5 14395 3 20537 & H Tiom B gk 3E 4 ochT

A
il
ic@

BEFIAZ 5> EFAB-CZBHERRTF AT BB DL TG i

I
s
~mbe

Pk R HEE o F R AR RS ORLR FIELOR AT Flte § TR

Kais S

I

o

i T

Nud
A
b

d“.x

Bp oy H %2 5 1619 15938 & H B2 F A< EE 4 %
B p g A RS il B AR GBS o AR R
H AR * %oz (Quadratcounts) > o fER LA KRG H S B EEF A H
g Al s BRSO AR EIRER AT A2 A F N EE 0 R
PR ARG R DA A A  EREE DR RLRS -

BT PR R B 5 o § 5 K 2 R (P 2009) 0 S 4 R B

i 83 5

i
~=h

- BRSO A e ey 0 R ES p B R E 2
e d AAEHKRE A BB EE AT EET FRY GEE LT R
FAREE G AF TS EME N AR BN L Mk R T IRKIE
EaXT e HRH BRI PAELE G RF R FREFEFE SR E PN

BESCHELASHECEE M- BEE 3% o

il b
4 B F Y ¥ ¥ 7] BACI (Before-After Control-Impact)+* i— 3+ B 2 % fo &

FSHRR S Lohird £ 2 %3 E =G o B9k * (Underwood, 1991, 1992;
Popescu et al., 2012)c A # 7 ¥ & AL+ 4@%@71 7 (Before)¥t42 3+ £ p 2R %F %
B AFERTAE > RETRENL w1 18 (After) 5033 BB FHRB - 5
TR R P IS M RET REL AFRER G ¥ RS A0
BRI AR AR RGBS & 2 R F ¥R (Control) & g

LI A RN e bR A A T B2 LR BERED
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HATRRE A AN RS P ERD AP B A AT ET U RAZ AT AR
Mk Ao d B aER R ERERRA O BEAAY Y O AT
NERAE L TR E RS A 22 O REIDLIIEL G o
BFEDARET R OB 30 i R A AR TR
SRR FELEG ORI > S YT R MR L 5
b ¥ R i3 R iR E Y B F AURUT R 2RV o 8
B FHE S 5 RS gk chR) i (Alfaro, 2010) 0 iy 45 iR BRI hk GBI g e F
B ATT R E IR TN TR RET R B BT oo fhkanat

2 pesB ik R R nT R AR B LA E R kA o
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Fﬁ&#%@,wﬁ@&#%ﬁﬁﬁ§@ﬁ$ﬁﬁﬁ%;kﬁ@ﬁb#&@ﬁ&
RRIE S FEE AN AT ER B2 MPdie 7 LELH o = faslg
SRR FE R R BN S £ NP S e T
AERIITRE R R IE IR EREOF P E > B A Rl
A EE S F R A RENRER AT LB 2 B S A A TR
i R F LR A RIS S e R TR T IRE ARG -
B)F i A LG g g o A B B AL AR R T pEg o fa )
BHUFELLAFTH 2 EF B I ERORT B A FEYE pikE

LS o R BRI AERE I F Y A Bk hBREEg g 4
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(b)

Fig. 2. % & p X9 % o58% 4 (a)p* 58 % (Periophthalmus modestus) ~ (b) = 3&
% % (Boleophthalmus pectinirostris) ~ (c) 5% #. (Scartelaos histophorus)
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Fig. 16. (a)42 =+ & B} i % 8 ~ (b)) a2 4 B 1w
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Tablel & 7 5 58% 45> 2 3% 4 % & (meantsd.) (&/m?) (N % # = #)

2015 # 8 ¥ 2015 & 9 ¥ 2015 & 10 *# 2015 & 11 % 2016 & 3 ¥ 2016 & 4 ¥

B. pectinirostris ~ 0.06:£0.03 (N=10) 0.22+0.09 (N=10) 0.29+0.16 (N=19) 0.31+0.20 (N=19) 0.18+0.15 (N=13) 0.40+033 (N=20)
P. modestus 0.20£0.30 (N=5)  0.18+0.03 (N=2)  0.07+0.06 (N=3)  0.09£0.09 (N=3)  0.06+0.03 (N=2) 0.20 (N=1)

S. histophorus 0.33+0.16 (N=27) 0.34+0.19 (N=23) 0.37+0.16 (N=26) 0.43%0.21 (N=26) 0.31+0.25 (N=16) 0.35+0.32 (N=19)
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Table2 278 715 3% 4B 2 $7A F 4 S odph GlciE %

B. pectinirostris S. histophorus
Soil water content 0.866 ** 0.520 **
Mean grain size -0.518 ** -0.574 **
Median grain size -0.266 * -0.494 *
Organic content 0.825 ** 0.297
** 1 p<0.01 *: p<0.05
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Table3 £ H%E% 4 T30% R (E/ M) 95% G i & B (““4 T %R AL F &

&)
B. pectinirostris P. modestus S. histophorus
®EA - 0.14+0.08 0.45:0.08
#% B 0.37+0.06 - 0.37+0.05
#®% C 0.10+0.03 - 0.25+0.05
45
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Tabled #2+ By L FEE 4G EEHE (L) (L7 TRBAL T 2 8)

% & % (m?) B. pectinirostris P. modestus S. histophorus
#w A 26988.73 - 377842159 121452159
¥ % B 6347.53 2349+381 - 2349+317
¥ C 11888.55 1189+357 - 29724594
&3+ 45224.81 3538+738 37782159 1746623070
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or

- g A @B F (2 F 0 2012) ~ (D)BF SR AHTHEE

(http://fishdb.sinica.edu.tw/chi/home.php)

(@)

15t dorsal fin slender
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&) » ggg s Periophthalmus modestus
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http://fishdb.sinica.edu.tw/chi/home.php

RS A AR - R A F (TWDI7) /i 45 8h i+

3 # & #H(X) L H(Y)
WAal 292448 2783993
WAa2 292459 2784008
WAa3 292471 2784019
WAa4 292484 2784049
WAa5 292261 2784162
WAa6 292259 2784192
WAa7 292284 2784194
WAa8 292290 2784180
WAa9 292294 2784170
WAa10 292300 2784162
WAD1 292270 2784290
WAb2 292267 2784293
WAD3 292264 2784296
WAD4 292260 2784300
WAD5 292257 2784304
WADG 292252 2784306
WAb7 292249 2784311
WADS8 292245 2784315
WAD9 292242 2784318
WAD10 292238 2784320
WACc1 292255 2784324
WACc2 292252 2784328
WACc3 292247 2784331
WACc4 292245 2784336
WAC5 292241 2784340
WAC6 292238 2784344
WAC7 292234 2784347
WAC8 292231 2784350
WAC9 292227 2784354
WACc10 292224 2784357
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gz AR B (5XE 2 ¢ )
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Hpdw s 4 3 e A &8 £ (Folk, 1966)

RE(2R)

<0.0039 A2 (clay)

0.039~0.0625 2 (silt)

0.0625~0.125 & m#) (very fine sand)
0.125~0.25 i) (fine sand)

0.25~0.5 # #)(medium sand)
0.5~1 e # (coarse sand)

1~2 &2 #) (very coarse sand)
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WHeRT >~ R kB 4D A

PY e PR FR(C)| BF rE | EE # iz()%/ - ;;)71\
20150815| 17:27 34 WADbL | + &% 3 012 | 82.89
20150815| 17:27 34 WADbL | &% 6 0.24 | 82.89
20150815| 17:27 34 | WADL0 | F38% 5 0.2 81.22
20150815| 17:27 34 WADb2 | &% 6 024 | 8844
20150815| 17:27 34 WAD3 | &% 8 032 | 86.99
20150815| 17:27 34 WAb4 | F3E% 9 036 | 81.43
20150815| 17:27 34 WAD5 | + &% 2 008 | 7292
20150815| 17:27 34 WADS | F38% 4 016 | 72.92
20150815| 17:27 34 WAD6 | + 5E#% 2 0.08 | 63.80
20150815| 17:27 34 WAD6 | F 5E#% 7 0.28 | 63.80
20150815| 17:27 34 WADb7 | 8% 2 008 | 80.25
20150815| 17:27 34 WADb7 | 8% 4 0.16 | 80.25
20150815| 17:27 34 WADS | + &% 1 0.04 | 85.73
20150815| 17:27 34 WADbS | F38% 6 024 | 85.73
20150815| 17:27 34 WAD9 | + 8% 1 004 | 74.08
20150815| 17:27 34 WADY | &% 10 0.4 74.08
20150819| 7:23 33 WAal | ##% 4 016 | 4032
20150819| 7:23 33 WAal | B3 % 18 072 | 4032
20150819| 7:23 33 WAa2 | 7% 14 056 | 57.32
20150819| 7:23 33 WAa2 | B % 4 016 | 57.32
20150819| 7:23 33 WAa3 | # % 20 0.8 60.29
20150819| 7:23 33 WAa5 | 7% 8 032 | 3315
20150819| 7:23 33 WAa5 | 3% 1 004 | 3315
20150819| 7:23 33 WAa7 | 7 #% 7 028 | 5260
20150819| 7:23 33 WAa8 | 7 3&% 6 024 | 5581
20150819| 7:23 33 WAa8 | &3 % 2 008 | 5581
20150819| 7:23 33 WAa9 | 7 #% 14 056 | 84.15
20150820, 7:58 325 | WAcl | % 1 004 | 66.88
20150820, 7:58 325 | WAcl | &% 13 052 | 66.88
20150820, 7:58 325 | WAcC10 | F3&% 2 0.08 | 40.03
20150820, 7:58 325 | WAc2 | 3% 14 056 | 5178
20150820, 7:58 325 | WAc3 | ~ &% 1 0.04 | 60.97
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W~ F SRRl P R R B TS

e |2 kB | Tipus(um)| s B E(um)| bz 2 (%)
WAal 43.28 180.8 120.1 3.125
WAa2 56.16 61.22 16.63 3.523
WAa3 57.92 11.85 8.34 3.649
WAa5 32.62 1726 1436 2.691
WAa7 54.08 48.29 18.42 3.196
WAa8 50.79 76.74 31.08 3.88
WAa9 75.23 30.67 12.48 3.363
WADb1 74.40 32.63 22.74 4.435
WAD2 80.99 19.54 19.45 3.898
WAD3 92.89 10.44 7.59 4.156
WAb4 93.83 19.25 19.21 4.534
WAD5 94.24 23.47 20.53 4.342
WADb6 94.15 28.85 21.81 4.689
WAD7 81.20 20.43 8.91 4.61
WADS 93.37 19.12 19.1 4.219
WAD9 93.86 10.57 7.6 3.917
WADb10 84.14 33.09 22.96 3.956
WAC1 67.25 1715 38.85 4.013
WAC2 75.18 89.14 15.25 4.483
WAC3 65.06 152 31.52 4.207
WAC4 60.24 203.6 157.4 3.931
WAC5 58.08 152.2 32.7 3.889
WAC6 62.37 91.39 17.95 3.725
WAC7 54.08 160.7 92.31 3.755
WAC8 42.35 238.6 2295 3.418
WAC9 39.17 228 218.5 3.488
WAC10 41.84 189.6 152.7 3.594
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