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Winter Zonation of the Benthic Amphipods in the Sandy Shore
Surf Zone of Dolsando, Southern Korea

Hae-Lip SUH and Ok-Hwan Yu
Department of Oceanography, Chonnam National University, Kwangju 500-757, Korea

Sledge net samples were taken over the neap and spring tide cycles in January 1993 from the bottom and
surface of 1m depth and at the water's edge in the sandy shore surf zone of Dolsando, southern Korea.
Zonation pattern of three dominant gammarid amphipods was compared. The amphipods were more abundant
on the bottom and at water’s edge than in the surface. Average densities at both sites of Pontogeneia rostrata
and Allorchestes angusta were higher during the neap tide than the spring tide, whereas that of Synchelidium
lenorostralum was lower during the neap tide. P. rostrata migrated horizontally during the flooding and ebbing
tides, but S. lenorostralum and A. angusta did not. Unlike other species, P. rostrata was significantly more
abundant at night, suggesting its active nocturnal movement. During flooding tide, P. rostrata was not found
on the shore above the mean sea level (MSL) during daytime, but found in 100 cm above MSL at night. Zonal
distribution of P. rostrata which was restricted from MSL to 250 cm below MSL, however, did not vary with
the day-night cycle during ebbing tide. S. lenorostralum and A. angusta were not found during flooding tide
but ebbing tide. The upper distribution limit of the former was 150 cm below MSL, and the distribution of the
latter ranged from MSL to 150 cm below MSL. The highest densities of P. rostrata, S. lenorostralum and A
angusta were 32, 26 and 3 ind. m~?, respectively. We discussed the relationships between the distribution
pattern of three dominant species of gammarid amphipods and their life styles in the sandy shore.

Key words : sandy shore, surf zone, benthic amphipods, zonation, Pontogeneia rostrata, Synchelidium
lenorostralum, Allorchestes angusta
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2 ZFol AEEES It} (McLachlan, 1983; Wildish,

Ao e vgrlolA sx7h BAAE 27AE k] 1988; Haynes and Quinn, 1995). ©24F9 £X¢d2
Atk o) 2L &4 719 F71BY GYAFIL TR & 24, Fof, Holg 7]AY 4R A7) § o add
doz YeAate] Fsto] HF, B4R olFsk gol e wetch (Wildish and Peer, 1981; Conlan, 1994). Na-
A3 Yok Aol A A EHASeE B4F e gata (1966) € BAFIL ¥ B¢ 244 g FH0 5
94 FE 545, FokE A AEFo] g EHF FH, o5 dxd 58] E¥sidy Pk 1Y Wil
£t} (Brown and McLachlan, 1990). Z12{E.2, @ZtF  lams (1983)= #EW & oz Zeod 23 (o3
A9 AN LN o] FE o]ojFE o] 2T ARl Al Talitridae® Talitrus saltator, Talor-
QAR Z A Holtol ] 2% AE AR (Na-  chestia deshayesi, Orchestia gammarella® FX0 "3 &
gata, 1966; Hager and Croker, 1980; Jo, 1990). A dtdie]l Ao J¥L FH3A ¥tk Atk Jones and Hob-
UJehde 2245 g2 gA$olZ (Gammaridea)®l  bins (1985) € B #t 270 Al 54F 22X £
&k, eeugd A 208 9150l A ok (Kim, A Foko JF& wetha k. Alldredge and King
1991). (1985)% Zouhiri and Dauvin (1995)2 AXMA D&,
Biernbaum (1979) & ©ZHE 4@y wat 24 AAFYS SAFI dF £ NN et AXZA
EAA, AT s Mo s EAALE Al 2 (benthic boundary layer) &2 o] 53}7] wj&o] of7td|
FAA, BAA, 244 (nestler) F ARFEALeZ Yy Bol Yen, ol#f 44, AAH} £4& & Ao
I, WAL A4 BAdes YAk 2l ok olgElole] Rajstel Ale T. saltatorst O. gam-
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marelluss S 23 &of Atst Ayt AHA 7] - A
e niozo s P05 1y, 2 Folgk
A2 A wE} oYL gt FUNAAE WEEE
o 9% FE A 29 R (Mezzetti et al, 1994).
N34 A7) A3 Yo7t A& o ol AA e
%t} (Grant, 1981). Ulrich et al. (1995)& EA VMY &
2+ 591 Corophium insidiosum™ Jassa falcata’} B4 A
b Az} 718F9 Q0 S0 o AHA FARYG &
EHY7F W ok

zgsct @45 AR EE F2 27UA 27,
By o Euii oz AL AT, o] WY E &
Aol hAEES B3 BFTE Talitridae? (Bo-
wers, 1964; Craig, 1973; Koch 1989; Marsden, 1991; Wil-
liams, 1995), Exoediceroidae® (Haynes and Quinn,
1995)¢ Corophiidae® (Wilson, 1989)9] FEelth Jo
(1990) & #4 Dl ® mefset Z0vielA 24 R &
YRS ZAELS, 2 BN Trinorchestia longi-
ramus (Talitridae®) 7} 7V8 B3, ANz Z4E
Haustorioides  koreanus (Dogielinotidae™), Eohaustorius
setulosus (Pontoporeiidae™), Mandibulophoxus mai (Pho-
xocephalidae®}), Urothoe sp. (Urothoidae™), Monoculodes
koreanus (Oedicerotidae™) +22 Yebddn ok ¢
B,z ¢458 SF2E vMER AAsS BEY
e Hig =& vj$ =80 F2 Fod 4
4 B (Nagata, 1966; Hager and Croker, 1980) 222 vt
oF Wg3 4E (Essink et al, 1989)°] @& 3
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Fig. 1. Location of sampling site in the surf zone of
Dolsando, southern Korea.
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Fig. 2. Tide height of Dolsando over the neap (A)
and spring (@) tide cycles on 4th and 25th
January 1993, respectively (from Suh and
Koo, 1996).
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Table 1. Total catch of the benthic amphipods col-
lected from Dolsando, Korea, in january
1993. Values in parentheses indicate perce-

ntage
Species Number
Gammaridea
Pontogeneia rostrata 1414 (738)
Synchelidium lenorostralium 331 (17.2)
Allorchestes angusta 86 (44)
Jassa falcata 37 (1.9
Urothe convexa 13 (06)
Amphithoe brevipalma 8 (04)
Gitanopsis breviculus 6 (03
Melita koreana 5 (02)
Haustorivides koreanus 4 (02
Grandidierella japonica 2 (0D
Orchomene sp. 2 (0.1
Podocerus hoonsooi 1 (00
Caprellidea 4 (02
Hyperiidea 2 (0D
Total 1,915 (100.0)

ot (Suh and Koo, 1996).

19939 14 499 A% 159cm, 2598 292 cmE L
o o E 27}t A29 22 Botth *e AZ (LLW)
€ 42z Uzd 47 234 5987 164 46800,
Haadfed MSL) o 47 103cm9t 144 em % th
(OHA, 1993). A& Azt 220 174] $5EIU2H,
2z 174 55801t} (Fig. 2). ZA|e] AZde
Vo WEo] Yo, e AEo] dofytrh T2,
H g dzde Yol AF0] dojyn, g YEo] I
olyttt dHF £ F¥L& 22w 97C9 R7% A
o g2y 79T 338% AT

AE AL 2zuo] 124 7€ 24X 74A, thzdd 11
NEE 224747 147 A2 EF A&3 vigile]
A A iR AR A RS A2 1177, g2 108
N2 25 2257t g E (BF, 12X30cm; 5

LS

Heg - 448

300 ym) 2 AT s 2 A4 20mE
o 1m/s EEZ £208 Zo] AP} BF AL
HRES 2459 YEVL 5 02 ofdfd o= F
ovj A& gyt AFE 2HZES gold F &
Go} YEZ} vt ZxZ 0k (Suh et al, 1995).
HEZ2AAM9 A¢de 0.72m® (012mX03mX20m) AL
o, 453 vigirbol A o] 3L 6m? (0.3 mX20 m) Ht
HHA BEES A 5%54 oz 133
t}, Kim and Kim (1987), Jo (1990), Barnard and Kara-
man (199D 3 Kim (1991) & #13d GARE & 5&
A EARG g4 F 25E 1n’F S (v /md)
2 e, A4 95 F4 u3l$rt 20% o3l
He $¢ $HECE Jon, 2% A Fol ek
ze &2 23 Fopt % A& Mann-Whitney
U-test2 AR

o 3 [ R

ot

1. 2&Z=g o=

199349 19 429 dzd AP ¢4 7< 44 1F
1,2587H2l ¢ 14% 657rtel2 25 3% 14%F 19157
& 14F 7k, AA w8l A 20% o4& AR
st & A Z (Pontogeneia rostrata, Synchelidium leno-
rostralium, Allorchestes angusta) ©1 ¢+ (Table 1). P.
rates PFRSVE MY BQd Tog Az Yz 4%
Ao 83.7% 9} 556% 2 VERY, 2B Az WA
oA AR st H&o] o %ok 28Y, P. rostrata T
o2 ol Uehd S lenorostralium 228 24
2zt AA Y 69% 9} 375% E AR, 22BG 2
H-go| =%tk A angustas A%} 20 32 54% 9
29% 2 e, AZd v go] 2R ket (Table
2).

2. H5e A 2 71eH P orostrata®t EFAA 229

r0St-

Table 2. Total catch of the three dominant species of gammarid amphipods at the three sites, surface and bo-
ttom of 1 m water depth and at the water's edge, over the neap and spring tide cycles. Dominant
amphipods comprised >2 % of the total amphipod assemblage. Mann-Whitney U-test for the differe-
nces between neap and spring tide. Level of significance; ‘p<0.05,

Soeci Surface Bottom Edge Total

ecies

P Neap Spring Neap Spring Neap Spring Neap Spring

Pontogeneia rostrata 12 32 635 198" 404 133 1,051 363

Synchelidinm 0 0 8 239 0 6 8 245
lenorostralum

Allorchestes angusta 0 0 15 4 54 13 69 17
Total 12 32 736 441 458 152 1,206 625




A= st gutde Ak AN 2459 A YRR

dzd Zz 12vkel e} 2l AU LZ9) gz

ZAA FL P rostrata vHES7E A SE v£E ]
A3 A2 11%9 38%E YER), AZBT Uz
o5 o 7FEF otk 2 AEAM e P ostrata’t
AR HES 229 gz2n 44 60% 9 4% 2 A
29 o 29t} (p<0.05). 2% NEZW S lenorostra-
lum©l AZ 3 vpgtrtol Al 2+7t 98% 9} 1.8% 2 A F A
2 =gk 28U, A angustes AT upgirbo) A
27y 22% 9 78% 2 w7t A o) o bk §skot (Ta-
ble 2).
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ZA|Z] A F o] Fob U g HW P yostratas
o wj$- Eokow FFI HFoA Fof 37 HIF
(&2, p<0.05; 2, p<0.01). 281, EAHoZ &
ofstAl FAL S lenorostralum™ A angusta’® 22
ol 31, fz2de Yo & Ao vehdth A3
A ol AAYA S. lenorostralume 2z ol gk 84v}g
7b vEbg 1, dlEds el g 239vkel 7 dElt Y w3
A angusta= 2z uigizlo) A 52utelsl UehyhR]uk
iz el A8 JepA st (Table 3).

Table 3. Diel differences of the three dominant species of gammarid amphipods at the three sites, surface and
bottom of 1m water depth and at the water's edge, over the neap and spring tide cycles. Dominant
amphipods comprised >2 % of the total amphipod assemblage. Mann-Whitney U-test for the differe-
nces between day and night. Level of significance; ' p < 0.05, 2 p < 0.01

Neap tide Spring tide
Species Surface Bottom Edge Surface Bottom Edge
Day  Night Day  Night Day Night Day  Night Day  Night Day  Night
Pontogeneia 0o 12 44 491' 90 314 0 32 2% 172 8 4
rostrata
Synchelidium 0 2 8 0 0 0 0 29 0 6 0
lenorostralum
Allorchestes o 0 78 2 2 0 0 9 1 B3 0
angusta
Total 0 12 153 583 92 366 0 392 268 173 108 44
o 2
Density (ind. m ™)
0 20 40 0 5 10 0 2 4
5 1501 . + : i ;
& o A B C
4]
3
4]
Q
£ 0
&
© .0
—
5 100 1
S -150 ]
©
.C
QO -200 1
o
= 250

us]
aa
w

Density of three amphipods in relation to the tide height (cm) from mean sea level over the neap tide.

Data were pooled regardless of time of the collection at bottom (O ,@) and edge (], H). Open and
solid symbols indicate day and night, respectively. A: Pontogeneia rostrata; B: Synchelidium lenorostra-

lum; C: Allorchestes angusta.
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Fig. 4. As Fig. 3, but over the spring tide.

2. USH M=

P rostrate’s 2ZW DT dEd) g FaEA
Hol5 <& A ¢k, MSL oFl 50 cm} 200 cm Ato] ol
230 (Fig. 3-A). T&o] dojue Rele 2E7h &
o, MSL §1Zde vehtA g, 28y, AEdge
g7t olAx FEWAE WAtk 53], MSL ot
50 cm9F 100 cm Atojol A W7t FA3] Frkste] MSL
ot 100 cm®t 150 cm Abolol Al =k tHZo P rost-
rata®) FHolF L ul$ FFom, FXYE MSL 9
100 cm%- Bl MSL otdl 250 cm7HA 2 H AT (Fig. 4-A).
victztol A P postrata’s EW MSL otiZ AT
By, MSL ¥4 MSL ot 150 cm7HA] @8-F 2
z 2xgc agu, 2EWE MSL 4 100cm7HA B2
Atk AZdMe HEw MSL ok 50 cm$} 250 cm A
olef A W7} wrgtA e, W Eu| MSL obf 150 cm$} 200
cm Atolel A F743] &kt

S. lenorostralum™ A. angusta’= LEH BE wa}
FHo| 5% A STt S lenorostralume A vHEHSF
o] 98% ol4Fo] A% MSL oFel 200cmst 250 cm Akl
oA ekt (Fig. 3-B, Fig. 4-B). 531, S. lenorostra-
fume B2 el 2Z0 A angustes MSL F
ZHE MSL obdl 150cm Alolel 2EXR o AFHT
vickzbel A o] vebgdt}, 53], MSL okl 50 cm@t 100
em Abolol 74 2tk (Fig 3-C). A angusta™ HZH
MSL 228 MSL ot&l 250 cm Abolol WA WeA

Density (ind. m?2)

U M= veirh gy 45w ulgrhel A MSL of )
50 cm9}t 150 cm AbololAl Axrt w9kt (Fig 4-C). ol
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Fig. 5. Diel variation in density of three amphipods
collected at bottom (@) and water's edge
(W) over the neap tide. A: Pontogeneia rost-
rata; B: Synchelidium lenorostralum; C: Allor-
chestes angusta.
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Fig. 6. As Fig. 5, but over the spring tide.

ATl A angusta LEE S, lenorostralum ™ 3 BE )

=%

3. o gt

EZoA ZA12 P orostrata W 447he] A4S
ol S lenorostralum™ A. angusta® A8 £ Zg)
AA mElee] 976%E AEH wusteld AU
(Table 3).

2z AFNM P strata’s 124538 154747 A%
7b oA Tzt Bk WA rebxoh, aela, 204 3H
OAl AE7b FobA 21419 Hargh 27nel/md) ol 2@
Fole velgdh vt ME AEH H£e BFPo)
et vhgtzbo A dhol e AF R F AR 2A &
23 (32et/m?) el 2Rk (Fig. 5-A). HEY P rost-
rata= 97 MSL HhE MARH vE ) A1FHg
1 2re AFEYG vnbh o 239 &7 WA
AZHT wigtrlol A molg ol 214 2E A%
oM Al ot I, w7t ME Eolxith (Fig 6-A).
ZAZIZY S, lenorostralum-e vl R T A 2o A U
7t #9 Azd 95E Wetoy A REHE Unst
w4t (Fig. 5-B). 22ut, dzde 1649 1749 o)
w3, Ul AlzbdE vehvA g9kt (Fig. 6-B).
o] & A7 ntsl49) 99% o) Ao] Fold WAl 4
=0 vetgew, LLW7F 57 & Al Ao A% =9
t} (Fig. 6-B).

A angustat AR vzl A Axst o &

i

rir

Ze AAN F AL FHE JeEston S lenorosira-
lum® 3 D27t Jehgr] & AzE Ao 743 94
(Fig. 5-C). tlZde 15A18 wjs Y& o9 g
(Fig. 6-C).

I
-

a

!

ZA71ZESl P rostrata BEE BZ25 JZoA wud
voll foJ3tAl =AY, A angustast S. lenorostralum-&
Fob A7k FostA &%tk (Table 3). P. rostrata RE7}
Folte] b2 A Jelged o] A%E ulz osfataw
HFEe AESAL AES ok S o] Aol 4
W EE A4, o] JER B & o 1cm Q0
A AAE F ov 2 (Suh et al, 1995), B o2
lemBoH 21L& Fo So7} Agstes UAZYA ¢85
< AARG HA AP3E 5 Uk AT P orostrate 2

AHEAE BAFE AP 280 W =L
o8 oA gatA, 9xe Fof 7t HFyd
& oae ofd %3t S O2 P pstata 4 Vb
Ul 713 &o Y3 Zdo|, £Hol59 1839 5
S A9 Holol g, WA, SCUBAEZ AgdA] #&s
Aot Agaels A2 Ase wynide 2o @
A 9ol P rostrata?t RE 2y o2 B oyt &
o7l Aoz YetEz (F, uEH), 714 29 o
7t Fot abe] UL old A 2l 2 P postratas
HRFA (MSL o} 250 cm) 2ok @& RoflA dxy}
BA7) 2olA (Fig 4), Roll AFsFA Bog g%
A& JHSAR W woa ARG, 18y, g2§st
Azt o) &3] YBIE 2 (Mezzetti et al, 1994), P
rostrate®) T1EZ W7} Fof A5 dozl Yol ed 3
vy Aoz pr olgy, ¥ANTL = 2L W
o] #akatA S o)A G AFTHFEZ0 A9 9]
SBZ, o) I P t 83 $HIdy B ¢ 9]
o e, Porostrata® AFOE AFseE Azpd
gz T2 wrY g AYshe Aol 2L Zai

20 Abe AN 9479 BEXE 249 9%
A 2= (Jo, 1990). Nagata (1966)& ©ztH7t =4
of wat olFEu, YEY Yrrt wodta FAH
Hager and Croker (1980) Amphiporeia virginiana (Pon-
toporeiidae™) 7} BER T B E0) o] Fo] sty §
o =, Zefsigte] Al S4FE 244 g £35o
g olgdty, WEY Z{FE v £HYOE oFJY
(Jones and Naylor, 1970). Z&\}, Z4tho] AhE Talitri-
daed GAFHE 249 o] FaistA A% (Wil

o Ho o i ro
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Fig. 7. Zonation of three amphipods in relation to
the tide height (cm) from mean sea level
over the neap (A) and spring (A) tide cyc-
les. The ranges of distribution are shown by
vertical bars and the highest density by a sy-
mbol. Sampling ranges over the neap and
spring tide cycles were from 40 cm above
MSL to 103 cm below MSL and from 149 cm
above MSL to 144 cm below MSL, respecti-
vely. A: Pontogeneia rostrata; B: Syncheli-
dium lenorostralum; C: Allorchestes angusta

liams, 1983). B2 &F7A 54F Ewndice pulchra
(Warman et al, 1991), A2 Carcinus maenas®) 43
/34 (Aagaard et al, 1995; Zeng and Naylor, 1996) ¢} 3
vt Dimorphostylis asiatica (Akiyama, 1995)+ 24 o}
2t o) F WAL, S4F Ligia oceanica (Williams, 1983)
Fut5t Bodotria biplicata (Suh and Koo, 1996)% ZAd|
we} o] F3tA ekttt o)A BiFwol wal 1gm 2
< BERIAAT Fo v} 240 g w0 thEA
2320 4=

4% Rt Ao Abe AN g4 F A

o

£ 243 Fopo) fJ3 Wwgo] 2V vz Uehyt
P. rstrate= BDEZ BE T3 Fopo] w2} o] F3ly
FEgdol A3 (Fig 3-A9 4-A). o] 22 tizujd
Uehve 28 278 51 Hy ol5ste E¥yes
HE, olgle] ZAH oz Holg g4t 2LAANA
T"r?«]s}?ﬂ Ae88 Aoz AR

FE W olFste AN 947 (Bowers, 1964;

Craig, 1973; Koch, 1989) 7}&-8] 294 £E2 i 7]
oA Ust AMAAZZ o]FHT (Dauvin et al,
1994; Zouhiri and Dauvin, 1995). %3 Jo (1990)< S, le-

norostralum©) 27 Lt AE o Ay Z7H oA
T4 5m He F Atojo] EXIcn ol o] AFgA

S. lenorostralum® A. angusta’= B EW 3 Yl (Fig. 3-

A - 45

C 4-0), 7 T2 240 U AFeFol H$ F
Ao g AR, 28Y, S lenorostralume AZo)A 2
kI A anguste= vHR7bl A WE7L A Jeht A4
Ao st 23l (Table 2). % o9} v &3 4}
ol Amphiporeia virginianal M= JEFE I, Hager and
Croker (1980)= 2 99& HEW 27} &Zo|HA
A FERs gEd el Pou A g
Ysle de HAR d=

AEE B4 ZYae Ao BEXEA} 74
AW F& P orostrata o (Fig 7), ©] 2 AHH
MY BeFe s AT (Kim, 1991). 283, A angu-
sta’ AREAL WFFez gEA e (Kim,
1991), P. rostrata$t Z50] WE/} @D, EEWYe
MSL #<=58 MSL o}&l 150 cm Aol P. yostrata B0}
FU%h BEWS} U2 Bol P yustrata™ A. angu-
stal ™t FAFAANA K2 AR e o) ol9
¥ %23 o7} dlioka MR sekel Al Corophium voluta-
torst C. arenariumI M= B3 E A} (Jensen and Kris-
tensen, 1990). S. lenorostralum-2 MSL oFel 150 cm®.T}
e Xo deigton, Aggae Mo s 4
Aok (Kim, 1990). ©] @M AFEAAY @259 P
rostrata= WARYA S lenorostralum R BX ¥ 97}
WAtk B8, A angusta®t S. lenorostralum® EX7}
MSL ol 150 emE 7|Fo2 27} &9} ojgfxom
TRHERZ F% Holg EW FUAEYL vnH o

¥ Zow A,
2 o

19939 1€ 429 iz Ao EZ 245 nfs)
et A 1m F4Y BEH A5 vlgirtol M A ¢
YR E AHHAN S$Hsle A 29 AREE nuy
o @R REFEGE A5 vigrlel @o] vehy
t}. Pontogeneia vostrataSt Allorchestes angusta® QLEv
A&} virtol A vz 2zg) E9hot Synchel-
dium lenorostralum& 22w O 2t} P owstratae 2
=0 AEd we} $HolFE Ao, S lenorostralum™t
A angusta= 7 ol5& A o) G F 3 2
P. rostratas FROE ol §93HA 2o Yeh, ol
2] o[ F3tE 3t P owstrates DEY Wy B
a4 (MSL) 9 100 cm7hA) Yreb A gh vhel= MSL
A& vepdA) g, 1y, HEge v g 2%
MSL 538 MSL oFef 150 cm Atololl EE R} S fe-
norostralum™} A. angusta= BEWT Jelgon E¥H



Es waset

e AA7F MSL 150 cmB.o ob 8%, 3247 MSL 2
H-E] MSL ot 150 cm Akl AT, P. rostrata®t S. lenoros-
tralum¥ A. angusta®) H1L VT 44 32, 26, 3v+&l/m?
Aok 2T R, 2t Ale gdRe R gAT A

ool AAE =gFt
ZAte) =
ALE RN AR =dF MEYG, FGAKNA
AR o123, o] 29 ¥EF & AFEH F4
AN F BA AEHUY. o] ATE 1969 T @
AT A7 Ao 3 AAYYT (AANE
961-0404-013-02).
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