MThe Sea; Journal of the Korean Society of Oceanography
Vol. 17, No. 2, pp. 112 — 119, May 2012

Free Access

53l d Lt gl el] ASH= 2R Archaeomysis kokuboi}
Acanthomysis nakazatoi2] “JZFA whE FFof 9l 27 %

Fr - ZAAok - ARl
FARH S Sop Y RT3l
st st}

Diel and Tidal Distributions of the Sand-burrowing Mysids Archaeomysis
kokuboi and Acanthomysis nakazatoi on a Sandy Shore Surf Zone of Yongil
Bay, Eastern Korea, in Relation to Growth Stages

S00-GUN Jo*, CHUNG-A KIM AND HAE-LIP SUH!

Department of Marine Biotechnology, Kunsan National University, Gunsan 573-701, Korea
'Department of Oceanography, Chonnam National University, Gwangju 500-757, Korea

Sk F3liek YURE Aol M= 7 52 2480, drchaeomysis kokuboi®} Acanthomysis nakazatoi®] 737
Alef] W Srof 9l 2ARke] Bxe] el AR 2ol AR A ARES o] gsle] 3 XH, F &
A1 me sl B3 SA B 1Y, E7PEAROA 2413 1PA SR 24813 FRE o] FA R T Archaeomysis
kokuboi®] FrAl= FoRt B ZAMWATTE QA mhe- 2] Fokke] AfolE & = QIS 4. kokuboi®] V<
MAE aFEZoNA ofrke] Wyt FRTE Fo)A o f o] H9koL) T o Folxl Wi xjol7) glgich
A. kokuboi “3A|, E3] A= vietellA] F3ke] "ETF oRgbRL) fo)H 07 U] Z3hom, G el s Fok
7F 55 A8 EdskR] Q@skt). 10l HISA Acanthomysis nakazatoi®] 735, FAE BB oA FFolgtel] -2
Aol A% ZJo)7h o), vigeld 71 w2 AR BXIIIU. 4. nakazatoi?] TIAASEARIME BE LollA
Fofztoll 24l Wx o7} gloloH, sl W3] EHA ¥t A nakazatoi] /A, 53] AHel
e vigelA] olzke] Wy FHLE Fo)H 07 #9k1, thE il e Folgk Wk Aol7) QoL F F &
Aolo] W&} ME 71| Wi ol 4. kokuboi®] ML NAE AlSlslaE 4221 xpol7t USITE. A. kokuboi
o] uPdslA, 53] AL sl HE wo] UErt UE wR) fo)8 R okt At Rl
T 59 FoRt BEE Ftoll= EEC| T2 Al nfeb 2] 2olr) giglo, WEHEks 2

ofzte] o8l Uojubar 229 FE2 A & A o7 YElHT & AUt 4 nakazatoi®] NAGF U=
TORE B A kokuboi® Tk BRI ] wkoH, FAGANE Al o|E 7] & WER T2 i) A
At olelst ARz A nakazator= FARANE K2l A2 el 4 kokuboi®th B HolU &
giQk jgtdel A w9 & A4-gsk Aol A& vt}

This study investigated the diel and tidal distributions of the two mysids, Archaeomysis kokuboi and Acan-
thomysis nakazatoi, in relation to their growth stages in the sandy surf zone of Yongil Bay, located on the
southeastern part of Korean Peninsula. Sampling was conducted with a sledge net at every two hours for
almost 24 hours at three sites: water edge, water surface and sand bottom both in 1-m deep water areas. The
abundance of Archaeomysis kokuboi juveniles was too low to count both in day and night samples. While
there was no difference in immature A. kokuboi abundance between day and night in the bottom or water
edge, that at the water surface was significantly higher at night than daytime. The abundance of 4. kokuboi
adults, especially of males, in the bottom was significantly higher in daytime than night and no individuals
appeared to the water surface either day or night. In comparison, the abundance of Acanthomysis nakazatoi
juveniles between day and night did not differ significantly at all the three sites, with the highest number
being distributed in the bottom. The abundance of immatures between day and night also did not differ sig-
nificantly and no individuals appeared to the water surface either day or night. The abundance of A. nakaza-
toi adults, especially females, in the bottom was significantly higher at night than daytime and there was no
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significant difference in abundance between day and night in the other sites. There was also no significant
difference in abundances of the two species between ebb and flood tides, except for A. kokuboi immatures
which appeared significantly more during the ebb tides at the water surface. Overall, the distribution of the
two sympatric species, 4. kokuboi and A. nakazatoi, was not the same in the sandy surf zone. Its difference
seems to depend on their stages of growth, and the change in their abundance may be influenced more by
diurnal rhythms than tidal effects. The population density of A. nakazatoi in the sandy surf zone was much
higher than that of 4. kokuboi, and relatively higher densities in all growth stages of the former were found in
the sandy bottom ranging from juveniles to adults. These results indicate that 4. nakazatoi has exceedingly
better ability of sand burrowing even from the juvenile stage, and thus is an ecologically better adapted spe-
cies in the sandy surf zone than another sympatric species, 4. kokuboi.
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Fig. 1. Map showing the sampling site in the present study.
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Fig. 2. Temporal variation in the abundance of juveniles of the two
mysids, Archaeomysis kokuboi (left) and Acanthomysis nakazatoi
(right) at the water surface, bottom and water's edge over the 22 h
sampling regime. Stippled areas denote the night time.
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Fig. 3. Temporal variation in the abundance of immatures of the two
mysids, Archaeomysis kokuboi (left) and Acanthomysis nakazatoi
(right) at the water surface, bottom and water's edge over the 22 h
sampling regime. Stippled areas denote the night time.

ojate] ke dEFS YERTE 31 23 inds/m’E H]ILA] %
HEFS 1]l AFelM = Azt Wl A Al 4o S
£ R 53] &5 ASAIRML 18419 06490 =2 &
S veRLE T rdsAe] JA A Hs A 1AL
H]-&o] =9k7) wlFol|(df=8, =2.339, p=0.047) 7 2] HE e

o] XA A. kokuboi®] P13 MAE L& 271
AZolA E7F =3kon, dEHE B5oA UErt SV



F3l FL Auiclel] Malsl= 220l Archaeomysis kokuboi®} Acanthomysis nakazatoi®] *FFA

5 5
—@- Female —@- Female
4 —¥— Male 4 V- Male
3 —l- Female+Male 3 —l- Female+Male
Surface Surface
2 2
1 1
[ o s & @ & & n n B n a 0 M
- 5 o 25
B4 E
z Bottom E 20 Bottom
£3 < 15
8 g
2 £ 10
<
] I
51 Z s
=
< <
0 0
5 5
4
4 Edge Edge
3 3
2 2
1 1

18202224 2 4 6 8 101214
Local time (h)

18202224 2 4 6 8 101214
Local time (h)

Fig. 4. Temporal variation in the abundance of adults of the two
mysids, Archaeomysis kokuboi (left) and Acanthomysis nakazatoi
(right) at the water surface, bottom and water's edge over the 22 h
sampling regime. Stippled areas denote the night time.

73] UASIThHFig. 3).

A nakazatoi®] PdsAE E7PIAR] 9 B5oll = 53]
AR YeRaL, Aol 78 w2 A7 E3sIeith Aol
X9 A. nakazatoi V735 A= FoRF B WAl S0 HE
atolal, AA MAS F 52 vlEo] =7 wlitol(df=s,
=4.675, p=0.002) AA| n/d<5A12] AT wE- 2] HEH

i
4
-
pi)
¥
_[_L4
=~
e
b

115

|3t 719) A8 Fig. 3).

3) A< 7MA(Adults)

A. kokuboi®] “3= 7WAl= ESo= A8 EFHsA
PR g ATelM FE Edsilo, 1 Uk
Ao} AsolM ] AT MEde A Akt et
3% P9 et AT E7PIA G S]] vlE]
o} F-oxH= SIATHAE=8, =-1.890, p=0.095; Fig. 4).

A. nakazatoi®] 2355 WA= 27PEARE] 9} BFelM= #Ha d
57} 2 inds/m® OJ3FE w9~ W UER UERE O AFolM =
F 1 20 inds/m’l] B A2 B A7 EESSIT 22~24
A2l oRgtel] AtH o R =2 HEFES BN, Tl 14~18
Alef] ekzte] JiAl S7FF QAo mig- B AAlSE HER
. A nakazatoid A= T2 okl AAEAThFig. 4).

SECHE FoRE HERH

A. kokuboi®] 737 TA H AAAER Fott NAF HEE
Table 1°]] YERATE Al |$18ta= =7k 9F A
SollXE JHARE7E AYEA dsket. )i sA1e] A9, 27X
golMs 7k W) ofgkuct o7k Egkont BAH R £
& It (p=0.52). EZoME oRgke] Wyl £ o &
Ao (p=0.01), 53] v]d< FHolA el d ATl FAh
(p=0.02). AToNAE TRt v JiA1 2] UE 2o 7} glole.
wh, mAdss A1) = iRt ogE RN O E93TH(p=0.02).
AAS] A, BTl E AFEA i, E7PEAE A E
AR o7 Folgk Ee] Afol7} GIl o, ATelAE ke d
7)ok} ] #=94THp=0.04; Table 1, Fig. 1).

T=0
QLTS =

Table 1. Comparison of abundances for different growth stages of Archaeomysis kokuboi between day and night at the water surface of the

surf zone, Yongil Bay

Habitat Growth stage Night Day t Probability
Juvenile 0.17+0.29 0 1.19 0.28
Immature & 2.17+1.42 0 3.16 0.02
Immature 9 1.10+0.98 0.13+0.25 1.95 0.1
Waer surface Immature (& + %) 3.27+1.65 0.13+0.25 3.87 0.01
Adult & 0 0
Adult ¢ 0 0
Adult (8 +9) 0 0
Juvenile 0 0
Immature & 1.53+1.33 0 2.39 0.06
Immature ? 0.47+0.81 2.08+0.56 -3.15 0.02
Sea bottom Immature (3 + %) 2.00+1.87 2.08+0.56 -0.07 0.94
Adult & 0.17+0.29 3.58+2.04 2.8 0.03
Adult ? 0.17+0.29 0 1.19 0.28
Adult (8 +9) 0.33+0.29 3.58+2.04 -2.67 0.04
Juvenile 0 0
Immature & 0.30+0.52 0.13+0.25 0.6 0.57
Immature ? 0 0.58+0.69 -1.39 0.22
Water's edge Immature (& + 2) 0.30+0.52 0.70+0.91 -0.67 0.52
Adult & 0.17+0.29 0 1.19 0.28
Adult ? 0.33+0.29 0.38+0.48 -0.13 0.9
Adult (8 +2) 0.50+0.50 0.38+0.48 0.33 0.75
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Table 2. Comparison of abundances for different growth stages of Acanthomysis nakazatoi between day and night at the surface of the surf
zone, Yongil Bay

Habitat Growth stage Night Day t Probability
Juvenile 0.17+0.29 0 1.19 0.28
Immature & 0 0
Immature 9 0 0
Waer surface Immature (& + Q) 0 0
Adult & 0 0
Adult ? 0.30+0.52 0 1.19 0.28
Adult (8 +2) 0.30+0.52 0 1.19 0.28
Juvenile 17.00+21.89 23.63+7.66 -0.57 0.58
Immature & 32.83428.51 29.50+18.72 0.18 0.85
Immature % 2.93+3.00 1.63£1.35 0.79 0.46
Sea bottom Immature (& + 2) 35.77+£31.19 31.13+19.81 0.24 0.81
Adult & 4.63+4.23 0.93£1.53 1.65 0.15
Adult ? 9.95+3.45 1.53+2.39 3.85 0.01
Adult (3 +2) 14.58+3.24 2.45+3.92 433 0.007
Juvenile 0 0
Immature & 0.47+0.81 0.13+0.25 0.81 0.45
Immature % 0 0
Water's edge Immature (& + 2) 0.47+0.81 0.13+£0.25 0.81 0.45
Adult & 0.33+£0.29 0 2.39 0.06
Adult ? 0.25+£0.25 0 2.07 0.09
Adult (3 +?) 0.58+0.52 0 2.32 0.06

Table 3. Comparison of abundances for different growth stages of Archaeomysis kokuboi between ebb and flood tides at the water surface of
the surf zone, Yongil Bay.

Habitat Growth stage EDbb tide Flood tide t Probability
Juvenile 0.13+0.25 0 1.13 0.29
Immature 3 1.63+1.59 0 2.33 0.05
Immature ? 0.83+0.97 0.10+0.22 1.63 0.14
Waer surface Immature (5 +2) 2.454+2.12 0.10+0.22 2.5 0.04
Adult § 0 0
Adult ? 0 0
Adult (§+92) 0 0
Juvenile 0.35+0.70 0 1.13 0.29
Immature 3 5.20+7.41 5.64+4.94 -0.1 0.91
Immature ? 2.20+3.53 2.04+0.49 0.1 0.92
Sea bottom Immature (5 +9) 7.40+£10.91 7.68+4.99 -0.05 0.96
Adult 3 0.13+0.25 0.28+0.63 -0.46 0.65
Adult ? 0.35+0.44 0.18+0.40 0.6 0.56
Adult (3+9) 0.48+0.37 0.46+1.03 0.02 0.97
Juvenile 0 0
Immature 3 0.23+0.45 0.20+0.27 0.1 0.92
Immature ? 0 0.46+0.65 -1.38 0.2
Water's edge Immature (5 +2) 0.23+0.45 0.66+0.79 -0.97 0.36
Adult & 0.25+0.29 0 1.97 0.08
Adult ? 0.38+0.48 0.40+0.42 -0.01 0.93
Adult (3 +92) 0.63£0.63 0.40+0.42 0.64 0.53
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Table 4. Comparison of abundances for different growth stages of Acanthomysis nakazatoi between ebb and flood tides at the water surface of
the surf zone, Yongil Bay.

Habitat Growth stage Ebb tide Flood tide t Probability
Juvenile 0.13+0.25 0 1.13 0.29
Immature & 0 0.10+0.22 -0.88 0.4
Immature ? 0 0
Water surface Immature (& + 2) 0 0.10+0.22 -0.88 0.4
Adult & 0 0
Adult ? 0.23£0.45 0 1.13 0.29
Adult (3 +2) 0.23£0.45 0 1.13 0.29
Juvenile 13.68+19.07 27.32+10.59 -1.37 0.21
Immature & 29.63+24.15 30.82+16.48 -0.08 0.93
Immature ? 3.70+2.89 1.86+1.28 1.28 0.23
Sea bottom Immature (& + Q) 33.334+25.93 32.68+17.50 0.04 0.96
Adult & 3.83+3.82 0.74+1.39 1.69 0.13
Adult ? 5.23+6.15 1.2242.18 1.37 0.21
Adult (& +9) 9.05+9.28 1.96+3.57 1.59 0.15
Juvenile 0.48+0.55 - 1.96 0.08
Immature & 0.35+0.70 0.10+0.22 0.76 0.47
Immature ? 0 0
Water's edge Immature (3 + %) 0.35+0.70 0.10+0.22 0.76 0.47
Adult & 0.25+0.29 0 1.97 0.08
Adult ? 0.13£0.25 0 1.13 0.29
Adult (8 +9) 0.38+0.48 0 1.78 0.11

Table 5. Analysis of variance for determining the effects of growth stage, habitat, and interactions on the densities of the two mysids
Archaeomysis kokuboi and Acanthomysis nakazatoi in the sandy surf zone, Yongil Bay, Korea.

Archaeomysis kokuboi Acanthomysis nakazatoi
Source DF
SS MS F SS MS F
Corrected model 8 45.874 5.734 4.706 8083.816 1010.477 11.673
Intercept 1 35.213 35.213 28.897 3009.789 3009.789 34.769
Growth stage 2 18.884 9.442 7.748%* 750.586 375.293 4.335%
Habitat 2 14.201 7.100 5.827%* 5812.089 2906.045 33.571%*
Growth stage x Habitat 4 12.790 3.197 2.624* 1521.140 380.285 4.393**
Error 54 65.803 1.219 4674.468 86.564
Total 63 146.890 15768.072
Corrected total 62 111.677 12758.284

DF=degree of freedom, SS=sum of squares, MS=mean square
*p<0.05, **p<0.001
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o] w7t s iAle] UErt) f-2040 R =9k0Lk(p=0.013),
A2 Al fo]d oz 2pol7) ¢llth(p=0.318). 18 F
T BT ndsAe AErt 7 =30k (Table 5).

WSt A kokuboi®} A. nakazatoi®] T+ & FEFoA A2
et = A R zko]7h AT df=2, F=5.827,
p=0.005; df=2, F=33.571, p=0.0001). A. kokuboioll X # %2
MAG At B7PdAte] 9 550 UrH) o302 =9k
THZH7t Tukey's HSD test, p=0.006; p=0.030). 53] HZolA] w]
QA A5 WER} 3300 A nakazatoPIAE A%
o) Wsk BAVAsh B30 drnth o4 0% FATHE
T} p<0.001; Table 5).

A. kokuboiS} A. nakazatoil] ¥ £ E5olA] A8 A 9 A4
A k9] o%le] A Aol UE Aol Ukt Aow
YERITHAZE df=4, F=2.624, p=0.045; df=4, F=4.393, p=0.004).

Y

Archaeomysis kokuboi= X3t Archaeomysissy +30)= T2
Akl AMAsh= Firehe AMdo] d¥o] R ¥ (Matsudaura et
al, 1952) o] = o] EaActel A28t 2AolE, &
Gastrosaccus %5, Archaeomysis <5 2 liella % 52 74AIsE +3&
el Helx] ofg] A7kEel 8iA ol Fol 5 th(Morgan, 1972;
Nathan and Pillai, 1973; Macquart-Moulin, 1977, McLachlan et al.,
1979; Wooldridge, 1981; Suh et al., 1995; Takahashi and Kawaguchi,
1995; 1997; 1998; 2004; Nonomura et al., 2007). “1& 1} o]
AT s 5 S 21 dcanthomysis nakazatoi®] 3ol A
o B Aol tieids B Aol Ao R R

B At Ao A, kokuboi®] FAIE ¥F, A, =75 B
FoA - 2 JNAGE BQl WhH | A, nakazatoi®] A= A
SoATE i og w2 UEE vepd Z0F Hof 7 F& f
A A NA el 2-gsh= THo] thE Ao IAde) =
FAANZ1E] A kokuboi= K2 Fell F]ishs o] F-=5abut
FE EFIAESE EAste] gtre) o3| AkE ] AT BE
7} Wolxl Autg Holw, olo W8l A. nakazatoic Fa-SHAE
AR S FEOE FAGANTH ) A Rejel &4l
sh= T8 7 AAAE fAlske ZoE B 4 Sl

FAGA o]F2] nAd% MAES F F BEF B AToE
A eds T8 53 A, Aol nwd He UeE
FAEA AR BG4 kokuboid] WIASNAE F2
ASoll ol 3R, YES AFste] mFolA AT T
7Veh= e Btk 11 olfi= ofke AFE] v i) of
7ol 507 O F3IIAY Hro 2 HE] fRIEQ7] wiEo g 1
Tt I Y A nakazatoi®) VA< A= BV 2 A=
ol AL Bl E AYHA dgtorw A% VDS
FE shal EFelE A2 e o= Aow st i
2Ao]7}F Bl AgtellA] o]F Fhol] wargh 9ol & FHEA
A P M QT EE S Zo] BEoltk(Suh ef al., 1995;
Nonomura et al., 2007). €43k 337+ L= QIHsI] Edsh= 4
kokuboi®} A. nakazatoi 30| T+ £2] v A7) Aol 23
FdE v Z1E 2240 9] mlol= o] F Tl fAlsbAY A

3ot - Ma)

o] FEEER AL dslsl] 98 AR FEEA o= Al-e3t
Ho|g5S 7] flst WA A o2 ekl t(Takahashi and
Kawaguchi, 1998).

A. kokuboi®l g7 Al= v/ds Aok 2] EselM= A
A=A sk Erpdate| gl AelA vt MzE o] o] F2o A
v 2 Ao AT Tpolel AWt EEatal 1% TR
FHoME FAsHA] e Bo= Attt SR A nakazatoi 3
SNAE 7P, 25, AT BE HellA EdskA|Tl 539
Aol 7 =& dEE EAS AoE Hol = AT Y
AYJAALE st & = it

45 oy mPds THAIZE Al e olfE thet ol A
248l % 5 91 Floleh, Hsteleln 5 BAE Tel ol
A o 7] el 559] EAOK AHAE Hoht T 2
o2 olE7] AR, Aol FIT A Vel olg A% 7]
291 welo] olgo] o] sFurt ulwA QFge A} A 5
3= ZoIth(Wooldridge, 1981). B dhh= o] 7} BLef ol 2F
QIO H ol So] et A7t FARERE] RS 57 5 9
= ool §)7] Wit S 2 R QIti(Takahashi and Kawaguchi, 1997).
FoRgE HERFO] 2folE AHE AH, 4. kokuboi®] VI’ 7
Ao oKl AFollM AskaL F1tel] AN E S8k
ozte] A ME WSt QlglenR =k AT A8 EelA
oRF 7F 9 &5 she TRt o)5(diel migration)S T}
= AL gujsitt. A E VPR E AlYskaE Fokt
As7F 2] glo] AdAeh n]Ad A Thel thE e BlTh
Takahashi and Kawaguchi(1997y= ¥ S5 elsgok oAtollM 4.
kokuboi®) o 75852 /A H} npdsAelA o Erdeital B
3 Az g2 wgolg) B 4= S1& Ao|t}, $kH 4. nakazatoi®]
Aol A. kokuboith= & ndSIAlE A8kl fA9k A
AE w7PdAk, 25 9 ATl ol JiAlT S7keke |
e BYla, 53] ASelA AL dert aA Skt 1
g v TiAlE Frok B ESelME AR EA ok, A
of Muk ofzk W7} F71sIAATh tIAR o] F2o wjds At
A MAE BAZI ] AFAQ FololsS PRk T2
oRglel| ATE FHOoE Eikel B5-5 sky BT R el
AE TP g Ao® HLAr

B AP 23 AEFS AlolE B, 7 F BrelA &
AZ oz F293k 2Joli= AT} Takahashi and Kawaguchi(1997)=
FL3 Aol MASE 352 2A0], S Archaeomysis kokuboi,
A. japonica, Tiella ohshimai®l WNl|lX] A7-819 A. kokuboiz 4
olF & HAINE WA 25 19 A] oo} Fol| whet 24 gt

55 Bk bl Uk A kokuboi®] 73-%- A2 el webM =
ZAef| gk ¥hgo] v Al Yeh b= A 2tk S dE S5 3l
ek} 22 &8 BsielA 2l tist ek B A L
ERar, 2 Z2AF sljod ) 22 xS slisolAl L] Aol digh gk
2 A YERA] = ZloZ IAEITKSuh ef al., 1995).

EafQl 323 gl R elM e 7 Fo] YA 2AolE]
TAFH = Foll R 2 r FAgt F oA x el

¢

of| wjg} DI}, A. nakazatoi®] NAT WEE A kokuboi® Tl &
A O =3} o= A nakazatoi7} Aol FelesEol ¢ H

offr] o 2 Age Avhe perch A7) Aroln: Bl



F3l FL Auiclel] Malsl= 220l Archaeomysis kokuboi®} Acanthomysis nakazatoi®] *FFA

S o7 F BEASAA 7 52 AlsEel dist A5o]
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© T ATl Zol EAHAR s Al = T2 ASel
Wk A2ete}, 1o B A, nakazatoi= FAIGA A= 5t
Aol AASARE T2 ATl FEska, uldsAll A5TA
o= AL AFoll M2} A nakazatore ARl FAIG
AFE ATl A2str] Al&ste] e dAloA Adtdes =
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