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Bioecological Studies in the Upwelling Area of Cheju Island
—Standing Stock and Distribution of Pelagic Zooplankton—

You-Bong GO, Bong-Cheol OH and Young-Chan CHol
Department of Oceanography, Cheju National University

Daytime surface zooplankton were collected bimonthly from April 1993 to March 1994 at six stations
around upwelling and adjacent areas of Gosan, western part of Cheju Island. This paper deals with the
occurrence, biomass and some other characteristics of zooplankton in these areas. Copepods had two
peaks in the abundance in June (235 ind./m®) and November (301 ind./m*), but were not especially
abundant in upwelling area. While gelatinous organisms seldom occurred in the upwelling, and the outer
area with high density of 75 ind./m* (in June) and 458 ind./m® (in November) at the intermediate area,
seasonal values of biomass with mean of 35.8 mg/m*® were the highest in November and the lowest in
January. Abundance of chaetognaths (mainly Sagitfa spp.) ranged 15~37 inds./m’, and carcasses of
Sagitta occurred very highly in the upwelling area in June (54% of total Sagitta organisms) and
November (70.5%). Especially 48~77% of Sagitta individuals in upwelling area in November was
attached by Oncaea mediterranea, O. venusta and Candacia bipinata. Pteropods with shells were
sampled only in the upwelling area during strong upwelling season (November, 27~64 ind./m*),
indicating the characteristics of ascending behavioral adaptation from the bottom water by upwelling.

Key words : upwelling area, Cheju Island, zooplankton, copepods, gelatinous zooplankton, pteropods
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Fig. 1. Map of the sampling locations in western area of Cheju Island, April 1993-March 1994,
Depth are in meters. Stations 3 and 6 are located in coastal upwelling area.
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BFEF, FAEHF € FAAFFoIL olF F8
aFY F8F 222 Table 19 F3A oI55
189 282 F 209 54F 9 FA Foldh A
AR AAF S ASFANA 5%013 & Rolje F
228 AR F9 Diphyes spp., SHHE 7 Sagitta

bedoti, Sagitta enflata, L2758 Calanus sinicus, Para-
calanus indicus, Acartia omorii, Acartia steweri Oi-

thona plumifera, Qithona similis, Oncaea venusta, Cory-
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Table 1. Zooplankton taxa identified from the Gosan upwelling area, western Cheju Island, April 1993-
March 1994
Siphonophora
Calyconectae Diphyes spp.* Abylopsis (eschscholtizi ?)
Chaetognatha
Sagittidae Sagitta bedoti®, Sagitta enflata*, Sagitta nagae, Sagitta pacifica, Sagitta robusta,
Sagitta regularis, Sagitta spp.
Pterosagittidae Pterosagitta draco
Copepoda
Calanidae Calanus sinicus®, Calanus minor, Calanus pauper,
Calanus tenicornis, Undinula ini, Undinula vulgaris
Eucalanidae Eucalanus subtenuis, Eucalanus mucronatus, Rhincalanus cornatus
Paracalanidae Paracalanus aculeatus, Paracalanus indicus*, Ctenocalanus longicornis
Calocalanidae Calocalanus pavo, Calocalanus plumulosus
Euchaetidae Euchaeta marina, Euchaeta concinna
Scolecithricidae Scolethrixcella minor, Scolethrix danae, Scolethrix ricobarica
Centropagidae Centropages bradyi, Centropages gracillis, Centropages logicornis,
Centropages orsini, Centropages furcatus
Temoridae Temora discodata, Temora stylifera
Candaciidae Candacia bipinata, Candacia truncata,
Pontellidae Labidocera acuta, Labidocera detruncata
Acartiidae Acartia danae, Acartia omorii*, Acartia steueri®, Acartia sp.
Qithonidae Oithona plumifera®, Oithona similis*, Oithona spp.
Oncaeidae Oncaea mediteranea, Oncaea venusta®
Corycaeidae Corycaeus affinis*, Corycaeus speciosus, Corycaeus pacificus, Corycaeus spp.
Macrosetellidae Setella gracilis
Pteropoda
Cavoliniidae Creseis (virgula 7 ), Styliola subula® Hyalocylix (striata ?)
Thaliacea
Salpidae Salpa (fusiformis )

*5% or more in individual number or wet weight.
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Table 2. Occurrence of gelatinous zooplankton (GZ, Siphonophora and Thaliacea) and pteropods (PT)
with shell, and relative percenfages of Sagitta and carcass of Sagitta in June (November)

1993
) Density(ind./m?) Relative percentages(%)
Stations . .
GZ PT (Sagitta as its carcass)
1 15( 7 0( 0) 8(11)
2 78(75) 03 12( 2)
3 9(18) 0(27) 54(67)
4 10(7) 0 0 12( 6
5 458(85) 0( 0) 18(14)
6 20(65) 0(64) 43(74)

Table 3. Annual mean percentages (ranges) in density and in the biomass (wet weight) of the ten
zooplankton groups around the coastal upwelling area of Gosan, western Cheju Island, April

1993-March 1994

Zooplankton groups

Percentage (%)

Percentage (%)

(ind./m®) (mg wet wt./m%)

Siphonophora 102 ( 0.2~55.6) 141 (0.3~70.7)
Chaetognatha 56 ( 23~125) 95 ( 36~162)
Cladocera 12 (0 ~275) 07 (0 ~103)
Copepoda 714 (465~98.2) 58.1 (37.9~89.1)
Amphipoda 04 (0 ~07 08 (0~ 15)
Decapoda 05(0 ~ 22 09 (0 ~ 39
Euphausiacea 16 (0 ~ 45) 23 (0 ~ 62)
Pteropoda 51 (0 ~201) 93 (0 ~39.2)
Appendicutaria 25 ( 02~ 7.8) 11 ( 0.1~ 46)
Thaliacea 15(0 ~ 97 32 (0 ~164)

& Bojx, 1190 A 6olA Hol3k (551ind/m®) 4 EREE TR FEIHIAEY MAFY §F5F

< Bgd. o] Azt F#8l&& Table 390 B2 e} Aol

Ao FEZHIAEL 690 FH 2014 78
ind/m®, B3 591* 458ind/m* 2 ©F F¥sn 2
2o AHNE T3] 2FTe] 2HHAG Y=
AA 291A 75ind/m® BA 594 85ind/m*S& YE
ol 697 118 25 BF 1, 3F 3 BH 4 £ 37
6 M= FaFo] 2P ubd AH 29 A 5
oA dFoz Z¥se AFE AT (Table 2).

FZ4AEFE BH 3004 27ind/m®, A 6914 64
ind/m*& YeEl T 2 o]99 FAHANE W &8
1A AW, 10 ind/m0) 5ol B3}3le) 9] d o] y)
3] Ao AdHog & £dS Yt
(Table 2).

AoME 87477t 714% (465~982%)F EN ol
W EL HEE Byt 2 gdges dRRFIL10.
2%(0.2~556%), SHEHAF 56%(23~125%), &
2 Z {7} 51%(0~201%)E el o] 38 T
&atgom, AZ+F, 9245, A44% (A9 §4), ¢
vt A o] 7, v]EH 2 Thaliaceas 04~24% FE=
of 2t A FEEHFIAEY T FFTFE 358
mym’'E 11899 743 £33 (497 mg/m®) 18 713
2ottt (821 mym®) - §FFCE e Z &2
Fol Afste v &L 87§V} 581%(37.9~89.1%)
2 g Bgtod, MASdA Axse vgRde
dott}, 1 o2 Ar-EF7 141%(03~70.7%)
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EE BT 2 099 1EL BT A 32%9
3t Eslgit.

2. B5Y0Ae HIIX| &M

2 AL A s § o A (Fig2-A)7F 33
A waA vi$ 24 28se 530 2PFHY
th 53 A4 3904 37ind/m®, B4 5914 16 ind./m’
2 J3g B4AT, 2 949 BRANE T8 @
23S JeAY Ay 28¢5 699 A 300
M 54%, A 6™ 43%E Bo 9aZ ez 2
ol9jo] A M= 9~18%°) EH3Hc) T3 114
= A 3 dME 67%, FA 6914 74%-& vrehY
AR, 019194 APANE 2~18% ) A o}
687 119 EF 442 FHNA ¢ 52 v&9

A 7} iﬂﬁﬂt E£4E B19c) (Table 2).
el

9 Sagitta?t LZF Oncaead) #2227 o]

Ea g d&%Fn

254

e

o3 gelgold de = diF AR=HAG (Fig2
—-B). 6499 A% 1 BAE 10% W2 2
vl3le} 119 73 vgo] Fopx, 37 394 48
A4 691A 1% 5 JEPRAT 1 o]9je] A

A 680 FY9T £FY 10% AF9) HEH AN
th AL 94E Hore 5840 £ dYS
ol BAAM Oncaead FH3E0] 3| A Yehin
U BYFa g

FZ4YERE 9459 B4 3(27ind/m)FH B3
6 (64ind/m)HNAN E& YEE Yepln 1 o]99
BANAE F45 (10ind/m> o BHa YS9
AR AE o] FRHNA Hojgoz w2
& 23tk

3 AdeleAo] FESFIAEL 690 A
ARNME Fapd B3, AHs}e FU5
2 (78ind./m*) 9} A4 5 (458 ind. /m-"*)oiw o oy
E¥3le SA4E HA o #e & 11 ﬂ(?é
3 2: B5ind/m% 3A 5. 8 1nd./m3)°ﬂE FY3A
vhe} o] 1t} (Table 2).

w2 o

IO o A

Fig. 2. Micrograph of Sagitfa carcass (A) and the Sagifta attached by Oncaea (B).

OV, Oncaea venusta; SS, Sagitfa sp.
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AFE A9 e AggsHdez A5t AF
EE AARFoE A8sEA §50 EATT (Kim
and Lee, 1982). ¥ 979 A8 AAFH FAlq o] F
o ZA RS AQEF L £, HE, FYUFTL
g2 - 888 JREy 3 ¢4 -’F‘T’é’—rEEﬂ]H £
o %7t AAHN o, 683 1199 F3tn, £
2419 A4 3% AR 62 AL d] TEHT 9]
o} (Pang and Kim, 1993; Kang, 1994).

875 AAY 28 AAFe 9 §5840 7
§ 693 1199 24 HAE B4, Go et al. (1994) ]
AFE FH AAgelM AR 2 A Q779
T80l 5994 999 ZEAAN % 2888 Hojn
AAe 593 1199 713 =2 2885 ‘/}EJ'”“EHE
Z3¢ A9 g gigt °]*‘C— &5 934
AEA ] FolA AFe) Boe AF FHY
X $Hse T4 aA4FY AT 2 WA
o ##o] o AZtE. AFE FHAUG A
F8% | &3 Paracalanus indicus, Calanus sinicus,

I

Acartia steueri, Oithona plumifera;. Oncaea venusta, Cor-
yeaeus affiniss= A H L2 o] A7)} £ FHES
BolE A (Go et al, 1994)¢] o|& HLA HF 1 g
gz & 4 Sl

a8y B5EEY Thaliaceas AStEA Y 5
FAEL B ZAHGAA T A% §5IY
dse 687 11489 S & YER M=
F0Y ARAMY O F 8T, 577 £48A
e JFAH At SRl F 4
dHHE A FHNA Re EolF YL EF
Aglch oy AP Ade5H B o] 58
A #2738 4 o5 HolJt He
9 Bxe Axg Ao g &
o} 289 HEs MFhIEL T
of & Zog AZ4HE,

B ZANA Sagitta®l AF7E obd, AbEE B
#Ao oz HAs = At 2ol 2A HAG
(Fig. 2—A; Table 2). 531 £ A7 Sagittad] A
Ae dotgs9e 34 33 A 694 Ay 2
A5 2 Fds AT A F Ado] A &
Aol oy FHe FAHL Sle A, 48 &

R

i

[

r\o

3 7] ojelg dre TR Holgle
o2 WA ol Sagitta?}t At 93 7Y
(Nagasawa and Nemoto, 1984) QA% 22 ¥ 43}
o g AFgEe] 71 Aoy FAHt 4
oA 453 £ H&E Uehlle AL &
& AT A EC] AAZ A3 Ao
A4S ANAOY $48He AL
22 AL lg 7eAE AARREE gl

£ ZAMGA A& R AY £d 844 g%
A, 2 dER/e J%%‘%ﬁ?, 934 3% B8 6
A wl¢ & 2xE 298 v e FFdAE
A d3A g ‘ITZ} AZF S subulae AFE
G B FHIME §FF 2F7 o] AFH
o AgH7t ST A ’S-’FYH X% =

& olEFe WEFeZ FHde Aol #HF HUG
(Go and Oh, unpublished data). 9% 3o} &34
FE9 Fo] AMAY &ate FAYSHE X332

o Z4d g 2 glojN, fddFol T % A
2558 BAE & UE Aoz A4 4599
2o} 4&F7t EAdte A e L4H LT 2o
F59 #Ho] o|EdA FedA FH&su &
At ol FAHLE FAYERI EFTYH
Zol o & @0z oFAHLIL, HRE ¥
AdE Age #§3A 22X 8t} (McGowan, 1963) &
HBao Mz e} B £ Qi)

FA44 FEL BE ANEY £¥on 48 FE
S FF3o 4= Ao dutHo|Aw, 94 R{F
e A FA G vReAY 2 o4y A7)
524 3% ALE U (Uye, 1985). Candacia
bradyi7} Sagitta enflata® (Wickstead, 1959), Acartia
longiremis (Davis, 19778} Tortanus forcipatus (Gos-
wami, 1977)7} Sagitta® TAse A& & A Q)
ot £ AN £599 FAHAXNE Oncaea’t Sa-
gitta (A} ARADA w2 v & (48~71%)2 B9
e el %A HA& ¥ ofel, 7HE Oikopleura
A% §&As AU Oncaca mediterranea’t Orkop-
leura®) houseol A A1} 33132 (Alldredge, 1972),
Geleba cordata®] mucus feeding webo] = 20} 9o
(Gilmer, 1972), 18417t &7 O. mediterranea™ larva-
cean house® HEth (Alldredge, 1972)€ B317F
A, AA o]5o] AH Fe oA houseE B U=

—W °l'J
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Ug FAoly 7A#A ger], E& 150 Ro}
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#Aegh. DA Oncaea’t B LU} A]
48] Sagitta] W Ye Aol ol FHEY
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A 594 2dd= EE H
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2 A g HAA 19933 48 FE 19949 3974A
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