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Abstract : Production from copepodite IV to adult of two euchaetid species Euchaeta plana and
Paraeuchaeta russelli was measured at the southeastern sea of Korea from April to November, 2014. The
mean density was 2.0 ind m™ for E. plana and 4.1 ind m™ for P. russelli, with the high contribution of
copepodite V to total density. The densities of total individuals, adult females and eggs were highest in
November for both species. The mean egg production rate (EPR) was 1.7 eggs female™! d! for E. plana and
3.1 eggs female™ d! for P. russelli. Both of them showed the highest EPR in September but zero EPR in
summer. The mean weight-specific EPR was 0.038 d”! for E. plana and 0.079 d™! for P, russelli. The mean
total production rates of E. plana and P. russelli were 5.3 ug C m™ d™! and 17.8 ug C m™ d, respectively,
with the largest production in November. The mean Production/Biomass ratio was 0.06 d™! for E. plana and
0.07 d”! for P. russelli, with its peak in September for both. The total production of E. plana and P. russelli
was positively correlated with the density of a copepod Oncaea venusta, rather than chl-a concentration,
indicating that the two copepods might be carnivores. This study evaluates the contribution of euchaetids to
the copepod community in the southeastern sea of Korea.
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A glow, 712A4H e vlsl Akg7F WA etH(Runge
and Roff 2000; Kimmerer et al. 2007). 3] %A i34
¢l oJxBARARR] @ 7bFRe] olxpAE e & AAY
(somatic production rate)¥} A o] & A4 (egg
production rate)©. 2 ©]Fo] X tHRunge and Roff 2000).
2 FollA & A de AFES S48k el Bol
ARS-E 9131 (Peterson et al. 2002; Kimmerer et al. 2007),
gito} Tl = §AEAS o|&ske AseE v
Hol 857 9 om(Yebra et al. 2017), o8] £} <
o] A& 7Fsg o|xpAE o] AAZ R % A =Yk
(Hirst and Bunker 2003),

SN 87HR & AL AT B Acartia T
3} Calanus sinicus, Paracalanus parvus®l| i8] 23 =
Ao (Park 1997; Shin et al. 2003; Jung et al. 2004;
Youn and Choi 2007; Kang et al. 2011; Jang et al. 2013),
87479 F AEL Acartia 53 A5 150 i@l
ZAE Y tH(Kang and Kang 2005; Kang et al. 2007; &
S 2010). o] F A= 877 ALk A7 Bol
O F|A|A] &Sk, 1 T AtllM Edshe Y &
Eol =stEo] et s, 2 Ao gl euchaetid
Q7MRE AMAlY BXsi=s g3 (2-12 mm)ol $214
S 2 A e 9REA, ol Aol ek A+
= "% mlE|Elt

gk sl B s Sehd Rt RekekRe] AlY o+
Poll oJgh AME5o 2 FYHol FHE o] AikEo] =
2 9oz A 1983; Park and Kim 2010), thepyt
F7F st gl S T3 5] At He =
oA 2712l euchaetid 87H77F BWol EHTH
HAEAAE 2013). Euchaetid 8757+ o3 22|#}e]

st sEEEAE
o] Fxo} el et 9FE 71 wWEol(Yen 1983;
Oresland 1991), ‘&3l ‘@4 afle] F=ZHaE 5 ¥
52 ©lslistz] flalA= euchaetid S
A7 Qs

B ATe B g sl &d3= Euchaeta plana
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o] Ak 545 olashk=dl 2 HFe] Ut
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Fig. 1. Zooplankton sampling locations in the southeastern
sea of Korea

& FY3 G-l SBE 43(Sea-Bird Electronics 43,
Sea-Bird Scientific, Bellevue, USA)S.2 =43} t}.
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GG G BEARE ARSI, o] W 20143
497 997kx] o] A A5} SHAYRAR AR
of f2Jst 2po|7} §lo-S AESINTH(Students #-test, p >
0.05). Chlorophyll-a(chl-a) T AA 4 1 LE
GF/F ©J3}X](Whatman, Maidstone, UK)%l] 13} & §=
&5 FE39 FFF=A(10AU, Turner Designs, San
Jose, USA)Z A 35T}

ZAYE| oA E8 S euchaetid 77 7He-Hl X454
o2 @ol| &3S F F Euchaeta plana®} Paraeuchaeta
russellis & 573 °] 7Vt copepodite IVZ71(CIV)YFE V
71(CV)ek BA(CVDRE HEsted Algstar 7iAl el 2715
SAs T & soe sFARA(Wild M5, Wild
Heerbrugg Ltd., Heerbrugg, Switzerland)¥} F8tdn]H
(Wild M20, Wild Heerbrugg Ltd., Heerbrugg, Switzerland)S-
AL, F RS T3 (Conway 2006; Jeong et al.
2011y wsith, 219 5§A] Ao o) o] v &
3} Aol wet CIve THESIIAL, 219 55417 2mtd
ool ] AAH o] WdE]]l BAIE CVE &3t
Rom, FH 5FA S A AAH o] s s B
E AR By & ALk ALRE flEl ¢ AT o
o= AN HojH Y2 & T (egg sac)ll U= &
T AT A A7l FE5F Zol(Prosome

lengthyS AA & w7 (Olympus SZX10, Olympus, Tokyo,
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Japan)?} 44 Z 23 (Active Measure version 2.5.1,
Shinhan Scientific Optics, Seoul, Korea)S-2 43}t

A ZA4 9 A

Euchaetid 2772 & A4 (Egg production rate;
EPR, eggs female! day'y> oA Al de]
(eggs m )5 Aol A 4719 NA S (females m™)=
e & & #3hE(E, d)2 #lF A2 (Runge and
Roff 2000), & F3}&-2 ol ALkAS whsh o™ (Hirst
and Bunker 2003), 91714 T= &% $2(°C)yS YeRdTh

Log.E =-2.433 + 0.0877T

Euchaetid 27F72] 4 F AP, pg C m™ day™)
2 CIVe} CVel & AJ4HE (Somatic production)Zt L4712
& A4k (Egg production)?] oA, th23} 7He 2o
2 AL A tH(Runge and Roff 2000; Kang et al. 2007).

cv
P:2i=C1V(Bixgi)+fogf
Bz iARAIS] F A THpg C mP)03, Ba= A
] & A (ug C m>)olH, =43 euchaetid 2.7}
Fol g5 4dol(PL, ym)E ol o] ol FA AL
(Uye 1982)°l et AAZH(C, pg)o2 WS

logC=2.45 logPL — 6.25

g = | T EA 9] A (instantaneous growth rate, day™!)
22X E(T, °C)¢F BAZ(C, pgys g off AL
©F 315 th(Hirst and Bunker 2003).

log g=0.0333T — 0.163 logC — 1.528

g= A GHe &9 FAT dY & A (weight-
specific egg production rate; WSEPR)ZA], &2] AYA)| 2
S AA dFle] AAFESZ Ui 7ho|th. Euchaetid 87+
T o] WAFEW,, ugr BA A AAZFW, pg)el
A ol Alakle wel T8k th(Kierboe and Sabatini
1995).

log,= 0.930 logh; — 1.841

=A% euchaetids®] AT & 5 me] &3 G&,
0m % 10-20 me] chl-a =} 722 374291 & 4F

8745 dxele] AAAAE 433 Euchaetid 8.7F
ol Hol7t & 7hs/dol e 29 27F 9F (Acartia
omorii, A. pacifica, Centeropages furcatus, Clausocalanus
Sfurcatus, Corycaeus affinis, Oithona atlantica, O. plumifera,
Oncaea venusta, Paracalanus parvus)s}t 1E2] AT
(Clausocalanus, Oithona, Paracalanus copepodite)S T

o Sw, Al Holde] AR ARt $U 449
A EE A8t At A2 SYSTAT 13 program
version 13.1(Systat Software Inc., Chicago, USA)S.Z A|
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FLo HZFoAM 14.0-23.6°C] HAZ, 4€ 7P &
UL 9ol 7P =UTHFig. 2). ¥ IE-2 32.1-34.49)
Hez, 8o 7P Wtkx 59 7 =UthH(Fig. 2).
Chl-a®] ¥ 4 0-1 m W€]<] %53} SCM(Subsurface
Chlorophyll Maximum)Z-°] B4= S 10-20 m 4ol
A 23T BF9] chl-a FEE 59 342 ug I'z
7V =9k, 699 024 ug I'E 7P SEQITH(Fig. 2).
0-20 m 549 chl-a TEE 7€ 3.10 pg I'E 7H
=9k, 990l 0.58 pg I''E 7P SkTth(Fig. 2).
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0.7-4.3 ind m>2] H<9lel Hit 2.0 ind m™E, 628 7F¢
AAAL 1190l 7P =3kom, 53] 8Y o] Fo HlwE =

28 34.8
] — 242
g 336 &
= 20 =
) B
g. 330 »n
& 16 1
F 324
12 31.8

N

w

—_—
s

Chlorophyll-a (1g 1™
[\

AprMay Jun Jul Aug Sep Oct Nov
Fig. 2. Monthly variations of surface temperature (5 m;
o), surface salinity (©), surface chl-a (0—-1 m; m)

and 1020 m chl-¢ (0) concentrations in the
southeastern sea of Korea
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Fig. 3. Monthly changes in the densities of Euchaeta

plana (above) and Paraeuchaeta russelli (below)
by copepodite IV (CIV), copepodite V (CV), and
adult

o] EodtHFig. 3). HATAERZ B CIV /A=
0.2-1.6 ind m>2] Mo H 1.0 ind m>Z, 44 FHA
1020 HA3, CVE 0.1-2.1 ind m>¢] Wl HF
0.6 ind m>&, 79 HA 1€ Tt A (IR
S AANS A% 0.1-1.2 ind m>2] ¥ )0l B 0.4 ind
m>&, 690 7P AU 1190l 7P Bt Ao 1)
0] L 493 Cv7F BE 11€E AYshd gA =
CIVE MAF7T o2 SAGAI BT =AU P orusselli®]
AR MAFE 0.6-13.4 ind m>9] WMo FH 4.1 ind
m>2, 499 7P¢ U 11990 7P Bon, 53] 11
4ol MAF7E 453 =UTHFig. 3). YAHAEEE
CIve] RASFE 0.1-5.1 ind m™>9¢] Hlol H+# 1.9 ind
m>E 499 HA 1190 A, CVE 0.1-53 ind m™
ol W9oll Hi 1.5 ind m>E, 79 HA 119 H2 S
ot AA (A 2 AA) AAFE 0.01-3.0 ind m>9)
o] Hat 0.7 ind m>E, 599 7P FA2L 1€ 7+
=gt T Fo 9 S Sy @Al A=
2o 7k o}, FEHOR (1Y€ A o] 7 &

At
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Fig. 4. Monthly variations in the densities of females
(above) and eggs (below) of Euchaeta plana and
Paraeuchaeta russelli. The number of eggs from
detached egg sacs is included

E. plana® A 4Z2S 11990 0.7 ind m>Z ¥ 23
Zol Ed3I o, 790e E33A LUdth(Fig. 4). E.
plana®] L(eggs)= 7, 8Goll= HolA| XL 119l 3.5
eggs m>Z 71 ol LAFJT. P russellio] YL
1€ 1.8 ind m*Z 71 B3to, 6¥dle E3X
At} P orusselli®] &2 695E §YVFA] Holx] &t
O} 1190 20.5 eggs m?9] ¥E UEZ TAHUT &
9] A7)= E plana’t B 239125 um, P russelli7}
259+ 12 um= P, russelli®] &o] o= o Zith E
plana®t P. russelli '+ & B o530l Abehgo] nj<-
AL, 9¢ olF 53] 11€) Bobxth

E. plana®} P russelli®] 23343

E. plana®] CIVS} CVe| & A& s+ 42 pg C
m? &, EE 0.7-8.0 ugC m> d'o] Y= 49 7P
Skl 8ol 7Hd = 9kTHFig. ). P russelli®] & A4
S HF 11.8 ug C m> d', €8 0.7-27.4 pg C m> d'¢]
HAZ 4900 7P Wk 1199 7 =904 E plana
o] & A2 (EPRYS Ht 1.7 eggs female '], 9
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Fig. 5. Monthly changes in the somatic production (top) of copepodite IV (CIV) to copepodite V (CV), egg production
rate (EPR; middle) and weight-specific egg production rate (WSEPR; bottom) of Euchaeta plana (left) and

Paraeuchaeta russelli (right)

o 4.6 eggs female' 2 714 =3O 7-890le && W
AT 4 QUATHFig. 5). P russelli= Ha 3.1 eggs
female' 2, E. plana®}t PF7IAZ 990)| 8.6 eggs female™!
2 g Aol 7MY oY 6-8Yle ¢E FE
AT E. plana 3A 4A] &9 FAT & A
(WSEPR) 7t 0.038 d'& 69l 0.082 d'& Hhx|%)
3, P russelli= B 0.079 d'2 590l 0.237 d'2 7P
=4 THEFig. 5). WeEbA FFo 4o Jire 119l 7
wokout ¢l o vl & AHES oYl 7Y =k,
@ FAT & AskEe 59 69l 7H¢ =AUt
(Fig. 4, 5).

T
EE

E. plana®) & AJ2FEL& Ha 53 ug C m? dlo),
YHZE 1.8-11.0 pg C m? dHSZE 499 7P B
1€l 7P =JThFig. 6). P russellie] & AJ4HE-S 4
7+ 17.8 ug C m> d'o|32, 2.4-57.5 ug C m> d'¢)
A= 790l 7P B 119 7P =3k A e 7
5, CIVHEE AAZAE 3 E. plana®] € A =F
it 932 pg C m°o2, Y= & 31.7-262.2 ug C m”
ol WAL, P russelli= 7 2669 ug C m>, YEE2E
51.5-999.9 ug C m>2] M2, F F 2F 7l 7 3
21190 7 Btk A G AaE (Production/
Biomass ratio; P/B ratioy= E. plana’} %<t 0.06 o2,
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Fig. 6. Monthly variations of the total production (above) and biomass (below) of Euchaeta plana (left) and

Paraeuchaeta russelli (right)

YHZE= 0.03-0.09 d'e] WA= 490 7P oL 9]
7 E=tom, P orusselli= i 0.07 d'e®, 4
0.05-0.092] HLZ 7€l 7P o 9ol 7P =9ut)

E. plana®} P russelli®] 23383} 87 89132 3

E. plana®} P russelli®] & 232 e, A AA 2] @9
FAG & ALk, F B4, P/B ratio®t 72, ¥, chl-
a %, 2% Q7R U5 Ato] o] AFTHEA S A ST
E. plana®] 73-%- P/B ratio?} ¥F-2(r=0.951, p<0.001;
Fig. 7), & A3 1020 m chla FE(-=-0837,
p<0.01), &7 &9 FATG & AL2FE 7 10-20 m chl-a
FE=(r=-0.927, p<0.001; Fig. 7) 2 87F Oncaea
venusta®] D=(r=10.862, p<0.01; Fig. 7), = A+ 3}
Q7Y+ Acartia pacifica®] B (r=0.783, p <0.05) A}°]
o] #-2J38t FAAAI7F AAJTE P russelli®] 735 E. plana
of 2] £, d, 1020 m T4 chl-g FE9} folet
S e T jIeH, A e &) A" & A
23} Q7T Centropages furcatus®] B (r=0.757,
p<0.05), F AA=EI 0. venusta®l B (r=10.794, p <
0.05; Fig. 8) ¥ A. pacifica®] E=(r=0.783, p <0.05) A}
oo &gk AAAATE AU

4, 31 F

87HFe & A Fo] AHA 54 wEt thE
), -2 ZFolgt st A2 sfjHe] gl wet Hol
7} A3 (Kierboe and Sabatini 1995), &ZFF7} oju 2l 4k
S ZH=AE & A FA 93 o 87
= AL 4g ol HlE Abehe AR Ak
(free-spawning) R ZV7(l, Acartia, Calanus, Centropages
)%, &g 7L t = & @8 (egg-carrying) 8.7t
(4, Pseudocalanus, Oithona, Oncaea 5)% Wt}
(Mauchline 1998). $-2+¢] 7-¢- Asket S @& & 1
U(egg sacys 2ol Fatete] ¢g HEsl] o,
XS5 Ao Balel] A= Alzbe] Aoy, whH 24 A
T2 T BaL go] whe] FleiA|Nh FEo R A
A AtE 98 AlEo] Et(Kierboe and Sabatini
1994). o] ApolM = & 20y 27}FES o AL
2 0.2-13.5 eggs female'e] HLIGA T, A5 2H4E @
o AYakEL 10.3-142 eggs female! 9] HLZ,

87bRe Hwd =2 & AAES 1T
T Ut (Table 1). ¥ AolA Euchaeta planast
Paraeuchaeta russelli ¢ & AJ4HE-& o] AtollA &R
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Fig. 7. The relationships between the production of
Euchaeta plana and environmental factors:
Production/Biomass ratio vs. temperature (top),
weight-specific egg production rate (WSEPR) vs.
chl-a concentration at 10-20 m (middle) and the
density of Oncaea venusta (bottom)

¥ euchaetid FE(E. marina, Euchaeta spp., P. norvegica)
I U5 )R, TR 87 SERTE AR B

[e}
%=d|(Table 1), 0] F & L8t & ¢uks 871F0]7] o

~J
(e

y =29.681x - 0.6274
¥ =0.6302 (p < 0.05)
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Fig. 8. The relationships between the total production of

Paraeuchaeta russelli and the density of Oncaea
venusta
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of & Ak o] 2t A H]sle] w2 Eol9
ot}

Euchaetid 87179} 3| & 2WHe 87170l &3t
Pseudodiaptomus marinus®] G Wl F A4
51 mg C m? yr'(Liang and Uye 1997a, 1997b)°] 3,
Oithona davisae®) & A2r8-& 650 mg C m™ yr'(Uye
and Sano 1995, 1998)2A], 7> & 1My @7tRe} 84
g Z A Zo|7t AATt At AR Calanus
sinicusSt Centropages abdominalis®] <X WA Z
e 7b7) 357.7 mg C m™ yr'(Huang et al. 1993)2
355 mg C m? yrl(Liang et al. 1996)% H]$:8+ 250]3)
A2, Acartia omorii= L WA F A4E o] 749
mg C m> yr!(Liang and Uye 1996)2! WHH F3af 4
Agke] AFrtoAE 335 mg C m> yr'(Kang et al
2007)2A, Y FUAE T Akl oF 20u) 2}o]7} Q)
Atk F ol 4. omorii®] & A2FE 2} P/B ratio=
H|S23h ol AT, A2 Waloll A 4. omorii®] H) A
Aol 80.5 mg C m o] AE WA, ddwre] Hoj A
< 2,68 mg C m™2 S9l7] wjiol, F slde] F Ak
o] Zfoli= 87HFe] Akt Mo} & ALt ET= A%
o] 97bF AYA| el oJ3) oF7]E A ok whEbA] B AT
NN E. plana®t P russelli®] & 2FE0] & 87t7=
of Hlal Wkd dol= W2 o ALHET ohye} w2
AR ] = ANS Aol

27179 & ALHEES $£2(McKinnon and Ayukai
1996)3} Ho]&%=(Hopcroft and Roff 1998; Devreker et
al. 2005)°] S A o, FHTE HolsLrt o
Aol o] AAARl 9ES s7]% gh(Richardson
and Verheye 1998; Hopkins et al. 2002). & A-Fol|A] E

W Hd

o rlr
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Table 1. Previously reported egg production rate (EPR, eggs female”! d), weight specific EPR (WSEPR, d), total
production rate (PR, mg C m™ yr') and production/biomass ratio (P/B ratio, d!) of euchaetids and other

copepods
Species Temp (°C) EPR WSEPR PR Region Reference
Euchaetids (egg carrying)
Euchaeta marina ~28 34 Jamaica, West Indies Hopcroft and Roff 1998
Euchaeta spp. 9-23 1.3+04 Southern Benguela Richardson ef al. 2001
Paraeuchaeta norvegica 15 2.8 0.023 Loch Etive, Scotland Hopkins 1977
E. plana 14.0-23.6 1.7 0.038 1.9° Southeastern sea of Korea  This study
P, russelli 14.0-23.6 3.1 0.079 6.5° Southeastern sea of Korea ~ This study
Egg carrying
Pseudocalanus newmani 3-15 5-8 0.3-1.1 Hokkaido,Japan Lee et al. 2003
Pseudodiaptomus marinus  8.9-282 0.2-13.5 0.003-0.22 51 Inland Sea of Japan Liang and Uye 1997a, b

89-282 26-11.6 0.08-0.39 650
O. similis 15 4.5 0.100
5.3-133 0.028

Oithona davisae

Oncaea mediterranea 20

Free spawning

Acartia omorii 8.9-282 2660 : 749
A. omorii 10.2-254 2257 : 335
Calanus sinicus 357.7°
C. sinicus 6-13  10.3-349  0.082
Centropages abdominalis ~ 8.9-282  39-142 : 355

Inland Sea of Japan
@resund, Denmark
Southeastern coast of the US

Uye and Sano 1995, 1998
Sabatini and Kierboe 1994
Paffenhéfer 1993

0.34  Inland Sea of Japan

0.28  Ilkwang Bay, Korea

0.11-0.26 Inland Sea of Japan
Yellow Sea

0.31  Inland Sea of Japan

Liang and Uye 1996
Kang et al. 2007
Huang et al. 1993
Kang et al. 2011
Liang et al. 1996

#P/B ratio at 20°C

"Daily production rate was converted to annual production rate for comparison purpose

plana®} P russelli®] AL +59] chl-a % Hube
2% 87HF9 "Eel o AAHATY A= (Fig. 7,
o] 5 53l 8214 Aeuchaetid 27H72] 2518 &
& 4 AU Euchaetids®] $1WH-&= Aol ¢Js}

g Q757 AA Hol MAG2] 40-99%S 2FA| 5}
X YA Fe Ho|= tiFE a7hFe] el
A tH(@resland 1991; Wong et al. 2012).
Ho7t A & A=A AFE Fdsl=d 7}
2 "ol Z7|AH, E22}F Q7FF bzt
(basipodal segment) Zo]2] 70% W] +
7H B2 A7 A g Holrt Ha, 2Rt
AAY 2 AS Hol2 AT HA] FETHYen 1985).
Paraeuchaeta antarctica®) 73-%- ©] 7142] 65%°l 333}
© FE Aol 1.2 mme] HolE 7P ol E2A313]
3(Yen 1991), Euchaeta concinna =3+ 71789] 65-75%
A7t = A7|e] Holg I3 th(Wong et al.
2012). W2tAl E. concinna®t Z717} ¥IszSt E. plana7t
X2 7Fsd Blole T Aol7t 0.6-0.7 mmel 87
d Zow FPHEL £ AFlX E plana®] THAFAT
At o AAIE Oncaea venusta %-RF oFU2H(Fig. 7),
Acartia pacifica A e o3 Fo FAAAE HER
O (p<0.05), °] &9 FFF Zole 0.8-1.1 mmE E.

0
:./
o
r

B

Th%
o
ot
o f

oy
ko
pory

A 7]

°|

T oX e WY, H R e
i)

o

-z
IS
il

planaZt E2st716l= F27F e A 2o =3
pacificas &3l FH-oIA AFHo] A H o S
FO 2@ FTARE 2013), & AelA] 5= E

o] Aot Aol BE Bgd RS H

pacifica’t T8 Ho|7F HYE 7FeAd2 Wol Bl g
A, P russelli®] F AAEL 0. venusta®] B9} F2
FAAAE HYO ™ (Fig. 8), L3+ Centropages furcatus
b= frof st oFo] AHAAE BATHp <0.05). P russelli
= AFo] 3.5-3.9 mmZ E. plana Rt} H+ 0.6 mm 3
= FAT, AA o] 8.4-9.9 mmol| ©|2+= P antarctica®)
A% Hol =717F 1.2 mm FvkeE FE IEsHA(Yen
1991), Blx& ZF P jusselli stE 2= FF5F ZHol7t
I mm W9 C furcatuss X3 A2 o]8]g Fl9]
t}. Oithona} Corycaeus®t 7+ cyclopoid 877+ =
717F A2 B ot 5] EqFel 19 W wE
o P antarctica®) Bo|2X A3 A] &%=l (Yen 1985),
2 Aol Oithona’t A5 =2 DEE E3IA
O} E plana®t P russelli®] A2¥es) A##A71 ¢
A A% 22 o]fd Flolt}h. Cyclopoidadl] <3kA]%t
euchaetids®] A2+ o] UMD O. venusta® 735
ol T8 Zol7t 0.7 mm WRIE A2lo] 71est A7)
Heloll &obe, 9 W SHAME Oithonak .the= A

ir



Production of the Copepods Euchaeta Plana and Paraeuchaeta russelli 123

ARl 794 HIFol FaL FfF=d ) 2 712 -2t
= 7 3Fo] 217] Wil (Hwang and Turner 1995), E.
plana®t P russelli®] ZFAZQ1 Hol24 AFsis 7Fs
Aol k. 2% O. venusta?t E. plana®} P russelli®]
F8 HolA] Atslr] flai = Aoy llg=ol
gk F7HAR1 A7t sttt

2 AFolM = CIVEH A7 gk AaE e A
Aletl ot 7] WAATA o] AL S e ekA] FUT.
Aol A 717F F9F & 659 euchaetid 87+
=9 o= HAGA 7 A H o] S8k, euchaetid
7o HATAE Fejoll thek ol A7t gl7] Wi
, FEIAQ] Aol7k WA ¢k CI-CII ©HA fA32] 7%
T T F ATE TS 2 AFolA AR AN W
HoRE 7] Aol BRFH R APEA &S 7
AE Utk & AP = A g SN 4 74
(500 m WA WES F5ZAL 4 3=, o] o
YE 98] (cloggingye 43} 3171 $I8f 330 ume] ¥
A & HE UES ARSIt SEEFAES] 79 AL
3 UES] 5 A7)0 wt APEe 22t A=
I F 2ol A gebd 4 U=t(Calbet et al. 2001;
Turner 2004), & A7ollA AH&3H MES] FHoz=
I mm 0]} cuchactid 2718 %71 §A49] ARZ7}
2¥%7F 2 & Atk(Tseng et al. 2011; Makabe et al.
2012). & Agellx 783 AakEo] dupt A7) 5
A=A & F lod, BE o) 87479 79 CIV ©]
&e] SAZE A oS xStk AS aest
H(Rey-Rassat et al. 2004; Hwang and Wong 2005), £
Ao AAIE AE2 AAIFoRZ Ak A7 Hl
k3l euchaetid 2715 F Fo| thale] A7t vt &
Ao g HIste /Y F U= A poe=E 3t

A},

oy

O

=

2 fo

of

5.2

rh

k=t 53l G sollX E. plana®t P russellie] 4
A(CIV) & 5HA(CV) BATA o A o] 7HAI- W5}
A g FAT A, F F 2 11 AA AT B
QA A T 7P Bt F] o ALk S 9
7P =L, T A AR F v A2 11 7
A =odth 2 AFAdA S8 E plana®t P russelli®]
& AL F ANELE T8 87 FE50 HsiA o
2 Yom, o] euchaetids’t & 29 Q7FR=EA 2
2 = B} A2 & Aibstar, el e
AL A7) el AT siHolA E. planaSt P
russelli®] AL ==9] chl-g TEHTH= 4% 27+F
o] Ao} Fofgt o] FABAE Ho, o] 5] 524

o f
venusta?} 83 Hol| o E BRIt} B A4= A7
By A gle $24 875 E plana®t P russelli®] ©l
AN S Ao R FAst, 977 ALY Al 2
835 2o JRAIEe] o|xHIAE AEE AlFsk=d 2 9

w7k ATk,

)
>

2 AR FA T AARIAA A=Y, of
SO EECE PERE LM SEE
k- =

of FE AT FYHA AR

X
Mo M i
o rlo o

uz‘_l’
fd
Sh
ri

HEZ, AT (1983) = Fal| ¢l Edste W32 54
714, gl Fetal A 18(1):73-83

SHAA AL (2013) =9 FHFTE A Y 2
ZHE 1, A21Y 285, SHAEAAH, 11-1480592-
000652-01, 27 p

S, 2334, An 9] (2010) AR e FEE
© TRTE} 27T AR A s FeA P8R
16(4):369-379

S Gt (2013) S FAYERA 71 2E2AL Fl FHel e 71
355N~9Y  36.5N. s|FEdE TS, 11-1192000-
000002-10, 232 p

Calbet A, Garrido S, Saiz E, Alcaraz M, Duarte CM (2001)
Annual zooplankton succession in coastal NW Medi-
terranean waters: the importance of the smaller size
fractions. J Plankton Res 23:319-331

Calbet A, Saiz E, Alcaraz M (2002) Copepod egg produc-
tion in the NW Mediterranean: effects of winter environ-
mental conditions. Mar Ecol-Prog Ser 237:173—-184

Conway DVP (2006) Identification of the copepodite
developmental stages of twenty-six North Atlantic cope-
pods. Mar Biol Assoc UK 21:1-28

Devreker D, Souissi S, Seuront L (2005) Effects of chlo-
rophyll concentration and temperature variation on the
reproduction and
(Copepoda, Calanoida) in the Eastern English Channel. J
Exp Mar Bio Ecol 318(2):145-162

GLOBEC (1999) Global Ocean Ecosystem Dynamics Imple-
mentation Plan. IGBP Report 47, pp 49-51

Hama T, Miyazaki T, Ogawa Y, Iwakuma T, Takahashi M,
Otsuki A, Ichimura S (1983) Measurement of photosyn-
thetic production of a marine phytoplankton population
using a stable 13C isotope. Mar Biol 73(1):31-36

survival of Temora longicornis



124 Kim, G. et al.

Hirst A, Bunker A (2003) Growth of marine planktonic
copepods: global rates and patterns in relation to chloro-
phyll a, temperature, and body weight. Limnol Oceanogr
48(5):1988-2010

Hopcroft R, Roff J (1998) Zooplankton growth rates: the
influence of female size and resources on egg production
of tropical marine copepods. Mar Biol 132(1):79-86

Hopkins CCE (1977) The relationship between maternal
body size and clutch size, development time and egg
mortality in Euchaeta norvegica (Copepoda: Calanoida)
from Loch Etive, Scotland. J Mar Biol Assoc UK
57(3):723-733

Huang C, Uye S, Onbe T (1993) Geographic distribution,
seasonal life cycle, biomass and production of a plank-
tonic copepod Calarms sinicus in the Inland Sea of Japan
and its neighboring Pacific Ocean. J Plankton Res
15(11):1229-1246

Hwang JS, Turner JT (1995) Behaviour of cyclopoid, harpac-
ticoid, and calanoid copepods from coastal waters of Tai-
wan. Mar Ecol 16(3):207-216

Hwang JS, Wong CK (2005) The China Coastal Current as a
driving force for transporting Calanus sinicus (Copep-
oda: Calanoida) from its population centers to waters off
Taiwan and Hong Kong during the winter northeast mon-
soon period. J Plankton Res 27(2):205-210

Jang MC, Shin K, Hyun B, Lee T, Choi KH (2013) Tem-
perature-regulated egg production rate, and seasonal and
interannual variations in Paracalanus parvus. J Plankton
Res 35(3):1035-1045

Jeong MK, Suh HL, Soh HY (2011) Taxonomy and zooge-
ography of euchaetid copepods (Calanoida, Clausocala-
noidea) from Korean waters, with notes on their female
genital structure. Ocean Sci J 46(2):117-132

Jung Y, Kang HK, Kang YJ (2004) In situ egg production
rate of the planktonic copepod Acartia steueri in Ilk-
wang Bay, southeastern coast of Korea. J Plankton Res
26(12):1547-1553

Kang HK, Kang YJ (2005) Production of Acartia steueri
(Copepoda: Calanoida) in Ilkwang Bay, southeastern
coast of Korea. J Oceanogr 61(2):327-334

Kang HK, Kang YJ, Park C (2007) Production of Acartia
omorii (Copepoda: Calanoida) in Ilkwang Bay, southeast-
ern coast of Korea. J] Marine Syst 67(3-4):236-244

Kang HK, Lee CR, Choi KH (2011) Egg production rate of
the copepod Calanus sinicus off the Korean coast of the
Yellow Sea during spring. Ocean Sci J 46(3):133-143

Kieorboe T, Sabatini M (1994) Reproductive and life cycle
strategies in egg-carrying cyclopoid and free-spawning
calanoid copepods. J Plankton Res 16(10):1353-1366

Kigrboe T, Sabatini M (1995) Scaling of fecundity, growth
and development in marine planktonic copepods. Mar
Ecol-Prog Ser 120(1):285-298

Kimmerer W, Hirst A, Hopcroft R, McKinnon A (2007)
Estimating juvenile copepod growth rates: corrections,
inter-comparisons and recommendations. Mar Ecol-Prog
Ser 336:187-202

Lee HW, Ban S, Ikeda T, Matsuishi T (2003) Effect of tem-
perature on development, growth and reproduction in the
marine copepod Pseudocalanus newmani at satiating food
condition. J Plankton Res 25(3):261-271

Liang D, Uye S (1996) Population dynamics and production
of the planktonic copepods in a eutrophic inlet of the
Inland Sea of Japan. II. Acartia omorii. Mar Biol 125(1):
109-117

Liang D, Uye S (1997a) Population dynamics and produc-
tion of the planktonic copepods in a eutrophic inlet of the
Inland Sea of Japan. IV. Pseudodiaptomus marinus, the
egg-carrying calanoid. Mar Biol 128(3):415-421

Liang D, Uye S (1997b) Seasonal reproductive biology of
the egg-carrying calanoid copepod Pseudodiaptomus
marinus in a eutrophic inlet of the Inland Sea of Japan.
Mar Biol 128(3):409-414

Liang D, Uye S, Onbé T (1996) Population dynamics and
production of the planktonic copepods in a eutrophic inlet
of the Inland Sea of Japan. 1. Centropages abdominalis.
Mar Biol 124(4):527-536

Makabe R, Tanimura A, Fukuchi M (2012) Comparison of
mesh size effects on mesozooplankton collection effi-
ciency in the Southern Ocean. J Plankton Res 34(5):432—
436

Mauchline J (1998) Advances in marine biology. Vol. 33.
Academic Press, San Diego, 284 p

McKinnon A, Ayukai T (1996) Copepod egg production and
food resources in Exmouth Gulf, Western Australia. Mar
Freshwater Res 47(4):595-603

Oresland V (1991) Feeding of the carnivorous copepod
Euchaeta antarctica in Antarctic waters. Mar Ecol-Prog
Ser 78:41-47

Paffenhéfer GA (1993) On the ecology of marine cyclopoid
copepods (Crustacea, Copepoda). J Plankton Res 15(1):
37-55

Park C (1997) Seasonal distribution, egg production and
feeding by the marine copepod Calanus sinicus in Asan
Bay, Korea. Ocean Sci J 32:85-92

Park K, Kim KR (2010) Unprecedented coastal upwelling in
the East/Japan Sea and linkage to long-term large-scale
variations. Geophys Res Lett 37(9)

Peterson W, Gomez-Gutierrez J, Morgan CA (2002) Cross-



Production of the Copepods Euchaeta Plana and Paraeuchaeta russelli 125

shelf variation in calanoid copepod production during
summer 1996 off the Oregon coast, USA. Mar Biol
141(2):353-365

Rey-Rassat C, Bonnet D, Irigoien X, Harris R, Head R, Car-
lotti F (2004) Secondary production of Calanus helgo-
landicus in the Western English Channel. ] Exp Mar Bio
Ecol 313(1):29-46

Richardson AJ, Verheye HM (1998) The relative importance
of food and temperature to copepod egg production and
somatic growth in the southern Benguela upwelling sys-
tem. J Plankton Res 20(12):2379-2399

Richardson AJ, Verheye HM, Herbert V, Rogers C, Arendse
LM (2001) Egg production, somatic growth and produc-
tivity of copepods in the Benguela Current system and
Angola-Benguela Front: BENEFIT Marine Science. S Afr
J Sci 97(5-6):251-257

Runge J, Roff J (2000) The measurement of growth and
reproductive rates ICES zooplankton methodology man-
ual. Elsevier, pp 401-454

Sabatini M, Kierboe T (1994) Egg production, growth and
development of the cyclopoid copepod Oithona similis. J
Plankton Res 16(10):1329—-1351

Sathyendranath S, Platt T, Horne EP, Harrison WG, Ulloa O,
Outerbridge R, Hoepfther N (1991) Estimation of new
production in the ocean by compound remote sensing.
Nature 353(6340):129-133

Shin K, Jang MC, Jang PK, Ju SJ, Lee TK, Chang M (2003)
Influence of food quality on egg production and viability
of the marine planktonic copepod Acartia omorii. Prog
Oceanogr 57(3—4):265-277

Tseng LC, Dahms HU, Hung JJ, Chen QC, Hwang JS (2011)
Can different mesh sizes affect the results of copepod
community studies? J Exp Mar Bio Ecol 398(1-2):47-55

Turner JT (2004) The importance of small planktonic cope-
pods and their roles in pelagic marine food webs. Zool
Stud 43(2):255-266

Uye S (1982) Length-weight relationships of important zoo-
plankton from the Inland Sea of Japan. J Oceanog 38(3):
149-158

Uye S, Sano K (1995) Seasonal reproductive biology of the
small cyclopoid copepod Oithona davisae in a temperate
eutrophic inlet. Mar Ecol-Prog Ser 118(1):121-128

Uye S, Sano K (1998) Seasonal variations in biomass,
growth rate and production rate of the small cyclopoid
copepod Oithona davisae in a temperate eutrophic inlet.
Mar Ecol-Prog Ser 163:37-44

Wong CK, Yau EYW, Lie AAY (2012) The seasonal distri-
bution, diel vertical distribution and feeding behavior of
Paraeuchaeta concinna in the shallow subtropical coastal
waters of eastern Hong Kong. Aquat Biosyst 8(1):28

Yebra L, Kobari T, Sastri A, Gusmdo F, Hernandez-Leon S
(2017) Advances in biochemical indices of zooplankton
production. Advances in marine biology. Vol. 76. Aca-
demic press, San Diego, pp 157-240

Yen J (1983) Effects of prey concentration, prey size, preda-
tor life stage, predator starvation, and season on preda-
tion rates of the carnivorous copepod Euchaeta elongata.
Mar Biol 75(1):69-77

Yen J (1985) Selective predation by the carnivorous marine
copepod Euchaeta elongata: laboratory measurements of
predation rates verified by field observations of temporal
and spatial feeding patterns. Limnol Oceanogr 30(3):577-
597

Yen J (1991) Predatory feeding behavior of an Antarctic
marine copepod, FEuchaeta antarctica. Polar Res
10(2):433-442

Youn SH, Choi JK (2007) Egg production of the copepod
Acartia hongi in Kyeonggi Bay, Korea. J] Mar Syst 67(3-
4):217-224

FE AR o] )
English translation / Romanization of references originally
written in Korean

Kim CH, Kim K (1983) Characteristics and origin of the
cold water mass along the east coast of Korea. J Ocea-
nol Soc Kor 18(1):73-83

National Institute of Biological Resources (2013) Inverte-
brate Fauna of Korea: Marine Planktonic Copepods II,
Volume 21, Number 28. NIBR, 11-1480592-000652-01,
27 p

Youn SH, Oh GS, Chung MH (2010) Zooplankton commu-
nity structure and copepod production in the Seomjin
River Estuary. J Korean Soc Mar Environ 16(4):369-379

Ministry of Oceans and Fisheries (2013) General investiga-
tion of marine ecosystem in the southeastern sea of
Korea, Gijang 35.5N°~Yeongdeok 36.5N. KOEM, BSPN
11-1192000-000002-10, p 232

Received Aug. 1, 2018
Revised Sep. 14, 2018
Accepted Sep. 18, 2018



