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Vertical distribution and population structure of large dominant planktonic copepods down to greater depths

in the Okhotsk Sea during early summer

Moeno HiraG"* and Atsushi YAMAGUCHI>

Abstract

Vertical distribution and population structure of large dominant planktonic copepods (Neocalanus cristatus, N. flemingeri, N.
plumchrus, Eucalanus bungii, Metridia okhotensis, M. pacifica, Paraeuchaeta elongata, P. birostrata, P. rubra, Heterorhabdus
tanneri, and Heterostylites major) were studied down to greater depths in the Okhotsk Sea during early summer. For suspen-
sion feeders (Neocalanus spp., Eucalanus bungii, and Metridia spp.), their vertical distributions were well separated within 0-250
m depths.  For camivores (Paraeuchaeta spp. and Heterorhabdidae), vertical partitioning within the genus and family was also
the cases throughout the 0-3,000 m water column.  The vertical partitioning within the same feeding pattern copepods may have
a function to reduce competition on similar food items. Population structures of the most suspension feeders were dominated
by middle- to late-copepodids with low-lipid accumulation. This may reflection of their life cycle seasonal phenomena. For
most of the copepods treated in this study, the sex ratio was skewed for females. It caused by the degeneration of feeding
appendages (Eucalanus bungii and Paraeuchaeta spp.) and the vertical distribution behaviors (Metridia spp. : stay deep-layer
where food-limited throughout the day) of adult males. Since adult females may perform massive feeding in adult females,
their body sizes were much larger than the males.

Key words : Calanoid copepods, Neocalanus, Eucalanus, Metridia, Paraeuchaeta, Heterorhabdus, Heterostylites, Sex ratio,

Lipid accumulation, Gonad maturation
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F A=y 7, ACEERCEEINISRIK T 5 B O
1 Cd % (Kashiwase et al., 2014 ; Simizu etal., 2014), Z 111,
T A=) EEL THESINLEKOENE L, £FD
TN TESHOREY RE (2T A LI X S (Fujisaki
etal,, 2014 ; Nishioka et al., 2014), FEKDERIZT I A & L
THER S N7 SR 2 il E, ARIR ) 2 228 & BHEE
REEREAEE L, EFETHARILOC LT &Rl 2
EMD, HEREMHII RS - B, 1971), NPIW (LA
SEEEEK) OFIEE D 2 DS T A (Talley,
1991 ; Yasuda, 1997),

COFEFIN K REKIE, BT o)

RRICO RE e RIT T, Bz, BT 240K
OHRTIE, KRB SR FEMNED A 7 VEPERBICLE
TEHEENS A I DB CTRR LY, FA—Y 7
TlIHIkD7z0, FEICHHT L2FHN S 1 I ¥ 7 IEMH
L T2 2%, SRENREATITNH L Z LN T
W5 (FH, 2013 ; Tsudaetal,2015), F72, WLUAA T
FORA A ZITHEIUZ AT K= 7 WO AR
2 DS LT W b (Kobari and Tkeda, 1999, 2001a,
2001b), 77 A 7 VHEBEEICIE, s K E R 5 HRSER
BIEETI D B B Metridia okhotensis D35 L, Z OREEREE
T e K& (B L2 8L 5TV 4 (Yamaguchi,
2015) TS DOWFIEE, FR— 7 iR L BEBEd 5 Bl
L 72 DOH% { (B 213 Padmavati et al., 2004 ; Shoden
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etal, 2005), K= Z7HOHIZBIT DA A T VHOHE
G R AR TERE & OFE B LR IC D W T oM RIEH F D 72
Vo

KIFZEIE, BFF F— Y 7 ORI 72 1 858
2T, M BAEVOSRELERTT 7 Mty MC
L0, BIZEKEICB L RHEXSREEZ T, U
WHBLL 7oA A~ A ST KRB A7 V86 )& 11
FEIZoWT, MHBUEERE, WA, WhERERE, AgM
BRESERE AW B X O IC o CHl i 2 17w, AL
LA HONCT A EZHE LT T2 720

ME RV HE
FoxE

2011 4E 6 H 11 HORRE (1:27-4:53) (2, FEA+HK—
2 WEHEAIT 2 3%V T 7258 15 St OS 11110 (45°24.2'N, 145°02.3'E,
JKEE3,027m) 12T, HA VW63 um @ VMPS (Terazaki and
Tomatsu, 1997) % HI\ > THEZEIE 2> 5 K% 3,000m £ T % 12
J& (0-25, 25-50, 50-75, 75-100, 100-150, 150-250, 250-500, 500~
750, 750-1,000, 1,000-1,500, 1,500-2,000, 2,000-3,000 m) | 43
T 7SREIX g IRE Z 1T o 72 (Fig. 1o 155 N7z30kHIAR B
TIEHR T E2F (Motoda, 1959) % T 12 38 L, 5% &
V) RIS LFE B )T - 720 BREE L [AIIREIC CTD
(SBE 911 Plus, Sea-Bird Electronics Inc.) il %€ & f7V>, 7KiM,
oy, AR B L 00t v — 1285 < chlorophyll @
(Chl.a) 7°— % & HUiF L 720
AR

ARWFFETIL, KA T RABNA T H6E 11 ff
Neocalanus cristatus, N. flemingeri, N. plumchrus, Eucalanus
bungii, Metridia pacifica, M. okhotensis, Paraeuchaeta elon-
gata, P, birostrata, P.rubra, Heterorhabdus tanneri 33 X U Het-
erostylites major x5 & LC, FEARMME T CHEERH
W2V = I BLUOEH AT 720 SIS OFEIE MO 7

48'N

an 3000
%

)

Okhotsk Sea

46N

45N

44N

43'N
North Pacific

a2'N

140°E 142°E 144°E 146'E 148'E 150°E

Fig. 1. Location of sampling station (star) in the southern
Okhotsk Sea. Depth contours (200, 2,000 and 3,000 m)

are superimposed.
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AT VHENA A AMIEL L, BRI TFEENOR
BT TeEA, HIHIRE D REH 5KE3,000m (I2ET
M A5 (Yamaguchi et al., 2002 ; Homma and Yamaguchi, 2010 ;
Homma et al,, 2011), UM ICAE R 5252 B L 7-Fd I
DV, 12 53FEE R & 512508 L 2RI DWW T
V—FBIUEEERITo 72,

INSDOFED ) %, Neocalanus JF 3 T, E. bungii 3 & ¥
Metridia J& 2 FE1Z, GO H CRIREA % #2 (Yamaguchi
etal, 2011 #ZMR) ., ZD720, FLERFEARIR A 75 5
ZHIET B 72O\ MERUR D AR TS ERE GV R ek L 72,
Neocalanus J& 3 (% Miller and Clemons (1988) %22, 1 (Y1
F IR ASEAE L 72 vy), 1 CRER D AR IEE DY REAING,
DIPERLIVE I AAE), T (RIVE IR L 7200 2 F¢2)
D 3EEREZIX 5 U720 F 72, E. bungii 13 Yamaguchi et al. (2013)
% ZE T VORISR L, IS ORI 25 H1E),
I (I8 D EMN FEE L 72 IR REIE 25— FUAFAE), T (%)
LLEDIRFFI N INE I AFTE), IV OV I A e
NRE RO EAFAE) D 4 BB IZIX 0 L7z Metridia )& 2
fdi1% Tande and Gronvik (1983) #Z#12, 1(IIEAVNE L
ROFKIFEEDII NI, 1T GRS ARAL L IR LM
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Fig.2. Vertical profiles of temperature (T, °C), salinity (S), dis-

solved oxygen (O, , ml 17") and chlorophyll a (Chl, mg
m ) plotted on a log depth scale at sampling station in
the southern Okhotsk Sea during 11 June 2011.  Circled
numbers in the right column indicate depth strata of the
zooplankton samplings.
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Ja2SERINE DK% 5o 5), T ERIIE R IR AN —F]
V236 A ZZIRRERNG), IV GRINE PR L 7290 % Z51HD)
DAEEIZXS LTz SNHOHEIZOWTIZE HIZ, B
g &8 (Prosome) 12 B 1 % liEkD K & & % Low, Medium,
High @ 3 B2 X4 U CRIHE L 720 ThERERE % 3 BERFIC
T B XA DWW TIE, Neocalanus J& 3 F% 1% Tsuda et al.
(2001) %, E. bungii |X Shoden et al. (2005) %, Metridia J& 2
i3 Padmavati et al. (2004) # =18 L 72,

i S
KIBIRIE

FAAE H DKL —120°C 225 821°C DFPHIZH 1),
W TE <, RE20-50m 2T TEBMICIKT L, K
7 50-100 m 213K 0°C LLF O s K SEFE L T\ 7z
(Fig. 2), #4713 32.6-34.6 O#IPHIZH V), WEKTH T <,
TREDHETNZ DI TN L T 7z, AR 13 6.68-8.42 ml
L' OfEFICH Y, Kk & BRE 28 A A2 7R LT 7z,
Chl. ¢ 13 0-527mgm ™ OFFICH D, K% 20m LLETH
o7z,

H AT EEFEEE CES

BF- BRI A 7 L HOERE 54 % Fig. 3 128”3, N
cristatus OEAEREL CS SHEH L, C6 A HASHIEH L Tw»
720 NN BE L sk P ) 50-75 m Fg 12 J 5 7z N.
Slemingeri 1£ C5 & C6 DADWHLL, JK¥E 150-750 m Jz (2
G3A L7203, SONMEARUE EEIL 150-250 m g 12 B 5 7z N,
plumchrus 13 F12 C1-C3 DFE W EEHEHEAY 0-100 m D e

(ZDRGA L, S AREEEEEL 0-25m BIZ /R Sz, E
bungii O AR L C4-Co DMEL L, KP-OMEAEDIKE
75-500 m J@ 2534 LT\ 7S, i KRR B E 1 150-250
m B2 S N7 Metridia J& 2 FElZ VW1 d C5 & C6 78
BEEEERE T, SRR I 25-50m JF 12 R
Ssze TSR AEMFEOFTIL, M okhotensis DI K
PERECE 1 356 ind. m ™ LAMLOFEL ) EFIAICE L,
KA E OB+ (standing stock, ind. m™2) |25\ T 3 18,462
ind. m2 &, AWFFETHY o 72 KHAR A A 7 2 HHBIF
O 75.6% & O THBLL Tz,

WEMEREL A 7 2 FHOSRE /34 % Fig. 4 \IRT o Par-
aeuchaeta J& 3 FEIZJEHN CTH WG ATKIED R o Tz,
T bbb, P elongata \ZHEFRA 5 IKEE 1,000 m 12227 T
HE L, REO ClL R C2 7 W IEH B LK 500 m
PIERIZFEIZ0A LTz P birostrata (37K 250-1,000 m
\2, P orubra \Z 7K 750-3,000m |2 A1 T4 LT 7z,
Z 5 Paraeuchaeta & 3 T O e RABAR K5 BE 1 50 Ar KR
D E P elongata THe b % { (156 ind. m™*), K\\TP
birostrata (0.54 ind. m %), I b LR VOD A KIEDIK D
Y P rubra T2 - 72 (0.24 ind. m~*), Heterorhabdidae £} 2
D) Y, H tanneri \£F1Z7KGE 500-1,500 m {25545 LT
72D\t L, H major 13 & HIZEE K 1,000-3,000 m |2
FAHA LTV e INSWEORAMEAEEEDS, X
0 BAGIKIE DN H. tanneri DJ7H30521ind. m3> &, X
N Homajor DZ3(0.16ind. m ™) IR TE D> 720

B4 T DL
ARG T oo 72 KBFED 9 &, E bungii, Metridia

Abundance (ind. m)

0 0.5 1.0 0
|

L

0-25
25-50 |
50-75 |

I 75-100 |
100-150 |
150250 | ]
250-500 |
500-750 |
750-1000
1000-1500 |

:

1500-2000 | Neocalanus cristatus Neocalanus flemingeri Neocalanus plumchrus
2000-3000 |
= a
) 77 c2
= c3
2 0 15 30 0 200 400 ‘j
2 ‘ : ;] c4
B o
2550 | Bl Adut
50-75 i
I 75-100 | |
100150 |- |
150250 | i
250-500 il |

500-750 |
750-1000 |
1000-1500 |
1500-2000 |
2000-3000 |

Eucalanus bungii

Fig. 3.

Metridia pacifica

Metridia okhotensis

Vertical distribution of suspension feeding large-sized calanoid copepods : Neocalanus cristatus, N. flemingeri, N. plum-
chrus, Eucalanus bungii, Metridia pacifica, and M. okhotensis in the southern Okhotsk Sea during 11 June 2011.

Black

bars at left column indicate depth ranges of intermediate cold water were observed.
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Abundance (ind. m=)
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Fig. 4. Vertical distribution of carnivorous large-sized calanoid copepods : Paraeuchaeta elongata, P. birostrata, P. rubra, Heter-
orhabdus tanneri, and Heterostylites major in the southern Okhotsk Sea during 11 June 2011.

& 2 f8 & Paraeuchaeta J& 3 FE 1, WA CAHALLEE DS,
MEHEDFI B ASTERENIIZTTRETH B0 AR (CO) & ZNHD
FEOIRD &Ml % Table 1 12773, Neocalanus & 2
> Co DVEIILHEI AR > TV 7278, MO TlalI R -
TBY, W T E bungii, Metridia )& 2, P elongata, P
rubra 1 X OV H. tanneri TlZ C6 @ 70-100% 75ME &, HEASH
BT Te S (C4-C5) DVEIIE, M. pacifica TIEMELS
fRo Tz, TR ORIZITIT 11 2, WIS
WL WFEN Lo 72,

WFRIMEH 1T VHEDETBIRGE & MEkETE

KEF B A 7 2 AR O AT F E A %
Table 2 1278 $ o AHWFZE TIRMER A D L HlIR D FEFEE A\
% Neocalanus J& 13 3 B, E. bungii & Metridia J& 2 Fi i3 4
BB\ 7278, mEINEE ORI, M. pacifica |2 35T
WERAR D 3% IZH 6 723, £ DS OR TS,
KA-OHEDOMESARDEFERRIIRIEE R T T TH o720

HEREFEIY, K4 OB TRESL LABEERBIZOVWT
FIR L7 (Table3), L F D ) B, N. flemingeri 131
HEMP RO LR L, B LS L R0 E &
MWENZEN 3% BLVB% LEELH LTz, —7, Th
DA OTETIL, WERERSZ L, HMERDSTEH L 72 fE
MIT &AWL B o 7288 (N. plumchrus, E. bungii 3 X
U M. pacifica) &, JMERTCHIABADS 25-31% & & 5 FEREHIH
L 7288 (N. cristatus & M. okhotensis) \Z5571F 31726

£ =

MFREMUBOEFLE2AI T

AWFFETHLY o 72k T AW O MR I T d
—EBIVENL LT, ZOHAEREREEIZFEIZER
LNTEY, BECTORKERzFHO I PO TWD
(FH, 2013), Z=HHIC L0 554 KRR SR & <
Bp Bizw, ZFHEOBMAEEIEGELEOEDY 4 I V712
BHEDPEIFML RV E, IELWERIIFTR RV, ZD7
DARMFIETIE, MR O AFEIRISE & 18 5 E R o0l
BRERE A BIEL L7 (Tables 2, 3), AHFZ2 THVY72 VMPS O
HE&WIE 63um &, &Fo Cl 2 58ETRER BAEWTH
% 7% (Yamaguchi et al., 2010), C1-C3 O W% H B 234
Mo 72D N. plumchrus DH T - 72 (Fig. 3)o MR DA
FEARIZ VTN OFE T b A FE3E T (Table2), HEREREIL N,

Sflemingeri DIAH L% H o7z (Table 3)o ZNEHED T L5,

FZREDVFEEOY — 7 Tldn <, RETOREELH 2O
W5 N. plumchrus C, E NS OTIIHIIFEEER £ TORX
FEa#2 T, KROZODOMEREZBEEFTH S &R
5Tk S,

INORTFREMIL, REICHHTEIAI VT L6
B DAKEEZEZ T, ISR OBE %
WEVF B T EDSHIS T A (Sato et al, 2011 ; #EH, 2013 ;
Tsuda et al., 2014), e RBEAECE L 2 78 L 72 KR X & E 20
SIERONELZ, N. plumchrus (0-25 m), Metridia J& 2 7% (25-50
m), N. cristatus (50-75 m), N. flemingeri & E. bungii (150-250 m)
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Table 1. Comparison on sex ratio (%, females : total popu- THh o7z (Fig.3)o FHR—Y Z7HEIIBWTIL, kP2
lation) of large-sized calanoid copepods in the % 2 ORI AR N T O ST Y 7 B A T S T b
It e s e e D, IS RO KIS IEREI & B L TR
- = _ % & N. plumchrus, N. flemingeri & E. bungii ® C1-C3, N.
Abundance (ind. m ) (§/:Xf;t:;e cristatus, E. bungii ® C4-C6 DNETH 5 Z LB HE SN T
Species Stage  Female Male in total) 5 (Tsuda et al., 2015), ARFZED 3 AT KB ONEF I Z L b
Neocalanus IERRRL 50, THUIARTIZEOFREMHIZB VT, #/l
cristatus c6 4.6 18.4 202 WOHENER Y A I 2 T OB ZEN D > 7272 EE 2 5
Neocalanus Nh, bbb, FliE Tl Neocalanus |z 3 Fl O FA: FE
flemingeri c6 97.9 267.4 26.8 W, RRERII 2SR Y | N cristatus, N. flemingeri,
Eucalanus N. plumchrus DNEIZH 5 T & D35 5 T v» 5 (Kobari and
bungii c4 36.5 40.0 477 Ikeda, 1999, 2001a, 2001b ; Tsuda et al.,, 1999), 7 F—7 7 if§
G5 68.2 99.2 40.8 2BV, B X9 ZFER XS0 A L
Co 304.3 11.9 96.2 &L 5N5D5 N plumchrus OFkE BRI LR
Metridia W EAHE SN TEB Y (Tsudaetal., 2015), AFZETH, N.
pacifica C4 111.6 21.7 83.7 plumchrus DEGEH & 4 3 2 713 IR, FRERIZHI
€5 6023 3948 604 IRARY A MAOBEE(T-> Tz L B2 5N (Fig 3).
B c6 4502 1547 4.4 E. bungii \3RBOWW 7T > 7 b > 7 v— MM
Metridia ) 21T 2 &S T\ 5 (Yamaguchi et al., 2010 ; Taka-
okhotensis g: 57923:2 6’70?3 j 22 hashi and Ide, 2011), iﬁﬁﬁf@ Ch. a W1 5.27 mg
C6 46735 30,8 993 m? &, TIV—2sMEER BT EED oM (Fig 2), E
S bungit TEAETELE C3 JIBLRELC X o> &5 1L, NSE 7R
elongata c4 39.7 40.4 49.5 b IBET, GAKIRIARS - 72 (Fig 3)o AHEIL, C3 ]
Cs 43.1 67.4 417 DLRSE TIRIR § % A0 52 ASHT 5 41 (Tsuda et al., 2001, 2004),
Cc6 403 13.5 74.9 MEREFERI L o THABROERENREL EEZ DN
Paraeuchaeta T\ % (Tsuda et al., 2001 ; Takahashi and Ide, 2011), AHF7E
birostrata C4 13.5 17.6 433 TOMERERE LA %2\ 720 (Table 2), & DJ& TIEAF 24T\,
cs 0 9.2 0 BRI LT, BAIHA T2 EER 6N,
C6 0 0 - k=2 7L, FITKGE 200-500 m 12T E. bungii 7%
Paraeuchaeta BEZ L CTWAZ EE SN T A (Tsudaetal, 2015),
rubra C4 18.4 18.6 49.7 Merridia J& 2 7813, P27 HESRERE 21T ) FTH 5
Cs 9.3 13.8 40.3 (Takahashi et al., 2009), ZHFZECTIXMAE & b, FFE 0-50m
C6 232 0 100 JB12 C5 & C6 25 LT 7z (Fig. 3)e AU, AL
Heterorhabdus WIS AT o o7z, THLE b Adk %A T Chl a
tannert co o 182 7S DWHVEBIEABH L CELMELEZOND, M
Heterostylites okhotensis \XARIR % 4TS = & 2515 LTV 5 2% (Padmavati et
major 6 362 319 >3 al, 2004 ; Arima et al, 2016), AHFZEOIRLERZ 13 FREC
Table2. Comparison on gonad maturation of adult females of large-sized suspension feeding calanoid
copepods in the southern Okhotsk Sea during 11 June 2011.  Gonad maturation was scored into
three (I-111, Neocalanus spp.) or four (I-IV, other species) categories. Values in the parentheses
indicate percentage compositions in total adult female population.
Abundance (ind. m~?)
Species 1 11 1 v
Neocalanus cristatus 4.6 (100) 0(0) 0 (0) -
Neocalanus flemingeri 97.9 (100) 0(0) 0 (0) -
Neocalanus plumchrus 0 0 0 -
Eucalanus bungii 158.1 (52) 146.2 (48) 0 (0) 0(0)
Metridia pacifica 566.6 (79) 109.6 (15) 229 (3) 22.4(3)
Metridia okhotensis 6,553.7 (79) 1,599.2 (19) 134.9 (2) 0 (0)
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Table 3. Comparison on lipid accumulation of the large-sized suspension feeding calanoid cope-
pods in the southern Okhotsk Sea during 11 June 2011.  Amount of lipid accumulation
was scored into three categories : low, middle and high.  Values in the parentheses indi-
cate percentage compositions in total population of each stage.

Abundance (ind. m~?)

Species Stage Low Middle High
Neocalanus cristatus C5 28.1(51) 13.7 (25) 13.7 (25)
Neocalanus flemingeri CoM 9.2 (3) 115.2 (43) 143 (53)
Neocalanus plumchrus C2 252.8 (84) 47.0 (16) 0(0)
Eucalanus bungii C6F 125.2 (41) 179.1 (59) 0(0)
Metridia pacifica C6F 309.6 (69) 131.4 (29) 9.1(2)
Metridia okhotensis C5M 1,517.5 (23) 3,125.0 (47) 2,053.9 (31)

Table4. Comparison on prosome length between adult females and males of
large-sized calanoid copepods in the Okhotsk Sea. Values are means
+sd. Differences were tested by Mann-Whitney U-test. *: p<
0.05, ** : p<0.01, *** : p<0.001, ns : not significant.

Prosome length (mm)

Species Female Male U-test
Neocalanus cristatus 6.93 ns
Neocalanus flemingeri 4.65+0.09 4.10+0.11 *x
Eucalanus bungii 7.34+0.47 5.22 ns
Metridia pacifica 2.11+0.07 1.23+0.07 kK
Metridia okhotensis 2.89+0.09 1.85+0.04 orx
Paraeuchaeta elongata 5.28+0.03 4.46+0.04 ok
Heterorhabdus tanneri 3.09+0.09 2.89+0.01 *
Heterostylites major 3.72+0.05 3.66+0.05 ns

BELWMMT I 7 b B, BADT 0 OMERE
HMEIToTWhHEIATHELEEZLNS,

ARMED = v FHE|

ARFZE T o 72 W B IE, £ DT EHEE
o REE TSR, FELZIEFERFANT, fHIZX
D GAKIRD T > T D 2 EDPFHIITH o720 T4
b b &% O NE 2, Paraeuchaeta J& T 1% P elongata-P.
birostrata-P. rubra, Heterorhabdidae £ T (& H. tanneri-H.
major & 73 o> C\Wizo FERTOZ OXRIEDNEFIL, It
5 OIS 2 WBLHEPH (PUEALAR PRI, N —
Vo 7mBITA R 7 IBWTIEL TWwS
(Yamaguchi et al., 2004 ; Homma and Yamaguchi, 2010 ; Abe et
al, 2012); Z O Z &id, Fl OEAR O 5 Ai KR DN,
PRI 2 53 A A B L COHDTH DI LR LTV
ey

BIRIR N Z &2, KRB L A KPR O
DI <, IR 12D I TRAREAR R 3K <
o TWb I ENHLDII% o7 (Fig 4 TUE, W
EUKIXAIZ BT B T AV F—DIGHEDRE TOWY 7 F ~
7 bZHY, TORKA REYOW A AR

KXY, REICYWEIBEINLILE2ERDLE
(Vinogradov, 1968 ; Yamaguchi et al., 2002 ; Homma et al.,
2011), [ CAEMEOMICES SNE ANV F—mEDS, 4546
IKIEDRNTEIZE AL B EORMTHLEEZD
N5b

ZD X912, KiF 200 m LR OGEHESETAS RS N5 720,
[ U &tz RomE (FFh) OffHTix, ez o CH5E
AT B 72O H WIS AKIEEEZ TBY, T0/85 —
Vi, F UMM DETHIUID % D) HE I REES
NTn5EEZHND, W UEMMRSEEICH SN
GIAKIERIC L BHERGTIE, WEMEEW T Z 7 v o
Y AVHEHIZOWTHHI SN TS (Ozawa et al., 2007), [
FTHIZY A VORI A KERIZ L D Ry, FilEiE
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Fig. 5. Diagrams on gnathobase of mandible of adult females and
males of Neocalanus cristatus, N. flemingeri, Eucalanus
bungii, Metridia pacifica, M. okhotensis, Paraeuchaeta
elongata, Heterorhabdus tanneri, and Heterostylites
major in the southern Okhotsk Sea during 11 June 2011.
(O : degeneration of teeth was seen for both females and
males, @ : degeneration of teeth was seen only for
males. Scale bars = 100 pm.
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