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Community structure of large-sized copepods in the eastern Sea of Japan
in relation to the environment of water types, during winter.

Kazuyoshi HASHIZUME"? and Sekio SHINAGAWA’

Abstract : Community structure of large-sized copepods (total length of adult: >2 mm) was
analyzed by Shinagawa's methods using zooplankton samples collected from 0-500 m vertical
hauls with NORPAC nets at 18 stations during winter of 1997 in the eastern Sea of Japan. Us-
ing the population density of the predominant 13 species of large sized copepods, fuzzy cluster
analysis among 14 stations identified 3 station groups (A: south, B: northeastern, C: north-
western) in relation to the Subarctic Front adjacent to the Yamato Rise. According to the
fuzzy cluster analysis among the 13 species, 3 species groups were identified. The population
density of species group 1 (especially Calanus sinicus) was positively correlated to water tem-
perature, and dominated in station group A where water temperature was high. Species group
2 (Metridia pacifica, Paraeuchaeta elongata, Mesocalanus tenuicornis, Neocalanus plumchrus)
was eurythermal and extended to all the station groups (especially station group B). Species
group 3 (especially Neocalanus flemingeri, N. cristatus) was negatively correlated to water tem-
perature, and dominated in station group C where water temperature was low. These results
and canonical correlation analysis suggest that the community structure of large-sized copepods
is affected by the horizontal distribution of water temperature influenced by the Tsushima
Warm Current.
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Fig. 1.

Map of the Sea of Japan, depicting stations sampled during the cruise of the R/V Kaiyo-Maru (9-26th

Jan., 1997). @: 18 stations sampled for zooplankton and CTD data labeled with the station number: B4-J7.

@: 59 stations investigated by CTD only.

A 13 stations investigated by XCTD. The solid line was used as

a transect when studying the vertical profile of water temperature and salinity shown in Fig. 4A-B.



Table 1. Summary of sampling, 9-26th Jan., 1997.

AFHARBIH OO RS A 7 JHER

L, FRRICBFRE (wet weight/m®) &3R¥b 7,
51T, K EHESHICTD (WOCEMAE, Seabirdy,
SBE-9plus) IC& 0@ ~7 S5 > 7 b viliEsICnZ =
O LSO FHTTHLA I B W T, FKEDATH 50
XCTD (fE WASHEBTSK-XCTD) 12k v 13 (1 H
25-26H) 1IZBWT, RMEDKIlL « M5/ THRIK
L b o % kKRS & Autosal
Salinometer (Guildline®#!, 8400A) 12X b, T <Eh
WE Utco St o FEKiE - o, A4EE 0, 10,
20, 30, 40, 50, 75, 100, 125, 150, 200, 300, 400, 500 m)
OREMED SFHHE Lo F7, PEEREERREICL 510
i (Sm1443-1452) DKk « #4553 (199745 1 H15-16
H), 19415 (TM1-19) ok (19974F 1 H14-21H)
105 (Sm1453-1462) DiEsr (1 H31-2 H 1 H)
OF =5 (FFBIEELRRE, 1997) b B O MmN
OWFRE LI, 70807 4 Vil (ug-l) 17,
7o 7 bSO 8 (0, 20, 50, 75, 100,
200, 300, 500 m) 2 5 OERIKER & HEEE T & D JIE L
72o W T ZHMENM (Whatman GF/F filter) Tatzk
F100mlZ ¥ L7z d & ITN, N-Y 4 FILRIV LT I K
TEEME L (Suzukr and Isamvaru, 1990), 4306
HOEOREEG (WA REL FP-TTT) THIE L7z, Fc,

Maxi-
mum
Sam- Latitude Longitude sam- Bottom
pling  Date CN) CE) i depth
Station PABE ()
depth
(m)
B4 1/9/97 40°35.1" 138°59.9" 500 3215
Cl1  1/10/97 40°35.1" 137°00.0" 499 3182
C4 1/10/97 41°29.9" 137°00.1" 500 3548
C6 1/11/97 42°00.0" 137°14.9" 500 3628
C8 1/11/97 42°30.0" 137°29.9 500 3635
C10 1/12/97 43°00.0" 137°50.0° 500 3635
C12 1/12/97 43°30.0" 138°10.1" 499 3583
Cl14 1/12/97 44°00.0" 138°30.1" 499 3116
Gl 1/15/97 39°30.0" 139°30.1" 492 957
G8 1/17/97 39°40.0" 135°00.0" 500 998
H1 1/17/97 39°19.7 134°19.7 500 1969
H2 1/17/97 39°20.0" 135°00.0" 229 305
H3 1/18/97 39°20.0" 135°40.4" 448 478
12 1/23/97 38°30.0" 138°00.1" 501 1560
18 1/24/97 38°30.1" 135°00.0° 500 2967
19 1/24/97 39°00.0° 135°00.1° 499 2861
J2  1/26/97 35°45.0° 132°20.1" 198 235
J7 1/26/97 36°58.4" 131°27.6° 500 2090
a Population density of b Calculation of the correlation index between

each species at sampling 1
stations '+
Sampling stations 2
a b c -

Species 1 al b1 cl - 3
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stations (fig. 2¢)
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;f F
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vy O

The calculation of population
density of species group by the
weighted sum with the squared
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]

similar pattern of distribution) based on
Euclidean distance
between species in the ordination space

Discrimination of species groups (indicating

Fuzzy cluster analysis

The number of clusters is
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non—fuzziness index is higher,
fuzzines index is lower, and
interpretable results are derived

Discrimination of station groups
(geographically coherent assemblages)
based on Euclidean distance between

stations in the space derived from
eigenvalue analysis

Ih I Canonical correlation analysis

and regression analysis between the
community and environmental
variables

Fig. 2.

Stations or species belong to not
only one, but also other station or
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@

Diagrammatic summary of the steps used in Shinagawa’s community analysis.
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Fig. 3. Contours of isotherm (°C) (a) and isohaline (PSU) (b) at 100 m depth for 9th Jan.—1st Feb. 1997.
W: Warmer area. C: Cooler area. H: Higher salinity area. L: Lower salinity area. 4: Stations in-
vestigated by CTD by Maizuru Marine Observatory. Temperature (29 stations): 14-21th Jan., 1997

and salinity (20 stations): 15th Jan.~1st Feb., 1997.
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Fig. 4. Vertical sections of water temperature (°C) (a) and salinity (PSU) (b) at 12 sampling sta-

tions (see the solid line on Fig. 1).
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Table 2. Large-sized copepod species whose adult
body lengths were greater than 2mm, collected in
the eastern Sea of Japan in winter.

Mean abundance of copepodid and . Ab-

adult species over all stations(in 2981 brevi-

ds.*m? 103n ation

0

© Metridia pacifica 10623.2 71.80 Mep

©  Neocalanus flemingeri 1290.0 8.72 Nef

©  Paraeuchaeta elongata 976.9 6.60 Pae

©  Neocalanus cristatus 725.0 490 Nec

©  Mesocalanus tenuicornis 398.5 2.69 Met

©  Neocalanus plumchrus 211.7 1.43 Nep

© Calanus sinicus 204.2 1.38 Cas

©OYx Gaetanus minutus 185.1 1.25 Gam
(=Gaidius variabilis)

© Lucicutia flavicornis 40.2 0.27 Luf

©  Pleuromanma gracilis 39.0 0.26 Plg

©  Eucalanus bungii 30.2 0.20 Eub

© Candacia dipinnata 15.7 0.11 Cab

©  Eucalanus subtenuis 10.4 0.07 Eus
Paraeuchaeta sp. 9.8 0.07

©  Eucalanus mucronatus 5.1 0.03
FEucalanus attenuatus 3.1 0.02
Eucalanus subcrassus 3.0 0.02

*  Heterorhabdus pacificus 2.8 0.02
Eucalanus crassus 2.6 0.02
Pleuromanma xiphias 1.8 0.01
Gaetanus simplex 1.5 0.01
Pleuromanma abdominalis 1.4 0.01

*  Undeuchaeta plumosa 1.4 0.01

* % Pseudoamallothrix inornata 1.1 0.01
(=Amallothrix inornata)
FEuchaeta sp. 1.1 0.01
Scottealanus securifrons 1.1 0.01

*  Chirundina streetsii 0.7 <0.01
Euchirella spp. 0.7 <0.01
Gaetanus spp. 0.7 <0.01
Metridia okotensis 0.7 <0.01
Nannocalanus minor 0.7 <0.01

*  Scottcalanus helenae 0.7 <0.01
Spinocalanus sp. 0.7 <0.01
Undeuchaeta sp. 0.7 <0.01
FEucalanus hyalinus 0.6 <0.01

*  Amallothrix valida 0.4 <0.01

*  Bradyidius pacificus 0.4 <0.01

*  Calanus jashnovi 0.4 <0.01

*  Candacia norvegica 0.4 <0.01
Euchirella rostrata 0.4 <0.01
Gaetanus minor 0.4 <0.01
Lophorix sp. 0.4 <0.01

*  Pontellopsis sternua 0.4 <0.01
Pseudeuchaeta sp. 0.4 <0.01
Pseudochirella sp. 0.4 <0.01

Total 147945 100.0

Dominat species are listed at the upper.©: 14 species
used in community analyses.
* : 9 species collected for the first time from the Sea
of Japan.
Y¢ and % : Species correctly indentified by
MARKHASEVA (1996) and VySHKVARTZEVA (2000).
Names in parenthesis indicate invalid species.
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Fig. 6. Plot of sampling stations (based on large copepod community data) by non-centering ordina-
tion with use of Rs showing the relationships among the initial 16 stations by 14 species (top

left), and among the selected 14 stations by 13 species (the remaining 3 plots).

Plane defined by

each pair of axes I-II. The highest three eigenvalues of the latter plots are 8.90, 2.62 and 1.06.

The corresponding cumulative contributions are 63.6%, 82.3% and 89.9%. The solid symbols
(@, A, B of the latter plots indicate the stations with the highest membership function to the
following three station groups obtained by fuzzy cluster analysis. O, A\, []: Centroids for each
station group A, B, C, respectively.
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Fig. 7. The composition of membership functions of each sampling station to 3 station groups ob-
tained by fuzzy cluster analysis. #: Sampling station excluded from the fuzzy cluster analysis.
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Fig. 8. Plot of large copepod species projected onto the same plane, as presented by ordination plot

of 14 stations (Fig. 6), showing the relationships among 13 species and 3 species groups.

The

solid symbols (@, A, lD) indicate the species with the highest membership function to the follow-
ing species groups obtained by fuzzy cluster analysis. O, A, [J: Centroids for each species group
1, 2, 3, respectively. See table 2 for explanation of species abbreviations.

Table 3.

Factor loadings of environmental and community variables on canonical variate 1.

Factor loading

Environmental variables Mean temperature between 0-500m 0.979
Mean salinity between 0-500m —0.013
Maximum of 0-500m chlorophyll-a concentration —0.199
Bottom depth —0.578
Community variables Log number of species groupl 0.956
Log number of species group2 —0.193
Log number of species group3 —0.900
Number of species 0.692

Canonical correlation coefficient=0.985 (significant correlation at p<0.001, x’-test.).
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REZEL (Fig. 11), 20hh S5 AICHIR/NER 3R B BN L 72,

BRI U, T OfSE, i1 IO L bh—kX D

TRBBEIEAS & < 2 Tid & 0 Pkl & IEOFEB TR D 4. BE

5 & T AT B AR B AR A i AR U T, N TREAARFES OB TS > 7 b L 8IER
FERE 2 1%, KRFHETETS (H2) @ A EMdhE D S #ind ORI, 1FEA L0150 mEOHEIZLDLEDTH D,
Boboo, FEMNO R TENSN, 5 CHTZEMH IR IORAR % BRI B AR L D D Isn EBE X
REFTBILIMMETH - 72, FRES T—KA0EA LAD NMHBTH -7 (KAWARADA et al., 1968; $iAK, 1975;

FHBA TR D b5t & ST BARAICRE R sl Ui, # R, 1976, 1985), L, L, 0-500 miE % A U 7 ANk
RS — kD ZIHTHE A U IEOMHB T, /Kigds Eds FETRIMILE I AMETH - 72 (Fig. 5b)e ZhiTiF,
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cording to the environmental score and commu-
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@, A W Sce Fig. 6. Additionally, sampling
station B4 was excluded from CCA because of the
lack of chlorophyll data.

K iE IR o W8 1T £ W Metridia  pacifica % Para-
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Fig. 11. Regression functions of the population den-
sity in each species group (Y) [a, b, c¢] and the
number of species (Y) (d) in relation to the mean
water temperature between 0-500 m (X) ; ob-
tained by a non-linear least square method. The
functions (regression line or curve) which yield
the closest fit (i.e. lowest AIC value) was selected
from the 5 following functions: (1) Y=aX+b.

(2) Y=aX’+bX+c. (3) Y=aexp (bX). (4
Y=aexp (bX) +c. (5) Y=exp (aX'+bX+0).
a,b,c: Parameters included in the mathematical

model. @, A, l, *: Sece Fig. 6.
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