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Seasonal Occurrence of Chaetognaths off Miho Key, Suruga Bay, Central Japan in
Addition to Seasonal Succession of Zooplankton Assemblage in Inner Part of Suruga Bay

Hiroshi ITOH, Takeshi MIZUSHIMA and Tadashi KUBOTA

Abstract

Seasonal occurrence of chaetognaths was investigated on the basis of 47 samples taken from April 1979 to June
1980 at a station off Miho Key in Suruga Bay, central Honshu, Japan. Samples were obtained by vertical hauls from
30-m depth to the surface with a Norpac net.

A total of 15 species, representing eight genera of three families were identified. The chaetognath assemblage
was characterized by the high abundance of a single neritic species from spring to summer and the high species
diversity from summer to autumn.

Among them, 11 species occurred in more than 10 9 frequency and were grouped into the following four types
on the basis of their seasonal occurrence:

(1) Summer-Autumn Type: relatively abundant from summer to early autumn and mostly disappeared in December.
The abundance positively correlated with water temperature in all species. Inlet water species: Aidanosagitta
crassa f. natkaiensis. Oceanic species: A. neglecta, Ferosagitta ferox.

(2) Summer-Winter Type: relatively abundant from summer to winter and occurred until early in January. The
abundance positively correlated with water temperature in all species. All species were oceanic forms:
Aidanosagitta regularis, Ferosagitta robusta, Flaccisagitta enflata, Zonosagitta pulchra.

(3) Autum-Spring Type: relatively abundant from late autumn to spring. The abundance negatively correlated with
water temperature in one species and positively correlated with salinity in two species. All species were oceanic
forms: Serratosagitta pacifica, Pterosagitta draco, Mesosagitta minima.

(4) Spring-Summer Type: relatively abundant from May to July. The abundance positively correlated with water
temperature and negatively correlated with salinity. A single neritic species: Zonosagitta nagae.

The differences in the seasonal occurrence among the oceanic species can be explained by the optimum
temperature and the vertical distribution of each species. On the other hand, the high abundance of the neritic species,
Z. nagae from May to July can be explained by the seasonal abundance of prey, calanoid copepod.

Also, the seasonal succession of zooplankton assemblage in the inner part of Suruga Bay was summarized on the
basis of the present result and previous reports dealt with copepods and appendicularians collected by a same Norpac
net.
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Fig.1 Map showing the station (@) where plankton samples were collected from April 1979 to
June 1980 off Miho Key, Suruga Bay, central Honshu, Japan.
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Fig. 2 Seasonal changes of temperature (open circles) and salinity (closed circles) at 5-m depth at the
study site (after Itoh et al., 2005).
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Table 1. Monthly occurrence, maximum density (MD) and frequengy of occurrence (FO) of the chaetognaths off Miho Key.

Year 1979 1980
Species Japanese name Month AM J J ASONDTJFMAM]J] MD* FO**
No.of samples 1 5 4 3 2 3 3 4 3 4 2 3 2 4 4
Aidanosagitta crassa f. naikaiensis (Tokioka) F4 74 ¥ Ly [OCNCRCONONG) 41.3 25.6
Aidanosagitta neglecta (Aida) EXN Y XYLy O0O0b0b0OOOO0OO O O 8.6 64.1
Aidanosagitta regularis (Aida) A e VA O © O o0 O 1.0 25.6
Ferosagitta ferox (Doncaster) B XLy ONONONCRCONCNONONO) O O 16.6 61.5
Ferosagitta robusta (Doncaster) E e VN [OCNONONONONCNONG) O 2.0 41.0
Flaccisagitta enflata (Grassi) T IY LY O0O0Oo0Ob0bOoOoO OO OO 8.6 76.9
Flaccisagitta hexaptera (D’orbigny) I A YLy O O 0.4 5.1
Mesosagitta minima (Grassi) EXV LY O0O00O0O0O00O0ObOO0bOO0b0OOOOO0O 84 846
Serratosagitta pacifica (Tokioka) Ja¥)vYLay OO0 0OO0OO0ObO0O0OO0 11.0  56.4
Serratosagitta pseudoserratodentata (Tokioka) bt X/ aFxV YLy (ONG@) 3.1 7.7
Zonosagitta nagae (Alvarifio) IYUH YAy ©O00000bO0O0bO0O0bOoOO0O0OOo O 172.5 100.0
Zonosagitta pulchra (Doncaster) E A e VAN O © © 0 O 2.7 30.8
Pterosagitta draco (Krohn) NTHIVY LY [OCNCHONONONONGO) 1.0 23.1
Krohnitta pacifica (Aida) TAT YLy O 1.9 2.6
Krohnitta subtilis (Grassi) KV Y LY O O 1.7 5.1
O: occurrence in the month, ©: occurrence on all sampling days in the month.
*: indsem™*
% #%: (Number of samples in which the species present)/(total number of samples) X100, caliculated using data from April 1979 to April 1980.
19794 5 ~11H &£ 19804F 5 H 12 100inds-m™ % # 2 T% bIz5 o o, <0 185indsem=3, 149indsem3
otz hy, 1979512 H~804 4 H i i 50indsem™® K & Thote, BHEMEIE, LT, = Frvay (19794 4
Y lieotz (Fig.3)., 7z, FREMEIZI9794, 804 & ~6H), 777¥2s¥v (8~10H), /aFxV¥iry
o 200
E h .
'Y
g im0t / * . J . .
= —
= 'y
'g E 100 + /. /\ /
sz H
8 < 50 + * [ e
g /R SRV Y A [ 3
E 0 ._. ° . ‘.’ ‘...'l-.-.
< 100
e A [ Other
B uiiniis
g . Serratosagitta pacifica
% 80 4+ = giiia b
E \ Mesosagitta minima
E i
< 80+ : B Frerosagitta draco
b= ! A
$ " B Serrstosagitta pseudoserratodentata
E" o7 g X H Zonosagitta nagae
g X
o
% [F] Aidanosagitia neglecta
@ 20 +
% 58! Ferosagitta ferox
™ o4 R i HRsEEE Bl Flaccisagitta enflata
12 3
2 w4 Number of species .f. A'Q $ mAA g
g 8 - ‘/Q .?V.Vl\ Y é.
2 6+ TR IR N a X Ae * . %
X pdfoW AXANAA |G
E 4+ peos 3.' o LW AL o 3\‘ AT 178
Z A A BT e . .
2T o’;‘ﬁ. * ALY aH * .'foﬁ Y .\n'o )
a4 Ad
A M J J A S O N D J F M A M J 0
1979 1980

Month

Fig.3 Seasonal changes in abundance, numerical composition of dominant species, number of species and
species diversity of chaetognaths off Miho Key. Dominant species was defined as species occupying
more than 10 % of total identified chaetognaths in each sample. Species diversity was measured by
Shannon-Wiener index (H’) (Shannon and Weaver, 1963).
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Fig.4 Seasonal change in abundance of the 11 selected chaetognaths off Miho Key. Maximum scale in
Y-axis indicates maximum density (inds. m~2) shown in a parenthesis for each species.
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Table 2. Optimum range (OR) of water temperature and salinity at 5-m depth of the study site
and Spearman’s rank correlation coefficients (SRCC) between abundance and these
environmental parameters for the 11 selected species off Miho Key.

Occurrence X Temperature Salinity
Type Species OR (C)  SRCC  OR (PSU)  SRCC
S-A Aidanosagitta crassa f. naikaiensis 25.7—26.8 0.716%* 30.4—32.6 0.003
S-A Aidanosagitta neglecta 24.3—26.2 0.620+* 32.2—32.8 —0.211
S-A Ferosagitta ferox 18.0—26.8 0.519** 28.5—33.5 —0.336%
S-W Aidanosagitta regularis 15.6—25.7 0.418+* 32.6—33.8 0.300%
S-W Ferosagitta robusta 18.6—26.8 0.388+* 30.4—33.9 0.012
S-W Flaccisagitta enflata 18.4—26.8 0.682+* 30.4—33.7 —0.187
S-W Zonosagitta pulchra 18.4—25.2 0.542+* 31.0—33.7 —0.006
A-S Serratosagitta pacifica 12.5—22.3 —0.256 31.4—33.9 0.255
A-S Pterosagitta draco 17.2—18.6 —0.032 33.7—33.9 0.558==*
A-S Mesosagitta minima 12.3—20.9 —0.513** 32.5—34.3 0.337=*
S-S Zonosagitta nagae 16.4—25.7 0.387+  28.5—33.6 —0.444=*=

Abbreviation of occurrence type: S-A, summer-autumn type; S-W: summer-winter type; A-S: autumn-
spring type; S-S: spring-summner type. Optimum range: ranges of T and S at the sampling days when
population density of each species was greater than the average. *: P <0.05 *+: P<0.01
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5] Flaccisagitta enflata

[l Serratosagiita pacifica

Fig.5 Vertical profile of water temperature (°C) from the inner part of Suruga Bay to southern
waters of Izu Peninsula in October 1979 (upper) and March 1980 (lower) (constructed
from Shizuoka Prefectural Fisheries Experimental Station, 1980-1981). Shaded areas
indicate optimum range of temperature for two oceanic chaetognaths (Flaccisagitta enflata

and Serratosagitta pacifica) .

T5ZEIERETH D, BE¥LslE, KEOERFEAEIX
16.4~25.7°CicH v, EEEKEEZFRY (B~EF)

CREL %200, BREH F) ICBEHEAKERENTSH
STHEEML o7z, KBS, REOEMEEOIEM
EATZ2ERE L CIHEYOBEENEEEFEZ 5T
B, BAECRELEY L LT Calanus sinicus Brodsky
RENTRXARANA T VENEETH S Z EBHL NI
NnTw% (Nagasawa and Marumo, 1972, 1976; 7KK « AL
%, 1982). AEOEKBEEOE -1, 3~5 KB
F5h 7 XAEANA 7 VEOEMEEEEE O ML (R
1EA», 2005) T, 5 HHEIBIEEIC R > TAELTE Y
(Fig.6), BEsRoOBEMHORBMH 4 7 v Corycacus
affinis Mcmurrich % (Itoh and Mizushima, 1999)
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2005), R o X MAHDA T ¥FEAFE (Itoh and
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maigo Ohtsuka, Itoh and Mizushima & F R & #17z (Oht-
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Fig.6 Seasonal abundance of calanoid copepods (modified from Itoh et «l., 2005) and Zonosagitta nagae off

Miho Key.
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B EE LYk Tl A 4 7 Y $ T Heinrich (1961), F2H
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2 XD EE ORISR SR S S,
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SMATBOE NKEREIITE 2 > ¥ — HARYE XK EWFSEATEE
BRESITCEHEOEH—ICE LI E BRHoBEL2EL T,
& 512, Abstract O B % 15 5 7z B K A1 EE
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Fig.7 A schematic scenario of seasonal succession of zooplankton assemblage (calanoids, poecilos-

tomatoids, chaetognaths and appendicularians) in the inner part of Suruga Bay (constructed from
Itoh, 1990; Itoh and Mizushima, 1999 and Itoh et al., 2005). * 1. Paracalanus parvus (Claus) s.l.,
Calanus sinicus Brodsky, Acartia omorii Bradford, Oikopleura dioica Fol. % 2: Labidocera japonica
Mori, Corycaeus affinis Mcmurrich, Zonosagitta nagae. * 3: Canthocalanus pauper (Giesbrecht),
Clausocalanus minor Sewell, Eucalanus pileatus Giesbrecht, Euchaeta rimana Bradford, Acrocalanus
gracilis Giesbrecht, Oncaeca venusta Philippi, Corycaeus andrewsi Farran, Farranula gibbula (Giesbre-
cht), Aidanosagitla regularis, Ferosagilla robusta, Flaccisagitta enflata, Oikopleura longicauda Vogt,
Otkopleura rufescens Fol, Oikopleura cophocerca Gegenbaur etc. * 4: Clausocalanus parapergens Frost
& Fleminger, Ctenocalanus vanus Giesbrecht, Corycaeus furcifer Claus, Oikopleura fusiformis Fol,
Fritillaria pellucida (Busch) etc. *5: Euchivella rostrata (Claus), Undeuchacta plumosa (Lubbock),
Calanus jashnovi Hulsemann. Arrows indicate the flowing direction of energy or substance in the

epipelagic zone.
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