[¥E—

B &b BImATACEEEA B 4BH 15 1-13H (2006)

Journal of The School of Marine Science and Technology, Tokai University, Vol.4, No.1, pp. 1-13, 2006

BRIMTIEIC BT 2 RIBHEYOSh o0

FEE Z2* e NEPIRR*2 o JARH  IE*

Vertical Distribution of Large-Size Chaetognaths in Suruga Bay, Central Japan

Hiroshi ITOH, Yasushi ONO and Tadashi KUBOTA

Abstract

The vertical distribution of large-size chaetognaths was investigated on the basis of 44 samples collected from
Suruga Bay, central Japan, during four cruises carried out in August 1980, November 1981, February 1982 and May
1983. The samples were collected by simultaneous tows with a 160 cm ring net (mesh aperture: 2 mm) at five or seven
layers between surface and 1,000 meters.

A total of 19 species representing 12 genera of 3 families were identified. The number of species was relatively
high in August and November and low in February and May.

Species composition was distinguishable between the epipelagic zone (0-200 m depth) and the mesopelagic zone
(under 200 m-depth). In the epipelagic zone, Zonosagitta nagae dominated through all seasons, associated with
Flaccisagitta enflata in August and November and Serratosagitta pacifica in February. In the mesopelagic zone, the
chaetognath assemblage was characterized by the occurrence of mesopelagic species such as Pseudosagitta lyra,
Solidosagitta zetesios and Eukvohnia fowleri with relatively high species diversity.

The centers of vertical distribution of each species estimated by weighted mean depth involved the following
three zones of the water column:

1) Surface zone (above 200 m-depth): Ferosagitta ferox, F. robusta, Flaccisagitta enflata, Serratosagitlta pacifica,

Zonosagitta nagae.

2) Upper mesopelagic zone (200-500 m): Flaccisagitta hexaptera, Mesosagitta decipiens, Pseudosagitta lyra.
3) Lower mesopelagic zone (500-1,000 m): Eukrohnia hamata, E. fowleri, E. bathypelagica, Solidosagitta zetesios,

Caecosagitta macrocephala.

Among these species, Z. nagae and F. enflata living in the epipelagic zone represented remarkable diel vertical
migration, but P. lyra and S. zetesios living in the mesopelagic zone had no difference in the vertical distribution
between day and night. For S. zetesios, maximum abundance was found in shallower sampling layers in February and
May compared with August and November. This seasonal change of vertical distribution seems to be related with
ontogenetic vertical migration of this species.
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Table1 Sampling data of the materials used in this study.

Time i
Cruise No. Date Estimated depth (m)
from to of tow
BO-80-12 13-Aug-1980 2250-2350 168, 483, 673, 961
14-Aug-1980 0050-0151 6, 60, 110
14- Aug-1980 1341-1441 180, 496, 691, 985
14- Aug-1980 1530-1630 6, 53, 108
TO-81-21 12-Nov-1981 2110-2210 5, 90, 190, 493, 996
13-Nov-1981 0645-0745 2, 70, 135, 333, 659
TO-81-23 24-Feb -1982 1558-1658 2, 82, 142, 324, 626
24-Feb -1982 2100-2200 1, 58, 125, 328, 665
BO-83-05 18-May-1983 1540-1640 5, 103, 200, 416, 776
18-May-1983 2000-2100 2, 101, 220, 387, 699
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Fig.1 Map showing a sampling area (a hatched area) in Suruga Bay, central Japan.
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Fig. 2 Profile of vertical distribution of water temperature at the sampling site.
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Table 2 Seasonal occurrence, maximum abundance (MA) and frequency of occurrence (FO) of chaetognaths in Suruga Bay.

SPECIES August  November February May MA* FO**
EUKROHNIIDAE
Eukrohnia hamata (Mobius) + + + + 42 36.4
FEukrohnia bathypelagica Albarifio + + + + 79 43.2
FEukrohnia fowleri Ritter-Zahony + + + + 83 45.5
SAGITTIDAE
Sagitta bipunctata Quoy & Gaimard + + 10 18.2
Aidanosagitta crassa . naikaiensis (Tokioka) + + 1 4.5
Aidanosagitta regularis (Aida) + 1 2.3
Cuaecosagitta macrocephala (Fowler) + + + + 35 29.5
Ferosagitta robusta (Doncaster) + + + 35 50.0
Ferosagitta ferox (Doncaster) + + 25 18.2
Flaccisagitta hexaptera (D’orbigny) + + + + 66 77.3
Flaccisagitta enflata (Grassi) + + + + 7525 68.2
Mesosagitta decipiens (Fowler) + + + + 128 54.5
Pseudosagitta lyra (Krohn) + + + + 180 75.0
Serratosagitia pacifica (Tokioka) + + + + 124 79.5
Serratosagitta pseudoserratodentata (Tokioka) + + + 17 29.5
Solidosagitta zetesios (Fowler) + + + + 99 59.1
Zonosagitta nagae (Alvariiio) + + + + 5031 95.5
Zonosagitta pulchra (Doncaster) + 1 2.3
KROHNITTIDAE
Krohnitta subtilis (Grassi) + 2 2.3
+: occurrence in the month.
*: inds. haul™*
**: (Number of samples in which the species present) / (total number of samples).
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Fig.3 Dendrogram for group classification of samples by the cluster analysis on the basis of chaetognath

assemblages with numerical composition of dominant species, abundance, wet weight, number of
species and species diversity of chaetognaths in each sample. Sample number shows the sampling
information: Month-Day/Night-Depth (m). Dominant species was defined as species occupying
more than 1095 of total abundance of chaetognaths identified to species level in each sample. Species
diversity was measured by Shannon-Wiener index (H’) (Shannon and Weaver, 1963).
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Fig.4 Maximum, minimum and average of weighted mean depth in eight sampling series for the 13 selected

species of chaetognaths in Suruga Bay.

B YN WS e



BRBC B 0 5 BHE OMIE SR

Flaccisagitta enflata (inds. haul™)

800D 2000 1000 O wee 2000 10 5 0 5 10 10 5 0 5 10
0 + f— +— — + —nt t t
o — —
H I ;
™! =
200 4 i + ' ¥ ! +
I ik :
! i
i i
—~ | [ ! i
E I
!
£ s+ + ‘ 4 1
=%
o | T
o | ]
|
f
i
|
1000
Zonosagitta nagae (inds. haul '}
3000 1500 9 1500 3000 3000 1500 © 1560 3600 300 150 i 150 300 6000 3000 0 3000 6000
0 ; . . : - o ; . ' .
i1 . /
3= H
200 4 T - + + + =
‘
: ".
. | \
= . | \
E i
|
o~
=3 500 4 }: i + -‘ 1 4
© I ;
o ! ! I
— | J
‘ \
! |
1000 : ‘
Pseudosagitta fyra (inds. haul™")
200 100 [\ 160 00 200 100 o 100 200 200 100 a 100 200 200 100 ¥ 100 200
g —+ f : ; . ' + ¢
B,
20 1 + —=, + ! - 4 L
2 — , -
~ . —T
S50 — 1 1 / 1 : !
a : L
o / | |
(=} _ v : ‘
—3 i [ —
1000 — .
Sofidosagitta zetesios (inds. haul "}
120 80 a 60 120 120 &0 0 60 126 120 80 0 80 20 120 60 0 60 120
0 + t + t t t t +
4 I
200 L 1 1 4 1 I 1 i
— "-“ 2 ) | - R
E | | | | SN
— I O , | — .
; i L i i
£ 5w | IS i 1 \ 1 i \
=% B ! ! I |
8 . t ‘a | |
a S t i ‘
— ] ' B
1000 i g |
Day Night Day Hight Day Night Day Night
August November February May
Fig.5 Vertical distribution of abundance of the four selected

chaetognaths (Flaccisagitta enflata, Zonosagitta
nagae, Pseudosagitta lyra and Solidosagitta zetesios) in Suruga Bay.
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Fig. 6 Body length distribution of two epipelagic chaetognaths (Flaccisagitta enflata and Zonosagitta nagae)
in upper three sampling layers in November, 1981. Body length is measured from the top of the head

to the posterior end of the tail.
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Table 3 A species list of chaetognaths hitherto recorded from Suruga Bay.

Reference*

Family Species Japanese name 1 ) 3 s s . 7
SPADELLIDAE
Spadella spp. AVYLYVIE +
Bathyspadella edentata Tokioka S VAN VN +
EUKROHNIIDAE
Eukrohnia hamata (Mobius) 70— Y LAY + + +
Eukrohnia bathypelagica Alvarifio + + +
Eukrohnia fowleri Ritter-Zahony + +
Heterokrohnia bathybia Marumo & Kitou +
SAGITTIDAE
Sagitta bipunctata Quoy & Gaimard Yoy +  +
Aidanosagitta neglecta (Aida) EXH T Y LY +  + + +**
Aidanosagitta crassa f. naikaiensis (Tokioka) F+A A4 ¥YALy + + + + +
Aidanosagitta regularis (Aida) A VN + + + +
Caecosagitta macrocephala (Fowler) P VN + + +
Ferosagitta robusta (Doncaster) iRV o B e VAN +  + +  +
Ferosagitta ferox (Doncaster) b e VN + + + +
Flaccisagitta hexaptera (D’orbigny) TF Y LAY + + + + +
Flaccisagitta enflata (Grassi) TV ALY + 4+ + + +
Mesosagitta minima (Grassi) EXY LY + + 4+ 4 4
Mesosagitta decipiens (Fowler) FHAY LY + + + 4+ +
Mesosagitta neodecipiens (Tokioka) + + + +
Parasagitta elegans (Verrill) FIY LY +
Pseudosagitta lyra (Krohn) I NI VN + + + + +
Pseudosagitta scrippsae (Alvarifio) FIYANTI Y LY +
Serratosagitta pacifica (Tokioka) Ja¥)vLray + 4+ + + +
Serratosagitta pseudoserratodentata (Tokioka) E X/ aFV YAy + + + + +
Solidosagitta zetesios (Fowler) ST P LAY +  +  + +
Zonosagitta bedoti Beraneck NF—=bFY LAY +  + +
Zonosagitta nagae (Alvariiio) IR VY LAY + 4+ + + +
Zonosagitta pulchra (Doncaster) E N e VAN +  +
PTEROSAGITTIDAE
Pterosagitta draco (Krohn) NTHI Y LY + + + +
KROHNITTIDAE
Krohnitta subtilis (Grassi) RY YAV + 4+ 4+ + +
Krohnitta pacifica (Aida) TAT Y LAY + + +

*: 1. Tokioka (1939a); 2. Marumo (1966); 3. Marumo and Nagasawa (1973); 4. Nagasawa and Marumo (1975); 5. Kubota et al. (1977);
6. Nagasawa and Marumo (1982); 7. Ono (1998) including data of the present study.
**: gpecies that did not occur in the four cruises treated in the present study.

FFIZ 200m UE CAML b OB o dFEgEnTns
EFZ oD, 2T 200m LB BT 5 B D EMRK % 3K
B THR T 2729, Fig.3cBWT 7V — 7B 2k
LlcikhcowT, REMRE (SRR, 2001) ZERSL T2
ALY =P EITo% (Fig.7)., 7> Fu2Z 5 A0FIF
Fig.3 L1358 7% 0, RACHOREIERDIX 8 HIZT &k
Sz, E5IZ, EHEOMKICIZEENIC XD KX B s
H B, 500m AR OFEE TIEZ  OFEIICIT v Y Y L
YOEIENEL, T Ral I A TN V=R LT
SHOSFEKTIZa v 4 ¥ ¥4y, Eukrohnia fowleri, E.
bathypelagica DENERE L, Y HA4 7 b Y LAy OEE
MEWHETHBEL Tz, fRTHRIZ LS 7V
A7 nVv—7 B O#E L, FEAIREEREE 720 Tk <,
B, ESHEERR (H) ChbAEENEboh, 7
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, FHRAYLNY, A NTY Y LYhEESE (200~500
m) &, ¥4 7 bv¥YLy, 7u—r¥Yiay, Eukroh-
nia bathypelagica, E. fowlevi, X 27 7 % ¥ ISHETE
(500m PAEE) 4345 @ Hul % D 5 C, Marumo  and
Nagasawa (1973) 12 X Z2HHEB ORERE—Z L7z, 2D
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Fig.7 Dendrogram for group classification of samples collected from mesopelagic zone by the cluster analysis

on the basis of chaetognath assemblages excluding epipelagic species with numerical composition of
mesopelagic species. Sample number shows the sampling information: Month-Day/Night-Depth (m).

D, ZLTC77 YLy E/aAF)¥ividBEEEOFE
# (Kuroda, 1976, 1977) & L CHIo 1, HE TEICHAR
OHFLRD 2 7 v —rY AL, HROWEHECHMHL, &
W CIRE B TR EEICH Y 27 (Alvariio,
1964), Eukrohnia bathypelagica & E. fowleri 1%, Vinogradov
(1968) DT L 2 3 DDTNV—TDHT, kbEVLE
BJE (500~1,000m LAEE) 2O V=TT 2T
H3. LLEOSRESTIE, RKEH S 100m J&OHFM)IR
KENFEREEARDEBEK (EREREGAK), 100~200m &
F TOMNERAK (BFEIFEA), 300~1,200m &2 d 2 5
/g (HEEERPEA), 1,200m EBUEICH 5
TR DK (RSFEEEEIEAK) 5 S 7% 2 BRI OSRTE KB
Mg (dft, 1982) WBBORAMELTWE EWwZ LI,
RBUIESIEOFODB DLV H VYA ET I TV LY
TiE, ¥EEATORHE CHHBZ: H RS ERE DD &
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ER#H I DWW TId Nagasawa and Marumo (1975) 73,
777X AV OWTIX Furuhashi (1976) 23BEIC ke L
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Fig. 8 Upper limits of vertical distribution of Solidosagitta zetesios in central part of Suruga Bay
at five autumn- and three winter- cruises (modified from data by Ono, 1998). Each bar
shows the depth of the shallowest layer in layers where S. zefesios was collected in each

sampling time.
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