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ABSTRACT: The Japan Sea is a semi-isolated marginal sea connected to the Pacific by 4 shallow straits.
The only important current flowing Into this sea today is the warm Tsushima Current entering through
the southern strait. Between 20000 and 10000 yr ago, the cold Oyashio Current flowed into the Japan
Sea through its northern straits. The epipelagic chaetognath Sagitta elegans was introduced into this
sea during this period, but shallow straits prevented the invasion of deep-sea chaetognaths. All other
chaetognath species were introduced into this sea by the warm current within the last 10000 yr and inhabit the epipelagic layer. S. elegans is distributed as deep as 1000 m or more, but feeding activity is
low in the deep water. The size and number of grasping splnes and teeth of the Japan Sea specimens
are larger than those from the Pacific. They have also developed intestinal tissue containing oil droplets, like meso- and bathypelagic specles. These features are adaptations to the deep-water environment. The vertical dispersal of S. elegans is facilitated by the absence of competitors such as Eukrohnia
hamata, E. fowleri and S. macrocephala in this marginal sea.

INTRODUCTION

The Japan Sea is a semi-isolated marginal sea with
an average depth of 1350 m and a maximum water
depth of approximately 3700 m in the northern basin. It
is connected with the Sea of Okhotsk, the North
Pacific, and the East China Sea through 4 shallow
straits: Tatarskiy Strait (15 m), Soya Strait (55 m),
Tsugaru Strait (130 m), and Tsushima Strait (130 m).
The only important current flowing into the Japan Sea
today is the Tsushirna Current, a branch of the warm
Kuroshio Current, which enters through the Tsushima
Strait between Kyushu and Korea and flows out to the
Pacific through the Tsugaru Strait and Soya Strait.
Water of the Japan Sea proper occupies the deeper
parts of the Japan Sea (below 200 m) and is characterized by low temperature (0.1 to 0.3 'C), low salinity
(34.0 to 34.1 PSU) and high dissolved oxygen content
(5 to 6 ml 1-l) (Zenkevitch 1963). It has long been
known that both boreal and subtropical faunas exist together in the greater part of the Japan Sea (Nishimura
1965).
Sixteen species of pelagic chaetognaths in 3 genera
have been reported from the Japan Sea (Kitou 1974).
O Inter-Research 1993

Sagitta elegans is a relatively large boreal chaetognath
which is most abundant in neritic waters. Its usual
southernmost limit of occurrence is the lower boundary of the Pacific Subarctic Water (Bieri 1959, Alvarino
1965). S. elegans have been collected in water of the
Japan Sea proper and show a remarkable diurnal vertical migration (Terazaki & Marumo 1979).Fifteen species of temperate and subtropical chaetognaths are
carried into the Japan Sea by the Tsushima Current
(Kitou 1974).
The present study aimed to clarify whether Sagjtta
elegans inhabits the meso- and bathypelagic layer of
the Japan Sea. For this purpose, studies on distribution
pattern, feeding habits, chemical components, and
morphology have been performed since 1970.

METHODS

Zooplankton was collected by ORI-100 net (Omori
1965) and MTD net (Motoda 1971) on 5 cruises aboard
the RV 'Hakuh6 Maru' and RV 'Tansei Maru' of the
Ocean Research Institute, University of Tokyo, during
1970, 1984, 1985, 1987 and 1989 (Fig. 1). In August
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individuals was counted and then the
length of the longest hook was measured under the microscope with a micrometer (Cruise KH-84-3).
Hydrographic data from CTD casts,
bathythermograph casts or Nansen bottle casts (Cruise KH-70-4) were collected at all stations.

In the laboratory, Sagitta elegans
Stage I11 (adult), Stage 11, Stage I and
juveniles were thoroughly sorted from
the original samples according to
Thomson's (1947) criteria, and the number of individuals for each stage was re40~
corded.
The gut contents of each individual
collected during Cruises KH-84-3, KT85-14 and KT-89-8 were examined with
a stereomicroscope. Consumption by
Sagitta elegans of other animals in the
net could have unnaturally increased
the frequency of food items in their gut;
therefore, food organisms in the mouths
were not included in the data. The foodEast China Sea
30'
containing ratio (FCR; number of S. elegans containing food organisms in the
gutltotal number of S. elegans exam120"
130"
140" E
ined) was obtained for different layers.
oKH-70.4 oKH-84-3 X KT.85-l4
KT-87-7 *KT-89.8
The cod end bucket of the MTD net
a 'ylinder (5 cm diameter,
Fig. 1. Sagitta elegans. Sampling stations In the Japan Sea and present current
10 cm length) made of polyvinyl chlosystem around the Japanese islands. [Stns A and C from Thuesen (1988)l
3

1970 during Cruise KH-70-4, an opening-closing ORI100 net with a 1 mm mesh size was towed horizontally
at 2 knots in 11 to 15 different strata at Stns H133,
H136 & H139. Simultaneous horizontal tows were carried out with 5 to 13 MTD closing nets with a 0.33 mm
mesh size in September (Crui.se KH-84-3: Stns 7,
11, 16, 21 & 29; Cruise KT-85-14: Stn B) and in June
(Cruise KT-87-7: Stn 2; Cruise KT-89-8: Stn 2'). The
course of the net in the water was directly recorded
with a TSK Depth Distance Recorder A flowmeter was
set on each net ring to measure the volume of water filtered. Sampling procedures are summarized in Table
1. Collections were preserved in 10 % formalin seawater neutralized with hexamine or sodium tetraborate.
Some samples collected durlng Cruises KH-84-3 and
KT-87-7 were rinsed quickly with distilled water and
then stored in the dark at -80 T for carbon and nitrogen content analyses. Material for histological study of
the intestinal tissue was fixed in Bouin's fluid durlng
Cruise KH-84-3. Thereafter, the fixed tissues were em5 Pm thickness and
bedded in paraffin, sectioned
stained with haematox~linand eosin. The number of
grasping hooks, anterior teeth and posterior teeth of 20
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ride and GG54 nylon netting bag (0.33 mm mesh size)
which covers the posterior half of the cylinder.
Therefore, S. elegans cannot survive in the cod end
during sampling and the feeding in the net can be
neglected.
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RESULTS
Distribution

Seventeen species belonging to 3 genera were collected from the Japan Sea on our 5 cruises: Sagitta
crassa, S. elegans, S , enflata, S. ferox, S. hexaptera, S.
minima, S. nagae, S , neglecta, S. pacifica, S. pseudoserratodentata, S. regularis, S. robusta, S. decipiens, S.
lyra, Pterosagitta draco, Krohnitta pacrfica and K. sub-

tilis.
The most abundant species was Sagitta elegans,
comprising 93.9 to 100.0 % of the individuals collected
from the 0 to 1000 m layer (Fig. 2).
Sagitta elegans typically inhabits the upper 100 to
150 m in the arctic and subarctic areas of both the
Atlantic and Pacific (Alvariiio 1965, Terazaki &

Fig. 3. Vertical profiles of water temperature and salinity at
Stns H133, H136, H139 & B

Table 1. Data on zooplankton sampling in the Japan Sea
Cruise

Stn

Towing
method

Sampling layer (m)

2-5 Aug 1970

Horizontal

5 Aug 1970
6 Aug 1970
6-9 Aug 1970

Oblique
Oblique
Horizontal

6 Aug 1970
17 Aug 1970
18-21 Aug 1970

Oblique
Oblique
Horizontal

Surface, 0-45.0-65, 150-250,180-280,
260-360,550-600,570-730, 850-1100,
870-1050, 1300-1650, 1600-2000,
3500-3850
0-950
0-1200
Surface, 0-50,O-75, 120-165, 140-180,
240-320,350-450,430-680.590-800,
1300-1620, 1750-2400
0-1200
0-1100
Surface, 0-30, 0-40,50-100, 110-200,
150-210, 160-340, 180-310,390-580,
480-550, 550-800, 600-1000,
1000-1400, 1100-1700. 1600-2200
0-850
0-1250
Surface, 200, 500, 700, 1000
Surface. 200, 500. 700, 1000
Surface, 200. 500. 700. 1000
Surface. 200. 500. 700. 1000
Surface, 200. 500. 700. 1000
Surface, 10, 20, 30, 50, 70, 100, 200, 300,
400, 500, 700,1000
Surface, 10, 25, 50, 100, 250, 500, 750,
1000, l500
Surface, 25, 50, 100, 200, 300, 500, 750,
1000, 1250, 1500

Date

Type of net

20 Aug 1970
22 Aug 1970
11-12Sep1984
13-14 Sep 1984
17 Sep 1984
24 Sep 1984
27 Sep 1984
7-8Sep1985

ORI-100
MTD
MTD
MTD
MTD
MTD
MTD

Obllque
Oblique
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal

10 Jun 1987

MTD

Horizontal

9 Jun 1989

MTD

Horizontal
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S. hexaptera, S. decipiens, S. minima,
S. nagae and Ptero-sagitta draco were
distributed in the surface layer above the
thermocline, and S. elegans was abundant below 200 m (Fig. 6).
The vertical distribution was slightly
shallower in the daytime than at night at
Stn B (Fig. 7). Clear evidence of diurnal
vertical migration as described by
Terazaki & Marumo (1979)was not recognized, because our sampling stratum was
too large.

Stage Ill

Stn HI33

Food items and FCR

2000

2000

L

Stn H136

Stn H139

Fig. 4 . Sagitta elegans. Vertical distribution of each maturity stage at Stns
H133, H136 & H139 during Cruise KH-70-4

Marumo 1979, Terazaki & Miller 1986).A distinct thermocline and salinity gradient existed in the epipelagic
layer (upper 200 m) at all stations (Fig. 3). The surface
layer at Stns H136, 11, 16, 29 & B was influenced considerably by the warm Tsushima Current. Water colder
than 2 "C was present at depths below 200 m. In the
Japan Sea, S. elegans was distributed widely between
50 and 2000 m . The layer of maximum abundance differed with sampling area. Juveniles had different distributions from maturing and adult individuals (Fig. 4 ) .
They were abundant from 50 to 500 m in the northern
Japan Sea (Stns H133, H139, 7 & 11) and from 200 to
700 m in the southern Japan Sea (Stns H136, 21 & 29)
where the warm Tsushima Current was rather shallow
(Figs. 4 & 5). High concentrations of adults (more
than 100 ind. per 1000 m3) were found in the layer
below 500 m. S. enflata, S. robusta, S. pacifica,

A total of 1510 out of 6053 individual
Sagitta elegans were found to have one or
more prey organisms in their gut. The
predominant prey were copepods, and
the proportions of Copepoda, Chaetognatha, Ostracoda and unidentified
items in the gut of S. elegans were 74.6,
1.7, 3.4 and 20.3 %, respectively (Table 2).
Most frequent were calanoid copepods
such as species of Neocalanus and
Paracalanus. Scaphocalanus sp. and
Aetideus sp., which also were found in
S. elegans gut contents, are meso- and
bathypelagic calanoids. There was no
die1 variation in the proportions of the
various prey ingested.
The FCR of Sagitta elegans from the
surface layer (Stns 7 & l l ) was very high
(44.7 and 73.6 %) compared with that in
other strata. FCR decreased with depth
and was 0 % in the layer below 1000 m

Table 2. Sagitta elegans. Food organisms found in the gut

Food organisms
Copepoda
Neocalanus spp.
Paracalanus parvus
Paracalanus sp.
Acrocalanus gracilis
Scaphocalanus sp.
Oithona sp.
Und~nopsissp.
Aetideus sp.
Unidentified calanoids
Unidentified copepods
Chaetognatha
Sagitta elegans
Ostracoda
Conchoecia pseudodiscophora
Unident~fiedorganisms

%
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Fig. 7. Sagitta elegans. Vertical distribution at Stn B during
Cruise KT-85-14. Shaded area represents the proportion of
Stage I11 individuals

Stn 21

1 L-

1000

loo

collected from the meso- and bathypelagic layer below
200 m contained large numbers of yellow oil droplets
(Table 6).

Grasping hooks and teeth
Stn 29

I ~ I S . I ~ O O m3
O

Fig. 5. Sagitta elegans. Vertical distribution, with water temperature profiles, at Stns 7, 11, 21 & 29 during Cruise KH-843. Shaded area represents the proportion of Stage I11
individuals

(Table 3). There were no marked differences in FCR
between day and night except at 200 m depth at Stn B
(Table 4). The nighttime FCR in the layer between 200
and 500 m at Stn H133 was 14.0 % (Table 5 ) .
Bodies of Sagitta elegans (almost Stages I1 and 111)

Fig. 6. Vertical distribution of pelagic chaetognaths, with
profiles, at Stn H136

Grasping hooks are used in seizing prey, and the
much shorter anterior and posterior teeth curving
around the front of the head also assist in capturing
Prey.
The number of hooks and teeth of Sagitta elegans increases as individuals mature. The numbers of hooks,
anterior teeth and posterior teeth of S. elegans collected from the Japan Sea (Stn 11) were, respectively,
8 to 11 pairs, 4 to 8 pairs, and 10 to 24 pairs. On the
other hand, the numbers of hooks and anterior and
posterior teeth of S. elegans inhabiting the epipelagic
layer of the Pacific side of the sampling area (Stn 37) were 8 to 10,
3 to 7, and 6 to 10, respectively.
Japan Sea S. elegans had large
hooks compared with Pacific specimens (Fig. 8). A relation was established between the maximum
hook length ( Y ) and body length
(X). Regression equations in the
Japan Sea and the Pacific were,
respectively, Y = 0.042X- 0.117
(R2= 0.992) and Y = 0.038X- 0.151
(R2= 0.994). The 2 regression Lines
were significantly different, and
the F-value obtained in the analysis of covariance was 59.62. The pvalue with respect to the F distribution
(with df = 21, 2) was much
water temperature
less than 0.01.
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Table 3. Sagitta elegans. Food-containing ratio (%) at Stns 7,
11, 21 & 29 during Cruise KH-84-3. -: no sampling
Sampling depth
(m)

Station
7

11

21

29

Table 4. Sagitta elegans. Food-containing ratio (%) at Stn B
during Cruise KT-85-14
Sampling depth
(m)

Day

Night

Pacific Ocean
o Japan Sea

Body length (mm)
Fig. 8. Sagitta elegans. Relationship between largest hook
length and body length of indiv~dualscollected from the
Japan Sea and Pacific Ocean

Table 5. Sagitta elegans. Food-containing ratio (%) at Stn
H133 during Cruise KH-70-4
Sampling layer
(m)

Day

Night

Table 6. Sagitta elegans. Percentage of individuals with bodies containing oil droplets at Stns 7, 11, 21 & 29 during
Cruise KH-84-3. -: no sampling
Sampling depth
(m)
0
200
500
700
1000

Station
7

11

21

29

0
0
2.7
0

0
0
10.2
1.4
0

0
34.0
2.9
-

3.0
9.1
24 3
0

-

P

P

Intestinal tissue
After capture, the prey is pushed into the mouth, in
which it is lubricated by pharyngeal secretions, and
then passed to the posterior intestine. Here the food is
rotated and moved back and forth until it is broken
down. The intestine is lined with secretory and absorptive cells (Grey 1930). Generally, the body width of

Sagitta elegans in the Japan Sea is greater than that in
the Pacific. S. elegans, collected from the layer
between 200 and 700 m at Stn l l in the Japan Sea, had
well-developed intestinal tissue (100 to 300 pm thick),
but it was very thin (less than 100 pm) in S. elegans inhabiting the epipelagic layer at Stn 37 in the Pacific
(Fig. 9). Small oil droplets were recognized in the intestinal tissue, as mentioned above.

Chemical composition
The regression between body carbon and body
length of Sagitta elegans collected from the meso- and
bathypelagic layer at Stn 7 was higher than that for
individuals from the epipelagic layer of the Pacific
(Fig. 10) and the regression equations of body length
(mm; X) vs carbon (mg; Y) in the Japan Sea and the
Pacific were Y = 0.057X1-'61(R2 = 0.693) and Y =
0.002X2.093
(R2 = 0.778), respectively. However, the 2
regression lines were not significantly different, as the
F-value obtained in the analysis of covariance was
1.854.Mean carbonhitrogen ratios of S. elegans in the
Japan Sea and Pacific were 4.7 (SD = 0.1) and 3.5 (SD
= 0.2), respectively.

DISCUSSION
Much information has been presented on the vertical
distribution of Sagitta elegans in the northern North
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Fig. 9. Sagitta elegans. Transversc section of part of trunk showing intestinal tissue (IT) a n d female gonad (FG) of individuals
collected from the Japan Sea (A; 35 mm body length) and the Pacific Ocean (B; 33 mm). Scale bars = 100 M m

Pacific Ocean (Tchindonova 1955, Bieri 1959, Alvarifio
1965, Kotori 1972, King 1979, Sullivan 1980, Terazaki
& Miller 1986) and S. elegans is a typical epipelagic

. .
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I

0

.

•

Pactlic Ocean

species in the Subarctic Water. But during our cruises,
many individuals were collected from water of the
Japan Sea proper, below a depth of 200 m. According
to Terazaki & Marumo (1979), S. elegans inhabiting
the Japan Sea undergo larger-scale diurnal vertical
migration compared with the Pacific populations. The
distance of vertical migration at the station (42" 30' N,
138'34'E) in the northern Japan Sea was 10 to 20 m in
juveniles, 20 to 30 m in Stage I , 90 to 170 m in Stage I1
and 150 to 200 m in Stage I11 (adult).Therefore, it is not
possible that large individuals distributed in the mesoand bathypelagic layer below 500 m reach the epipelagic layer by upward migration. Apart from S. elePolycjrrus medusa,
gans, 3 species of Polychaeta
Chaetozone setosa and Anobothrus gracilis, which are
distributed in the epipelagic layer of the Pacific - were
collected from water of the Japan Sea proper
(Uschakov 1955).Nishimura (1968)reported that many
fishes which are epipelagic in the Pacific Ocean were
distributed in deep waters of the Japan Sea. A large
herbivorous copepod, Neocalanus cristatus (Stage V ) ,
-

8

0 Japan Sea

Body length ( mm )

Fig. 10. Sagitta elegans. Relationship between body carbon
and body length of individuals collected from the Japan Sea
and Pacific Ocean

86

Mar Ecol. Prog. Ser. 98: 79-88, 1993

has been reported to occur as deep as 1600 m (Miller et
al. 1984) and 2000 m (Sekiguchi 1975) in the northern
North Pacific, whereas the maximum sampling depth
of N. cristatusin the Japan Sea was 3850 m (Terazaki &
Wada 1988).
Eukrohnia hamata and Sagitta scrippsae are abundant species in the epipelagic or upper mesopelagic
(200 to 500 m) layer of the Pacific near the Tsugaru and
Soya straits (Kitou 1974, Kotori 1976, Terazaki 1992).
There is no previous report of their collection from the
Japan Sea, and we could not find these species during
our 5 cruises. Recently, many physical oceanographers
have discussed the current system in the Tsugaru and
Soya straits. The effect of the Tsushima Current was
very strong in both straits. However, no counter-current from the Pacific into the Japan Sea was detected
(Aota et al. 1988, Shikama unpubl.). The absence of E.
hamata and S. scrippsae from the Japan Sea strongly
supports the results of investigations by physical oceanographers. Water exchange through the
Tatarskiy Strait, which is only 15 m at its deepest
point and freezes except in summer, is very infrequent (Tabata et al. 1980). Therefore, the oriqn of S.
elegans living in the Japan Sea is a n interesting
problem.
Japanese geologists have studied the paleoenvironmental changes in the Japan Sea dunng the last 85 000
yr from the sedimentary record in a piston core from
the O h k d g e . According to their reports (Kato 1979,
Masuzawa & Ktano 1983, 1984, Oba et al. 1991),5 distinct changes are revealed. Between 85 000 and 27 000
yr ago, the warm Tsushima Current did not flow into
the Japan Sea, and cold surface water conditions prevailed. conditions at the sea floor fluctuated between
dysaerobic and weakly oxic. Between 27 000 and
20 000 yr ago, freshwater input to the Japan Sea, probably from the Huang Ho River in Chma, stratified the
water column, and severely anoxic conditions eliminated most benthic fauna. Between 20 000 and 10 000
yr ago, the cold Oyashio Current flowed into the Japan
Sea through the Tsugaru Strait, re-establishing deepwater ventilation. Between 10000 and 8000 yr ago
the foraminiferan compensation level gradually rose
to a depth less than 1000 m, and bottom conditions
changed from dysaerobic to oxic. At 10 000 yr ago, the
warm Tsushima Current began flowing into the Japan
Sea through the Tsushima Strait, to establish the modern oceanographic regime which has existed over the
last 8000 yr. If this scheme is valid, it becomes considerably easier to understand the invasion of Sagitta elegans from the North Pacific Ocean, and the significance of vacant niches in the deep water between
20 000 and 10 000 yr ago.
Recently, an electrophoretic isozyrne study was
undertaken to compare the genetic composition of

Sagitta elegans in the Japan Sea with that in the
Pacific (Thuesen 1988). S. elegans was found to display
very low levels of genetic variability. On the basis of allele frequencies at 2 enzyme loci it is possible that S.
elegans population samples collected in the Japan Sea
were reproductively isolated from those at Stns A & C
(see Fig. 1) in the Pacific. However a preliminary study
of genetic distance suggests the range of variation is
intraspecific. Ten thousand years is not long enough
for geographic speciation in the case of the
Chaetognatha.
Morphological differences are recognized in the
grasping hooks, teeth and intestinal tissue between the
Japan Sea and Pacific populations. The Japan Sea
Sagitta elegans has many large hooks and teeth, like
meso- and bathypelagic species (Terazaki 1993a), and
their intestinal tissue was thick compared with the
Pacific S. elegans. The high C/N ratio of S. elegans in
the Japan Sea might be caused by body lipids, since
many oil droplets were contained in the intestinal tissue.
In the Pacific Ocean, Sagitta elegans inhabits the
epipelagic layers, Eukrohnia hamata the epipelagic
and upper mesopelagic layers, E. bathypelagica the
mesopelagic layer (200 to 1000 m), S. macrocephala
the lower mesopelagic and bathypelagic layers (500 to
2000 m ) , and E. fowlen the layer below 1000 m
(Alvarino 1965, Terazaki et al. 1985, Terazaki & Miller
1986, Terazaki 1992). The vertical dispersal of S. elegans in the Japan Sea is facilitated by the absence of
competitors such as E. hamata, E. bathypelagica,
E. fowlen and S. macrocephala. According to Sullivan
(1980), S. elegans preyed on larger copepods than
did Eukrohnia hamata at a station in the subarctic
Pacific. Main food organisms of S. elegans were
Neocalanus cristatus, N. plumchrus, Metridia pacifica
and Oithona similis, whereas E. hamata consumed
Oncaea sp. On the other hand, in the Japan Sea S. elegans consumed copepods of a wide range of sizes,
mainly calanoids.
FCR decreased with depth and was very low in the
mesopelagic layer despite the large biomass of
copepods. The FCR of juvenile, Stage I , 11, 111 and IV
individuals of meso- and bathypelagic chaetognaths
(Sagitta zetesios) inhabiting Sagarni Bay, central
Japan, were 15.5, 20.7, 13.2, 1.5 and 3.2 %, respectively. Young S. zetesios had a high FCR compared
with matunng and adult individuals (Terazaki &
Marumo 1982). The same phenomenon was recognized in the Japan Sea, but the gut of S . elegans collected from the layer below 1000 m was always empty.
It may be suggested that the low temperature (below
1 "C) of water in the Japan Sea proper controls the
feedlng a c t ~ v ~ of
t y S. elegans. However, maturing and
adult animals have developed intestinal tissue contain-

Terazaki: Deep-sea adaptation of a chaetognath

ing lipid, like meso- and bathypelagic species, allowing them to endure starvation.
Reproduction of Sagitta elegans was reported in
Toyama Bay, southern Japan Sea, where a distinct
thermocline existed in the epipelagic layer due to overlayering of the Tsushima Current. S, elegans had 2
spawning periods during the year, separated by distinct gaps in both presence of mature individuals and
appearance of new juveniles. Generation lengths were
10 to 12 mo (Terazaki 1993b).Therefore, S. elegansliving in water of the Japan Sea proper are able to adapt
to maintain their population in an environment which
is unfavourable compared with the Pacific side. Deepsea adaptation since their invasion from the Pacific
Ocean has enabled the dispersal of their niches into
various waters of the Japan Sea.
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