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Reconstruction of the feeding activity of marine
top-predators foraging at sea

Yan ROPERT-COUDERT ", Akiko KATO" and Yasuhiko NAITO"

Abstract : Top-predators in the Southern Ocean consume large quantities of marine resources
and therefore, interact significantly with human fisheries. Thus, collection of information on
seabird and marine mammal feeding activity is of prime importance but their behaviour at sea
cannot be assessed directly. Consequently, over the last three decades researchers have at-
tached micro-data recorders to marinc predators. These units monitor various parameters as a
function of time. The measurement of the feeding activity of seabirds and marine mammals
while at sea has evolved from indirect to direct methods, the latest consisling of monitoring the
internal temperature of these predators. Recently, substantial progresses were made when tem-
perature was recorded in the upper part of the osephagus of seabirds in tandem with the record-
ing of other parameters. After a briefl review of the various methods to determine the feeding
activity of top-predators at sea, this article will discuss the results and potential of internal tem-
perature recorders with a special emphasis on oesophageal temperature recorders-for determin-
ing the foraging behaviour of seabirds and marine mammals.
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1. Investigating the feeding activity of ma-
rine animals: a key parameter to the man-
agement of marine resources.

Among the abundant fauna of top-predators
exploiting the Southern Ocean, seabirds are the
largest by number (CROXALL, 1984; CROXALL et
al.,1984), with penguins representing up to 90%
of the bird biomass in the Antarctic regions
(MoucIN and PrevosT, 1980). In addition, both
marine mammals and seabirds consume key
species in the trophic chains of this ecosystem,
which makes them potential competitors with
human fisheries (FURNESS, 1990; FURNESS and
COOPER, 1982). Over recent years, conflicts be-
tween fisheries and ecologists have sometimes
resulted in controversial measures. Although
“culls”, consisting of the removal of predators
in order to optimize the development of prey
stocks for fisheries, have been apparently suc-
cessful in some instances, the underlying ef-
fects of organism removal is still incompletely
controlled due to the complexity of trophic
chains (see Yobzis, 2001). Thus, an understand-
ing of the feeding ecology and the food require-
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ments of marine top-predators is of prime im-
portance. Using these predators as bio-
indicators of marine resources(e.g. CROXALL et
al., 1988; FUrNESS and NETTLESHIP, 1990) could
help improve conservation and management of
both the seabird community (HunT, 1991) and
the stocks of the marine resources (CCAMLR,
1986; CROXALL et al., 1988).

In this respect, studies on the feeding
behaviour of seabirds and marine mammals at
sea have flourished despite the difficulty of di-
rectly observing the animal foraging in its
natural environment: Although seabirds and
marine mammals need to replenish regularly
their oxygen reserves at the water surface, a
large component, if not all (in the case of pen-
guins or seals), of their foraging activity takes
place underwater. In the early eighties,
progress in the micro-chip technology branch
was applied to marine biology and opened a
new area of science where the activity of ani-
mals in an inaccessible environment could be
monitored by devices collecting time-series
data (KooyMaN and Davis, 1982; Le BOEUF et
al.,1988;NAITO etal.,1990). These devices, termed
loggers, are attached to animals departing for a
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foraging trip and are recovered when the ani-
mals return to land to feed their offspring.
Thanks to this technology, several insights in
the “hidden” life of marine top-predators have
been highlighted (e.g. WILSON, 1992; Le MAHO,
1994). Earlier pioneer works demonstrated the
unexpected diving capacities of seabirds and
marine mammals (KooymaN, 1989) and re-
searchers have become aware of the large vol-
ume of water column that these animals can
exploit.

However, despite an intensive use of loggers
over the past three decades, the timing of prey
intake, the amount of food ingested and the
prey pursuit and capture by good marine top-
predators remain poorly understood. These pa-
rameters are extremely difficult to monitor and
are in most of the case, estimated by indirect
means. In this article, we wish to review briefly
the different methods for determining the feed-
ing activity of marine top-predators, with spe-
cial emphasis on recent studies that involve
recording the internal temperature in the up-
per part of the digestive system of seabirds
(ANCEL et al., 1997; ROPERT-COUDERT et al., 2000
a; 2001a). In this regard, the accuracy of
oesophageal temperature logger for detecting
prey ingestion (especially in penguins), as well
as estimating the amount of food ingested and
the prey species ingested, will be discussed be-
low. Finally, the potential of internal tempera-
ture recording for ecological studies concern-
ing foraging strategies resulting in optimized
prey detection and capture will be highlighted.

2. Indirect information about the feeding

behaviour

Because visual observations of marine ani-
mals feeding close to the shore (e.g WILSON,
1996) or from boats (KOOYMAN, 1975; KoOYMAN
et al., 1971) are few and the amount of informa-
tion collected is necessarily restricted, the feed-
ing activity of animals have often been
discussed based on indirect information. Two
examples of investigations of the feeding
behaviour through indirect evidence are dis-
cussed below:

1-Where do top-predators feed? This ques-
tion can be envisaged from two point of views,
the horizontal (latitudinal and longitudinal)

and vertical (depth zone in the water column)
point of view. From an horizontal point of
view, the preferred foraging grounds of ani-
mals at sea have been extensively investigated
using remote-sensing methods such as satellite
telemetry (WEIMERSKIRCH and WILSON, 1992;
BosT et al., 1997; KERRY et al., 1995) or using log-
gers attached on the animals that record, for in-
stance, the heading and swim speed in order to
reconstruct the route taken by animals (see
WILSON and WiLsoN, 1988). These studies
showed that top-predators can travel astonish-
ing distances at sea, flying up to 15,000 km (as
is the case for the Wandering albatross,
Diomedea exulans, JOUVENTIN and WEIMER-
SKIRCH, 1990) or swimming regularly 400-600
km from their colony (in the case of King pen-
guins, Aptenodytes patagonicus, BOST et al.,
1997). After adopting a straight course to bring
them to a foraging site, top-predators generally
remain in specific areas where they concen-
trate their diving activity, revealing in this the
location of their favorite food resources (BosT
et al., 1997; BORNEMANN et al., 2000; PUTZz et al.,
2000). In the Southern Ocean, these preferred
feeding zones have been often shown to coin-
cide with marine frontal structures where
upwelling movements of water result in en-
hanced primary, and consequently, secondary
and tertiary production (TYNAN, 1998). Sub-
stantial information on the status of a given
ecosystem can be oblained when the preferred
foraging grounds of top-predators can be di-
rectly correlated with prey availability
(WEIMERSKIRCH ef al., 1994; BovyD et al., 1994;
KITAYSKY et al., 2000; WIENECKE et al., 2000;
RODHOUSE et al., 2000).

Among marinc top-predators, marine mam-
mals and a large proportion of seabirds pros-
pect an important proportion of the water
column, down to 500 m (in the case of emperor
penguin, Aptenodytes forsterii, KOOYMAN and
KoovyMAN, 1995) or 600 m (in the case of North-
ern Elephant seals, Mirounga augustirostris, Le
BorUF et al., 1988). Thus, studies about pre-
ferred foraging grounds of such deep diving
species, should take into account their vertical
distribution. Therefore, among the various pa-
rameters recorded by loggers over the past dec-
ades, diving depth recordings have revealed
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Fig. 1. Dive depth and swim speed recorded as a function of time in a free-ranging King penguin,
Abptenodytes patagonicus. Arrows indicate undulations in the bottom part of the depth profile
(top graph) and accelerations oberved in the swim speed profiles (bottom graph) that are

thought to represent prey pursuit.

the depth where prey are caught (WiLson, 1989;
SEDDON and VAN HrEgzik, 1990; WANLESS et al.,
1993). Moreover, analysis of the diving depth of
marine animals gives indirect indications on
the feeding behaviour, for example, using
abrupt changes in depth — sometimes termed
undulations, wiggles or zigzags — observed at
the bottom part of the depth profile of diving
seabirds (e.g. WiLsON, 1995), as indicators of
prey pursuit. On a finer scale, drastic accelera-
tions recorded during swimming by King pen-
guins are believed to represent active pursuit
of prey and, as such, an indicator of feeding ac-
tivity (Fig. 1, see ROPERT-COUDERT et al., 2000b
for details). However, it is necessary to confirm
that a pursued prey is actually ingested.
Moreover, although the capture speed dis-
played by predators is related to prey escape
speed (WiLsoN and ROPERT-COUDERT, sub-

mitted), information on the species and
amount captured are not provided by these
types of data.

2-What do top-predators consume? In paral-
lel with the location of animals at sea, the as-
sessment of the diet composition of marine
seabirds and mammals has evolved from post-
mortem analysis of the stomach contents, feces
and pellet identification (See review in
FUrNESs and MONAGHAN, 1987; see also JACKSON
and DUFrY, 1984), to the recovery of the stom-
ach contents by non-mortal pumping and
flushing methods (EMISON, 1968; DAHLGREN,
1982; WILSON, 1984). The evolution of the diet
within individuals (e.g. KATO et al., 1996) and
/or during the breeding season (ApaMs and
KLAGES, 1987, Ripoux and OFFREDO, 1989) has
helped highlight depletion in certain marine
stocks (CROXALL et al., 1999; IRVINE et al., 2000)
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or environmental fluctuations (AINLEY et al.,
1998). However, all of these methods are sub-
ject to bias (see BEDARD, 1976; CROXALL and
PRINCE, 1980; CARSS et al., 1995), especially since
a portion of the food ingested is digested while
animals are at sea (WILSON et al., 1989). Differ-
ential digestion, examined in the Jackass pen-
guin, Spheniscus demersus (WILSON et al., 1985;
WILSON ef al., 1989) may lead to an underesti-
mation of the amount of food ingested or the
preferred prey type. In seals, the accumulation
of prey remains adds to the difficulty of an ac-
curate estimate of the food consumption (see
GaLEs and RENOUF, 1993).

The necessity of relating the location of the
animals at sea to the type and amount of prey
captured, as well as the incomplete information
brought by collection of stomach contents, has
meant that the direct measurement of the food
intake of free-ranging animals is a particular
challenge to researchers.

3. Direct recording of the feeding activity: in-
ternal temperature loggers.

Since most of the top-predators in the South-
ern Ocean are endotherms—i.e. maintain a high
internal temperature independent of ambient
temperature — the recent monitoring of the in-
ternal temperature of predators has revealed
much about feeding habits (see BENGSTON,
1993; e.g. GALES and RENOUF, 1993; HEDD et al.,
1996; WiILsON et al, 1992), because these
endotherms ingest mainly ectothermic prey
(i.e. body temperature = water temperature)
which cause precipitous drops in the predator
stomach temperature (WiLsoN and CULIK, 1991;
WILSON et al., 1992). In addition to feeding
behaviour studies, the physiological adapta-
tions to diving of marine mammals and birds
has been investigated in a number of studies
based on the principle of internal temperature
recordings (HandRICH ef al., 1997; WILSON and
CuLIK, 1991).

Temperature has been primarily monitored
in the stomach of a variety of marine mammals
and birds (KaTo et al., 1996; PUTz, 1994; PUTZ,
and BosT, 1994; WEIMERSKIRCH and WILSON,
1992; WiLsoN, and CuULIK, 1991; WILSON, et al.,
1992; 1998). In such studies, animals were in-
duced to swallow stomach temperature

loggers, which are generally cylindrical de-
vices built into an inert metal housing to resist
digestive acids. One or two tmermistors at the
extremities of the device record the tempera-
ture. However, when placed in the stomach,
several factors tended to decrease the effi-
ciency of the loggers in detecting prey inges-
tion over time since the stomach fills and prey
items may cover the sensor (see review in
GrEMILLET and PLOS, 1994; WILSON et al., 1995).
In addition, the likelihood of detecting ingested
prey depends on the position of the logger in-
side of the stomach (GREMILLET and P1L.0s, 1994,
WILSON et al., 1995b) because body tempera-
tures of diving seabirds may also fluctuate in-
dependent of feeding activity (e.g. BEVAN et al.,
1997, CuLK ef al., 1996; HandRICH et al., 1997,
WiLsoN and GREMILLET, 1996. For example, if
the sensor is in direct contact with the stomach
wall, the temperature recorded can remain con-
stant, or vary little, even when pray are in-
gested (ROPERT-COUDERT ¢! al., 2000a).
Recently the monitoring of seabirds
oesophageal temperature showed promising re-
sults for the detection of prey intake (ANCEL et
al., 1997; CHARRASSIN et al, 2001; ROPERT-
COUDERT et al., 2000a; 2001a). These loggers are
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Fig. 2. Presentation and attachment of oesophageal
temperature logger (UME-TT generation, Little
Leonardo, Tokyo, Japan) illustrated on an Adélie
penguin, Pygoscelis adeliae. Technicals informa-
tion about the logger can be found in ROPERT-
COUDERT et al., 2000a (see text).
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similar to stomach temperature recorders but
the thermistors are located in the anterior par
of the oeosophagus, at the end of a soft plastic
cable of various sizes that emerge from the cy-
lindrical body of the logger being placed in the
stomach (Fig. 2). Calibration experiments
showed that the higher a sensor was placed in
the digestive system, the better the detection of
prey ingestion (CHARRASSIN et al., 2001) since

prey items are not warmed up and do not cover
the sensor. In addition, the time lag between in-
gestion and the detection of the drop is also
considered minimal (ROPERT-COUDERT et al.,
2000a). In a study by CHARRASSIN et al.(2001)
during deployment of oesophageal loggers on
free-ranging King penguins, the sensor was
kept in position by suturing it to the wall of the
oesophagus by surgery that necessitate animal
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Fig. 3. Internal temperature recordings in the oesophagus and the stomach of captive Adélie pen-
guins, Pygoscelis adeliae, with several temperature drops corresponding to the ingestion of Ant-
arctic krills, Euphausia superba. In a) the thermistor in the stomach is in direct contact with the
stomach wall. In b) both the oesopageal and the stomach thermistors detect prey ingestion but
the detection rate in the stomach decreases as the stomach filled. Note in b) the clarity of the
temperature drops recorded in the oesophagus compared to that in the stomach.
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anesthesie. This requires a substantial invest-
ment in term of logistics as well as time since a
delay is necessary between the operation and
the moment the animal can depart to resume
normal foraging activity at sea. Therefore, in
order to reduce the stress implicit in surgical
procedures, a non-invasive method was ini-
tially tested on captive Brandts cormorants,
Phalacrocorax penicillatus Brandt (ANCEL et al.,
1997) and successfully applied to free-ranging
Adélie penguins (ROPERT-COUDERT et al., 2001
a). Here, the body of the logger was placed in
the stomach while the sensor was held sus-
pended in the oesophagus just under the open-
ing of the mouth by a filament externally
attached on the plumage of the birds (see Fig.
2). The whole system can be placed on birds in
less than 20 minutes and no delay is necessary
between fitting and birds release. The main
problem encountered with such system is the
substantial rejection rate of the logger in the
stomach (ROPERT-COUDERT et al., 2001a). Iow-
ever, this can be solved by incorporating a re-
taining system to the logger such as the anchor
system described by WILSON et al., (1998). The
reliability of the measurement and the ease of
deployment and retrieval of oesophageal tem-
perature devices, as experienced on seabirds,
makes it a convenient tool for field studies.
However, although the principle is theoreti-
cally applicable to any endotherms, oesopha-
geal temperature recording method remains to

Temperature (° C)

v

be tested on pinnipeds. For such animal, sur-
gery and anesthesie are still a necessity for de-
ploying oesophageal temperature loggers.

4. Progress made due to internal, especially
oesophageal, temperature loggers:

Internal temperature loggers have revealed
much about the rate of prey ingestion at differ-
ent scales. Following diel rhythm in vertical
migration of prey (WILSON et al., 1993), King
Penguins ingest only 17% of the total prey
catching during a foraging trip at night (Bost
et al., 1997). In being able to ascertain that prey
are caught primarily during the day confirmed,
in many cases, that seabirds are essentially vis-
ual hunters, e.g. the Northern Gannet Sula
bassana (GARTHE et al., 1999). Finally, the iden-
tification of the rate of prey ingestion during a
specific dive showed that, for instance, both
King and Adélie, Pygoscelis adeliae, penguins
optimize the hunting component of dives by
catching a non-negligible percentage of prey
during the ascent phase of dives (ROPERT-
COUDERT et al., 2000b; 2001a), previously de-
fined as a commuting phase only (see WILSON,
1995 for review).

By using internal temperature logger, it is
possible to determine the exact number of prey
ingested during a foraging trip and we are now
reaching a stage where it will become possible
to determine the percentage of prey that is di-
gested at sea. This could help elucidate how
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Modified from WILSON et al., 1995

Fig. 4. Schematic diagram showing the problems raised by the calculation of the mass of prey in-
gested using the integral method when multiple prey are ingested. In a) a single prey is in-
gested and the calculated integral(shaded area) is a good estimator of the mass of prey
ingested. In b)and ¢) a second prey is swallowed before the asymptote reach the original tem-
perature value and the utilization of the area might underestimate the actual mass of prey in-
gested. Graphs modified from WILsoN et al., 1995 with permission of the author.
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birds balance their own body maintenance
with the provisioning to their offspring. How-
ever, since such investigations depend on the
capacity of recording clear temperature drops,
oesophageal temperature logger appears to be
particularly suitable (Fig. 3, ROPERT-COUDERT
et al., 2000a). Internal temperature loggers offer
another substantial advantage over other log-
gers in enabling the mass of food ingested to be
more precisely estimated (WILSON et al., 1992).
It has been proposed that the energy invested
to heat the prey items ingested in the stomach
is directly related to the mass of the prey in-
gested (WILSON ef al., 1995). Thus, the mass of
prey can be estimated by calculating the inte-
gral under the curve of the temperature drop
(Fig. 4a; sce WILSON et al., 1995 for details), al-
though one should bear in mind that problems
occur when several prey are ingested in rapid
succession (Fig. 4b; GREMILLET and PL0OS, 1994).
However, probably due to this confusion effect
and in relation with the clearer signal obtained
when the sensor is placed closer to the mouth,
the magnitude of temperature drop monitored
in the oesophagus, has also been shown to be a
reliable estimator of the mass of prey swal-
lowed (ROPERT-COUDERT et 'al., 2000a). Such re-
lationships not only provide information about
the mass of prey ingested but can also be used
to determine the species ingested. Seabirds, es-
pecially penguins, are mainly specialists
(CroXALL and LisSHMAN, 1987) consuming a lim-
ited number of prey species (see review in
WILLIAMS, 1995). Within a particular prey spe-
cies, birds seem even to select a specific cate-
gory of the prey population, this being well
illustrated by Adélie penguins which tend to
capture, overall, a greater proportion of gravid
females of Antarctic krill Euphausia superba
(ENDO et al., 2000). The fact that there is often
a difference in mass between prey types means
that the mass of prey ingested may help iden-
tify the prey species captured. By comparing
the distribution of diverse prey caught in the
three dimensions of a marine ecosystem it may
be possible to map overall distribution using
marine top-predators. Moreover, the capacity
of top-predators to shift from one main target
species to secondary ones can be analysed ac-
curately.

In addition, knowledge of the exact amount
of prey swallowed provides us with data for
calculation of the energy gained by animals at
sea. Energetic content of prey can be deter-
mined in calorimetric chambers and the corre-
sponding value can be used to quantify the
energy gained at sea. Furthermore, using inter-
nal temperature loggers, researchers can calcu-
late indices of foraging efficiency, such as the
catch per unit effort (abbreviated as CPUE) for
marine top-predators(GREMILLET, 1997; GARTHE
et al., 1999), similar to indices used in fisheries.
Such indices consider the percentage of prey
caught at a particular depth in relation to the
time spent by the predator at that depth and
thus, relies on an accurate determination of all
prey ingested. An example of a CPUE calcu-
lated on a free ranging Adélie penguin is
shown in Fig. 5. In this figure the depth zones
of maximum hunting success are easily visual-
ized. Moreover, the amount of energy gained
per unit of time at sea can be determined and
examined with regards to the amount of en-
ergy required expended by the birds and the
amount of energy by the offspring. This is rele-
vant in the context of analysis of energy
balanves and of the breeding success of ani-
mals that are exploiting a fluctuating environ-
ment.
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Fig. 5. Catch per unit effort (CPUE, see text) in a
free-ranging Adélie penguin, Pygoscelis adeliae,
equipped with oesophageal temperature logger
in tandem with a depth logger. X, Y and Z axis
arc the maximum diving depth (m), the time
spent per depth unit (s) and the CPUE value, re-
spectively.
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The previous paragraphs showed the poten-
tial in internal temperature loggers for the de-
tection of the timing of prey intake or amount
of food ingested. Such information can be used
to estimate energy gained per individual and
/or to quantify marine resources. However, de-
termination of the exact moment a prey is
swallowed also allows researchers to unravel
the foraging strategies that lead to successful
prey capture. Indeed, thanks to the timing of
capture, it is possible to distinguish successful
from unsuccessful dives and to compare their
characteristics. To perform this type of analy-
sis, one should be able to record multiple data
per individual, including the internal tempera-
ture as direct indication of feeding. Although
the technologies permitting large amount of
data to be stored in loggers are relatively re-
cent, some studies have clearly demonstrated
the benefits derived from this integrative ap-
proach. Thus, the simultaneous recording of
depth utilization, swim speed and oesophageal
temperature of free-ranging Adélie penguins
has demonstrated how these birds change their
dive angle and swim speed according to prey
encounter (ROPERT-COUDERT et al, 200la;
2001b). Apart from confirming or refuting pre-
vious hypotheses about the marine top-
predators foraging strategies based on simple
observation of depth or speed profiles (cf. be-
ginning of paragraph 3), the use of accurate, di-
rect recording of the feeding activity of marine
animals in tandem with the monitoring of
other parameters, has meant that a whole new
area of science is opened to investigation.

5. Conclusions—Perspectives

Regarding the results presented in this re-
view, direct measurement of the feeding activ-
ity is not only a parameter in itself, it is also a
basis from which various parameters and infor-
mation derive, offering several levels of analy-
sis. To be complete, one should mention that
further progress in the described methodology
is still needed. Internal temperature drops can
have various origins. For example, it remains
difficult in some instances to differenciate be-
tween the ingestion of prey and the ingestion
of water or ice: this has been shown to occur in
seals (GALES and RENOUF, 1993) as well as in

Adélie penguins (ROPERT-COUDERT et al., 2001
a). Multiple data recording could thus be criti-
cal in helping address this problem. In addition,
the effect of logger attachment has been care-
fully investigated and loggers have been con-
stantly improved in order to reduce the stress
incurred by the animals. However, develop-
ment of less invasive methods is still regarded
as important. In addition, ameliorations should
be added to present methods so that their ap-
plication can extend to various species of ma-
rine predators with different feeding and
foraging habits.
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Allozyme determination of genetic diversity in Japanese
and Thai populations of Oval Squid
(Sepioteuthis lessoniana Lesson, 1830)
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Abstract : Genetic variation and genotypic population structure of two geographic popula-
tions of oval squid(Sepioteuthis lessoniana Lesson, 1830), captured from Nagasaki(Japan) and
Rayong(Thailand) were investigated using multi-locus allozyme analysis. On the basis of 22
loci screened, the percentage of polymorphic loci and observed heterozygosity were 4545 %
and 0.28 for Japanese and 50.00 %6 and 0.23 for Thai populations, respectively. These results sug-
gest relatively high genetic diversity within the representative populations of S. lessoniana. At
the same time, low genetic distances between these population were observed(D=0.003). A lack
of genetic differentiation between the Japanese and Thai populations of S. lessoniana suggests
a panmictic gene pool of S. lessoniana over a wide geographic area.

Key words : Thailand, population genetics, squid, Sepioteuthis, electrophoresis

1. Introduction

At least 31 cephalopod species belonging to
17 genera and 10 families are recognized in
Thai waters (CHOTIYAPUTTA, 1993). The annual
catch of cephalopods in Thailand accounts for
5.6 % of the total catch of all marine organisms
(Department of Fisheries, 2000). Among the de-
scribed species, the oval squid (Sepioteuthis
lessoniana) is one of the most landed. This spe-
cies also has potential to be cultured
commerically (LEE ef al., 2001) and is therefore,
regarded as one of the most important cephalo-
pod species in Thailand (NABHITABHATA, 1978
and 1985).

Generally, S. lessoniana can be found from
the sea surface down to approximately 100m in
depth(ROPER, ef al., 1984). It is distributed over
a wide geographic area covering most of the
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ence, Burapha University, Chonburi, 20131, Thai-
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** Faculty of Fisheries, Nagasaki University, 1-14
Bunkyo Machi, Nagasaki 852, Japan.
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Indo-Pacific region, the Indian ocean, Thailand,
Indonesia, northern Australia, north-to-central
Japan and eastward of the Hawaiian Islands
(CARPENTER and NIEM, 1998).

Knowledge on genetic variation levels and
population differentiation of S. lessoniana is im-
portant for the design and implementation of
appropriate fisheries management programs.
However, relatively little is known about the
intraspecific genetic variability of this squid in
Thailand. This information is crucial to a ra-
tional decision whether the exploited species
need to be conserved of further exploited
(CavALHO and HAUSER, 1994).

Accordingly, gene flow is one of the most im-
portant factors responsible for intraspecific dif-
ferentiation of organisms (AVISE, 1994). WARD
and GREWE (1994) compared results from popu-
lation genetic studies of more than 300 animal
species and concluded that mobility is the most
important factor reflecting the apparent mag-
nitude of intraspecific subdivisions. Therefore,
it is not surprising that vagile organisms (high
degree of gene flow) have lower levels of popu-
lation differentiation than do relatively seden-
tary species. The appropriate genetic markers
can be utilized to assist taxonomic iden-
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tification and to increase fisheries management
efficiency in various taxa (KLINBUNGA et al.,
2000). In cephalopods, allozyme analysis has
been used for population genetic and system-
atic studies in several loliginid squids (ALLY
and KEgck, 1978; CHRISTOFFERSON et al., 1978;
SMITH et al., 1981; GARTHWAITE et al., 1986;
NATSUKARI et al., 1986; AUGUSTYN and GRANT,
1988; CaArRvVALHO and LONEY, 1989).

Population genetic studies in Thai squids are
quite limited compared to literature available
from other regions of the Western Pacific
(IzUKA et al., 1994, 1996; YOKOGAWA and UETA,
2000). Furthermore, there have been few publi-
cations documenting genetic divesity of
S. lessoniana from Thai populations (see IZUKA
et al. 1996). The objectives of this study were
twofold. The first objective was to examine the
level of genetic diversity of S. lessoniana cap-
tured from a major Thai fishing ground. The
second objective, was to determine whether
intraspecific population subdivision exists in
representative geographic samples, by allozy-
me analysis of S. lessoniana collected from Ja-
pan and Thailand.

2. Materials and Methods
Sampling

Ninety individuals of the oval squid (S.
lessoniana) originating from Rayong (W=50)
located in the Gulf of Thailand and Nagasaki,
Japan (N=40) were captured. Specimens from
Thailand were kept at —70°C and transported
to Nagasaki University on dry ice. Oval squid
from Nagasaki were captured locally and kept
—80°C. At the Laboratory of Fisheries Biology,
Faculty of Fisheries, Nagasaki University, liver
tissue, mantle and buccal mass were dissected
out from each squid from both populations and
subjected to allozyme analysis.

Allozyme Analysis

Frozen tissue samples were homogenized
mechanically in 0.25 ml of deionized water. To-
tal solute proteins extracted from each individ-
ual were electrophoretically analyzed utilizing
horizontal starch gel (11%) with 3 different
buffer systems namely, C-A (pH 7.0), CAME
(pH 6.8) and TC (pH 8.0) (SHAW and PRASAD,
1970; AEBERSOLD et al., 1972; CLAYTON and

TRETIAK, 1972). The starch gels were subse-
quently stained with 12 enzymes (Table 1).

Data Analysis

Banding patterns on the gels were inter-
preted as reflecting inherited Mendelian genet-
ics predicted by the subunit composition of
each enzyme (MAY, 1992). Observed and ex-
pected heterozygosity were calculated (NEI,
1987). The average effective number of alleles
was examined according to CRow and KiMURA,
(1965). Allele frequencies at each locus of each
geographic samples were calculated and ana-
lyzed against Hardy-Weinberg equilibrium us-
ing goodness-of-fit (G) statistics. Genetic
similarity and divergence were estimated us-
ing Roger’s similarity index (R) (ROGER 1972)
and Nei’s genetic indentity () and distance
(D) (N1, 1987), respectively. Geographic het-
erogeneity in allele distribution frequencies be-
tween populations was also analyzed using the
G statistic.

3. Results

Twelve enzymes were successfully resolved
and used for analysis of allozyme polymor-
phism in Thai and Japanese S. lessoniana.
These accounted for a total of 22 putative loci
(Table 1). A fixed allele was observed in 50%
of screened loci (AK-3*, AK-4*, AK-5", ACP",
DIA-6*, DIA-3*, G3PDH-1*, G3PDH-2*, IDHP-1",
IDHP-2* and MDH-1*). Eleven loci (MDH"*,
PGDH*, DIA-1*, ATT*, AK-1*, AK-2* ¥, ALP"*,
MPI*, GPI*, PGM-1* and PGM-2*) were indi-
cated. Polymorphism was estimated at 5% with
the most common allele being less than 95%
overall in investigated specimens. Seven, six
and five polymophic allozymes could be de-
tected in the buccal mass, muscle and liver tis-
sue, respectively.

Good agreement between observed and ex-
pected heterozygosity of each S. lessoniana
population suggested Hardy-Weinberg equilib-
rium in each population of S. lessoniana at all
loci. All the examples were regarded as repre-
senting simple Mendelian populations. How-
ever, fixed alleles that can differentiate Thai
and Japanese S. lessomiana populations were
not observed. Generally, similar levels of allele
frequencies were observed across all loci
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Tabel 1. The numbers of alleles, protein structure, eletrophoretic buffer systems, and tissue sources of

allozymes screened in this study.

Enzyme ébl?re Tissue
viation
Glycerol-3-phosphate G3PDH-1" M
dehydrogenase G3PDH-2" M
Malate dehydrogenase MDH-1* M
MDH-2* M
Isocitrate dehydrogenase IDHP-1* M
IDHP-2" M
Phosphogluconate PGDH" B, L
dehydrogenase
Diaphorase DIA-1" B L
DIA-2* B, L
DIA-3" B, L
Aspatate amiotransferase AAT” B L
Adenylate kinase AK-1" M
AK-2" M
AK-3" M
AK-4" M
AK-5* M
Alkaline phosphate ALP* B, L
Acid phosphatase ACP” M
Mannose phosphate MPI* M
isomerase
Glucose phosphate GPI" B, L
isomerase
Phosphoglucomutase PGM-1* M, B
PGM-2~ M, B

Buffer No of Protein D

System Alleles Structure
3 1 Tetramer >0.95
3 1
1 1 Dimer
1 2 Dimer >0.95
1 1 Dimer >0.95
1 1
1 3 Dimer <0.95
2 2 Monomer <0.95
2 1 Monomer
2 1 Monomer
1 2 Dimer <0.95
1 2 Monomer <0.95
1 2 Monomer <0.95
1 1 Monomer >0.95
1 1 Monomer >0.95
1 1 Monomer >0.95
2 2 Monomer <0.95
3 1 Dimer >0.95
3 2 Monomer <0.95
1 3 Dimer <0.95
1 2 Monomer <0.95
1 2 Monomer <095

Buffer system: 1=C-A pH 7.0, 2=CAME pH 68, 3=TC pH 8.0

Tissues: M=mantle, B=buccal mass, 1=liver

P=frequency of common allele for polymorphic locus.

except those of GPI* and MDH-2*, which
showed significant differences between locali-
ties (P<C0.05). The Thai squids showed low fre-
quency of alleles a (0.11) and b (0.13) of each
respective locus of MDH-2* and GPI* but these
alleles were not detected in the Japanese S.
lessoniana population (Table 2).

The average effective number of alleles per
locus in S. lessoniana was 1.09. The percentage
of polymorphic loci at 5% level and an average
heterozygosity of the Japanese S. lessoniana
were 45.45% and 0.28, whereas those of the Thai
population was 50.00% and 0.23, respectively
(Table 2). Both Nei's genetic indentity (I=
0.997) and Roger’s similarity index (R=0.973)
were comparable. The genetic distance (D=

-In 1) was 0.003 suggesting close genetic rela-
tionship between these populations. Geo-
graphic heterogeneity analysis did not indicate
any difference in allele distribution frequency
between the Japanese and Thai S. lessoniana
for all loci (P>>0.05).

Discussion

Population differentiation within a particu-
lar species is influenced by several factors such
as, migration (or gene flow), random genetic
drift, modes of natural selection, mutation and
genetic recombination through mating sys-
tems. Additionally, biological factors related to
individual groups of organisms for instance,
ecological factors and life history (SEGAWA et
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Tabel 2. Allele frequencies, percentage of
polymorphic loci, effective number of alleles
and observed heterozygosity of two conspe-
cific populations of S. lessoniana orginating
from Japan and Thailand based on allozyme

analysis. -
Geographic population
Locus  Allele  2Pan Thai
(Nagasaki) (Rayong)
(N=39-40) (N=25-50)
AAT” *a 0.885 0.837
*b 0.115 0.163
AK-I" ‘a 0.461 0.227
*b 0.538 0.773
AK-2" ‘a 0.526 0.660
*b 0474 0.340
ALP* “a 0.125 0.390
“b 0.875 0.610
DIA-1* ‘a 0.387 0.357
*b 0.612 0.643
GPI* ‘a 0.525 0.859
*b 0 0128
‘e 0.475 0.013
MDH-2" ‘a 0 0.110
*b 1 0.890
MPI* ‘a 0.500 0.437
*b 0.500 0.562
PGDH* “a 0.075 0.033
*b 0.862 0.7935
*c 0.062 0.174
PGM-1* “a 0475 0.462
*b 0.525 0.537
PGM-2* a 0.175 0.150
*b 0.825 0.850
% Polymorphic loci 4545 50.00
Effective number of alleles 1.09 1.09
Expected heterozygosity  0.179 0.183
(Hobs)

N=number of individuals assayed.

al., 1993), also play a partitioning role in popu-
lation differentiation (RymaN and UTTER, 1987,
AVISE, 1994).

There have been no publications estimating
genetic variation levels in S. lessoniana in Thai-
land specifically. Whereas, some Japanese
populations have been found to be quite vari-
able genetically (Izuka et al., 1994; YOKOGAWA
and UETA, 2000). Although the sample sizes
used in this study were small, specimens were
collected from two sampling sites located over

thousands of kilometers in distance. Our pre-
liminary results should be reliable for determi-
nation of genetic differentiation within this
species at macrogeographic scales. Neverthe-
less, larger numbers of populatons should be
collected before an unambiguous conclusion on
intraspecific genetic differentiation can be
drawn in S. lessoniana from populations in
closer geographical proximity.

Information from Japanese fishermen reveals
that there are groups of this species (AKAIKA,
SHIROIKA and KUAIKA) distinguished by
body color, shape and meat quality. Such dif-
ferences in appearance have not been reported
in Thailand. Allozyme studies on these groups
suggest genetic differences at the subspecific
rather than intraspefic level of a single species
(IzUuKA et al., 1994). According to 1zZUKA et al.
(1996), S. lessoniana (SHIROIKA) from Hon-
shu, Shikoku, Ryukyu Islands and Thailand
share a common gene pool over their 2,000 km
geographical distance. This SHIROIKA group
is a widely distributed subspecies in the tropi-
cal to warm temperate areas of the northwest-
ern Pacific (Izuka et al, 1994). Although
comparative morphology studies were not car-
ried out, it may be possible that the SHIROIKA
group is closely related to populations of S.
lessoniana in Thailand. This is reflected in lack
of genctic differentiation between this Japa-
nese and Thai S. lessoniana revealed by
allozyme polymorphism. These conclusions
suggest that S. lessoniana may share a panmi-
ctic gene pool over a wide geographic area.
Such patterns may have been mediated by a
shared geological history governed by oceanic
currents. The high % polymorphic loci and
heterozygosity of S. lessoniana in this study re-
flects a large effective population size. Thus, lo-
calized genetic adaptation may take place with
very little differentiation at neutral loci. The
absence of obvious physical barriers between
these two regions might have resulted in a
high gene flow level of this species. Consider-
ing external morphology of S. lessoniana, the
large conspicuous fin implies that it is a vagile
species (ROPER et al., 1984). Therefore, the Thai
and some Japanese gene pools may have be-
come homogenised by its migratory ability.
Conformation of Hardy-Weinberg equlibrium
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as revealed by non-significant difference be-
tween observed and expected heterozygosity
of S. lessoniana, indicates that specimens used
in this study were sampled from a large ran-
dom mating population. However, a compara-
tively greater genetic differentiation of this
squid between other locations in closer proxim-
ity (Izuka et al., 1996) could be due to smaller
effective population sizes, local adaptation, less
potential of gene flow and time of separation.
Some groups of the species within Japanese
waters seem to have barriers to panmixia. Most
notables are oval squid populations surround-
ing the Ogasawara Islands and other sampling
locatities. Is it possible that the Kuroshio Cur-
rent can act as a natural barrier to migration?
The oval squid populations in Japan have dis-
tinct differences in genetic distance values
(Yokocawa and UETA, 2000). The squid popu-
lations in Japanese localities are probably un-
der heavy fishing pressure. This is suggested
by the relatively low average precentage of
polymorphic allozyme loci and heterozygosity
values.

The precentage of polymorphic allozyme loci
in S. lessoniana in this study from both Royong
and Nagasaki was quite high and comparable
to that previously reported in the squids, L.
chinensis (45.5-54.45%), Ommastrephes batramii
46%) and Berryteuthis magister (43%)
(KATUGIN, 1993; YEATMAN and BENzIE, 1993).
However, our reported values were much
higher than that of other groups of S.
lessoniana within the southwestern Japan com-
plex (19.3%) (IzZUKA et al., 1996). Low percent-
age of polymorphic loci has also been reported
for other Loligo species with values ranging
from 0 to 29% (GARTHWAITE ef al., 1986;
AucusTYN and GRANT, 1988; CARVALHO and
LONEY, 1989; YEATMAN and BENzIE, 1993).

Apart from polymorphic loci, average
heterozygosity of S. lessoniana reported in this
study is also higher than that of the same spe-
cies in southwestern Japan (H=0.037) (Izuka
et al., 1996) and other loliginid species. Some
examples are heterozygosity values reported
for L. plei (H=0), L. brevis (H=0) and L. pealei
(H=0.006), (GARTHWAITE et al., 1986), L. opales-
cence (H=0.037) (AucusTYN and GRANT, 1988),
L. vulgaris reynandii (H=0.030) and L. gahi

(H=0.059) (CarvaLHO and LONEY, 1989), L.
bleekeri (H=0.003) (SuzUKI et al., 1993), and L.
chinensis (H=0.006~0.009) (YEATMAN and
BENZIE, 1993).

The difference in genetic diversity in S.
lessoniana detected by allozyme analysis re-
flects the potential of this simple approach for
population genetic studies. Results may be ap-
plied to fisheries management regime of S.
lessoniana at least on a macrogeographic scale.
Therefore, more extensive surveys of genetic
diversity and differentiation of this squid
should be further carried out over other areas
of its distribution. More emphasis could be
placed on populations in closer proximity in
Thailand. Additional molecular approaches, for
example; random amplified polymorphic DNA
(RAPD), restriction analysis of PCR-amplified
mtDNA genes and single copy nuclear DNA
polymorphism (scnDNA) can also be utilized
to ensure more precise conclusions on oval
squid stock structure.
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Seasonal variation of the oceanic condition along the
southern coastal area of Java to Sumbawa, Indonesia

Suhendar I SACHOEMAR ™ and Tetsuo YANAGI™"

Abstract : Field observations to understand seasonal variability of the oceanic condition along
the southern coastal area of Java to Sumbawa were conducted in the northwest monsoon
(April-May 1990) and the southeast monsoon (August-September 1990). The observation was
focused on the monitoring of physical (potential temperature, salinity, sigma- 6 ), chemical
(phosphate, nitrate, silicate), and biological (chlorophyll-e, DO) characteristics through the
season. The oceanic condition was found to be mainly affected by seasonal change of precipi-
tation and upwelling related to the monsoon. The upwelling occurrence in the eastern part of
this region was clearly seen by increasing nutrients concentration, especially nitrate and de-
creasing water temperature at the surface due to the southeast monsoon. The nitrate was a lim-
iting factor for photosynthesis within this region.

Key words : Seasonal vaariation, oceanic condition, southern coastal area of Java to Sumbawa

1. Introduction

The southern coastal area of Java to
Sumbawa is well known as one of the most pro-
ductive area of the oceanic migratory fish such
as skipjack and tuna in the western Indonesia
due to upwelling. That situation has attracted
some investigators to observe the upwelling
phenomena in and around this area from vari-
ous points of view. WyrTKl (1962) demon-
strated the upwelling occurrence within this
region by ascending of low water temperature
and rich nutrient (phosphate) water mass near
thermocline (200m) to the surface in the
southern part of Sumbawa during the south-
east monsoon. PURBA(1995) found the
upwelling by SST(Sea Surface Temperature)
distribution in the narrow areas of the western
Java.

Detailed information of the oceanic condi-
tion, however, is still very limited, particularly
from the view point of conventional parame-
ters and nutrients distribution as well as their
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Sciences, Kyushu University, Kasuga 816-8580, Ja-
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* Research Institute for Applied Mechanics, Kyushu
University, Kasuga 816-8580, Japan

variability in the different seasons along the
southern coastal area of Java to Sumbawa.
Since the area is considered to be affected by
the monsoon (TOMASCIK et al, 1997), seasonal
observation of the oceanic condition is neces-
sary to be conducted within dhis region in or-
der to confirm the upwelling situation related
to the monsoon. The seasonal change is sus-
pected to have strong effect on the water char-
acteristic variability and their distribution in
the water column.

To understand seasonal variability of the
oceanic condition along the southern coastal
area of Java to Sumbawa, we observe the distri-
bution of water temperature, salinity, phos-
phate, nitrate, silicate, dissolved oxygen and
chlorophyll-a during the northwest and south-
east monsoons.

2. Observations

Intensive observations using R. V. Baruna-
jaya 1 of The Agency for the Assessment and
Application of Technology (BPPT) were car-
ried out to collect the numerous data of physi-
cal (water temperature and salinity), chemical
(phosphate, nitrate and silicate) and biological
(chlorophyll-e and dissolved oxygen) parame-
ters. These observations were conducted in
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Fig. 1. Study area, observation stations (@) and bathymetry (m) along the southern coastal area
of Java to Sumbawa. A denotes Bali Island, B and C arc Lombok and Sumbawa Island, respec-
tively. Western part is represented by Legs. | and 2, and eastern part by Legs. 3 and 4.
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Fig. 2(a). Horizontal distributions of potential water temperature (°C), salinity (psu) and
sigma- 6 at the surface layer
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Fig. 2(b). Horizontal distributions of potential water temperature (°C), salinity (psu) and
sigma- 6 at 100m depth.
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Fig. 2(c). Horizontal distributions of potential water temperature (°C), salinity (psu) and
sigma- 6 at 500m depth.
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March—April 1990 (northwest monsoon) and
August—September 1990 (southeast monsoon)
at 29 stations along the southern coastal area of
Java to Sumbawa. The observation stations are
divided into four parallel Legs from the west-
ern (Leg. 1 and 2) to the eastern part (Leg. 3
and 4). The distance between Legs is 500km
and that between stations of each Leg is 50km.
The station number of Leg. 1 to Leg. 3 is 8 sta-
tions, and that of Leg. 4 is 5 stations (Fig. 1).

To wunderstand vertical distributions of
physical parameters, CTD of the Guildline type
was deployed up to 600m depth to record a se-
ries of water temperature and salinity. Poten-
tial water temperature and sigma- 6§ was then
calculated from water temperature, salinity
and the depth (UNESCO, 1973). A series of
chemical and biological data (phosphate, ni-
trate, silicate and dissolved oxygen) were ob-
tained by analyzing water samples at various
depths, which were withdrawn from 12 Niskin
bottles attached to CTD. Phosphate, silicate
and nitrate were then measured by Tecnicon
Auto Analyzer and dissolved oxygen by
Winkler method (U.S. Hydrographic Office,
1959). Biological parameter (chlorophyll-a)
was obtained by filtering water samples at
various depth using 0.45 ¢ Millipore filter HA
WP with diameter of 47Tmm and was then ex-
tracted by 90% acetone and measured by spec-
trophotometer with the wave length of 665, 645
and 630nm (STRICKLAND and PARSON, 1968).
HELLERMAN and ROSENSTEIN (1983) monthly
mean wind stress data derived from 1870-1976
for April, May, Augst and September with reso-
lution of 2° X2°, and bathymetry data of the
National Geophysical Data Center (NGDC)
with resolution of 5" X5" were also collected to
support this study.

3. Results
3.1. Potential water temperature, salinity and
sigma- 6
Horizontal distributions of potential water
temperature, salinity and sigma- 6 at the sur-
face layer, 100m and 500m depths are shown in
Figs. 2 (a), (b), and (c), respectively. In the
northwest monsoon, potential water tempera-
ture is 28.5-29.5 °C at the surface layer, 20.5—
23.0°C at 100 m depth and 8.0-9.0 °C at 500 m

depth. In the southeast monsoon, potential wa-
ter temperature is 26.5-28.0 °C at the surface
layer, 16.0-25.0 °C at 100 m depth and 8.0-9.0 °C
at 500 m depth.

In the southeast monsoon, potential water
temperature at the surface and 100 m depth are
lower than that in the northwestmonsoon.
Moreover, during the southeast monsoon, po-
tential water temperature at the surface layer
of the estern part (Leg. 3) is remarkably lower
than that in the western part (Leg. 1). The
similar situation is also found at 100 m depth.
The lowest potential water temperature of
those layers mainly appears in the nearshore of
the southern coastal area of east Java to Bali
(Stas. 17 and 18 of Leg. 3) and it spread south-
westward to the offshore. At 500m depth, po-
tential water temperature is stable with the
similar pattern in both seasons, that is, high in
the western part (Leg. 1) and low in the east-
ern part (Leg. 3).

In the northwest monsoon, salinity and
Sigma-60 at the surface layer are within 33.3—
33.7 psu and 20.7-21.3, respectively, those at
100m depth are 34.1-34.4 psu and 23.4-24.6 and
those at 500m depth are 34.6-34.8 psu and 26.9
27.0. In the southeast monsoon, salinity at the
surface layer, 100 m depth and 500 m depth are
within 33.9-34.2 psu, 34.4-34.6 psu and 34.6-34.8
psu, respectively. Sigma- 6 is within 21.5-22.3
at the surface layer, 23.0 -24.4 at 100 m depth
and 26.9-27.0 at 500m depth. Salinity and sig-
ma- 6 at the surface layer in the northwest
monsoon are lower than those in the southeast
monsoon. At 100 m depth, salinity is also lower,
but sigma- @ is higher in the northwest mon-
soon. At 500 m depth, salinity and sigma- @ in
both seasons are almost stable in the similar
range. In addition, salinitiy and sigma-@ at the
surface layer both seasons show almost the
similar pattern, that is, low in the western part
(Leg. 1) and high in the eastern part (Leg. 3)
and on the contrary at 100 m depth. The differ-
ent situation, however, is seen at 500m depth
where salinity in both seasons is high in the
western part (Leg. 1) and low in the eastern
part (Leg. 3).

Vertical distibutions of potential water tem-
perature, salinity and sigma- 6 along Leg. 1
and Leg. 3 are shown in Figs. 3(a) and (b),
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respectively. Vertical distributions of potential
water temperature along Leg. 1(western part)
and Leg. 3 (eastern part) show almost the simi-
lar pattern and well stratified in both seasons.
In the surface layer, however, potential water
temperature during the northwest monsoon
(March-April) in the western part (Leg. 1) is
slightly lower than that in the eastern part
(Leg. 3) and the contrary situation is found in
the southeast monsoon (August—September).
The lowest water temperature less than 25.5
°C in the southeast monsoon is found near the
shore of southern coast of east Java (Sta. 17
and 18) in the eastern part (Leg. 3) with
shoreward ascending of the isotherm. The re-
versal situation with the off-shoreward ascend-
ing of potential water temperature is found in
the northwest monsoon, especially at the depth
below 250m in both western (Leg. 1) and east-
ern parts (Leg. 3). The similar ascending
pattern is also found in sigma- @ distribution.
Moreover, sigma- 6 at the surface layer in the
western part (Leg. 1) is slightly lower than
that in the eastern part (Leg. 3) in the north-
west monsoon and contrary in the southeast
monsoon. Different situation is seen in salinity
distribution. It is well stratified in the north-
west monsoon and vertically well mixed in the
southeast monsoon. High salinity water more
than 34.8 psu intrudes in the western part (Leg.
1) at the depth below 200m from the near shore
region during the northwest monsoon.

3.2. Nutrients and DO

Horizontal distributions of nutrients (phos-
phate, nitrate and silicate) and DO at the sur-
face layer, 100m and 500m depths during the
northwest and southeast monsoons are shown
in Fig. 4(a), (b)and(c), respectively. Phosphate
concentration at the surface layer does not
show a significant difference between the
northwest and the southeast monsoon and
they are within 0.12-0.27 x mol/l. The similar
situation is also found on the silicate concen-
tration, and they are within 5-9 ¢ mol/l. Higher
concentration of phosphate and silicate in both
seasons are found at the near shore region of
southern part of the central Java to Sumbawa.
On the other hand, nitrate concentration shows
a significant difference between the seasons

and it is higher in the southeast monsoon, al-
most 2 to b times than that in the northwest
monsoon. Nitrate concentration in the south-
east monsoon is within 0.5-2.3 4 mol/l, but that
in the northwest monssoon is within 0.3-0.5 ¢
mol/l. The highest concentration of nitrate is
also found at the same area with phosphate
and silicate.

At 100m depth, phosphate concentration in
the southeast monsoon is slightly higher than
that in the northwest monsoon. Phosphate con-
centration in the southeast and northwest
monsoons is 0.72-1.62 £ mol/1 and 0.72-1.12 £ m
ol/1, respectively. The similar situation is seen
on silicate concentration, that is within 9-11 p
mol/1 for both seasons. Nitrate concentration
shows significant difference between the sea-
sons, that in the southeast monsoon is higher
than that in the northwest monsoon. Nitrate
concentration in the southeast monsoon is
within 3.7-19.1 £ mol/1 and that in the north-
west monsoon within 3.7-10.3 # mol/1. For these
nutrients, the highest concentration is seen in
the near shore region of southern coastal area
of Java to Sumbawa.

At 500 m depth, phosphate and nitrate in the
southeast monsoon is slightly lower and higher
than those in the northwest monsoon, respec-
tively. Phosphate concentration is within 1.97-
2.27 £ mol/1 in the northwest monsoon and 1.97
-2.17 #mol/l in the southeast monsoon. Nitrate
concentration is within 24.7-33.5 # mol/1 in the
northwest monsoon and 29.1-33.5 # mol/1 in the
southeast monsoon. Silicate concentration is
within 51-65 ¢« mol/l for both seasons. As simi-
lar as at the surface and 100 m depth, the high-
est concentration of phosphate, nitrate and
silicate at 500m depth is also found around the
near shore region of southern coastal area of
Java to Sumbawa.

Meanwhile DO concentration at the surface
layer shows slight difference between the sea-
sons. The DO concentration in the southeast
monsoon and northwest monsoon is within 3.95
~4.45 ml/1 and 4.35-4.45 ml/1, respectively. DO
concentration is slightly lower in the southeast
monsoon than that in the northwest monsoon.
Higher concentration of DO in the southeast
monsoon is seen at the southern part of east
Java to Sumbawa and that in the northwest
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monsoon at the region of southern part of Bali
to Sumbawa. At 100m and 500 m depths, DO
concentration in the southeast monsoon is
slightly lower than that in the northwest mon-
soon. DO concentration at 100m depth is within
2.50-3.75 ml/1 in the southeast monsoon and
2.95-3.75 ml/1 in the northwest monsoon.
Vertical distributions of phosphate, nitrate,
silicate and DO along Legs 1 and 3 are shown in
Figs. 5(a) and (b), respectively. At both Legs 1
and 3, phosphate, nitrate, silicate and DO are
well stratified in both seasons. Large vertical
gradient of phosphate, nitrate and silicate are
seen between 50 to 350 m of both Legs 1 and 3.
Along Leg. 3, higher phosphate, nitrate and sili-
cate concentrations are seen to be migrated up-
ward near shore as similar as DO during the
southeast monsoon. The highest concentration
of DO exists in the layer between 0-50 m depth.

3.3 Chlorophyll-a

Horizontal distributions of chlorophyll-a at
the surface and 75m depth are shown in Fig. 6.
At the surface layer, chlorophylle in the

Hor17omdl dlStrlbUthnQ of phosphate (u mol D, mtrate (umol/l) silicate ( ¢« mol/1)

southeast monsoon is higher than that in the
northwest monsoon. Chlorophyll-e is within
0.15-0.75 £ g/1 in the southeast monsoon and
0.15-0.55 £ g/1 in the northwest monsoon. High
chlorophyll-a concentration in the southeast
monsoon is concentrated at the near shore re-
gion of southern part of east Java and Bali, but
in the northwest monsoon it is concentrated
near shore region of west Java. At 75 m depth,
however, concentration of chlorophyll-¢ in the
southeast monsoon is lower than that in the
northwest monsoon. Chlorophyll-a concentra-
tion in the southeast monsoon is within 0.15-0.
45 1 g/1 with high concentration at the near
shore region of southern part of east Java to
Bali. In the northwest monsoon, chlorophyll-a
is within 0.25-0.75 ¢ g/1 with high concentration
at the near shore region of west Java.

Vertical distributions of chlorophyll-z along
Legs 1(western part) and 3(eastern part) in
the northwest and southeast monsoons are
shown in Fig. 7. Along Leg 1, chlorophyll-a
maximum is seen in the near shore region of
west Java (Stas. 1-4) at 70-80 m depth in the
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northwest monsoon. Along Leg. 3, chlorophyll-
a maximum is concentrated in the near shore
region of southern part of east Java (Stas. 17—
20) at 20-30 m depth in the southeast monsoon.

4. Discussion

The oceanic condition along the southern
part of Java to Sumbawa(Indian Ocean) is pre-
dominantly affected by the meteorological con-
dition. T—S diagram shown in Fig. 8 strengths
this argument. The distributions of TS in both
seasons are nearly the same except the upper
part, that is, water temperature in the north-
west monsoon(o) is higher by 1-3 °C than that
in the southeast monsoon (+). Lower water
temperature at the surfave layer by 1-3°C in
the southeast monsoon shown in Fig. 2(a) is
due to the upwelling generated by the sea sur-
face Ekman transport responding to the south-
easterly wind shown in Fig. 9. The occurrence
of this upwelling is clearly seen in the horizon-
tal distributions of water temperature and nu-
trients at the surface and 100m depth shown in
Figs. 2(a) and (b) and Figs. 4(a) and (b).
Moreover, the subsurface cold water with rich
nutrients also appears in the surface layer of
near shore region of south Bali due to the
upwelling. As shown in Figs. 3(b) and 5(b), the
subsurface cold water with rich nutrients
along Leg. 3 is seen ascending from 250 m
depth to the surface. As consequence, nitrate at
the surface and 100 m depth is also increased
even more than two times. This situation well
agrees with the result of WyrTKI (1962), where
the low temperaturc water mass with high
phosphate concentration ascended to the sur-
face from the subsurface laver (200 m). Such
condition has generated phytoplankton bloom
in the eastern part (Leg. 3) as indicated by
chlorophyll-a increment at the surface and at
15-75 m depth (Figs. 6 and 7). Nutrients and
chlorophyll-a are increased, but DO concentra-
tion at the surface and 100m depth is almost
the same in the southeast monsoon and the
northwest monsoon. This situation suggests
that photosynthetic activity is low during the
upwelling event due to low water temperature.

On the other hand, the distributions of physi-
cal and chemical parameters as well as DO at
500m depth show the similar situation between

the seasons as shown in Figs. 2(c) and 4(c).
This situation indicates that water mass in this
layer is stable than those at the surface and
100m depth. In addition, water temperature and
salinity are higher in the western part (Leg. 1)
than those in the eastern part (Leg. 3) in both
seasons. This indicates that a warm and saline
water mass is transported eastward from the
Indian Equatorial Water.

Higher nutrient concentration at the surface
and 100 m depth shown in Figs. 4(a) and (b) in
both seasons tends to appear at the near shore
region of Bali and spreads to the southwestern
part (Leg. 1). This condition may be occurred
due to the combined effect of tidal mixing in
Bali and Lombok straits and the upwelling gen-
erated by southeasterly wind.

The oceanic condition in the southern
coastal area of Java to Sumbawa shows a spe-
cific variability. Lower salinity and density at
the surface layer in the western part (Leg. 1),
especially at the near shore region of west Java
in the northwest monsoon, is probably due to
large river discharge generated by high pre-
cipitation (SACHOEMAR and YANAGI 1999,
SACHOEMAR and YANAcL 2000). This situation,
however, does not reach to the lower more than
50m depth and no significant effect on the in-
creasing of nutrients concentration at the sur-
face layer as shown in Figs. 2(a) and 5(a),
though high concentration of chlorophyll-a at
the surface layer is obviously seen at this area
(Fig. 6).

Different situation is seen at the eastern part
(Leg. 3) in the southeast monsoon where chlo-
rophyll-¢ maximum is found at 20-30 m depth
(Fig. 7) as similar as high nutrient concentra-
tion as shown in Fig. 5(b). This condition indi-
cates that the upwelling is being occurred at
the eastern part (Leg. 3) in the southeast mon-
soon which is also confirmed by highes chloro-
phyll-a concentration and low water tempera-
ture at the surface layer of Sta.18 in Fig. 9. The
Rossby’s internal deformation length (Lx)
along Leg. 3 is calculated by the following for-
mula:

/ ghih:Bp
V. pH
f

Ly =——""— . (1)



152 La mer 39, 2001

Temperature ( ©C)

I T I T
325 330 335 340 345 350 355

Salinity (psu)

Fig. 8. T-S diagram in the northwest monsoon (o) and in the southeast monsoon (+)

Northwest monsoon Southeast monsoon

AUGUST

00E 105E 110E 115

-5E

-10E

1608 105E 110E 115E 1208 1008 105E 110E 115E 120E
APRIL 10 SEPTEMBER 17)
Scale Scale

Fig. 9. Monthly mean wind stress (dyne/cm?) around Java to Sumbawa derived from the data in
the period of 1870-1976 (Hellerman and Rosenstein, 1983).



Phosphate (uM)

Silicate (uM)

oceanic condition along the coastal area of Java and Surabawa

Depth (m)

Depth (m)

Apr.-May. 1990

(0c)

Temperature.

Aug.-Sept. 1990

Temperature. (9C)

-250

-375 4

-1254

-500

-1254

~250 4

_3754

& -250
=]
L -3754
o
19)
A
-5004
H -625
),07 2'5 3‘0 40 o 1'0 2’0 3'; 40
Salinity (psu), Sigma—0, Nit {1 mots), Salinity (psu), Sigma-8, Nit (g mot),
Chlo (10! gt moin ) Chlo (107! gt mot )
Temperature. (0C) Temperature. (°C)
5 10 15 20 25 30 15 20 25 30
° L : L L )y L L
E _
5
B 375
n
)

~500

-525 T T 1

Salinity (psu), Sigma-€, Nit (1 mom),
Chio (10~ g moin)

Salinity (psu), Sigma-0, Nit (u mom),
Chlo (1071 gt moin)

Sta. 3

Sta. 18

153

Fig.10. Vertical profiles of water temperature (°C), salinity (psu), sigma- 8, nitrate ( x mol/1), and

chlorophyll-e (1 g/l at Stas. 3 and 18 in the northwest and southeast monsoons.

April-May 1990

y = 0.0586x +0.1527

¢ Phos.<200m

®  Phos.>200m
—Linear {Phos.<200m)
——Linear (Phos.>200m)

] 10 20

Nitrate (uM)

70

60 |

50 +  Sil.<200m

40 ®  Sil.>200m

30 ——LlInear (Sil.<200m)
——Linear (Sil.>200m)

20 -

& y =1.1378x + 5.7198
oy e |
0 T .
o 10 20 30 40
Nitrate (uM)

August-September 1990

* Phos.<200m

B Phos.>200m
—— Linear {Phos.<200m)
-—Linear (Phos.>200m)

25
. y = 0.0677x + 0.0089
= 2
2
% 1.5 +— N
*
'§_ 1 00:'0
_g y = 0.0602x + 0.1965
T 05 _ ]
[} —
[} 10 20 30 40
Nitrate (uM)
70
60 +
= 50
2 40
£
S
& 20
10 y=09045x + 57699 |
0
[ 10 20 30
Nitrate (uM)

¢ Sil.<200m

& Sil.>200m
——Linear (Sil.<200m)
Linear (Sit.>200m)

Fig. 11. Correlation of phosphate (4« M) and silicate («M) with nitrate ( M) during the north-
west monsoon (April-May 1990) and the southeast monsoon (August-September 1990).



154 La mer 39, 2001

where g (=9.8 ms ') denotes the gravitational
acceleration, #.(=100 m) and &, (=900 m) the
thickness of the upper and lower layers, respec-
tively, H (=100 m) the water depth, Ap
(=0.003) the density difference between the
upper and lower layers and p (=1.027) the den-
sity in the lower layer and f (=25X10 ®s™!)
the Coriolis parameter from Fig. 10. The width
of the upwelling along Leg. 3 estimated from
Equation (1) is about 656km from the coast,
which corresponds to the width of low water
temperature area (Fig. 2b) and high chloro-
phyll-a (Fig. 6) area along Leg. 3 during the
southeast monsoon.

Observational results also denote that nitrate
concentration in the surface and 100m depth
shown in Figs. 4(a) and (b) are significantly
different between both seasons, that is, nitrate
concentration is high during the upwelling
event in the southeast monsoon. Moreover, ni-
trate seems to be a limiting factor for photo-
synthesis within this region because observed
N/P ratio of 2-10 in the surface and subsurface
layers for both seasons is smaller than the
Redfield ratio of 16 and nitrate in the surface
and subsurface layers (the depth less than
200m) is completely consumed by phyto-
plankton for photosynthesis, though phos-
phate and silicate are remained (Fig.11).

4. Conclusion

Variability of the oceanic condition along the
southern coastal area of Java to Sumbawa is
strongly affected by the meteorological condi-
tion corresponding to the seasonal change of
monsoon. The southeast monsoon has gener-
ated the upwelling at the eastern part of the ob-
servational area. This situation has decreased
water temperature at the surface layer up to
26°C and increased nitrate as well as chloro-
phyll-a significantly more than two times com-
pared to those in the northwest monsoon. The
oceanic condition at the surface layer up to
100m depth is more dynamic than that at 500m
depth. Low salinity and density water mass
due to the effect of high precipitation exists at
the area of the western part in the northwest
monsoon and it also has increased nutrient
concentration which ultimately generates

phytoplankton bloom at the surface and 75m
depth. Nitrate seems to be a limiting factor for
photosynthesis within this region.

Acknowledgment

The authors sincerely thanks to Dr.
Indroyono SoksiLo, MSc of the Agency for the
Assessment and Application of Technology
(BPPT) and Dr. A. G. ILLAHUDE of the Indone-
sian Research Institute (LIPI) for their permis-
sion to use the data of Barunajaya 1 in this
study. Our grateful wish also passes to the
anonymous reviewer for his valuable com-
ments and helpful advices.

Reference

HeLLERMAN and RosENSTEIN(1983): Normal monthly
wind stress over the world ocean with error esti-
mates; Journal of Physical Oceanography, 13,
1093-1104.

PurBa, M.(1995): Evidence of upwelling and its gen-
eration stage off southern west Java during
northwest monsoon. Bul. ITK Maritek, 5(1), 21—
39.

STRICKLAND, J. D. H. and T. R. Parsons(1968): Practical
handbook of sea water analysis. Fis. Res. Board.
Canada, Bull. No. 167: 1-1311.

SACHOEMAR S. I and T. Yanaci(1999): Seasonal varia-
tion in water quality at the northern coast of
Karawang-West Java, Indonesia. La mer, 37, 91—
101.

SACHOEMAR S. T and T. Yanaci(2000): Seasonal varia-
tion in sea surface temperature around Java de-
rived from NOAA AVHRR. La mer, 38, 35-75.

Tomascik, T., A. J. MaH, A. NoNT)1 and M. A. Moosa
(1997): The ecology of the Indonesia seas. Part
One. C. V. Java Books. Jakarta. 642pp.

UNESCO(1973): International Oceanographyc Table,
Vol. 2, National Institute of Oceanography of
Great Britain and Unesco. Paris.

US. Navy Hidrograpic Office(1959): Introduction
manual for oceanographic observation. US. Navy
Hydrogr. Off. Pub. 607, 1-210.

WyrTkl, K.(1962): The upwelling in the region be-
tween Java and Australia during the southeast
monsoon. Aust. J. Mar. Fresw. Res. 17, 217-225.

Recieved September 19, 2000
Accepted August 10, 2001



La mer 39: 155-160, 2001
Societe franco-japonaise d’océanographie, Tokyo

H {A1§I$¥-K

s A
ZEREE

=9

mlll

RET5 7 v, BHEYOERFNPIE

T I

T
¥

Ecological Studies on Carnivorous Plankton, Chaetognatha“®

Makoto TREAZAKI™™

O RED B OLIEFEREE WS, £
LI HEICHELET, INEHAICEYRBEEDOS 51X
BRIBEOIDIC, IO BOBTELILVWEEL
TBhEd,

RSB = e 0 TR T, WEKFHIEOT T
75 v b P TREHEYOARRIC D W T ORIEICH
DA E LD 1968 T TY, LLRE K oo s

WOREART, COFRESHE CHET 3 ENTE
F L0, ABICEETHEELELTED I, K

HRAEETOFRAPLICKNET 5 v 2 b v, BIEH
VIO, AR X CEEARIC S O TRESETYL
e EE T,

BEHY (KRF) GHEHEECEROBRICERL,
Y75 v by OEYED 1 ~ 285D, 14T
SEEICRWTEER /S V-7 Th b, HRINLERAT S
VINVTHAT VR, AFT7 YEBEEFEREAEY

L, BcidA4 vy, =¥ B EERAKEZROH A
WA 5 (TERAZAKL 2000), F R & - TV
KR« ¥y OEEIC L AE R T E WO TR OIERA
P& LTRSS TV B,

HAR#HEICHIRT 2 FEEEYHERO 5 E2ETH
% (3FIF, 1996),

FEFR QD
Sagitta bedoti, S. bipunctata, S. crassa, S. delicata, S.
elegans, S. enflata, S. ferox, S. hexaptera, S. izuensts, S.

minima, S. nagae, S. neglecta, S. pacifica, S. pseudoserr-
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1-15-1 Minamidai, Nakano-ku Tokyo 164-8639
Japan

alodentata, S. pulchra, S. regularis, S. robusta, S.
tumida, Pterosagitia draco, Krohnitta pacifica, K.
subtilis
R (9) -
S.decipiens, S. lyra, S. macrocephala, S. neodecipiens, S.
scrippsae, S. zetesios, Eukrohnia hamata (HEHIET
FEBICSHED, E bathypelagica, E. fowleri

19655 1T MRS 5 & O AN J7 g 38 D 1,000m 2L &
DIRE SN, B L L TR E & N Helerokrohnia
bathybia (MarumO and Krrou, 1966) 1%, Z 1 lIFE%
FHBELTWE L, TEREL OBEIC i Eukrohnia
kitoui (Kuropa, 1981) 2B LTV, o
o RME s TV L, BRI 5 B
FinE, AEEEOTEOLNE V.

HHEMERE

E. hamata FZHROKECAERL, BEmKIE, FEA
ADX O HEEERERCAML, BMCEE L
fov o R (TERAZAKI 1989; TErRAzZAKI and MILLER,
1986) TH 545, {KFEEICHA S I Lichi- THMER
%<H@&ﬁﬁ%ﬁ%ﬁ@b,t?ﬁﬁLmﬁmeo
mPlEICEET 5 (ALvarINO, 1965), E. fowleri (31
BOAFED 700 m LIEOEBICHHET 50, HWHEE
31 fEi&, 71000 m* LR &80, Lin LB H 0,
EREOEENEVA Y FEOT S ETH, NvAE
7 ETIRS0OMEA 1000m” WS BWEERL
(TERAZAKI, 1999),

S. elegans ZIRFED SHAEVETHMGT 508, HE,
Sk AR T A B T R A i 7K D 100

Bleg AL, REBICBESAEHEELBL

(FIEfh, 1985), S. elegans D5YAH O FAMR IZ K EHE Tl
FREE, HAETIEAERETH S (MarUMO, 1966;

TERAZAKI, 1998), HAMED 53 3 B16FE O ¥ 4 v N
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WMEEINTVEY, HRBEESKELTWSE (U,
1974) s REFEL DA S 5 DDMEHS VTN S 130m
L DEROIHREFE, STEBERDOREANG L, #ITH
L FAERIANC AL D Bk, ERBige SiRA L o KB
D S. elegans DR~ ICHEMEHTEICEIG L, 3000m %
THET B X HIT7 - 7o WWEREIC E. bathypelagica, E.
fowleri, S. macrocephala D X 5 1EEETENITE LD -
72D & HAHEEE KN THOMBEOILREES I L &%
Zoh 3 (Terazaki, 1993a),

— PR OBITIER GEA/KED 7 5320/ OEFH I H
LanTVBA CGREE, 1970, HES VT NHOEH
1260 % AMIEHIZ4BTH %, HEHELE O R
S. minima OH T, S. nagae (3% 53 % IT{E T ¢ 3 25,
ZDREHDOEHITIE 80 % T, Eh SRITHh i TH
ERELC DH DL S. enflata & S. reqularis TH 5,
HIKFED S. elegans 13/ LB IHEE O FHH 355, 40
% EHE T,

SRR IR R U, BKBES6BOHEETIE, 4819
HoEFHE s RESH, BMEAEERE (0-200 m)
TIEFBEKBO 7 0 v T 2500 A 1000 m® & —&
£ S S ITHE - THI L TV - 72 (TERAZAKI,
1992) . BEAKBICZ { BT % D13 S. scrippsae, S.
minima, S. nagae ® 3 T, HBIKFED S. elegans,
Eukrohnia hamata (IBEKMLELD 7 0 v v iz iz £ <
LET A5 BARPICRIEEAE VLN 572, 86B D
LR S 08 L 72k S b 59 S, enflata,
S. regularis, S. pacifica 15 & DREKFEIZEMICDE L,
o HULERIZ A 5 i » THERAFEEERD LT -
7o (S5, 1998),

86 B EE/KBRDFE S (R TI4#) 300 m TR 50 m
PR 3 BRE 7Kl - M BE» iz L, Rl ek
(21°C), K345 (B40PSU) HHEF L7, 9 HizidsS.
nagae, S. minima, S. enflata, S. regularis, S. scrippsae
DEBRPRTEBE ZMHI 100m LR HE B L T
W7z, S. scrippsae [ZRMED 5 300 m i L, S lyra,
S. neodecipiens [ IEANIT/DIT VA, BABIEFDFO
higKIcHEE L T Wi, S elegans, S. zetesios, E.
hamata, K. subutilis 2 EICHEKICHH L TV 3 25,
INEURIERBE D TIBICHEBI L 720 S. elegans 1383 E B H)
& - TR O @K X 0 thiukIB D& IC b B
578, Bk b dEkiE, S OREKLE ST
BOTTHEET B0, MR, BKE, K5 THFY
ST SN BEEIKICER L TWS S. elegans 132 DB
ICHEIS T 9IS T 5 (TErRAZAKT, 1992),

Kuropa (1976) (3 EEHRL» S22 OEEHE 8% L
TWa s, MBS SATEER 10 FiE S. minima,
S. enflata, Pterosagitla draco, S. regularis, S. lyra, S.
pacifica, S. nagae, S. hexaptera, Krohnitia subtilis, S.
pseudoserratodentata DNETH 5 EWMEL TV 5, Hic
S. minima FAFROET, XEEBICROEZVEEM
TH 5, S. nagae I3, IBFEHICBVWTREB TRV,
HEEROWEE LT, P draco 3MMEVIBTEERTH
%o S. lyra, S. pacifica \ZBERETIRIEAFIT, S enflata
& S regularis ZEFCERBEETH S, YL VI
KOFEEAY L L TR E N A 0RAEA—~2 F 5 )
7 DX TR AR, FERRIGRAR Y &V RED i
& HEVEIEME A > T/ (TErRazAKL 1989), %
JERED S. elegans, S. nagae D #1359 E. hamata % S.
zetesios O & 5 13 ONEBERE T & B L 7o EA 3 R 2 M 4
LhEOBIAEBR LTV (Terazakt and MARUMO,
1982),

KIBFED S. elegans, S. minima, S. nagae, S. pacifica,
K. subtilis 15 & T ISR R BRERE 24 2 T &M
SN TWA (Kotory 1976; King, 1979; /KR « #LiK,
1982), S. elegans \ZH IS RIE 1S 308, Bl
VWHEETIET 2, —HOBBIRE KB ORKE &KX
<, 45°N, 160°10"E it 89 3 S. elegans O Kk {k Dy
70D b5 - THEREKH30m Thy, & Xtk
KGR AR TBREEH T 5L b5 % (TeraZAK
and MaruMo, 1979). ¥ & VO RS 134 BEF I
LORBOKBEIKNZLIRERLF 2, bFEREET
BEBERINSOPRELTBY, WEZEKIXRBRE
FOFEEL TV (Gortoet al., 1989),

E£EL

JEEAEMED Spadella 1\ V> THREIN L, Hiowic ¥ —
7% SO ENPROENTVSED (GHIRARDELLL, 1968),
AL #ETIE S, elegans  S. nagae bR ICEINT %
(Kotori, 1975 KK « ALK, 1978), ZHIWOKE S 13
S. elegans TlE 0.3~033 mm (Zo, 1973; Kotori, 1975),
S. hispida T3 0.2 mm (Reeve and CoSpEr, 1975), S.
nagae T3 0.16~0. 2mm GGkIR « 2%, 1978), P draco
(SuiMOTORI et al., 1997) TiX 0.3mm & - 7248, Th
12Xt U T E. bathypelagica, E. fowleri T3 048 mm, 0.9
mm (TeErRAzAKI and MILLER, 1982) THIE DK IC
IRThBoREV, BLEZOFRO K X1
S. bipunctata, 1 mm (DoNCASTER, 1902), S. crassa,

0.7mm (& F, 1959), S. elegans, 1.2~1.4mm
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(Kotorl, 1975), S. nagae, 05~0.6 mm GkiR  #u%,
1978), P. draco, 124 mm (SHIMOTORI et al., 1977), E.
bathypelagica, 25mm, E. fowleri, 3.0~35mm
(TrrAzAKI and MILLER, 1982) T& %, Sagitlla |& T2
Sl #Ic I E N B DTkt U TE. bathypelagica,
E. fowleri Tldx v 74 v 7 OHICEAHIH, o
TILLIFRICE 2 LV @E%E &> DT, Sagitta &
WA B EEERGEL, DOoFEBEENOHEIL LA
ThbEFEZLND,

EBBOERNMICI>VWTRELOWEN D 3
(ALVARINO, 1965), HALT# T D S. elegans DEEIIH] 13
FESIEMETIZ4 — 5 H (TerazaKI ef al., 1995), #
MBI TIIES SR, B 6 —T7 A (R - i, 1998),
JeHEm A KR TR 5 — 6 A (Kotory, 1999), KiéE
T34 A Geig - A%, 1982), BliETIR3I -5 AL
8 BT& % (TerRazaky 1993b), /KiEASEEE 1 LT
oEliEohEI R 3 S, elegans DFF A 310—12
T, KEH T D Dabob Bay, Station P ®#%5 (KiNG,
1979; TerAZAKI and MILLER, 1986) & U £\, KOTORI
(1999) FHIFKHhOHMIRIcA K9 3 S. elegans D Ffn
Z1TEDFEHEL TV S,

A=Y 7 2RO 1 D TH B RIEBEICIFE
M OBOEYSEMEAHE L, S crassa, S. enflata, S.
minima, S. nagae OEIHAZZNEN5 —10, 8 —10
H, 8—12H«2—-5H&10—-11ATHBH, BANTH
TERAEDIKRT DL, S. crassa & S. minima O 2 FET
H5 (i - A%, 1982), BRI, Snwwf%l
B LT 6 >OEBRERE (2 —&—b) AL,
Ka—+—LDHMII, 5,7ﬁﬂf§~§®:—f-
FO—ERELEL, EoRbhichkEnsa—F— b
D—HrRbEV GRIR UL, 1978), / b7 x —
Krsfjorden T3 E. hamata 3@ TH O, Bh %W
P TENL, 20HMEIN2HETEPSEICPTT
DO EZ 4mm, HTH -7 (Sanp, 1980),

JERYET I 2 AEOP FGICthRG % E hamata (&
14EIC3 >0 a—&— FBEAEL, FNEhOFEMI
94 BT, J,Zi’]bj(ﬁ L‘i25~3mm/H’C3§ot
(Terazakl and MILLER, 1986), F 72 P i Tl E
bathypelagica & E. fowleri ZIRFENEITH,

IEERAERE

KEAEDAERE TS elegans & E. hamata OHE
BEEESAT 57, S elgans 13 X1 Neocalanus,
Metridia 15 EDORMAH A4 7 V8, KD EVEBICED E

hamata (% Oithona 15 E O/NEH 4 7 FEAERIBR L, O
HWw AN IFEHEISRES N TV (SuLLvay, 1980),
L LIRE IR 5 S. elegans 12 & - T i3 Acartia,
CDINRL S A T DS R
S TH % (TErRAZAKL 1993), S. elegans 1dh 4 7 v
Moo+ 7 S8, WmBsE NMEE, MRS TE
BL, Boritauvws Eons (Terazakl, 2000,
1974 EZOFHE T S. elegans OEEIEF I R—Y v
7HETE L, R KTE BERKRTEL - 72
(MaTsupa and TaniGucHl, 2001), Sameorto (1973)
kA&, #+ 5D Nova Scotia TR 14 7 v DIE
RIAERED 36 % 13 S. elegans Ik > THE SN 5, EF
DOR—1) VST BIC 2 REERDR 10 % 5 S.
ko THBENE EHESL T M
(Kotory, 1976), 7 U 2 — v v YHIBLIE T EMLE
BHE» SWENCe T TERT, i, 2KEFEREOH
4 %% HE LT\ (TERAZAKL, 1995),

HAMGD S. elegans DEBETEENIBK DOEN I LA E
1<, KERIcHNE SR O RBO AR L T,
BT, RS & OMEIER B O T LB R R b i
HEIGICHEIN T 2 7c O K FEEOEA L OREL TOL
(TERAZAKL, 1993a),

BRI, FHBE OB TE S. nagae O X108 13K E

Oithona, pseudocalanus 735 &

elegans 1T

BLOEKBETERT 2 H 1 7 ¥ $ Calanus pacificus
THy, KETEBEIORIC, TEBETRELHBICE

FACHEIL, 747 VHOKRESDEVI L ZEREE
TRE - te T2 S. nagae KB EEREOE A
L, inEERFOAYESICBVLTERLEE LR
TW3 (Nacasawa and Marumo, 1976), %72 S. nagae
DIHY7Z D OAYERBEILER~N - X THEKED
395% TH -7,

/N7 4 @ Kaneohe B TiE S. enﬂata TR E &3

ZIFFELL ‘ﬁEﬁéﬁffA%?fx 1 HY 72D SRS T ER

DHA T VEEREL TV (SzyPER 1978), L& L
Fricenpaum (1979) 1tk B & 2 & v a@BHRBP OS.
enflata TREHRERBARICE - THLHL AN DD,
1 HEE22 ko n 4 7 HARAL T, K
AR E BT 3 S, enflata 12 50 m LI D RS
LRI, BB EHTRERICER B AT,
QWEEROK 8 % 2HE LTz (TERAZAKL 1996),
NEwBURY (1978) (& B & P dracolz 1 H¥4720 1
IKD/NES 1 A 7 VKB Oncaea % 3E4 55, ThideEH
B2 THEED 2 % THYT 5,

B hEEIc BT 3 S, zetesios DEHEE) X
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BOHWBIERT, 24FON4 7V, SEOY & v,
TREONTEEZMALTOEY, 055 I0BEEB
WD75 vy b vT, S zetesios [FHINCSERE TF
BrOTHLTEIh 1 7 v, KREFEE EAERICH
T L EHM S & (TERAZAKI and MARUMO,
1982),

S. setosa & S. elgans ICHEfa L h A 7 U A EZ T 24
W] OE T EER AT - FofE R, B & RE OIS
BRI, LokEoy Ly &G 18MMkDHn 1 7
VEL, HAVIF03HEEKOMBAEHAL TV
(KunLmany, 1977), SO SR OZRIc>VwWT i’
S. elgans, S. hispida, S. setosa THEI N TV 3,
Kunmans (1977) (31 ~50 fiik /L OBEE H (4 7
V% S elgans 1T A CEBRTE, HEVOERE L v
LY OWRBIGEELEBZ L WE WIS EmAE LN, S
hispida %\ T H# B % 4T - 72 Frcensaumu and
Reeve (1977) 13, 20 A L OBE £ CRHOHE
ﬁk%<ﬁ%“%af§ﬁ@%m?é%ﬁwfméo

WE, FEErvLvoRBEEREEFTH 20 AT
TH 5B, Ly LERIERT S S, macrocephala % E.
Sowleri DIEALTE, B EHE, ERABEBAZEL TV
bo fEK, TOWEHELTENXONIAA T VHOK
MAsERE, HLEIC VWb EEZ SR TV
(ALvARINO, 1965; I%[f], 1965), Trrazaxief al. (1977)
Bra< b3 7ARTIOBKE RO T /A FEET,
Mm%®%®fmm<,%%ﬁ%ﬁ%@%Wfié&é

oL DTH B EEFLMIT LI,

ij?;y‘:k/a DFE L, REBRRRICTHEEW /2 xE
U WEUR S BB, HOLERE ek, BORSIER
(RS, WHETRYER, WEEZRE L
DO L E R, RS LTWAL A
CHEWB SRR EE LicA LT ML K
MILLER 232, NOAA JL/5/KEERF 925 BRODEUR B,
SE NIRRT, ANICFHEO EER,
BRI AR, oo H AR IXOKED AT R
M-, r SR T B KB,
BRI AT R IIRNEE £, H K?ﬁﬁfkféﬁﬁﬁﬁﬁifé
HABZE LB L UORBOREBC IRV LZVRER
SREHERI R FT MR AL, AR O FE B o Bk
WV LET,
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