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Ecolog,, of tropical mesoplankton and fish larvae

BACKGROUND
by

Mr. Praween Limpsaichol
Director of Phuket Marine Biological Center

Deputy Director General of Dept. of Fisheries
Vice Governor of Phuket Province
Danish Senior Experts
Distinguished Guests and Participants
Ladies and Gentlemen,

On behalfofthe organizing stafi I would like
to extend my warm welcome to you all to the
Regional Workshop on Ecology of Tropical
Mesoplanldon and Fish Larvae. I wish to express my

sincere gratitude to the Deputy Director General of
the Department of Fisheries for presiding over the

meeting today and the Vice Governor of Phuket

Province for being with us this moming as well as

Danish colleagues forthe supportthey have provided.

This workshop is funded by DANIDA and is

organized by Marine Biological Productivity sub-
Division, PMBC, in cooperation with the National
Environmental Research Institute and the Danish
Institute for Fisheries Research. Since late 1995,

DANIDA has contributed the modern research
vessel, namely RrV Chakratong Tongyai, to Phuket
Marine Biological Center (PMBC). Along with this

contribution, Thai-Danish Scientific Cooperation
Programme has been established in order to
implement marine research in the Andaman Sea and

in the region. The programme will be terminated by
the end of the year 2000 and this workshop will be

the final regional workshop of the programme. Up
till now, under this programme, PMBC in close
cooperation with Danish colleagues has conducted
a wide range of researches in marine ecosystems

from coastal to offshore Andaman Sea. The findinss
from all investigating cruises facilitaterthe Thank you

preparation and publication for local and
international journals. However, Thai-Danish
counterparts have agreed to the distribution ofthese
findings and conceptual ideas, through a series of
workshops.

ln the belief that they are effectire in
disseminating substantial knowledge to the region,
discussion ofresearch prospects and the building
up of a research network among regional scientists
and other experts.

The workshop brings together 22 participans
from 12 countries in this region, Australia and

Europe, including a number of outstanding Thai
observers from different delegating universities and

the Department of Fisheries. In order to accomplish
this workshop, PMBC has been encouraging your
participation with the afore-mentioned modern
research vessel "Chakratong Tongyai" to demonstrate

sampling and excursion in the Andaman Sea to
culminate your activities and experience gained in
the area of workshop.

The workshop focuses mainly on ecology and
identification of mesoplankton and fish larvae with
respect to environmental variables. The workshop
programme includes presentations of partici pants

and lecturers in their present fields in order to
encourage them to share their views and seek

solutions together.

Finally, I wish you all a pleasant stay in Phuket
and a successful workshop in the next few days.

Should you have any query or need help. please do

not hesitate to let Mr. Vudhichai Janekam or his staff
knows. We will be $ illins to assist vou.

Larvaof Lutjanidae d wn by Nopparat Nasuchol
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WELCOME ADDRESS
by

Mr. Vitthaya Pinthapaet
Vice Covernor of Phuket Province

Deputy Director General of Dept. of Fisheries
Danish Senior Experts
Distinguished Guests and Participants
Ladies and Gentlemen.

On behalf of Phuket people, I would like to
extend to you our warm and cordial welcome. I am

very pleased that Phuket has been selected as the
venue for the Regional Workshop on E,cology of
Tropical Mesoplankton and Fish Larvae.

Today, our marine resources have become

depleted owing to habitat degradation and over
exploitation. Therefbre, awareness building on wise
utilization of resources is extremely needed in order
to preserve our natural resources and healthy
environment. I am pleased to leam that this workshop
will contribute knowledge of tropical pelagic
ecosystem, which is an irnportant subject relevant
to fisheries resource management. I believe that it
will eventually lead to wise utilization and sustainable

uses of our natural resources. Hence, I would like
to express my appreciation for your participation in
this important meeting.

For your information, I am pleased to inform
you that Phuket is the largest Island in Thailand with
an area of 540 square kilometres. It is surrounded
by the Andaman Sea and located on the fishery
productive shelf with a number of beautiful
recreational spots. Phuket's balmy tropical climate
is tempered by cool Northeast monsoon breezes

which bring consistently sunny weather from
November to April, and rainy weather along with
frequent swells off the Indian Ocean in Southwest
monsoon months. Various activities such as

urbanization, hansport, tourism, coastal aquaculture
and marine capture fisheries, have been continuously
expanding along the coast, and these make Phuket
as a capital base of the upper south in the west.

The major source ofincome inthe past decade

is from tourism and it continues to grow. Fisheries
indLstry also has grown rapidly in recentyears. These

include tuna fishing, marine capture fisheries,
shrimp faming, and other coastal aquaculture. You
may see along the road that rubber plantations and

coconuts are still much in evidence though some of
them are being tumed to other uses. Tin mining used

to be the main income in the past. Until recently, tin
dredging in offshore waters has been restrained
under regulation designed in order to help protect
coral reefs and beaches.

During your stay here, I would like to inform
you again. that Phuket is a well-known tourist
destination for its scenic beaches, seafood,
tranquility, and charm. More than 3 million visitors
come over Phuket every year. Despite your tight
schedules, I hope that you can spare time to visit
places ofattraction in Phuket and enjoy genuine Thai
hospitality. Once again, I would like to welcome you
all and hope that Phuket will have the opportunity to
serve you again in future. I wish this workshop a

success and may all participants have a pleasant stay

in Phuket.

Thank you.

Larva of Gempylidae drawn by Norizam
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OPENING ADDRESS

by

Mr. SompongHiranwat
Deputy Director General of

Depa rtment of Fisheries

Vice Governor of Phuket Province
Danish Senior Experts
Distinguished Guests and Participants
Ladies and Gentlemen,

It is indeed a great honour for me to be given

the opportunity to address this meaningful gathering

of distinguished scientists from 12 countries in this
region and E,urope including Australia. Before I
proceed, on behalf of Department of Fisheries, I
would like to extend our warm welcome to the
Regional Workshop on Ecology of Tropical
Mesoplankton and Fish Larvae hosted by Phuket
Marine B iological Center.

We have leamt that knowledge of ecology of
plankton and fish larvae is particularly useful for
fisheries resource assessment, management and
conservative measures. In temperate seas, fish larval
and plankton researches in a fisheries perspective
have been initiated since the beginning of the last

century whereas in the tropics this information has

been accumulating just a few decades. Knowledge
on ecotrophic link between plankton and fish larvae

with response to environmental signals has proven

very useful to regulate fisheries measures and to
maintain fisheries stock as well as to indicate
fisheries grounds. It is therefore not surprising that
fisheries biologists have spent a lot of effort in
trying to understand the ecological processes.
Although the study on ecology of plankton and fish
larvae in this region govems a complicated situation

due to the tremendous diversity and ecological
complexity, findings in this field reveal useful
information for not only understanding ecological
linkage but also related researches. Furthermore, we
realize that marine food for human consumption
presently has become an important issue, study on
this field, to some extent, may help in maintaining
fishery yields sustainable for fulure generations.

I have leamt that there are a number of Danish
experts who are willing to contribute their valuable
experiences and knowledge throughout the workshop
duration. I anticipate that the workshop will be an

applicable venue for knowledge contribution and

dissemination in a wide range. I strongly believe that
the outcome of this workshop would be an essential

role in knowledge transfer for years to come. In
addition, in order to achieve the purpose of this
workshop, I hope that this meeting will be a forum
to encourage a research networking in the region,
so as to allow effective exchange of information,
experiences and knowledge which will keep us in
the fruitful track for the future.

Finally, I would like to take this oppottunity to
extend my sincere gratitude to DANIDA, Danish
Institute for Fisheries Research and National
Environmental Research Institute for supporting the

workshop to be possible today. I also wish you all
an enjoyable and pleasant stay in Phuket together
with a successful workshop over the next few days.

I am pleased now to declare open the Regional

Workshop on Ecology of Tropical Mesoplankton and

Fish larvae.

Thank you.

Lawaof Lympanyctus sp. (Family Myctophidae) drawn by Piyawan Maila-iad
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I. INTRODUCTION

On 25th November 1995. the Danish
Govepnment by DANIDA (Danish International
Development Agency) gave a modern marine
research vesselto PMBC (Phuket Marine Biological
Center) as part of a Danish grant to Thailand to
support the Scientific Cooperation Programme
(SCP). The vessel, named "Chakratong Tongyai", was
built in Denmark and equipped with modern
scientific laboratory equipment. The SCP was a 5-
year programme (1996*2000) set up to conduct
several research projects in marine science in the
Andaman Sea of Thailand.

Marine Biological Productivity (MBP)
sub-Division is one of the research units in PMBC
and is entrusted to carry out researches on marine
plankton and fish larvae. During the SCP period,
the MBP sub-Division in cooperation with Danish
Institutions is responsible for a core project entitled
"Pelagic Andaman Sea community structure,
function and productivity with particular emphasis
on an assessment ofpotential fisheries resources".
The core project comprises several sub-projects
dealing with environmental biology and ecology
of pelagic organisms, from as small as bacteria to
as big as fish larvae. Another responsibility for
the two parties' cooperation is to organize regional
workshops in order to disseminate the knowledge
and findings from the SCP.

The pelagic food web in the tropical
ecosystem is complex involving various types of
pelagic organism components and interaction among
them. In general, pelagic production of
phyAoplankton is dependent upon irrad iant I im itati on,
avai labi I ity of nutrients, gr azing activiti es, e t c. Also,
phytoplankton carbon is grazed by zooplankton and
further on to the top trophic levels of the pelagic
ecosystem, e.g. fish population. Alternatively,
excess phytoplankton carbon pools may be exported
towards the sea floor providing a food source for a

variety ofbenthic meio- and macro faunal organisms,
which in turn form the basis of demersal fish
populations, also of likely significant commercial
interest. To our current knowledge in the Andaman
shelf break region, elevated plankton production is

a result ofhigh nutrients coming up from lower layer
water and enriching the euphotic zone. This gives
rise to high abundances of larval fish with rapid
growth rate, which will in tum become fertile fishery
yield and potential stock. Therefore, the aim of the
present cooperation project, focusing on the shelf
break region, is 1) to achieve an understanding of
the various components of the ecosystem, 2) to
describe the ecological dynamics of the entire
system, 3) to provide baseline information for
management purposes ofthe Andaman Sea fisheries
resources, and 4) eventually to prepare the basis of
fishery management and efficient exploitation.

Results from the SCP research are
prepared for publication in international journals,
presentation at international conferences and
contribution to workshops. However, in order to
disseminate analyical methodology, knowledge and

findings from the SCP, two regional workshops are

set up. Materials and results from the project have
been utilized in the first regional workshop on
"ecology and ta,ronomy of tropical microplankton",
organized at PMBC during 17-26November 1999,
by PMBC, NERI Q.,lational Environmental Research
Institute), DIFRES (Danish Institute for Fisheries
Research) and Copenhagen University (Helsingor
Marine Biological Lab.). The workshop's
proceedings is still under preparation.

Likewise, the present regional workshop on
"ecology of tropical mesozooplankton and fish
larvae" has been organized during 15-23 November
2000, hosted by PMBC in cooperation with NERI
and DIFRES. This workshop has brought 22
participants from l2 countries including Asean
countries, India, Pakistan, Australia and some
European members (see IX. List of participants in
this volLrme). The workshop includes several lectures
in plankton and fish larvae community srructures.
function and productivity. The materials used in the
workshop are mainly from the SCP samples and a
one day cruise carried out during the workshop to
the Andaman Sea. Laboratory experiments are set

up by sub-group ofparticipants to cover 1) diversity
offish larvae and copepods, 2) mesocosm studies,
3) copepod feeding and production, and 4) larval fish
feeding and growth. The objectives of the workshop
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are to review knowledge and discuss new concepts

of plankton and fish larvae ecology, to train practical

methods for fish larvae and plankton ecology
studies, and subsequently to enable participants to

identify areas of biological imponance and describe

linkages between hydrography and organisms at

different trophic levels. The outcome of the
workshop demonstrates a very good cooperation
between participants from various institutes
beneficial to future contact and knowledge transfer.

It is also hoped that the workshop will stimulate
regional and inter-regional networking.

II. PROGRAMME

November 15,2000
08.00 Registration at Phuket Aquarium
09.00 Background ofthe workshop

09.15 Welcome address by Vice Governor of
Phuket

09.30 Opening ceremony by Deputy Director

General

09.45 Coffee/Tea break
10.15 Presentation of Lecturers (background

and interests)
I 1.00 Introduction to the pelagic ecology of

the Andaman Sea (lecture)

12.00 Lunch break at PMBC dormitory
13.00 Primary production in plankton commu-

nities, how much carbon is available for
the upper trophic levels? (lecture)

14.00 Presentationby participants(background
and interests)

15.00 CoffeeiTea break
15.30 Presentationbyparticipants(continued)
18.00 Reception party

November 16,

09.00 Ecology and functional aspects of fish
larvae (lecture)

10.00 Coffee/Tea break

10.30 The structure and importance of cope-
pods in the pelagic food web off Jamaica
(lecture)

1 1.30 Presentation by participants (continlred)

12.00 Lunch break
13.00 Fish larval studies in the Andaman Sea of

Thailand (lecture)

14.00 Introduction to Research Vessel and

cruise plan

1 5.00 CoffeeiTea break
15.30 Formation of subgroups and presentation

oftasks,
- Diversity of fish larvae and copepods,
- Mesocosm studies (role of appendicu-
larians)

- Copepod feeding and production
- Fish larval feeding and growth

November 17,

09.00 Seacruise on R/V Chakratong Tongyai,
demonstration of sampling methods,
sampling transect from coastal to off-
shel f areas

November 18,

09.00 Excursion on Phuket Island

November 19,

09.00 The role of larvaceans in marine systems
(lecture)

10.00 CoffeeiTea break
10.30 Review of methods and sampling during

the 17'h November cruise
1 1.00 Subgroups meet

12.00 Lunch break
13.00 Subgroups meet for experimental prepa-

ration

November 20,
09.00 Plenary, shortreporting from subgroups

(approx. 15 min. each)

10.00 Subgroups meet for experiments
1 2.00 Lunch break
13.00 Subgroups meet for experiments

November 21,
09.00 Plenary,shortreporting from subgroups

(approx. 15 min. each)

10.00 Subgroups meet for experiments

12.00 Lunch break
13.00 Subgroups meet for experiments

November 22,
09.00 Plenary, short reporting from subgroups

(approx. 15 min. each)
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10.00 Subgroups meet for experiments
12.00 Lunch break

13.00 Subgroups meet and prepare reports

Noveinber 23,
09.00 Subgroups meet and finalize reports of

presentations for afternoon session
12.00 Lunch break

13.00 Reports from subgroups (approx.30 min.
each)

15.00 Coffee/Tea break
15.30 Conclusions on subgroup work
16.00 Closing ceremony
18.00 Farewell dinner

III. SUMMARMSOF LECTTIRES

Oceanography and pelagic biology
of theAndaman Sea

by Torkel G. Nielsen
Nqtional Environmental Resectrch Institute

Denmark

During the lecture the hydrography and
plankton community structure ofthe Andaman Sea

offPhuke! Thailand was discussed and was primarily
based on the two first cruises during the SCP. The
two cruises were conducted in the dry monsoon
season (March) and the wet season (August.l,
respectively. Sampling was performed along three
transects perpendicular to the shelfbreak, from the
coast across the shelf.

A prominent feature of the area was the
occurrence of a high amplitude intemal wave of the
pycnocline. The wave was not observed in the
shallow coastal waters, but from the coastal front
the amplitude ofthe wave increased to peak values
in association with the shelf brake front, 20 and 40
m in Augr-rst and March, respectively. The water
column of the coastal station was vertically mixed.
while the offshore stations was strongly stratified.
On all the stratified stations. the vertical distribution
of the phytoplankton was characterized by a

subsurface chlorophyll-a peak in association rvith
the pycnocline. The highest chlorophyll-a values was

measured at the coastal station and in association
with the fronts.

Analyses ofthe phytoplankton community
showed that pico- and nano-plankton dominated the
biomass, Synechococclls was especially very
abundant. Ciliates and heterotrophic dinoflagellates
contributed equally to the protozooplankton
biomass. Because of the dominance of small sized
phytoplankton, the protozoans play an important role
as a link between the primary producers and the
copepods. In general, little seasonal variation in
biomass and production ofthe pelagic food web was
observed. The most prominent difference between
the two seasons was a higher amplitude ofthe intemal
wave and a deepening of the pycnocline in August
compared with the March cruise.

Primary production in pelagic systems,
how much carbon is available for

the upper trophic levels?

by Stiig Markager
National Environmental Research Institute,

Denmark

The background for photosynthesis and
growth of phytoplankton was introduced.
Photosynthesis is defined as the process where
inorganic carbon is fixed with the help of light and

simple carbohydrates are produced. Growth is
defined as the transformation of carbohydrates and
inorganic nutrients to new biomass. Both processes

are affected by resources, which potentially can be

used up, e.g. light, inorganic carbon, nutrients and
conditions like temperature and salinity. Light is

always limiting for photosynthesis ar depth and the
attenuation of light is important for the area
production. The light attenuation can usually be
described satisfactorily as an exponential decline.
Down through the water column there is a shift in
the spectrum of light. where red light is absorbed
by water itself and UV and blue light by dissolved
organic matter. The spectrum shifts with depth
towards green and blue light with the deepest
penetrating rvavelength depending on the
concentration of dissolved organic matter, where Iow
concentrations favour blLre light. Phytoplankton
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absorbs light most efficiently in the blue part of the

spectrum and to some degree around 675 nm. The
result is that light is absorbed more efficiently with
depth in clear oceanic water, where the efficiency
decreases with depth under coastal conditions.
Photosynthesis in planktonic systems can be

measured either as oxygen production or by uptake
of a radioactive isotope Cra. However, the sensitivity
of the oxygen method is too low for practical
purposes in most marine systems. The most precise
and cost-effective method for measuring area
production in a plankton system is to determinate
the light-photosynthesis relationship in an incubator,
and calculate the chlorophyll specific parameters for
photosynthesis. Those are then combined with
measurements of surface light, light attenuation and

the depth distribution of chlorophyll to give the
volume specific production over depth and over the
day. The amount of carbon available to the upper
trophic levels depends not only on the production,
but also on how much carbon there is lost by
sedimentation and respiration in the system. An
example from a planktonic food-web shows that
50% of the gross area production is lost by
respiration in phytoplankton. 3 4Yo by heterotrophic
respiration and 10o/o by sedimentation, leaving 6o%

as mesozooplankton production or potential food
for fish larvae.

Ecology and functional aspects offish larvae

by Peter Munk
Danish Institute for Fisheries Research,

Denmark

The recruitment of fish to the stock is

believed to depend strongly on processes taking
place in the very early life of the fish. The eggs are

spawned in very high numbers, but mortalily is high

during the egg and larval stages. Small variations in

the mortality rate during these stages lead to
significant changes in the total number of recruiting
survivors.

Being a key component for understanding
of fish reproduction and the recrr-ritment to the

fishery, the lives of fish larvae have attracted
considerable interest from researclrers rvithin the

field of ecological and fisheries research. This
interest started early in the last century (e.g. the

important work of the Norwegian fishery biologist-
Johan Hjort), and during the last 100 years valuable
information on larval ecology has accumulated.
Lately, new methodology has been applied (e.g.

otolith analysis and ecological modelling) and

significant progress is being made towards the

understanding ofkey processes during the early I ife
offish.

It is the intention of this lecture to briefly
review some important aspects of larval behaviour
and ecology. Information stems in part from studies

made in temperate regions, but emphasis is put
on aspects from tropical seas based on the findings
from the Andaman Sea research project. Discussion

will deal with 1) larval feeding and the imporlance
of prey preference and prey availability, 2) larval
growth rate with focus on the unique method of
otolith microstructure analysis. and 3) the
distributional patterns of fish larvae and the linkage
between nursery areas and specific hydrographic
features.

Due to the lack of adult characteristics. the
fish larvae are often presumed to have no advanced

behaviour. However, improved experimental
techniques in fish larval research have given us

insight into specific behavioural traits that show
larvae well adapted to their variable planktonic
environment. Firstly, we observe that larvae react to

changes in prey density by a number of behavioural
changes which lead to an increase in the volume of
water that is effectively searched for prey. Among
these adaptations are changes in sr.l imming speed.

degree ofturning and the reactiveness to potential
prey items. Specific adaptations are seen in larval
selective behaviour related to density. size and type
of the prey. When the prey organism is hi-ehly

preferred this will be chased by the larva during
extended periods, and the larva rvill r.rse a range of
effective techniques for approachins and attacking

the prey.

Larval preference for a given prey is

basically given by the visibilit;r and catchability of
prey. The visibility of a prey organism rvill increase
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the larger it is, while the attack success of the larva
declines with increasing size of prey. Beside the

effect ofprey size, characteristics such as prey type,
larval hunger and earlier experience with prey
influence the predatory behaviour of larvae. The
preference curve, i.e. the relative preference ofprey
along an axis of increasing prey sizes. appear log-
normal in shape and generally the width of this
spectrum (of log transformed prey sizes) remains
constant during larval growth. This implies that
larvae, on a relative scale, do not increase the range
of prey sizes covered. Which again implies that
changes in prey availability during larval growth to a
large degree depend on the spectrum ofprey sizes
in the environment. The characteristics described
above are observed for larvae investigated during the

Andaman Sea study. The preference curve for
Carangsp. was well described by a log-normal curve,

and the optimal prey size remained a relatively
constant proportion of fish size, while the widths of
the spectra did not change with larval size.

The method of otolith microstructure for
estimation of the age of young fish was first
described by G. Panella in 1919, and since the
introduction ofthis method it has been extensively
used. It appears that the otolith of the fish grows by
alternating increments of protein and calcium
carbonate. This ring pattem is mostly conelated to
the daily cycle, and age in days is estimated by
counting the rings from a given offset, which is
identified as a prominent ring formed at larval
hatching. The estimate of age in days can be related
to larval size, and a growth curve can be described
for a given larval population. Alternatively, the
groMh curve of a single larva can be estimated from
the widths ofthe rings while the amount of deposited
material during a given day, to some extent, relates
to somatic growth during that day. Growth curyes,
based on the otolith analysis. show significant
geographical variability across the area of larval
distribution. This has been illLrstrated for species in
temperate waters, e.g. North Sea cod and sprat. but
also in the tropical waters the same patterns have

been observed. The growth rate variabiliti'has been

related to hydrographical features. such as

hydrographic fronts. and for example a study on
Carang sp. in the tropical Andaman Sea showed 30

0% increase in larval growth from an offshore
position to a position in the vicinity of a hydrographic
front.

Larval drift and distribution appear strongly
related to hydrographic fronts. Processes at fronts
lead to enhancement of production. and converging
current towards the frontal zone might lead to
aggregation of plankton organisms here. Larval
density is often enlarged in the zone of the front,
however, we often observe differences among
species, where each species has its maximal
abundance at a specific site within the frontal zone.
Thus, specific assemblages of lalval fish populations
can be described. In the shelf area of the tropical
Andaman Sea assemblages of larvae are found, one
at the shelf, at about 60 m water depth, and another
offthe shelf brea[<" at about 300 m water depth. These

assemblages are consistently found during all
seasons, denoting the predominant spawning areas

of fish stocks in the area.

Summaries:
- Fish larval research supplies important

information to both plankton community
studies and fisheries research.

- Studies on fish larval behaviour illustrate
larval ability for flexible response to
changes in their prey environment
(density, type).

- Studies indicate that on a relative scale
larval feeding capabiliry remains constant
during growth.

- By use of the unique method of otolith
m icrostructtrre analysis we can express
variability in larval growth, and thereby
evaluate the variability in larval survival.

- Larvae are often distributed in
assemblages. these assemblages appear
related to a characteristic frontal
hydro_eraphy.

- Cornparative str-rdies between
characteristics froln different latitr-rdes

have given us valuable insight into
fundarnental ecological processes.
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The structure and importance of copepods
in the pelagic food web off Jamaica

by Russell R. Hopcroft
Institute of Marine Science,

University of Alaska Fairbanks, USA

One of the ultimate goals of planktonic
research is to understand how these communities
work and how their structure varies globally. In terms

of both numbers and biomass, these communities
are typically dominated by the copepods. Perhaps
the most logicalplace to look for biological pattern

in these communities would be the tropics, since

they experience less thermal forcing than other
regions. Interestingly, compared to temperate and

polar regions, the tropics have been poorly studied.

Significant research effort has been applied to
planktonic communities along atrophic gradient in
waters sunounding Jamaic4 West Indies. In addition

to examining the composition, abundance and
biomass of these comm'unities, considerable effort
was devoted to determining rates ofgrowth. Growth
is perhaps the most integrative expression of an

organism's performance in an environment because

it is the end result of all feeding behaviors and
metabolic processes. Not surprisingly, tropical
copepod species grow rapidly, with generation times

as short as 6 days. By employing a combination of
incubation and microcosm manipulations it can be

demonstrated that copepod growth rates are
generally related to body size. Furthermore, it can

also be shown that: for naupliar stages, growth is
independent offood concentrationS; for copepodite
stages, growth is dependent on food concentration;
and for the adult female, growth (as egg production)
is highly dependent on food concentration. For the

females up to 80% ofthe variation in egg production

can be explained by a combination of these two
variables. It is proposed that this apparent
relationship to body size occurs because bigger

animal prefers bigger prey, but bigger prey is less

abundant relative to smaller prey. Operationally,
nauplii are seldom food limited, copepodites
become increasingly food limited r.vith increased

size, and adults are in general the most food-limited
stage.

These generalizations are manifested in the

size distribution ofthe copepod community: smaller

stages and species ofcopepods are not only more

common than larger ones, but also contribute much

of the biomass and most of the production.
Historically, the biomass of these communities has

been unappreciated because nets oftoo large a pore

size have been used for collection (e.g.200 and 333

pm mesh). In fact, when properly sampled, copepod
production in tropical embayments can equal that
of the most productive temperate systems.
Interestingly, as we move from inshore to offshore
we find that abundance, biomass, and prodr-rction

decline, whilst the size range of copepods increases.

Two factors are likely to account for this change in

spectra: 1 ) large copepods are absent from inshore

waters because they are more vulnerable to visual
predators; 2)large copepods have some advantages

in a dilute food environment because they are more

efficient metabolically and can better store food as

body lipid. We propose that the copepods should be

viewed as having two life style strategies, one

characteristic of larger species and one
characteristic of smaller species. We suggest that
research has classically concentrated on the larger
species, while the smaller species are not
appreciated. Globally, there is mounting evidence
that smaller species are typically most numerous,
represent a large component of the biomass, and

generally dominate the production of the copepods

at most times.

Fish Iarval studies in the Andaman Sea of
Thailand

by Vudhichai Janekarn
Phuket Marine Biolosical Center. Thailand

In the last century knowledge on fish Iarvae

in term.s of identification, biology and ecology has

been accumulated in every corner of this globe.

However, rbsearches have been densely conducted

only in some particular regions, e.g. American,
Australian, European and Japanese waters, whereas

in Southeast Asian waters the researches have been

scarce. in Thai waters. ichthyoplankton studies are

still in infancy compared to those in temperate

waters. Most studies have focused on composition,
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distribution and abundance while taxonomic and
ecological works are still in a narrow space. Causes

to limit fish larval work in Thai waters are 1) lack of
personal experience and up-to-date knowledge, 2)
unavailable equipment and limitation of research
vessel capability, and 3) financial constraint.
Nonetheless. larvae of economically important
species such as mackerel and ancholy have been well
governed, in order to fulfill adult fish researches for
fisheries management pulpose. This lecture involved
classification. distribLrtion and abundance of fish
Iarvae in the Andaman Seaas well as spawning ground
indication and larval morphological development of
some species.

As understanding, before entering research

line of biology, ecology or systematic, it is obvious
that identification of fish larvae has to be the first
step for meaningful research. Although identification
gr,ride books or keys have been well documented
during the last decade; e.g. Houde el ai. ( 1 986), Leis
and Carson-Ewart (2000), Moser et al. (1984'),
Neira e/ a/. ( 1 998), Okiyama ( 1 988), Ozawa ( 1 986),
just a few appear in Thai waters, e.g. only
characteristic descriptions of some families of fish
larvae on the Andaman shelf (Janekarn and
Boonruang, 1986) and in the Gulf of Thailand
(Chayakul, 1990). Janekarn et al. (2001)
investigated in the upper region of Thai Andaman
Sea in 1996-97, two cruises in each year, they came

up with about 100 larval fish families in each cruise

and 1 25 fam ilies from all cruises have been recorded.

They also found out that familial composition of
larvae is in particular great at the shelf front area
and its vicinity. Moving onto the Andaman shelf,
Janekarn and Kisrboe (199ib) reported 69 families
from their investigation along the Andaman coast,
Janekam and Kisrboe ( 1991a) recorded 48 families
in the semi-enclosed Phang-Nga Bay bordered by
mangrove trees, and Janekam and Boonruang ( 1 986)

found 44 families in mangrove canals. Janekarn

(1993) concluded that at least 85 families of larval

fish distributed on the Andaman coastal sea which
is less than at the shelf front area. Diversity of larval

fish in other studies was also discussed. Seemingly.
extreme diversity of marine larval fish in the
tropical Andarnan Sea appears to hamper the
exoloratorv research.

There are a number of fish larval researches
related to spawning grounds and seasons in Thai
waters. Primarily, Boonprakob (1965) identified
eggs and larvae of chub mackerels (Rctstrelliger spp.)

in the Gulf of Thailand and later he concentrated on
the spawning ground and seasons. Subsequently from
results of his studies, prohibition of fishing activities
for conservation purposes of such fish has been
adopted in terms of area and seasonal closures in
the Gulf. The same research process to establish the
closures was eventually introduced to the Thai
Andaman Se4 parlicularly in the Phang-Nga Bay and
its vicinity. In addition, Janekam (1992) found high
larval abr"rndance (> 500 larvae/1000mr) around the
shelf front region, this may indicate an imporlant
spawning gror-rnds of some fish, e g. members of
Carangidae and Lutjanidae. These spawning grounds

have been recently clarified again by Janekam et al.
(2001) and the same members appear as a majority
in the area. Details of spatial and temporal
distribution of fish larvae of different locations in
the Andaman Sea are covered in the lecture. The
lecture is a guideline to handle the fish larval study
and sample collection in the cruise dLrring the
workshop.

The role of larvaceans in marine systems

by Russell R. Hopcroft
Institute oJ' Marine Science,

L/niversiQ of Alaska Fairbanks, USA

Almost from its beginning, marine
planktonic research has emphasized the crustaceans,
in particular the copepods and euphausid that often
dominate the biomass in the collecting nets. In
recent years, it has become clear that, when properly
sampled, a number of softer-bodied groups often
contribute significantly to community biomass. The
larvaceans are one such group, that in many
ecosystems often rank second in biomass after the

copepods, particularly in warmer waters. From a

trophodynamic perspective it is the production, not

the biomass, that determines a grollp's true
importance in terms of the energy flow thror,rgh a

community. Research in Jamaican waters emploving
microcosms indicates that several larvacean species

have generation times as short as l-2 days. dLrring
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which time an individual may increase its weight

2"/ fold per day! Growth rate in this group appears

to be related to the size of the species, the

concentration of small phytoplankton, and the size

ofthe population (i.e. competition). Under optimal

conditions, their numbers can explode. Additionally,

larvaceans frequently produce and discard a

mucilaginous feeding structure or "house" that also

represents a significant source ofcarbon production.

Although larvacean biomass in Kingston Harbourwas

only 10%that ofthe copepods, annual production

was at least 30% that of the copepods (due to their

rapid growth rates). Their production could be 50%

that of the copepods when house production is

considered.

The importance of larvaceans in efficiently

transfening the energy of the microbial loop into a

form utilizable directly to larger zooplankton and

nekton has only recently been appreciated'
Furthermore, this group may be one of the major

sources ofthe marine snow that is so ubiquitous in

most pelagic environments, and is a major
contributor to the downward flux of carbon. Like
surface waters, there appears to be a rich community

of larvaceans characteristic of the ocean's
midwaters. Typically the species present at depth are

much larger than their surface water counterparts,

reaching body-lengths of up to 10 cm, and having

houses up to 1 m across. Many ofthe species present

appear to be undescribed, because they are too

fragile to survive traditional collection techniques.

They must be studied and gently collected by

Remotely Operated Vehicles. These midwater
species may feed directly on copepods, protists and

other zooplankton as well as detritus. Their
impoftance in the flow of matter and energy through

the ocean's midwaters is likely pronounced; ongoing

research focuses on establishing their role.

IV. CRUISEACTIVITIESWITH
R/V CTIAKRATONG TONGYAI

a) Introduction to the cruise

In connection with the workshop, a one-day

cruise was carried out on November 17,2000. The

cruise aimed at introducing the research vessel

"Chakratong Tongyai" and showing the different
gears and methods to the participants. A further aim

was to collect samples for the continued work during

the workshop.

b) Procedures

The R/V Chakratong Tongyai left the pier

at PMBC in the moming, and headed for a predefined

station off the shelf break. The first station was set

at the same position as the 7'h station along a basic

transect used during the "Andaman Sea Study"
(PMBC), and accordingly it was called "station 7"
at the present cruise. Station 7 (7.45.05 oN and

9'7.48.84 "E, water depth 300 m) was reached at noon

and the following procedures were carried out:

l) CTD-profiling of physics/fluores-
cence and measurement of pycnocline

movements
2) Hauls with plankton nets/PumP

- zooplankton for use oflive copepods

(egg production)

- zooplankton for use in gut fluores-

cence estimation
- 45 pm vertical towed zooplankton net

0-60 m (abundance of copepods)
- 200 pm vertical towed zooplankton

net, G*60 m and 0-120 m (abundance

of copepods)
- vertical profile with pump (45 pm net)

0-60 m (abundance of coPePods)

3) Water samPling
- for estimation of vertical distribution

ofcopepods (at dePths 5, 25, 50, 80,

120 m), fractionated chloroPhYll,
protozoans and nutrients from the

same depths

for estirnation of copepod abundance

at depth of MIK haul (2 samples at

25 m)
- water for incubation experiments,

larvaceans, copepod nauplii (from 5

m)
4) Fish larval samPling

- MIK haul towed at 25 m dePth ( I 5

min.) (for feeding and growth studies)

- MIK haul obliqLre (for larval com-

position and abttndance estimation)
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After termination of these procedures the
vessel headed for a position at the shelf(station 3.

7.45.15 'N and 98.05.12 oE. water depth 66 m) and

from the late afternoon a new series of procedures

was carried out:
I ) CTD-profiling of physics/fluores-

cence and measurement of pycnocline
movements

2) Hauls with plankton nets/pump
- zooplankton for use oflive copepods

(egg production)
- 45 pm vertical towed zooplankton net

0-60 m (abr-rndance of copepods)
- 200 pm verlical towed zooplankton

net. 0_50 m (abundance of copepods)
- veftical profile with pump (45 pm net)

0-60 m (abundance of copepods)
3 ) Water sampling

- lor estimation of vertical distribution
ofcopepods (at depths 5.25. 50,60
m). fractionated chlorophyll, proto-
zoans and nutrients from the sarne

depths
- for estimation of copepod abundance

at depth of MIK haul (2 samples at
15 m)

97 98 99 100
Longitutle

Figure I Map of the area offshore of PhLrket Island.

Special Publication No. 27 (2002)

- water for incubation experiments,
larvaceans, copepod nauplii (from 5

m)
4) Fish larval sampling

- Bongo haul oblique (for larval abun-
dance estimation)

- MIK hauloblique (for larval compo-
sition and abundance estimation)

- MIK haul towed at l5 m depth (10
min.) (for feeding and growth studies)

Fig. I shows a section of the shelf area of
the Andaman Sea where our sampling stations are
indicated. The information and samples collected at

these stations were used extensively during the
continued workshop, this work is described in the
following sections of summary reports from
working groups.

c) Hydrographical observations

At each station, temperature, salinity and
fluorescence .were profiled down the water column
by lowering the CTD to a few meters above the sea

bottom. The CTD was lifted to the depth of maximal
fluorescence, and here it was moved up and down
six times with an amplitude of about 7 m. By this
yo-yoing of the CTD, we recorded the up- and
downward movements of the water column due to
the prominent internal wave in the area.

The measurements of the CTD downcasts
at station 3 and I are illustrated in Figs. 2 and 3. At
both stations a minor pycnocline was seen at about
30 m depth, while a more marked pycnocline was
observed at60-70 m depth. Surface salinity was
slightly lower at station 3 compared to station 7.
The peak in fluorescence was observed at
approxirnately the same depth (50 m), but below this
depth the fluorescence was significantly higher at

station 3 than at station 7. Measurements of the water
column movements are illustrated in Fig. 4 (a and

b). Movements (or in other words "intemal waves")
had arrplitudes in the order of 2-5 m, and periods of
I G-15 min., a more pronounced wave was observed
at station 7.
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Figure 2 CTD profile at station 3 showing measure-

ments of density, fluorescence, temper-

ature and salinity.
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Figure 3 CTD profile at station 7 showing measure-

ments of density, fluorescence. temper-

ature and salinity.
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Figure 4 Measurernents ofthe internal wave move-

ments at station 3 (a) and station 7 (b). The

variation in depth (m) of a given water
density is plotted against time (ulian day).

Inserted lines and values indicate the
interpreted amplitudes and periods of the

waves.

V. SUMMARY REPORTS FROM
WORKTNG GROUPS

Group 1: Feeding and production ofcopepods
in the Andaman Sea

by L. Wongrat, N. Cho, M. U. Cauns, M. Zainuri,
I. Phromthong, B. Sikhantakasamit and M'
Kaewsiang

a) [ntroduction

Investigation ofthe structure, function and

prodLrctivity of the pelagic community of the

Andaman Sea has been one of the main scientific

tasks of the Phuket Marine Biological Center dLrring

recent years. The copepods play a key role in the

pelagic ecosystem as trophic link between fish larvae

and the lower trophic levels. Knowledge abor-rt the

biology of the central group is thus essential,
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In the Andaman Sea off Phuket Island, a
significant fraction ofthe plankton consists of very
small cells (< 5 pm), too small to be grazed
effectively by the copepod community. Since
primary producers are too small to be grazed
directly by the copepods, the microbial community
may be a significant link between the primary
producers and the copepods. Previor-rs investigations
in the Andarnan Sea have focused on taxonomy and
biomass. and knowledge of the functional ecology
of tropical copepod communities is needed.

The objective of this investigation was to
study abundance, vertical distribLrtion, feeding,
grow'th and productivity of the Andaman Sea copepod

commLrnity.

b) Materials and methods

1) Sampling: The sampling was conducted

on November 17,2000 at hi/o stations during a one-
day cruise with the research vessel "Chakratong
Tongyai". The sampling depths were selected from
the CTD casts (Fig. 1). Water samples were at 5

depths using a 30 L Niskin water bottle. At the
offshore station (station 7) sampling depths were
assigned aI 5,25,50, 80 and 120 m and at the near
shore (station 3) at 5,15,25,50 and 60 m depth.
The water samples collected at each depth were
divided into four types of analyses as follows.

2) C hlor ophy ll-a me asur em ent : Duplicate
samples of 500 ml were taken from each depth and
filtered sequentially through 45 mm net, 25 mm, 5

mm. GF/C and 0.2 mm filters. The filters were
extracted in vials with 5 ml of 96o/o ethanol and kept
frozen until just prior to measurements. In the
laboratory, the samples were acclimatized to the
roorl temperature. one hour before the
measurement. The measures of chlorophyll-a were
carried out using a 10-AU Turner Design
Fluorometer.

3) Microzooplankton abttndance. 150 rnl

of sample was preservedin2oh Lugol's solution.
After ovemight sedimentation a subsample of 50 ml
(100 ml was settled for the depth below
fluorescence maximum) was identified Lrsing

inverted microscopy. The microzooplankton were
classified into ciliates (aloricates and loricates),
heterotrophic dinoflagellates (thecate and naked
forms) and micro-metazoans (e.g. nauplii and early
copepodite stages of copepods etc.).

4) Copepod abundance: The abundance of
copepods was calculated from the water bottles
casts. After water for chlorophyll and
microzooplankton was sampled the rest was
concentrated on a 45 mm net sieve and rinsed to a
beaker and preserved in Lugol (2 % final
concentration). In the laboratory, the zooplankton
were enumerated and identified to nauplii, calanoid,
cyclopoid and harpacticoid copepods.

5) Zooplankton grazing and egg
production: Prior to the experiment water from the
surface was screened through 45 mm mesh (to
remove larger predators) and transferred into 500
ml acid rinsed polycarbonate bottles. Three controls
and five experimental bottles (with 3 copepod
females) were incubated for 4 hr. at room
temperature on a plankton wheel (1 round per
minute). Water samples ( I 10 ml) for
microzooplankton analyses were fixed in Lugol's at
the beginning and at the end of the experiment.
Similarly, size fractionated chlorophyll-a
concentration was estimated at the beginning and at
the end of the experiment. At the end of the
experiment the copepods were screened through 45

mm net and preserved. In parallel with the grazing
experiments the egg production experiments were
conducted with the calanoid copepod, Acrocalanus
gibber. The study ofegg production is based on the
assumption that the adult female will have very low
somatic growth. Following this assumption, the
energy consumed by the female will be directiy
transferred to the egg production. At the end of the
experiments the spawned eggs were counted and the

length of females and diameter of the eggs were
measured (with 20 mm and 1 mm precision,
respectively). Egg carbon was estimated from egg
volume by assuming a conversion factor of 0.14 pg

C Lrm-' (Kiorboe et a|.,7985; Huntley and Lopez,
1992) and the weight-specific egg production rate
(SEP) was calculated.
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c) Results and discussion

1) Vertical distribtttion of chlorophyll-a

fractions: The vertical distribution of the

fractionated chlorophyll-a at the two stations is

shown in Fig. 5 (a and b). At both stations the highest

chlorophyll-a concentration was measured in

association with the pycnocline from where the

chlorophyll-a decreased towards the bottom.

2) LIi crozooplankton: The m icrozooplank-

ton was dominated by ciliates and heterotrophic

dinofl agellates. The loricate ciliates, Amphorides,

E,utintinnus. Rhabdonella. formed the major
components. Whereas, Strombidium and Tiartna

were common in aloricate forms' Similarly'
Gymnodini um and Gyrodinium dom inateC athecate

dinoflagellates, and Prorocentrum and Goniar-rlax the

thecate forms. NaLrplii and copepodite stages of
copepods formed the major portion of
micrometazoans. Most (ca. 80%) of the

microzooplankton was in the size range between (10-
25 pm). Generally. the highest abundance was

00 02 04 06

ChloroPhYll a I I

Figure 5 Vertical distribr.rtion of fractionated Chlo-

rophyll a at a) station 3 and b) station 7.

observed at the surface (5 m) at both the stations

(Figs. 6a and 6b). A subsurface peak was recorded

at 50 m at both stations. Depth of sr-rbsurface peak

was very well in coincidence with the subsurface

chlorophyll-a maxima.

3) Copepoct abtrndance: The vertical
distribution of copepod at the two stations is shown

at Fig. 7 (a and b). The vertical distribution pattern

ofthe copepods followed that ofthe phytoplankton.

The most abundant group at both stations was nauplii

followed by calanoid copepodites at the inshore

station and cyclopoids at the offshore station.

4) Copepod egg Prodttction: The egg

production of female copepods at stations 3 and l
are presented in Tables 1 and2. respectively. The

egg production of station 7 ranged between 0-6
(average 1.6 + 1 .2 egg fernale'rd-'), while the

production at station 3 ranged between 6-20 (average

12.4 +2.9).lndicating that the plankton community

at the coastal station provides a better food resource

for the copepod commttnity.
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Figure 6 Vertical distribution of microzooplankton

at a) station 3 and b) station 7.
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d) Summary and conclusion

The vertical di stribution of size fractionated
chlorophyll-a at the two stations showed the same

patterns at both stations. The phytoplankton
community at both stations was dominated by
phytoplankton < 5 pm, at the offshore station the
contribution of this fraction to the biomass was
more pronounced than at the inshore station where
the larger fractions contributed more.

The vertical distribution of the
microzooplankton followed that of the
phytoplankton. In general the peak abundance of
copepods was located at the chlorophyll-a peak,

where the low light probably reduces the predation
risk from visual predators. In general only a small
fraction of the phytoplankton was available to the
copepods. Our laboratory experiments showed that
microzooplankton contributed with a significant
fraction ofthe copepod diet at both stations (data

not presented), illustrating the importance of this
trophrc coupling in systems dominated by
picophytoplankton like the Andaman Sea.
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Ffure7 Vertical distribution ofcopepod communi-
ty at a) station 3 and b) station 7.

Table I Nr-rmber of copepod egg production at station 3.

Species Bottle sample
number

Incubation time
(hr.)

Number of
female

Number of
eggs

egg.female-r.d-r sEP(d )

crocalanay
gibber

A

5

A

7

8

4

4

4

4
A

4

3

o

3

4

4

o

20

3

t2

6

12

20
6

18

0.10
0.20
0.34
0.10
0.31

mean

s.d.

s. e.

12.4

6.5

2.9

0.21

0.1 I

0.05

Table 2 Nr-rmber of copepod egg production at station 7.

Species Bottle sample

number
Incubation time

(hr.)
Number of

female
Number of

eggs

egg.female-r.d-l sEP(d'')

lcrocalanw
gibber

4

5

6

1

8

A

4

4

4

4

6

2

J

J

2

0

2

0

1

0

0

o

0

2

0

0.00
0. 10

0.00
0.03
0.00

mean

s. d.

s. e.

1.6

2.6
1.2

0.03
0.04
0.02
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Group 2: Growth rates of copepod nauplii in
the Andaman Sea

by A. Piumsomboon, C. Aryutthaka, D. Rissik'
J. Y. Jivaluk, K. Tiinnesson, K. Sour and S.

Satapoomin

a) Introduction

The highly dynamic nature of marine

systems complicates attempts to understand
important biological processes. Such information

can be obtained through the use of microcosms

and mesocosms in which physical and extraneous

biological factors can be controlled and replicated'

Much of the available information about

copepod ontogenetic processes has been obtained

in temperate or cold water regions of the globe.

Many of these studies have highlighted the

impoftance of temperature in determining production

rates (Huntley and Lopez, 1992; Kisrboe et al.,

1988; White and Roman, 1992). However
measurements of rates in tropical conditions have

been limited. Increased metabolic rates of organisms

in warmer temperatures lead to shorter stage

durations of naupliar and copepodite stages of
tropical copepods (Chisholm and Roff, 1990;

Hopcroft and Roff, 1996; Webber and Roff, 1995).

The objectives of this study were to
determine naupliar duration of three copepod taxa

from a deep water and shallow water stations in the

tropical Andaman Sea.

b) Materials and methods

Two veftical hauls were conducted with a

50pm mesh net lrom a depth o[60 m. at each station.

i. e. station 7 (offshore station) and station 3 (coastal

station). Hauls were taken carefully to reduce

mortality of copepods. The cod end contents were

placed ina20l bucket and diluted with pre-filtered

(45 pm mesh) seawater. The contents of the bucket

were concentrated on 45 um mesh screen. Contents

on the screen were washed vigorously through 100

pm mesh into a beaker with filtered water to get

fertilized eggs from copepods. EqLral portions of the

filtrate were placed into four20l plastic containers

which contained filtered water (45 pm mesh)

collected from 5 m depth. This process was

conducted at each of the two stations.

Carboys were placed in a large tank with a

continuous flow of surface waterto prevent samples

becoming too warm. Incubations from offshore

waters took place for four days, while those from

the coastal station took place for five days. On each

of the following four days, a single carboy fiom each

station was removed from the tank and filtered
through a45 p,m mesh net. Contents of the net were

fi xed in a m ixture of 5 
o% form alin and 9 5%o seawater.

In the laboratory, samples were split (1/8),

and identified to the lowest possible taxonomic

Day I

Day 3

Day 2

Day I

Dav 0

0 20 40 60 80 t00
Abundance ( %)

D^y 4
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: Harpscticoid nauplii
@ Cycl.\Pold nrnP].rr
Sl Onceae nauplii
@ T emora nauPlii
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CIIEE H arpn.!rclri d coPePodrles
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Figure 8 Community composition (percentage

abr-rndance) on each of the days over the

experimental period.

Nearshore (station 3)
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group and then counted, using dissecting
microscopes.

c) Results

The percentage composition of the
nearshore and offshore microcosms changed
substantially over the incubation period. Initially
samples were dominated by eggs and nauplii (>95%)
but became dominated by copepodites after 3 days
(Fig. 8). By day five more than 80% of the
community were copepodite stages. The offshore
experiment only lasted 4 days and by day four more
than 60%o of the community were copepodites.

a) Variation in copepod mrrposition

rrear slrore nEsocosrneryerirent

Stage durations ofthe calanoid nauplii took
approximately three days compared to the five day
duration of the Oncaea and cyclopoid taxa. There
was little variation between the stage durations of
the three taxa from the two stations (Fig. 9).
Following development of the nauplii into
copepodite stages it was obvious that the cyclopoid
group was dominated by Oithona spp.

d) Discussion

Stage durations of copepod nauplii
estimated from this study were similar to those
reported from tropical conditions elsewhere.

b) Variation in mpe@ corrposition

off slrore nrsocosm experifient
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Figure 9 Variation in stage composition of calanoid, cyclopoid and harpacticoid at a) nearshore station
3 and b) offshore station 7.
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Naupliar stage durations ofcalanoid nauplii in waters

in the West Indies were three days, identicalto the

durations obtained in this study (Hopcroft and Rofl
1998a). Naupliar stage durations of Oncaea and

cyclopoid copepods (Oithona spp.) were one to two
days longer than those ofcalanoids, again consistent

with the results from West Indian waters (Hopcroft

and Roff, 1998a).

The rapid ontogeny of copepods in high
temperature tropical waters (Chisholm and Roff,
I 990; Webber and Roff, I 995 ; Hopcroft and Roff,
1996) makes it difficult to determine the length of
individual naupliar stages.

The lack of obvious differences betrveen the

offshore and nearshore stations suggests that food

abundance is not an important determinant of naupliar

growth rates in these waters. These conciusions are

consistent with those for copepod nauplii in other

tropical and temperate waters (Berggreen et al.,
1988; Hart, 1990; Hopcroft and Roff, 1998a; Klein
Breteler et a\.,1982). The difference between the
percentage abundance ofcalanoid nauplii on day four
of each of the experiments is probably the result of
the sample being over split. There was insufficient
time for the sample to be recounted.

Group 3: Larvacean abundance and species

composition in the Andaman Sea

by A. Piumsomboon, C. Aryutthaka, D. Rissik,
J. Y. Jivaluk, K. Tiinnesson, K. Sour and S.

Satapoomin

a) Introduction

Oligotrophic tropical waters are character-

ized by dominance of pico- and nanophytoplankton.

Although it appears that some tropical copepods may

be able to graze particles as small as 2 pm (Calbet el

a\.,2000), in generalthe picoplankton and smaller

nanoplankton (i.e. < 5 pm) cannot be directly
consumed by meso.and macrozooplankton and must

be preyed upon by microplankton. This results in a

lengthened and more inefficient trophic pathway than

that of more nutrient rich water. Laryaceans can feed

directly on picoplankton and thr-rs play an important

role in the transfer of carbon to higher trophic levels

(Gorsky and Fenaux, 1998).

Larvaceans are found in all oceans and hence

may have an impoftant impact on phytoplankton.
Alldredge ( 1981), Hopcroft and Roff ( 1998b), and

Neilsen and Hansen ( 1999) have reported densities

from hundreds to thousands oflarvaceans per cubic

meter. They rarely dominate numerically but the

growth rates of larvaceans in tropical waters are very

high (Hopcroft et al., 1998).

The larvaceans also have an important role

in the downward export. The mucous feeding
structurd of the larvaceans, may constitute an

important component of marine snow. This mucus

house eventually becomes clogged, and in tropical
waters as many as 14 mucus feeding houses may be

produced and discarded per day (Clarke and Roff,
1990). Additionally, larvaceans package small, non-

sinking cells into larger pellets that have high settling

velocities.

Despite such potential importance, little is

known ofthe larvacean communities in the Andaman

Sea. The objectives for this study are to identify
species composition, abundance, vertical distribution
and estimate the biomass of the larvaceans in these

waters.

b) Materials and methods

At each of the two stations (stations 3 and

7), vertical hauls were made from a depth of 60 m

using a45 pm mesh net and the collections preserved

in 5% formalin. In the laboratory these samples were

split and all larvaceans in sub-samples were identified

using Buckmann and Kapp ( 1975) and counted to

determine the abr-rndance of larvaceans within the

photic zone at each of the stations (Fig. 10).

To determine the verlical distribution of
larvaceans at each station, water samples were

collected with 30 I Niskin bottles at 4 depths at

station 3 (.5,25,50 and 60 m) and at 5 depths at

station I (5,25,50, B0 and 120 m) and preserved in

Lugol's solution. In the laboratory, all larvaceans

within the samples were identified and counted.
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c) Results

All 3 families of the Class Larvacea were
present in the Andaman Sea. The specimens were
identified into l8 species, 7 genera. The offshore
station had slightly higher diversity than the coastal

one, l4 species at the offshore and I 1 species at

the coastal station (Table 3). In practice, it proved
difficult to determine if small narrow-tailed
Oikopleura were O. fusifurmis, or poorly preserved

O. longicauda. Presently, O. longicauda dominated
the larvacean community at both stations (Fig. 1 1).

At the offshore station it was followed by O.

fusifurmis and while at the coastal station by
Fritillaria borealis intermedia. F. borealis
intermediawas the most common Fritillarid at both

stations.

The pattern of vertical distribution was
different between the two stations. A clear peak

abundance of both srnaller and larger larvaceans
could be observed at the offshore station. but it rvas

d)

Figure 11 Species composition of each larvacean
family. a) Oikopleuridae and b)
Fritillaridae at station 3, c) Oikopleu-
ridae and d) Fritillaridae at station 7.
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Table 3 Abundance of larvaceans in the Andaman Sea.

i' Excluded O. longicauda and O. fusiform is
* * Excluded A. sicula and F. pellucida

more homogeneous at the coastal station (Fig. 12).

Simple correlations of chlorophyll size fractions to

larvacean abundance indicated a significant
relationship to the smallest picoplankton fraction
(0.2-1.0 Fm, P : 0.33) at the offshore station, but

no relationships at the inshore.

d) Discussion

Larvaceans are often noted as common

components of tropical waters (e.g. Gerber and

Gerber 1979; Clarke and Roff. 1990), yet detailed

examination oftheir species composition is rare (e.g.

Hopcroft and Roff, 1998b). In contrast, early

expeditions concentrated heavily on taxonomy, but

did not present composition or abundance
quantitatively. Here we present the first quantitative

data for the Andaman Sea.

In terms of the species composition. most

ofthe observed species are characterized as warm

water epipelagic species (Buchmann and Kapp,

19-/5). Diversity appeared higher offshore than

inshore, but should overall be considered high for
a group with only *60 described species (Fenaux.

1 998). The three larger species found at the offshore

station, Me gal o c er us hta I ey i, S t e go s om a m agnLrm

and Chunopleura microgaster, are all
characteristically ocean species (ibid). ln contrast,

Oikopleura dioica is primarily a nearshore spec ies,

doing best in slightly reduced salinity (Hopkins,
1977) consistent with its low numbers at only the

inshore station. Oikopleura longicauda and
Fritillaria borealis dominated the community as is

characteristic for most neritic and offshore waters
(Acuna and Anadon, 1992; Hopcroft and Roff, 1998b;

Tokioka, 1960). Perhaps the most interesting
discovery is the presence of multiple specimens of
Chunopleura tnicrogaster. a species described by

Lohmann (191r1). from the Indian Ocean, but for
wlrich no other collection records exist. The original
type specirnens were in poor shape, and the original
drawings superficial. The validity of both the genus

and the species has been qr-restioned (Fenar"rx l99B;
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a)

* Big larvaceans* Sm-all larvaceans

Lawacean biomass was estimated as 0.3-0.4
mg mr. This apparently low relative biomass may
be misleading because the growth rates of the
larvaceans are several fold greater than that ofthe
copepods (Hopcroft et al., 1998} It is clear that
the larvaceans represent a diverse and significant
component of the local marine zooplankton
community. A more seasonally representative
examination of their community would appear to be
in order.

Group 4: Composition and abundance of fish
laryae in the Andaman Sea

by N. M. Han, M. B. M. Norizam, Q.Vo Van,
J. Sang-iad, N. Nasuchon, P. Maila-iad,
N. Songkeaw, N. Somkleeb and A. Yeemuda

a) Introduction

G. O. Sars was among the earliest
planktologists interested in fish larvae, discovering
in 1865 that Atlantic cod spawnQd planktonic eggs,
and then developed into pelagio larvae (Kendall er
a1.,1984). In Thai waters, the fisH larvae studies have
been initially carried out in the gulf of Thailand by
Boonprakob (1962, 1965), Boonprakob and
Dheptaranon (197 1), Vatanachai (197 9 q I 979b) and
continued by Chayakul and Uttappng ( 1 983a, I 983b).
In the Andaman Sea, no publicattions on fish larvae
existed before the 1980's. Janekam and Boonruang
(1986) published the first paper on seasonal
occurrence of fish larvae in mangrove canals at
Phuket Island. Since then, a number of research
projects on fish larvae in the Andaman Sea have
become a considerable matter. At early stages,
researches mainly dealt with composition,
distribution and abundance, both in terms of space
and time (e.9. Janekam and Kisrboe, 1991u 1 99 1 b).
Specific studies on some particular fish such as chub
mackerels (Rastrelliger spp.) were also concentrated
for fishery management purpose (Sutthakorn and
Saranakomkul, 1986). A review of fish larval
distribution and abundance in the Andaman Sea was
summarized by Janekam (1993).

Duringthe present workshop we are mainly
looking at the linkage between mesoplankton and fish
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Figure 12 Vertical distribution of larvaceans separ-
ated by small and big in size at a) station
7 offshore and b) station 3 nearshore.

Tokioka, 1960). Here we confirm the existence of
both.

Both stations had very similar total
abundances of larvaceans, with numbers in the range
observed in tropical neritic Jamaican waters (Clarke
and Roff, 1990). The vertical distribution of the
larvaceans has seldom been examined (Acuna" 1994;
Acuna and Anadon, 1992). Interestingly while there
appears to be a distributional pattern related to the
smaller chlorophyll size fraction at the offshore
station (consistent with their feeding size
preferences), no such veftical larvacean pattem exists
at the inshore station despite a vertical structure to
chlorophyll distribution. Stronger results are not
surprising considering the limited number of
observations, and limited depth range at the coastal
station.
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larvae. In this section of the workshop we are

involved in the abundance and taronomic composition

of the fish larvae. Special emphasis is put on

methodology, length-weight relationships and

biomass estimation procedures. In addition, samples

from daylight and dimlight hauls ofthe SCP previous

cruise were examined to see distributional difference

in time.

b) Materials and methods

AII the samples were taken from the west

side of Phuket Island, with R/V ChakratongTongyai

on 17 November 2000. Two stations were selected

for the study as same as the other groups, these were

station 3 (l .45.15'l',1 and 98.05.12 'E) and station 7

(7 .45.05'N and 91 .48.84 oE), with 60 and 240 m

depth, respectively. Fish larvae were sampled using

2 m in diameter MIK ring net with 1 mm in mesh

size, and 0.6 m in diameter BONGO net with 0.5

and I mm in mesh size (for each net).

1 ) Procedures on board
At station 3, both MIK net and Bongo net

were operated to collect samples by oblique hauls

from 5 m above sea bottom to surface. At station 7,

only an oblique haul with the MIK net was operated

from 120 m deep to surface. A SCANMAR depth

sensor was attached to the ring at the net mouth for
controlling towing depth and speed. Samples from

MIK and BONGO nets then were immediately sorted

out and preserved in 957o alcohol while the unsorted

samples with zooplankton were preserved in l0%
formalin.

2) Procedures in the laboratory
Samples above were carried out as follows:
- Fish larvae and zooplankton were sorted

out from the remaining samples in
formalin.

- Fish larvae were identified to family level.

- The biomass of zooplankton (from the

remaining) was weighed.

- The length and weight of fish larvae from

dominant families were measured for
individual specirnen.

- Thereafter, the remaining fish larvae of
the above stase were weiehed as a total.

- Fish larvae biomass and volume were

calculated.
- Zooplankton biomass and volume were

calculated.
- Densityiabundance and distribution were

compared among gears and stations.

- Drawings were made from selected fish

larval specimen.

3) Identification
Characters used for fish larvae

identification were mainly based on Chayakul
(1990), Janekarn and Boonruang (1986), Leis and

Carson-Ewart (2000), Moser et al. (1984), Neira el
al. (1 998), Okiyama ( I 9 88), and Vatanachai (1 97 2).

The identification basis was Iined upon body shape,

head structure and spination, shape and position of
mouth, appearance offins, position ofanal opening,

digestive tract, myotome number and pigmentation.

4) Zooplankton biomass
For the biomass estimation of zooplankton,

samples from each station were determined using

different methods. The procedures for the methods

were as follows.
- Displacement volume method. Zoo-

plankton samples were transferred to a
graduated cylinder with water and the
displaced volume of water was registered.

The displacement volume of zooplankton
was expressed as ml displaced per m3

water sampled.
- Estimation of dry weight. After

determination of the displacement
volume the material was filtered again
through 300 mm mesh net and left to dry
in the shade. The material was later
weighed to obtain the wet weight and then

dried in an oven at 80 "C for 24 hours.

Thereafter, samples were left to cool and

weighed. The dry weight was expressed

in mg per mr water sampled.

- Estimation of ash-free dry weight. After
the determination of the dry weight, the

samples were burned in the muffle
furnace at 550 oC for approxirnately 3

hrs. The material left in the jar was the

ash content. The ash-free dry weight is
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from the subtraction of dry weight by ash

content. The ash-free dry weight is

expressed as mg per mr water sampled.

c) Results

l) Larval composition
In this study almost all larval fishes were

represented in post larval stages. A total number of
1.131 individuals were mostly identified to 48

families (Table 4) and leptocephalus groups.
Although the diversity of fish larvae appeared to be

high, only few families dominated. The top five
comrlon families were (in order of abundance):
S i ganidae (5 4.89%), Gobi idae (1 3.9 1%), Lutj anidae

(7 .64%;),Gonostomati dae (4.27 %1 and Myctophidae
(3.11%) at both stations. From a fisheries point of
view. larvae of commercial families accounted for
70.69 %ofall individuals. The most common groups

of this point were members of Siganidae and
Lutjanidae. These fishes are common in the local
fish markets.

In general, abundance of Siganidae was

distinctive both at nearshore (station 3) and offshore
(station 7) sites. Gonostomatidae and Myctophidae
are normally recognized at offshore waters rather
than at the coastal areas. which also was the case in

this study. Other common families at offshore site

were Lutjanidae, Bothidae, Gobiidae and

Bregmacerotidae. Nomeidae and Scorpaenidae were

somewhat common at the nearshore station whereas

very few were found at the offshore site.

2) Larval abr:ndance

The estimated abundance of larval fish at

station 3 was 35.54 ind./1Om'? (MlK-net). 312.38
ind./10m2 (BONGO net 0.5 mm) and 116.69 ind./10
m'](BONGO net 1 mm). At station 7 we estimated

149.47 ind./10m2 from the BONGO I mm. In general

larval abundance at station 7 was greater than that at

station 3. Looking at larryal specimen fiorn station 3,

by the two diflerent mesh sizes of the net from the

same BONGO gear, abundant number of larvae from

BONGO net 0.5 mm was higher than that fiorn
BONGO net 1 rnm. And looking at different gears,

larval abundance obtained frorn BONGO net ( 1 mrn)

was greater than that fiom MIK net.

3) Length-weight relationship
The length-weight relationship (W: al-o)

was carried out for siganid larvae at two different
stations, i.e. station 7 (offshore site) and station 3

(near shore site) at towing depth of 120 m and 58 m,

respectively. These larvae were also from 2 types of
gears, i.e. MIK and BONGO nets of one side with

Table 4Larval fish composition and number col-
lected by two different nets. MIK and
BONGO. at station 3 and 7.

7 3 3

TotalGear
Family

MIK net
1.0 mm

MIK net IBONGO IBONGO
l.0mm | 0.5 mm | 1.0mm

Acanthuridae
Ammodytidae
Apogonidae
Ariommidae
Bothidae
Bramidae
Br€gmacerotidae
Cuangidae
Carapodidae
Cepolidae
Champsodontidae
Chanidae
Clupeidae
Coryphaenidae
Cynoglossidae
Dactylopteridae
Dussumieriidae
Emmelichthyidae
Gempylidae
Gobiidae
Gonostomatidae
Labridae
Lethrinidae
Lutjanidae
Myctophidae
Nemipteridae
Nomeidae
Ophidiidae
Paralepididae
Paralichthyidae
Percichthyidae
Percophidae
Platycephalidae
Priacanthidae
Menidae
Monacanthidae
Myctophidae
Nomeidae
Scaridae
Sch indleriidae
Scombridae
Scorpaenidae
Senanidae
Siganidae
Stomiidae
Synodontidae
Trichiuridae
Uranoscopi dae

Leptocephalus

Unknown ,

Destroyed

2

I

3

I

I

2

I
I

l0
I

3

375 I 53 76 42
I

I

I
lt I

16 4
I
t23

I
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7l

I
I
6t't3

I
3

2

3

I
I
3
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4
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I
I
3

I

2
2
I

6
I

I

63
t2

4
I
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6

22
I
l8
7
I
I
3

I
I

2
4
3

2

I

3

59
114

5

I
58
75
l
I
I
3

I
I
z
I
3

2
I
6
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I
9
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1
4

646
I

I
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I
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TOTAL 699 207 I6l 6Z llll
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0.5 mm and the other 1mm. Measurements of length-

weight were either regressed for all larvae caught by

the BONGO net (Fig. l3) or separate regressions

were carried out for each net. Parameter estimates

were as follows:
Station 7 (offshore) for Siganidae
MIK: W:0.0073 L t'' (n:61, r'z:0.82)
Station 3 (nearshore) for Siganidae
MIK: W : 0.007 L r06 (n : 30, r2: 0.72)
BONGO net 1 mm: W = 0.006 L 264 (n =

30, r'?: 0.86)
BONGO net 0.5 mm: W:0.003 L 307 (n:

30, 12: 0.88)
All BONGO: W = 0.006 L265 (n:60. 12:

0.84)

4) Biomass estimates
Zooplankton biomass (wet weigh) at station

3 was pretty high in the 0.5 mm mesh of BONGO
net (50.2267 mdm') when compared to that of 1

mm mesh size (7.6234 mdm'). This is because the

0.5 mm BONGO net retains more of the smaller
zooplankters. In the comparison between the BONGO
net (1 mm) and MIK net (1 mm), we found that the

zooplankton biomass in volume (mg/mr) was similar
for the two gears. In the case of wet weight (mdm'),
dry weight (mdm) and ash-tue dry weight (mdm'),

W = 0.006 L2'65

n:60,1=O.S+

3456789
Length (mm)

Figure 13 Length-weight relationship for all analys-

ed siganid larvae from BONGO net (both

sides).

we found that estimates were greater for the MIK
net. The biomass estimates for station 3 and station

7 was quite similar in terms of volume (0.083ml/mr

at station 3 and 0.086 ml/mrat station 7). wet weight

(10.2344 mg/mrat station 3 and 10.4520 mg/m'at
station 7), and dry weighl (0.6096 mg/mr at station 3

and 0.6859 mdmt at station 7), except the ash-free

dry weight (0.0312 mg/m'at station 3 and 0.0820

mg/mr at station 7). The percentages of fish larval
biomass were 0.04-1 .31Yo of total biomass. The

maximum percentage was found at station 3 by
BONGO net (l mm).

5) Composition of fish larvae between

daylight and dimlight hauls
This examination utilized samples collected

from the previous SCP cruise on November 9, 2000

by MIK net. Altogether l30larvae from 29 families
were identified. A number of 38 larval fish belonging

to 17 families was caught at the daytime (4.00 p.m.)

while at the dusk (6.00 p.m.) we obtained 92lawal
fish from 22families. The family of Myctophidae
was the most common group in the daytime haul,

while at dusk families of Engraulidae, Lutjanidae,
Gonostomatidae were common.

d) Discussion

The species composition from this study

showed less diversity than found in earlier studies in

the area, mainly because of the small number of
sampling stations (2 stations). Large differences
between larval taxonomic composition were found
between the offshore and the inshore areas. The

comparison of zooplankton and fish larvae plankton

biomass between station 3 and station 7 showed that

the biomass of both zooplankton and larvae collected
from station 7 was greaterthan at station 3. As known
from the previous study made by Kiarboe et al.
(1991), at the frontal region close to our station 7
pelagic productivity was high due to enriched nutrient

waters from below moved onto the shelf. Particularly

at the shelf break region, this enriched water may be

push right up to the surface, forced by the internal

wave. This may give rise to the enhanced productiviry

that attracts a variery ofzooplankton and flsh larvae

to aggregate here. As can be seen in the high

1.5

b0

o0 I.
q)

>

0.5
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abundance of zooplankton biomass and number of
fish larvae at offshore site close to the shelf front.

From length-weight relationship of siganid

larvae at two sites, it reveals that siganid larvae

collected at the inshore station have shown a greater

growth than at the offshore. However. it is noticed
that size of siganid larvae at inshore site was in
general srnallerthan that at offshore while the siganid

larval number was found more at offshore site. To
cope with these findings, it might be said that siganid

larvae might spawn at offshore site in the vicinity of
shelf breakfront and larvae aggregated here according

to the availability of food sources as zooplankton
biomass for,rnd densely here as well. Why do siganid

larvae grow better in the inshore area rather than the

offshore? In inshore region. turbulent and vertical
mixing are the major movement affecting plankton

distribution. Thus, not only water masses in this
region are mixed but the microorganistn sitch as

phytoplankton, microzooplankton, lvhich are the

food sor-rrces of fish larvae in the region. are also

rnixed. Accordingly, siganid larvae in inshore region

may be able to cover a wide range of food particle
size. In addition. less energy was spent in swirnrning
to find food and larvae of bigger size at the offshore
could better manage for pursuing the food. However.
clariflcation of this point should be further made for
better ecological understanding, useful tools for
resollrce management in the future.

Differences in composition and abundance

of larval fish between daylight and dimlight
s-amplings can be a case of the behavior-rr of larvae

that maintain their position in the water colr.rmn. In
the daytime they reside in the deep water probably
dLre to high temperature at the sr-rrface. While at night.

they are photopositive and most of them migrate to

surface water where zooplankton as the prey is

substantial.

Larva ofSlganu.! sp. (Family Siganidae)
drawn by Qr-rang Vo Van

Group 5: Feeding and growth of fish larvae
from the Andaman Sea

by S. Hajisamae, P. Ostergaard, A. H. A. Arshad,
S. Kidwai, C. Chamchang, T. Duangdee, P.

Puewkhao, P. Tongnunui, S. Panjarat and N.
Tandavanitj

a) [ntroduction

Ferv studies are available on fish larval
growth. feeding habits, and prey selection in the

tropics. SLrch str.rdies are essential for assessrnent

of the functional role of fish larvae and their preys

in a given ecosystern. Comrnon techniques in such

studies are analysis of otolith ring pattern for larval
age and growth determination and stornach content
analysis forevah.ration of larval consutnption and prey

selection.

Panella (1971) discovered that growth
increments on the fish otoliths were laid down in a
regular, often daily. pattern. 'I'he otoliths are

composed ofcalciurn carbonate in an organic matrix.
deposited as discontinLroLls zones. and by
microscopic exarnination these patterns can be

viewed altemating dark and white rings (Carnpana and

Neilson. 1985). Since the discovery by Panella the

use of otolith-analysis for rneasuring the age of larval

fish has been widely applied in larval research.

Field basec'l stLrdies of larval feeding depend

on the analysis of larval stomach contents, and a
number of different stLrdies is available that
qtrantitatively rneasrrre larval l'ecding patlern on basis

of stomach content analysis. (Kane. 1984; Pearre,

1986). Dependent on the goal of the analysis,
different indices ofprey choice havc been applied.
'I'he data of the present str"rdy are analyzed using the

Chesson's index (Cliesson. 1978). which compares

the relative abi-tndance of tbod ite Ins irr the gut witlt
their relative abr-rndance in tlre environrnent.

The present investigation fbctrses on the

basic techniques in the analysis of flsh larval feeding

and grorvth. It is part of an integrated multi-
disciplinary stLrdy carried out on.the Andatran Sea

off SoLrthern Thailand dLrrins the workshoo on

.fi;

69,
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"Ecology of Tropical Mesozooplankton and Fish

Larvae". The sampling for the study was carried out

during a one day research cruise on board the R/V
Chakatong Tongyai, in the Andaman Sea. This was

followed by laboratory workon the obtained samples.

The objectives of the study were l) to determine

larval prey preference (types and sizes), and 2)
potential differences in larval growth rate related to

species and/or area of sampling.

b) Materials and methods

The samples were taken from two stations

across the shelf area in the Andaman Sea as same as

other groups. Station 7 (7.45.05 "N, 97.48.84 "E)
was an offshore station with the maximum depth of
300 m, while station 3 (7.45.15 "1\, 98.05.12 'E) was

situated at the shelf at approximately 60 m bottom

depth. These stations were located on the southem
most transect used during the SCP project (Phuket

Marine Biological Center) in the Andaman Sea.

Fish larvae were sampled by a ring net (MIK
net, diameter : 2 m, mesh size : I,000 mm). The
net was lowered to 15 m depth and towed horizontally
for 10 min. When gear was on board the fish larvae

were sorted from the samples and fixed immediately

in95o/o alcohol for further analvsis.

The fish larvae were identified to family
level. Larvae from the two most abundant families,

Siganidae and Lutjanidae, were length measured

(standard lengt[ SL). Siganid larvae, which were used

for the stomach content analysis, were treated in two
groups, those that were below 4.8 mm standard length

and those were above this length. Besides the SL.
thema.ximum height(MH) and mandible length (ML)
were also measured (Fig. la). All measurements

were made to the nearest 0.05 mm.

5.9 ,nm

Figure 14 Measurements of standard (SL), mandible

length (ML) and maximum height (MH).

The stomachs were dissected and the

content analyzed qualitatively and quantitatively

following the method described by E,ngchuan and

Ostergaard (Appendix 2 in this volume). The number

of fish dissected depended on the number of
identifiable prey found in the stomachs of the four
size groups (at least 20 analyzed in each group). All
the food items found in the stomachs were recorded

and measured (to nearest 0.02 mm.) but only the

copepods were identified as Calanoids (adults and

copepodites), Cyclopoids (as adults and copepodites

of Oncaea spp., Oithona spp., Corycaeas spp.) and

Harpacticoids. The stomachs rvith no food or totally
digested food were also registered.

For growth analysis, larvae of both the

families Siganidae and Lutjanidae were used. Both

sagittal and l{pilli otoliths were dissected from the

fish larvae, ahd mounted on thermoplastic resin.

Otoliths were] ground using 0.1 mm lapping paper.

and viewed by use of a compound microscope with
the 40x or 63x objectives. This microscope was

equipped with a camera and video system, and

measurements of otolith maximal and minimal
diameter, as well as the counting of rings, were
carried out on the video screen using pointers from
a simple image analysis system. The sagitta was the

preferred otolith, but occasionally the lapillus was

used. fungs were counted twice on each otolith by

three different readers. For more details on
procedures, see Janekam and Munk (Appendix 1 in

this volume).

c) Results

1) Stomach analysis
Of the stomachs dissected 55 % had

identifiable food material,20 o/o had digested food
material that could not be identified/measured and

about 23 % individLrals had no food material in their
stomachs.

Within the identifiable naterial the

copepods were the most dominant. This could be

divided into fwo groLrps: calanoid and cyclopoid. no

harpacticoid were observed. Among the calanoids.

adults and copepodites were observed, for
cyclopoids the adLrlts and copepodites could firrther
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be identified as Oncaea spp., Oithona spp. and

Corycaeus spp.

Calculated indices of preference are shown
in Fig. 15. Based on calculated mean preference and

the standard deviation of log-transformed prey

lengths, the log-normal distribution is illustrated by
the inserted curves in Fig. 15. The ratios of the
number of individuals in the stomach and those in
the environment indicate thatthe siganid larvae were

selective in their diet, and were targeting specific
groups of a particular size range. The comparison
between the smaller larvae (SL <4.8 mm) and the
larger (SL >: 4.8 mm) shows an 0.1 mm increase in

the preferred mean length (from 0.412 to 0.532 mm),
while the analysis ofthe widths of preference spectra

revealed values very close together (0.11 4 vs 0. I 79).

0

U.J

o J c; o ddd<ia
Cephalothorax length (pm)

Figure 15 Size preference indices (Chesson) of fwo
size groups of siganid larvae. a) larvae

smaller than 4.8 mm and b) larger than
4.8 mm. Calculated mean preference
(MP) and STDlog is indicated together
with the curve based on these values.

Data were analyzed for preference of prey type,
irrespective of size. The relative preference indices
illustrated in Fig. 16 show that Oncaea spp. (mean

size 0.213 + 0.066 mm) was the most oreferred
group in the diet.

Relationships betrveen the mandibular
length, standard length and body height ofthe fish
larvae were analyzed (Fig. 17). The figure illustrates
the relation between body height and larval length.

Tvpe ofprey

Figure 16 Relative preference indice (Chesson) for
four different types of prey.
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Figure 17 Changes in morphology dr"rring lawal gror.vth.

Open circles illustrate mandibular length

(mm), closed circles lor the relative body'

height (%). Regression valr.res for the

length-mandibular len_eth relationship is
insefted. Triangles illustrate the estimates

ofma'iimal prey length preference at lnean

lengths of the tvvo larval size groLlps.
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which did not change along the range of investigated

sizes, and the increase in mandibLrlar length with size.

The latter is described by a linear regression;
estimates are inserted in Fig. 17. The estimates of
ma,rimal prey preference (also shown in Fig. 17) are

about 70%o of mandibular length at size. the same

order of increase in mandibular length and maximal
preference is observed.

2) Otolith analysis
Otolith size measurements were carried out

on species of larvae, from the Siganidae and the

LLrtjanidae families. The changes in size ofthe otolith

are illustrated by the curves of mean diameter (mean

of the measurements of otolith minimal diameter and

ma,rimal diameter) in Fig. 18 (a and b) (open circles).

A linear regression is used to model the relationship

for Siganidae (Fig. I 8a) and Lutjanidae (Fig. 18b).

The relative increase of otolith size with larval size

olo

018

O 16

o i4

-:. -. T
a ) \lganldac F

O08

o06
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002

010

O OIJ

o06

00+

001

[-arval length (rnrn)

Figure 18 Changes in otolith shape for larvae of a)

Siganidae and b) LLrtjanidae. Otolith
diarneter is shorvn by open circles. the

relationship bet'uveen shortest and longest

axis of the otolith bv closed circles.

is of the same order for the two larval groups,

however, the otolith of Lutjanidae is obviously larger

at given larval sizes than the Siganidae otolith. The

changes in shape of otoliths are illustrated by the

changes in the relationships between minimal and

maximal diameters. (Fig. 18. a and b - filled circles).
Shape characteristics differ slightly between larval
groups, in both cases the shape changes during
ontogeny.

The resr,rlts of the otolith ring analysis are

shown in Fig. 19. A growth cule is illutrated by the

linear regression of lengths at age (age given by
number of rings counted). Growth rates are in both
larval groups in the order of 0.1 mrr-r day-'. The
regression of Siganidae depends to a large extend
on only two data points for the larger larvae of this
group. When using the length-weight estimate for
Siganidae from 'the Results of Group 4. page 26 in

this volume (W:0.006 t< L26s)'. the growth rate of
a 5 mm siganid laryae can be expressed by the specific
growth rate in weight: SGR : (0.1215)*2.1 :6.5%.

Ring cor,rnt (no.1

Figure l9 Lengths at age for larvae of a) Siganidae

and b) LLrtjanidae. Age is interpreted tiorl
ring counts. Data are analysed by linear
regression. esti rnates are i nciicated.
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d) Discussion

The analysis of larval feeding and growth,
focused on larvae of Siganidae and Lutjanidae,
illustrated a number of important characteristics. Data
indicated that preferred prey size increased with
larval size, while the relative width of the full
spectrum ofprefened prey sizes did not increase.

Further, our findings illustrated the difference in
preference of prey type, the Oncqea being highly
preferred by the siganid larvae. Preference changes

during larval ontogeny are to some extent based in
morphological changes, however, the relative body
dimensions ofthe siganid larvae did not change along
the range ofinvestigated sizes.

The analysis of otolith microstructure
appeared applicable to the siganid and lutjanid larvae.

Morphological analysis of the otoliths showed
marked changes in otolith morphology during larval

growth and between the two larval groups. The growth

rates were estimated and for both goups growth were

in the order of 0.1 mm day-r, which is in the lower
range ofgrowth rates described for tropical areas.
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dissecting needles is used to tear out both types of
otoliths which are situated under and behind the
visible opaque mid-brain. An easy way to discover
otoliths is to tear out at a position between mid- and

hind-brains. A suitable microscope magnification is
from 6 to 25 times of objective lens. A pre-check
of magnification to obtain a suitable and convenient
view is necessary before dissection. Once otoliths
are found, use an appropriate needle to gently slide
the sagittal otoliths into the circle marked rings at
each side of the slide, one by one. If a drop of water
continuously surrounds the otolith, it is prevented
from suddenly jumping away. For lapillus otoliths,
it is a small trick to get them onto another prepared

slide. Allow the lapillus otoliths to dry for some

seconds then use a coarse-tip needle to gently touch
one of them. It will be stuck there though several
attempts should be carefully made. Then move the
needle with lapillus gently onto another slide which
is prepared in the same manner as that for sagitta.
Wipe the central part of the slide until it is dry and
place a label here with the necessary information;
i.e. cruise and station numbers, family name, length,
type of otolith and number of slide. Make sure that
station and larval number will be visible when the
slide is placed in the slide-box. Leave the otoliths
and slides to dry completely for some minutes.

d) Mounting

Place the slide with sagittal otolith on resin
in a flame for few seconds. When resin is melted, it
should cover the otolith as a thin layer. Excess resin
can be removed with an appropriate needle but a great

care should be taken in order to avoid damaging of
otoliths. If a small upper portion of otolith plane is
shown above the resin surface, the grinding process

will be easy. Do the same for the other side of the
slide as well as for lapillal otolith slide. Allow the

slides to cool for some minutes before grinding. If
the one side has been ground and the increment
cannot be clearly seen on the monitor screen, the

opposite side of otolith should be ground as well.
Rewarm the resin on a flame until it melts, then put

a tip of a needle slightly under the otolith and gently
tum it r-rpside down. To allow the otolith to fall back
in the horizontal place, just place the slide on a flarne
once again.

e) Grinding

The otoliths are'ground on 3M grinding
paper # 1 pm to make their increments more
visible. Grinding is carried out with gentle circular
movement and with frequent examinations under the

compound microscope. Just before the mid-plane
of otolith is reached. tum it to the other side and
mount it back again. Grinding at the other side needs

greater care than the first side. To prevent over
grinding, frequent examination under the microscope
should be caried out. When grinding is approaching
the mid-plane, examine the edge of otolith whether
it is overground or not. If so, the grinding should
stop. If not, further grinding could be carried out
with care. It is frequently found that the mid-plane
of inner (central) part of otolith is reached easily at

one side whereas the outer ring part is easily
overground at the other side. This should be kept in
mind. Wipe off dust using lens-cleaning paper before

counting.

f) Microscope and video for counting

Counting of otolith increments is carried
out in transmitted light using a compound
microscope, which is fitted with a video system. The
used objective lenses are as follows; 4x, 25x. 40x
and 63x, while the magnification of eyepieces is l0x.
Objectives of 25xand 40x are often used for sagittal

increment counting whereas those of 40x and 63x
for lapillal increment counting. It depends on the
size ofotoliths, video screen view and resolution to
the video screen. The software enables us to measure

an area ofotolith size for further interpretation of
growth rate and length at age determination.

g) Magnification and the focussing of micro-
scope

The following procedures are used:

1) Count rings at the highest magnification
where the entire otolith is visible on the

video screen.

2) Focus up and down a number of times

in order to get an impression of the best

focus plane. Often you will see optical
phenomena due to the spherical shape
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(thin false rings) and beside this the ring
structure often combines into wider
dark bands when focusing up and down
(wide false rings).

3) Choose the focal plane where ring
patterns appear most continuous
(monotonous), the ring width will not
change dramatically from one ring to the
next.

4) While counting, make minor corrections
in the focus.

h) Identification of rings

The following definitions are used:

l) Courtt the dark ring.
2) Identification ofthefirst ring. The first

ring to count (number 1) is the
innermost complete dark ring. Some
ring structure can be seen within this
ring. In a sample ofthe same family-type
the width ofthis ring will approximately
be the same, thus, in otolith where ring
I is difficult to see, use the width
measured on other otoliths to identify
the ring.

3) Intermediate areo. While counting the
intermediate area, note that the first 4-
5 rings are somewhat wider than the
others, else the rings do not vary much
in width. Count inthe area ofthe widest
radius of the otolith. Do not be too close
to the video screen, use frequently an

overall view from some distance. You
might change the direction if you see a

better ring structure along another axis.
4) The edge. Only in the very best grinding

examples, the edge is without an optical
thin ring which confuses the counting
here. Do not count these, but extend the
counting from the area where ring widths
are about the same, and use this width
in an extrapolation to the edge.

i) Counting and sizing procedures

We recommend the followins nrocedures:

1) Do repeated counting on the otolith
until you find the counting to be the best

attainable. Write the number down in the

standard sheet, to be identified as the left
or right otolith on the slide.

2) Return to the set of otoliths, when all
otoliths of the study (the comparison
between larval samples) have been
counted, and recount both otolith sides.

3) The same person ought to count a
complete series.

4) Compare the series of counts and look
for systematic deviation.

5) If there are systematic deviations,
discuss/analvsis this. and do another
recount.

6) The otoliths should be sized. If an image

analysis programme is available then
measure the area of the otolith, else,
measure the shortest and longest
distance ofthe otolith (perpendicular to
each side).

j) Analysis of data

1) The mean ring number is calculated as a

simple mean of counts.
2) The sizes of the larvae are either the

measured length or an estimated length
based on otolith size.

3) Four different methods can be used for
estimation of growth rate:
- An estimate of growth is found for

each larva- assuming acommon length
at first feeding (ring 1) and linear
growth to age at catch. Growths of
larvae from the sample are then the
means of these estimates. This
method can be used when different
species/types are considered.

- A linear regression of length versus
rings.

- A linear regression forced thror,rgh

the intercept: ring 1 equals length at

fi rst feeding (estimated).
- A regression (least sqr,rares) of the

Laird-Gompertz equati on (see MLrnk,

r 993).
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Appendix 2: Method on studying stomach
content in fish larvae and working-
up related zooplankton samples

by Jaratsri Engchuan and Pia Ostergaard

a) Introduction

During the SCP programme at Phuket
Marine Biological Center a number of cruises were
carried out. Larval fish samples from selected
cruises were prepared for stomach content analysis.
The following manual describes how we analyzed
stomach content in fish larvae and how we worked
up zooplankton samples.

Along with the fish larvae sampling for
stomach content analysis, related zooplankton
sampling was conducted. These two samplings should

be canied out at the same place and depth, concurrent
in time. Zooplankton samples in the surrounding
water show food availability for fish larvae and are

used for preference interpretation. Further
information on fish larval feeding and food
availability is documented in Munk (1997).

b) Procedures

l) Sampling
- Fish larvae. Fish larvae were sampled

with a MIK (mesh size 1 mm, diameter
2m and net length 14 m) by oblique
hauls to a depth of 70 m. Apart from
fish larvae in the samples, they also
generally contained a variety of
different invertebrates, e.g. copepods,
shrimp larvae, jelly fish and molluscs,
etc.Onboard, the samples were firstly
sorted out for fish larvae and directly
preserved in 95% ethanol. The
remainders of the samples were
preserved in 5%o formalin. Back at the

laboratory, the remainders were
further sorted out for the rest offish
larvae in the samples.

- Zooplanktozr. Concurrently to the
MIK haul, an integrated zooplankton
collection was carried out to the same

depth (70 m.) by a plankton pump
(Grundfos SP 16-2, mesh size 50 mm).
In addition, a conical net was also used

to quantifo samples size. The samples
were preserved in 5%o formalin.

2) Identification
- Fish lart,ae identification The sorted

fish larvae were identified to family
level but species levei would be
mostly appreciated, if possible. The
identification of fish larvae followed
procedures in the reporl of Group 4

in this volume. Due to limitation of
identification practice, only abundant
groups and economically impofiant
groups of fish larvae were identified
and analyzed. The identified fish larvae
were preserved in95-960/o ethanol at

room temperature for further analysis.

3) Dissection
- Select number of lan,ae. In case there

were a lot of fish larvae, to select a

reasonable number of larvae for
dissection should be handled in order
to minimize overwork. An exemplary
method is given here of how this was
done in our practical experiments:
' If there were less than 20 fish larvae

of that particular group/family/
species, all ofthe larvae should be

dissected.
' If there were more than 20 fish

larvae, 20 of them were chosen by
random. Thereafter, another 6 larvae
were analysed, i.e.3 smallest and 3

largest of those left in the sample.
This was to ensure that we had a size
span as large as possible.

- Measure fish larvae. The fish larvae
were measured in the following way:
' Standard length (SL) was measured

from the tip ofthe snout to the end

of the notochord (Fig. 14).
' Mandible tength (ML) was measured

from the tip of the mandibula bone
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to the angle ofthe lower jaw (Fig. 1a).

' Maximum height (MH) was
measured laterally at the widest point

of fish body (Fig. 14).

- Removal of stomach. A pair of fine-
soft forceps was used to handle the

fish larvae. Great care was taken not

to squeeze the head part too much as

to avoid desfoying otoliths in case

the fish larvae were going to be further
used for age and growth analyses. A
fine-pointed needle was used to cut and

remove tissues covering the larval body

cavity. The stomach was pushed out of
the body cavity and separated from the

liver. The stomachwasthen moved onto

a watch glass (little concave glass dish)

containing water (taP water) for
immediate investigation. The fish larvae

were then put back into the glass vial
with95-96Yo ethanol for potential use

in other procedures.

4) Stomach content analysis
The stomach was tom and opened with fine-

pointed needles and most of the food items were

released into the water in the watch glass. Remaining

food items were separated from the stomach tissue

with a needle. Beware not to destroy any ofthe food

items, especially highly digested copepods can be

very brittle and easily broken. Try to gently get as

many food items out of the stomach as possible.

Identify each food item into group/genus/species.

After identification, specimen or food items were

removed from the watch glass so that the same

orsanism was not identified more than once.

- Copepods. The main food items in our

investigation areawere often found to

belong to copepod groups.
' Copepods (both adult and

copepodite forms) were identified
into the following six groups:

: Calanoid (e.g. Calanus, Acartic4

Euchae ta, Acr oc al anus, Temor a,

Centropages),

: Harpacticoida,

Oncaea,

Oithona,

Corycaeus;

other Cyclopoid (e.g. Sapphirina,

Copilia).
In our study we governed copepod

classification as few groups as possible. The selected

groups were commonly easy to be identified, and

therefore would give us the most reliable and

consistent result.
'The length and width of adults and

copepodites were measured (Fig.
20):

: Length of cephalothorax was

measured from the most anterior
parl of the head segment to last

thoracic segment at the
articulation with 1" abdominal
segment. When measuring
Harpacticoids the total length was

given.

: Width of cephalothorax was
measured atthe widest position on

the dorsal or ventral side.
(lf there were a lot of copepod fragments,

only the head segments were counted. Not any other

segments.)
' The length and width ofnauplii were

measured as well (Fig. 20).
- Other food ilems. Sometimes other

food items such as small molluscs, crabs, shrimp
larvae or other small invertebrates were also found

Figure 20 Showing measurements on copepod nau-

plii, copepodite and adult.

@
Naup I
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in the stomach of fish larvae. These food items were

identified and measured as well.

5) Working-up related zooplankton samples

Zooplankton samples were worked up as

described below:

A random subsample (e.g. l14, 1116, or 1l
32 of the total sample) was separated from the entire
zooplankton sample by a Fuller splitter (Rigosha
Brand, Type 2541 B).

A total of 500 copepodite and adult
copepods were identified into common groups as

mentioned earlier in the stomach content study, l.e.

Calanoid, Harpacticoid, Oncaea, Oithona,
Corycaets, other Cyclopoid, and then measured all.
Copepodite stage could be distinguished from adult
stage. In some conditions, copepodites were not
however possible to be identified and they were
placed under a channel of"unidentified copepodites".
Simultaneously, the same exercise on 100 nauplii
was also canied out. Other small invertebrates, e.g.
snails, shrimp larvae, etc.were measured as well.

When a total of 100 nauplii was reached
before finishing identification and measurement of
500 copepodite and adult copepods, the measurement

of nauplii would then stop. The rest of the nauplii in
the subsample were just counted and the number
recorded.

However, when a total of 500 copepodite
and adult copepods exceeded before a nr,unber of 100

nauplii, all measurement stopped. In case the rest of
organisms left in the subsample. all of nauplii,
copepodites and adults should be counted and their
numbers recorded.

Remarkably, to obtain a length-width
relationship for each common group of copepods,
lenglh and width of about 100 copepods should be

measured. This relationship will be a guide key in
case when only measurement could be done either
on length or width, hence the missing data can be

detained.

Larva of Acanthuridae drawn bv Nans Mva Han


