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FOREWORD

Under ASEAN-SEAFDEC Fisheries Consultative Group (FCG) Scheme, Thailand
takes duq/ as the lead country amongASEAN member countries and the Training Depaxhnent
(TD) takes as lead department of SEAFDEC to implement coastal resources management
program. This proglam is mainly supported by Japanese Trust Funds.

Under the coastal rcsource management program, TD and Department of Fisheries
(DOF), Thailand collaborated in formulating ard planning the collaborative coastal fisheries
managemelt proj ect. An aim ofthe collaborative proj ect is to promote and achieve sustainable
use ofresource utilization. TD and the DOF, Thailard agree to transfer essence oftecbnologies,
accumulated knowledge and lesson leamed, which gain through the implementation ofcoastal
fishe es management project to other SEAFDEC mernber countries through the SEAFDEC'S
information mechanism. This infomation may help ASEAN-SEAFDEC member countries
to re-prior consider their orm policies and fomulate new dircction for cost-effectiveness of
coastal fishe es resource management plan and implementation.

Yfu?.-.ryrJ-
N lwes Ruargpanlt

Secretary-General

l l l
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Monitoring on Densiry and Distribution of Meiofauna in
the Pakklong Sub-district CoNstal Area

Jarumon Talawatr, Panitnard Weerawatl, Penjan Laongmaneel
Summana Kajonwattanakuf, Chumchoke Singhrachai'z

and Chanchai Bhonvakarn'?

ABSTRACT

A monitoring on density and distribution ofmeiofauna in the Pakklong Sub-district
coastal areaj Chumphon Province was conducted in April, August and October 2002. The
sediments were collected at twelve stations both for meiofauna and sediment composition
analysis. The result indicated that inside Pathew bay area aremost abundance resources.And
it has reverse relationship witi silt percentage, which is main factor for meiofauna density.

Futhemore, density and distribution of meiofauna werc also effected and telated
with other factors like temperature, dissolved oxygen, rainfall, saliniry, fanspare[cy, bottom
depth, pH as well as cunent speed and direction.

The Pathew bay is abundant area ard appropriate for aquacultde activities. However,
the consideration on other environment conditions is imperative for planning on aquaculture
management.

Key words: Meiofauna density, Meiofauna dist bution, Pakklong Sub-district, Coastal
Aquaculture

t Sauthedst Asian Fisheries Daelopme Cenk. PO- Bo:c97. Phrasamutchedi, Sanut Prakan, 10294, Thailand
') Chunphon Marine Fisheliei Relearch a/td Developnent Center, Moo 8, Paknam, l,tudrq, Chunphon, 861 20,
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Introduction

Monitoring on density and distribution ofmeiofauna in the Pakklong Sub district coastrl
area is one sub-activiq/ ofa baseline sun,ey on the marine environmental condition ofPakklong
Sub-district, Chumphon Province under collaborative pilot ptuject; " Locally Based Coastal
Fisheries Management in Pathew District, Chumphon Province" (LBCFM-PD). This project was
conducted by cooperation between Training Department of Southeast Asian Fisheries
Development Center (SEAFDEC/TD) and Deparlment ofFisheries, Thailand. The pulpose
of the project is to establish a practicdl framework for locally based coastal fisheries
management throLrgh the encoungement offishers'pafiicipation. The supports on the creation
ofaltemativejob opporlunities also provide in coastal fishing communities. One ofactivities
is aquaculture. which needs firndamental environmental info1matioll ofcoastal area in order
to apply 1br aquaculture management fiamework.

The puryose ofthis monitoring is to detemine the density and horizontal distdbution
ofmeiolau[a. DrLe to meiofauna is recognized playing an impofiant role of the snall food
web, and integrating meiol'auna in a substantial compaftment ofthe benthic energy flux. So
the coastal areas with high density will be considered to be the most abundant sources. It is
one ofvaious l'actors needs to be colNidered lor aquaculture management pianning.

1.1 What is Meiofauna?

The tenn "Meiolhuna" was defines by Mare (i942) as benthic organism /associatcd

with marine sedinent that pass through a 500 mm sieve but are retained on a 42 nrm sicr e,
which the tenn "Meiobcnthos" are largely used as synonyms (Giere, 1993). While organism
largerthan 500 mm are called Macrofauna or Macrobenthos. It is ratherbig-size benthos such
as nolluse, coml, sea cucumber, shrimp and crab etc. The last group is Microfauna or
Microbcnthos, whose size is srnaller tharl 42 m1n. Tbe rnost organisms in this group are
protozoa. Thus, meiofauna are recognized conceptually as a valid intcrmcdiatc bctwccn macro
and microfauna (Gicrc, 1993 and Kcnncdy, 1999).

These show benthic organisms can be grouped by tbeir size. I-Iowcvcr many papers
rcfcr to bcnthos can be organized to group by taxonomy and living behavior ofhabitat like
infauna, epifauna and cpibcnthos (A)uttaka, 2001).

Meiofaunal communities can bc furthcr sub-dividc into two groups. Temporary
meiofauna arc ju,-'cnr lcs ofthc macrofauna that will eventually grow into adult larger than
500 mm. Pemanent meiofouna 1s otganisms where whoie life-cycle are lcss than 500 mm.
aKcnnicutt. 1994 and Monthum. 2002).

I.

t Benthic atganisnt ure ull orgutltsms accrfting an or in the bouon o/ aquutic habitdt.r.



1,2

These organisms normally live in small space between sedimentary particles, hence
they also have another s).nonlans 'llnterstitial Fauna" (Fig. 1). They are common in sand
and silt area, which high species biodiversiry (Aluttaka, 2001).

Fig. 1 Interstitial Fauna (A1uttaka,200l)

Why must be Meiofaua?

Due to benthos are not changing the species composition, density and migration fast
as the plantton since they have a substrate to support them, so they can be good indicator in
abundant or pollution monitoring for various areas. Gray et rl/. (1992) and Barg (1992) also
mention that benthic assemblages can be use as an indicator in aquaculture pollution studies
because they are fairly stationary, tolerate the pollution or die and integmtes effect ofpollution
over time.

In microfauna scope, the monito ng on too small benthic organism causes a lot of
eror For macrofauna opemtion seems to be easier than the small one, clear visibility and
specimen collection have to operate in a wide axea, related to their size. The last rcason becomes
a trouble in data collection method. About lo-m'z sediment ftom each station will be collected
in order to make least erlols. So the focus on rnedium-size benthos or meiofauna study is the
last altemative and proper for monitoring. And because oftheir small size ald high density,
organisms ofthe meiobenthos are best collected in small samples of sediment (Gray et al,
tsq2).

Kennedy (1997) and Monthum (2002) reviewed on the suitability ofmeiofauna for
use in modtorhg marine environment health can be assess on biological indicators should be
representative ofthe identification oftheir souce, and ubiquitous distdbution.

Pefomance ofa valued ecosystem component, readily measurable, respond quickly
and ummbiguously to inputs, integrate the effects of multiple pollution inputs without
confoundins.



t,3 Meiofauna Assemblages and Factors

There are various kinds oforganisms werecallcd Meiofauna like nematode, copepod,
polychaete, oligochaete, foraminiferan, etc. Theirassemblage depends on sedimentcomposition
at that area and show a definite zonation based on grain size (Nybak:ken, 1997). Abiotic habitat
factors as temperaturc, saliniq/, oxygen, pH value and etc. also have effects to meiofauna
living (Giere, 1993). Thus, this paper was extended study on sediment analysis in order to
calculate percentage ofcach particle size and consider on physico-chemical characteristics,
which was the result from The Maine Environmental Condition oJ the pakklong Sab-
district Co.tstal Area and Thefu Elfect on Coastal Aq uaculture by Laongmanee et. al. ,2003 .

1.4 The Information on Coastline and Climatic Conditions in ChumDhon provincc

1.4.1 Coos ine ofstud! site

Thecoastline ofstudy site is located on the eastem side ofChumphon province,
southcm part ofThailand. It is composed ofvarious kind ofccosystem like coral reel,
mangrovc areas! a foteshore, rocky shore and sand dunes.

The fisherfolks along coastlinc operate on severalactivitics, both aquaculture
and fishe.ies. The aquaculture activitics arefish cage culture, mussclculture and shrimp
fa1m. Almost of fishing activity are small-scale. The fisheries activity cause stnall fish
prccessing plant in the fishing village. There is a tourist rcsort located along coastline
as well.

1,1.2 Climatic eonditions in Chumphon Province

The climatic conditions in Chumphon Provincc are tropical. It likes other
provinces in southempart ofThailand, high temperature and humidity.Itis effected of
monsoon around l0 months annually, with two monsoon phases. First monsoon period
is from May to Octobet which callcd southwest monsoon. lt causes the rain from
Indian Ocean to Chumphon Province. The second is northeast monsoon, carry rain
ftom South China Sea to the Province since October to Februarv.

Because ofthe monsoon influence, itcauses ruiny seuron, ,"lutiu"ly long. lt is
the period from May to December The rainfall is highest in the northeast monsoon
due to low atmospheric presswe and depressions. The mountain tonent flows to plain
arca from westem to eastem part ofchumpom Province. This evidence induces flooding
to the area. While sunmer season is the period from February toApril. This pcriod is
less influence ofmonsoon but tempcrature increases until the highest tempcrature in
April. After shon surrner seasons, it cycles to monsoon season again. Thus, April is
the transitionperiod between two scasons.



II. Materials and Methods

The monitoring on density and distdbution ofmeiofauna classiS' to 2 issues, meiofauna
study and sediment analysis. The two issues are reasonable relationship because when
describing meiofauna habitat, grain size is a key factors, which directly determines spatial
and structual condition, and indirectly determines the physical and chemical milieu of the
sediment (Giere, 1993).

The samples were collected from 12 suvey stations (Fig. 2). For meiofauna study, it
using Smith Mclnthy grab. Sediment collections were also taken ftom the same grab to ensure
that two t,?e of sample came from the same place. The survey period was Ap l, August and
October 2002 (the last month was collected only for meiofauna study). Because ofwe expected
Ap l was the rcpresentative in transition period between notheast and southwest monsoon
while August ard October in monsoon season period. The surveys were done onboard Meen
Niweth, the research vessel under the Chumphon Marine Fishery Research ard Development
Center. DeDartment of Fisheries. Thailand.

Fig. 2 Map of survey and sampling stahons



2.1 Meiofauna Study

In meiofauna study procass, it started by meiofauna collection from survey station,
Pakklong Sub-district. And then laboratory analysis was made at the SoutheastAsian Fisheies
Development Center (SEAFDEC), Training Department. The last step was meiofauna
identification and counting, which were done in the same laboratory

2. I. I Meiofouna collection

As mention above, sediment samples were collected using Smith Mclnthy
grab, three centimeter from surface ofthe sediment was collected by 3-cm diameter
syringe for monitoring on density and distribution ofmeiofauna (Fig.3). It was collected
for 2 replications ofeach station. The samples were preserved in 4% formaldehyde,
labeled station and date.

2.1.2 Laborulory analysis

It is ameiofauna extraction by decantedand centdfuged methods as presented
in Weerawat,200l. The samples were rinsed over a I mm sieve to separate shells and
detritus from the sediment. Tbe sediment that passes through the I mm sievo then was
rinsed over a 32 mm sieve (Fig. 4). And finally transfened to a cylindrical polyethylene
tube for centrifuging.

Ludox HS40 solution with a d€nsity of l.l8 was added into the centrituge
tube containing the sediment at a ratio of I part sediment: 5 pans Ludox solution.

The tubes were placed inside the machine for centrifuging for at least l0 minutes
at a speed of 1800 rpm (Fig, 5). After centrifuged the supematant liquid was agam
rinsed through a 32 mrn mesh size so that the silicates from the Ludox was washedout
from the meiofauna and finally was transferred into a receiving bottle. The processes
werc repeated thrcc times to ensure that all the meiofauna was completely extracted
from the sediment. Meiofauna samples inside the receiving bottles werc then fixed
with 4% formalin and immediately stained using l% Rose Bengal solution prior to
slorage.

2,1.3 Counting and meiofauna identilication

The fixed meiofauna samples stained with l70 Rose Bengal solution were first
rinsed with tap water prior for identification counting using a stereoscopic-microscope
(Fig. 6). Idenrification ofthe meiofauna taxa was done with the usc ofthe pictorial
key ofHiggins and Thiel (1988).
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I ._ig.,1 Niciot 'auna cxtraction by dccanted melhod

Fig. 5 l !  ciof 'auna cxtracrion by ccntri f 'ugcd mcthod



Fig. 6 Meiofauna counting

Sediment Analysis

ln sedinrent analysis process, it startedfrom sediment collection, which were collcctcd
tiom same grab of meiofauna using 4-cm diameter syringe. After that it is the method for
sediment classification by laboratory analysis by method ofBuchanan, 1984. This step was
made at thc laboratory of Department of Madnc Science, Faculty of Fishcrics, Kasetsart
University, Thailand. The last step was calculation for sediment composition.

2,2.1 Sedimentcolleclion

The sediments were collected using corer with various level sediments. But it
was focus on surface to 3-cm depth. The sample fiom 3-cm diamctcr corer was
preserved in freezer after labeled.

2.2,2 Laboratoryanalysis

Each sediment sample was transfered to plate and made dry in oven for 3
hours at 105 'C. Whatman GFC filter paper (125 mm diameters) also madc drywith
same method (Fig. 7). After 3 hours, dry filter papen were weighted and markcd
because theirweight do not equal. The sediments from each station were weighted for
30 grams. A11 samplcs were rinsed over a 500 mm and 63 mm sieve one by one. Both
sediment groups on sieves were filtered on GFC filter paper (Fig.8). Finally each
samplc was separate to 2 sizes. For finding the dry weight, all sediments were dried
again in oven for same period and degrec. Filter paper and sedimcnt wcrc weighted
togethcr.

2.2.3 Calcalationt sedirnentcomposition

The sediment composition in this study could divide to 3 groups. They are
coarsc sand (over than 500 mm), line sand (63-500 mrrr) ard silt (62-4 mm). The

7



calculation compared starting dry weight or 30 grams, as mention above, is 100
percentages. And then calculated sedimentweights ofover 500-mm size and between
63-500-mm size share the percentage. It is very important to minus filter paper
weightbefore comparison. Each filter paper had its dry weight. The rest percentage is
silt or the sediment that could pass 63-mm sieve. Finally the percentage value of
sediment composition couldfind out and showedpercentage ofcoarse sand, find sand
and silt.the sediment that could pass 63-mm sieve. Finally the percentage value of
sediment composition could find out and showed percentage ofcoarse sand, find sand
and silt.

Fig. 7 Sediment and filter paper dry

Fig. 8 Sediment analysis (filtering)



3.1 Meiofauna Study

The monitoring on densiry and distdbution ofmeiofauna in 12 survey stations were
conducted for 3 months namely April, August and October. There are 6 groups ofmeiofauna
were found from identification process namely Nematode, Copepod, Sarcomastigophoraq
Turbellarian, Polychaete andOligochaete.

2(

Namatode

fi
Sarcomastigophorarl Polychaete'e^

.qs/
Oligochaete

?1
Tu$ellaxiarl

Fig, 9 Groups of meiofauna



3.1.1 April2002

ln term ofthe total dcnsity ofmeiofauna, a high variation oftotal density was
observed (l-ig. 10a). The result indicated that station no. 4 had the highest density
(225 ind./21.2 cmr). Follow by station no. 5 (94 ind./21.2 cmr), station no. I I (47 ind./
21.2 cmr) and station l2 (33 ind./21.2 cmr), while station l0 had the lowest density (5
ind./21.2 cm'?).

Nematode was the mosl abundant meiofaund at all stations having a delNity
that ranged befween 6 to 22'7 iid,.l 2l). cm': (Fig. 10b), which were 84.9% of total
meiolarma in the sanpling. Next to the nematode was the copepod having a mean
density that ranged between 0 10 21 ind./21.2 cmr (Fig, 10c). The lighest densit) of
nematodes and copepods were obseNed in stalion no. 4.

3.1.2 August 2002

Ahigh variation oftotal density inAugust was observed (Fig. lla). The result
srill indicated that sration no.4 had the highest density (2237 ind./21.2 clnr). Thc
meiofauna density at station no. 2 (1071 i11d./21.2 cm']), station no. 3 (566 ind.i2l.2
cmr) and station no. I (397 ind./21.2 cm:) are regarded high density, respectively.
While the lowest density is presented on station no. 6 at 42 ind./21.2 cm'?.

Ncrnatode still is the most outstandjng abundant meiofauna at all stations having
a dcnsity that ranged between 32 to 2023 ind./21 .2 cmr, which shared 91.2% oftotal
mciofauna in thc sampllng (Fig. flb). Follow by copepodthathaving a density botlvocn
0 to 173 ind./21.2 cmz (Fig. 11c). Highest densities ofboth meiofauna were obse.ved
in station no. 4.

3.1.3 Octoher 2002

When considcr on information of meiofauna total donsiry in Octobcr (Fig.
l2a), it is confirmcd that station oo. 4 had the highest density at 1603 ind./21.2 cm'].
Follow by station no. 2 (42() i.td./21.2. c#), station no. 11 (229 ind./21.2 crnr) and
station no. 3(228 ind./21.2 cmr), whilc station no. 8 and t had thc lowcst dcnsity (24
ind./21.2 cm':).

It is same results with April and August that shows ncmatodc was thc most
abundant meiofauna at all stations. It has a mean density that ranged between 21 to
1495 ind./ 21.2 cmrwhich sharcd 92.38% oftotal meiofauna in the sarnpling (Fig.
12b). And next to the nematode was the copepod having a mean density that ranged
behveen 0 to 76 ind./21.2 cm: (Fig. 12c). The result agreed with other months that
station no. ,1 has highest density ofnematode and copepod.

l 0
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Fig. 10a to 10c Chad oftotal meiofauna density, Densities ofthe dominant meiofauna
including nematode and excluding nematode in Apil.
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Fig, 11a to l1c Chart oftotal meiofauna densiry Densities ofthe dominant meiofauna including
nematode and excluding nematode iI1August.
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Fig. 13 Densities of total meiofauna in different station compare by 3 months

The density of each meiofauna taxa manifest differentiates in stations and
months. The total meiofauna densities in 12 stations can compare by 3 months as
presented inFig.13.Apdl is transition period as mention in introduction. Unfofiunately,
the samples on station no. 2 and 3 were not available because it was impossible to
reach there due to too low tide du ng the samples collection. August and October are
during monsoon season. August is in period ofsouthwest monsoon while October is
the late ofsouthwest and the beginning ofnodheast monsoon phase.

From all results, the density ofmeiofauna varied in the sampling areas (Fig,
14). The station no. 2,3 and 4, located in Pathew bay, were the highest density area in all
seasons. Follow by station no. I and 5 were located near by Pathew bay. While station no.
6, connected area between inside and outside bay, always show low density in the
results. The last group is station no. 7 to 12 parallel with the coastline, similar in 1ow
meiofauna density. But there were some differences in stations no 11 and 12.

Nematodes were the most abundant meiofauna at all stations and months (Fig.
t5-I7). Next to nematode were the Copepods. The other groups are
Sarcomastigophorans, Turbellarians, Polychaetes and Oligochaetes, but were found
very few when compare with Nematode and Copepod.

From all results, 12 stations show significant differences by ANOVA (P<0.05)
as appendix 3. But when consider on seasons, they do not difference significantly
(P>0.05) by same method as presented in Appendix 4.

14



Fig. 14 Plot Mean Total Densities ftom 3 months (ind./21.2 cm2)
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Fig, 15 Pie graph ofmeiofauna composition inApril CNo Data on station no. 2 ard 3)
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Fig. 16 Pie graph ofmeiofauna composition in August
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SEDIMENT ANALYSIS

Sediment analysis conducted for 2 months as April and August in order to know the
composition both during transition period and monsoon phase. This study could show the
change ofsediment composition and linkage between grain size and meiofauna.

a

b 6

E

!-

Fig. 18aandl8b Sediment colnposition inApril and August

In term ofthe sediment composition, percentage of each palticle size was observed
(Fig,l8a and 18b). Coarse sand visible shared percentage in sediment composition at station
no. 1-5, ranged from 2.1-10.3 % in Apil and 2.3-9.8 % in August. The highest percentage of
coarse sand was at station no.4 in both months. While the rest areas (station no. 6-12) were
sharcd very few coarse sand percentage.

19



As according to the resemble result, high pcrccntage fine sand were station no.1-5.
ranged from 46.7-72.5% in Apri l  and 48. l-71.6% in August. Follow by station no.11 and 12
shared average 38.750;. Low percentage offinc sand were station no. 6-10. the 1o\\ est trea m
Ap l was station no. 8 at 11.8o% and station no.6 in August at 1 3yo.

Silt percentage seems to be reverse from coarse and find sand. The area used to share
highest percentage of sand as station no 4 became lowest pcrccntage of silt, at 1'7.2 o/o alrd
18.6% in Aprit and August, respectively. While sedimcnt in statior no. 6-12 composed of silt
more than 50o/o in both months. The highest pcrcentage of silt was station no.8 at 87.970 in
April and station no.6 at 86.2% in August.

Although the sampling sediment composes ofcoarse sand, fine sand and silt, but we
focus on only silt percentage. Because ofmain constituent in this arca is silt and ithas reasonable
desc ption and relationship to meiofauna. Nybakkcn (1997) described that ifthe grar size
becones coarse, the waterwill not be held in the sand andwilldrain away. On the otherhand,
fine-grained sediments are able to hold considerable r.ater in the intersticcs through capjllary
action.

Fig. 19 Percentage ofsill inApril and August

In the season aspcct, overview of silt percentage in August is slightly higher than
April, except station no.7-10 as presented in chafts. That might effect from strong current
speed and its direction, which was observed during June (Appendix 6). When focuses on the
areas, station no.6- l0 were highest percentage of silt follow by station no 11- 12, statlon no. l
and 5 that located outside Pathew bay. And the lowest percentage ofsilt presented in station
no.2-4.
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Fig. 20 Plot ofPercentage ofsilt in April (No Data on station no.2 and 3)
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Fig. 21 Plot ofPercentage of silt in August
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rv. Discussion

In terms ofthe total density ofmeiofauna, August is the highest density in all stations
follows by October, andApril is the lowest (Fig. l3), The results show variation in seasonal
period, which is in line with Fenchel, 1978 from Nybakken (1997). He has note that ill tem-
perate shallow water areas, there is an annual change in the densities ofthe dominant groups
and also seasonal changes on the abundance ofmeiofauna organisms.

While highest density was found at station no. 4 followed by station no. 2,3 and I
respectively (Fig.l3 and l4). This result could find reverse relationship to silt percentage
(Fig. 22a and 22b). Higher derisity ofmeiofauna related to lower ofsilt percentage.

Nybakken (1997) also mention that grain size is great importance becausq it controls
th€ ability ofthe sediment to retain and circulate water, The circulation ofwater through the
pore spaces in the sediment is important as well because this water movement is responsible
for renewing the oxygen supply.
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Fine pafiicle as silt has very small parlicle spaces that cause less oxygen supply in
sedinent. Therefore. the numbers ofsurvival nteiol'auna or interstitial organisms are slightly.
This supports the concept on grain sizc is important to their living. Fufihermore, ir might
attribute to thefu species becduse finer sedimcnts beingprefered bynematodes, coarser often
by copepods (Ciere, 1993).

From the resuit,  Pakklong Sub-distr ict coastal areas are mainly composed of si l t
padicle and nematodes are exactly dominant species. It causes their body st cture could
perlectly adapt to live in sands and silt especially a thick heavy cuticle (Castro. 1997 and
Nybakken. 1997). The lelationships bctwccn rneiofauna density and si l t  per-centage are
presented.

The view ofarea consideration rvith physio-chemical factors, it could be divided into
4 groups. They are station no. l. station no.2-4, station no. 5-6 and the last group is statlon no.
7-12. The result from ANOVA indicated that ,1 groups of stations different significantly
(Appendir 5).

Ul ess main factor, there is a lot of evidence that meiofauna dre vital links in man)
11atura] processes and relationships. These suppofled the mention results as well (Appendix
6, Fig.23a to 23h).

In seasonal aspect, the lowcstdensity olmeiolauna was found inApril- lt mightduc to
absolute high water rernperature (29.5-34.8 'C, Fig. 23a) that causes the veftical migration of
some meiolaurra organisms. This confirmed with Ciere (1993) described on environmcnt
temperalure can have a structuring impact and causes veftical migrations of thc scnsitive
species if othel conditions likc oxygen supply are favorable. Nybakken ( 1997) rcfcr to the
veitical migration is usually triggered by temperature changes and is especially prominent in
beach in the tenpelate zone-

When considered on dissolved oxygen (DO) in Apri l  (Fig. 23b), i t  is rangc 5.7-7.3
trrg/I, sLrppofied veftical migration behavior because dissolve oxygen available. However
dissolve oxygen in August and October seem to be suffioient but thc tcmperature suitable lbr
living.

Monthum (2002) indicatcd that fte neiofauna dist bution dependcd on redox potential,
especially vefiica I distribution. Copepodwas sensitive ifoxygen supplyrcduces whilenematode
can tolemte in this situation. And the studies of Long and Ross (1999) lbund diff'erential
distribution has been shown tobe highly depended on the redox potcntial ofthe nicrohabitat,
which in t'Lrm is determincd by the availability of oxygen and oxidation state of sulfur and
other nutrients in the environmcnt.

High rainfall was obsc^'ed in May. August and September (ovcr than 200 n,tm each
month, Fig. 23c). Thc scdimeot and sone organisms load from noarby fieshwater outllow
toPathew bay and closcd stations. These evident caused oligochaetes, comlnon freshwater
species. were identified and recorded as lew result in August and October.

Lo\r 'sal inity in October (Fig. 23d), cspecial ly station no.1-4 at 29.2-29.7 ppt and
stirtion no. 9-12 at 28.6-28.9 ppt. patronizcd oiigochaetes living. This is another factor for
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describe freshwater woms, washed by water runofffrom land since the beginning of rainy
season, could survive inOctober Another meiofauna characteristic is they are able to adapt to
a wide range of salinities (Giere, 1993 and MonthrLm, 200 l). So the salinity rarged between
28-34 ppt, resuJt from monitoing, seem to be less effectcd to meiofauna survival.

In area aspect, high densities are stations in Pathew Bay. Whcn consider on
transparencies (Fig. 23e), stations no. 2,3 and 4 ofall sampling months were extremely low
(not over than 1.5 m). The transparency related to organic matter in reverse way and more
associatedwith the particulate suspended matter than dissolved organic (Rust and McArthur,
2001) Transparency fallen becausc organic matter i|r thc water increasing.

Monthum (2001) reviewed on dissolved organic matter (DOM) was absorbed by
meiofauna through their soft and large epidermis surfacc. Thus, the sedimentswith high DOM
concentrations are favored by meiobenthos. Sugar and frce amino acids are principle organic
elements, which become lighly enrichment (Giere. 1993).

While particulate organic matters (POM) are detritus and living organic substances
likebacteria, microalgae and other animals. Amino acid and Nitrogen compounds, fiom natural
process of POM, are important nutrients. These causc the number of meiofauna increase
(Monthum, 2001). This is in line with the studies ofRoscnberg (2001) found that the increased
input ofnut ents has lead to increase primary production and consequently more organic
mate al has accumulated on the bottom. And Mare ( 1942) stated that the content oforganic
mafter has a significant influencc on the distributior ofmeiofauna.

So, POM indicated in same direction with the rcsult on meiofauna dcnsity. Moreover.
the information on August also confirmed with density at all stations except no.6-8 were
highest when compare with Apri) and October (Fig. l9).

Apart from organic enrichment, the bofiom depth is might be another factor, which
effect to meiofauna density in arca aspect. Because ofbottom depth plays an important rolc
on nutrient circulation fromwater mass into sediment. Photos),nthesis and primary production
influenced to meiofauna consumption. Rosenberg (2001) stated that fbod for the benthos is
generally highcr in shallow than dceper areas. And distribution of benthic faunal group in
communities related to a gradient ofdecreasing tbod availability and watcr movement with
increasing depth.and encourage the monitoring result as station no. l-5 and ll (Fig. 23f).
Many factors can explainhigh density from inside Pathew bay and adjaccnt stations, but only
this factor can refer forstation no. I l. It is shallowest station amolg parallelcoastline stations
(no.6-12) while others are over than l2-meter depth,

The pH value is anothcr factor but plays orly minor role lbr marine meiobenthos.
Normally, the value is slightly alkaline seawater (pH 7.5-8.5) (Ciere, 1993 and Monthum,
2001). There are unusual situation in the case ofpH value drops below 7 or increases ovcr
than 9. The result from baseline survey is in normal range and dose not outstanding effect to
meiofauna (Fig. 23g).lt is a resemble concept ofNybakkcn ( 1997), he dcscribe the nurnber of
organism is highest in intertidal areas and decrease with increasing depth. Therefore, shallow
stations should have high densiry Although organic matters and nutrients are important fac-
tors for the indicalion ofabtndance resovce areas, but their supply havc to appropriate with
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thc aquatic organism in the food webs. The exceeded organic materials and nutricnts result in
pollated condilionofthe water. The oxygen supply is anotherfactor fbrnlcticulous consider-
ation. Low oxygen supply from living cycle ofaquatic organisms brings about polluted con-
dition ofcoastal area as well. These present that the manipulatior ofthc factors to satisfactory
level is essential for management.

lmplication of Nleiofauna Density and Distribution Infbrmation to Aquaculture in the
atea

Cage culture, mussel culture and shrimp fa1m are aquaculturc activities in Pakl(long
Sub-distr ici coastal area. which need good madne environmcnt for-valuable pr'oducts.
Neveftheless other human activities like snall processing plant, tourist resoft and fishing
operation c.ruse changing ofwater qualily and environment condition. This study should be
information base for fufiher activities. Because ofsediment grains ofuppcrlayers are constantly
bcing resuspended and deposited. Thus, the location and amount of intcrst i t ial space is
constantly changing. When a lalge amount of aquaculture wastc including organic material
were release to the coastal area, it might cause eutrophication that presented on meioliuna
density and distribulion variation. This phenornenon induccs toxicity to aquatic animal
especially mussel culturebecause they are lilter feeder Hence thc cncouragement ofaquaculture
.rctivities should consider on monitoring ofthis issue while the activitics implement as well.
The results can analyze by compare rvith infbmration base in ordcr to invcstigate operations.
This would find the appropriate numberoffarm for carrying capacity and nult-ient circulation.

Conclusions

This moiitoring could detennine the density and horizontal distribution ofmeiofauna
in Pakldong Sub-district coastal area. They distribute along coastlinc with different densities.
The high-de11sity areas are inside Pathew bay (station no.2 4), lo I lorv by adj acent area ( station
no. 1, 5 and 6). The low-dersity areas arc station no. 7- 12, rvhich parallel coastline. These
depended on silt percentage in reversc rclationship as main factor. Beside sill percentage,
other f'actors like temperature, dissolved oxyger, rainfall, salinity, transparency, bottom depth.
pH as well as curent speed and direction wele effected to thc monitoring result as natural
processes and relationships.

Based on meiofauna is recognizcd playing an impoftant role ofthe small food web, it
is integrated in a substaDtial compartmcnt ofthc bcnthic energy flux. So they indicated that
Pathew bay and closed areas (station rro. 1 -5 ) arc aburdant rcsources and su itable for aquaculture
activities. Howevet the consideration on other environmcnt conditions is necessary for
aquacultl.lle management planing.
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Appendix I : Biolo$/ ofdominant meiofauna that found in the stations

l Nematode
Nematodes or widely known as roundworms dominate all meiofauna samples in

abundance. They are very common species and can be founded in various kind ofsediment.
The body is cylindrical, Iong, narrow and tapering to head and tail. They resemble tilly threads.
The outside skin is a thick cuticle, which is both tough and flexible used as a protective
covering. Inside is the digestive and reprcductive system. Most nematodes feed on bacteria,
fungi, and other soil organism.

2. Copepod
Copepods are small crustacean, ti[y relative ofcrab and shrimp. FreeJiving species

ale perhaps most familiar, but there are also many highly specialized parasitic copepod. In
meiobenthos samples, copepods after nematodes rank usually second in overall abundance.
Their body is offen tear-drop-shaped which tapering at the posterior The copepod trunk is
composed ofthorax and abdomen. The head is fused widr the first one or two dromcic segments.
They feed on small food items like bacteria, protozoan, diatoms or other unicellular forms-

3, Sarcomastigophoran
Therc are many grcups ofcreatures that were called Sarcomastigophoran, including

protozoa like amoebae and foraminiferan. The amoebae from supralittoral maxine environments
feed on algae, rotifer and protozoa. Another group is tiny single-celled organism that construct
shells or known as foraminiferan. The shells are commonlydivided into chambers. They feed
on dissolved organic molecules, bacteria, diatom, ph),toplanlton and small copepod.

4. Turbellarian
Turbellarians were called fieeliving flatworm. They arc one group ofunsegmented

worms with obviously head and tapered at the tail end. They are soft, flatted organism, sometime
vividly coloured that live in the sea. Many species are beli€ved to occur in tropical reefs and
live io habitats like mud and anaerobic sand. They feed on bryozoan, small crustacean and
nematode.

5. Polychaete
Polychaetes are klown by many names: bristleworms, lugworms, clam worm, sea

mice etc. Most ofthem are marine species, living in intertidal zone and always found under
rocks or in abandoned shell. They can also burrow into mud or sand. Polychaetes arc segmented
worms with well-differentiated head. The outstanding appearance is leg-like appendage used
in various ways for locomotion. Theirfeeding styles vary as grazers, predators or scavengers.

6. Oligochaete
Oligochaetes are another group of segmented wormq lacking a definite h€ad and

having relatively few appendages. The body is cylindrical and thin. They are mostly found in
moist soil ard freshwater. So these benthic organisms are known as earthwom or aquatic
wofns. They are scavengen.
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Appendix 2 : Ocomence ofmeiofauna (ind./21.2 crnl) by stations and months.

April

Species/Stations

Nematode

Copepod

Sarcomastigophoran

Turbellarian

Polychaete

Oligochaete

Others

Total

1234567

10 n.d. n.d. 189 91, 24 9

0 n.d. n.d. 21 2 1 2

0 n.d. n.d. 9 0 0 I

I n.d. n.d. 2 1 0 0

I n.d. n.d. 2 0 0 1

2 n.d. n.d. 2 I I 1

0 n.d. n.d. 2 0 0 I

14 n.d. n.d. 227 95 26 15

Augtrst

8

6

I

I

0

0

0

8

9r0

01

21

00

01

00

00

156

tt 12

44 2'7

21

15

00

l l

l 0

0 l

49 35

Species/Stations

Nematode

Copepod

Sarcomastigophoran

Turbellarian

Oligochaete

Others

Total

|  2  3  4  5  6  7  8  910  t l  t2

34',1 962 542 2023 345 32 100 95 93 66 220 172

38 79 tl 1',73 2 0 2 5 2 5 5 12

040003000112

342501601121

796t981201341

245665000010

0 9  0  11  0  0  0  0  0  0  0  0

397 t07t 566 2237 361 42 110 100 97 76 n3 la&

October

Species/Stations

Nematode

Copepod

Sarcomastigophoran

Turbelladan

Polychaete

Oligochaete

Others

Total

|  2  3  4  5  6  7  8  910  t l  12

t84 393 204 1495 109 21 28 21 21 46 220 33

153067632332310

008050100000

311410000010

3 0  I  16  0  1  0  0  0  0  2  0

024911001041

004310000411

205 426 228 1603 120 25 32 24 24 53 229 35
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Appendix 3 : ANOVA statistical test by station aspect.

Groups Count Sum Average Variance

Station I
Station 2
Station 3
Station 4
Station 5
Station 6
Station 7
Station 8
Statior 9
Station l0
Statior 11
Station 12

611 .5
t495.5
'791.0

4062.5
5',12.5
90.5

153.5
131 .0
134.0
130.5
507.0
253.5

203.8333
'14'7.',7500

395.5000
t354.1667
190.8333
30.1667
51.166'/
43.666'7
44.666'7
43.5000

169.0000
84.5000

l
2
2
l
l
3
3
3
3
3
l
3

36768.5833
20'7 690 .1250

5',7 t22.0000
1057599.0833

21613.0833
80.3333

2508.0833
2406.0833
1996.5833
1273.0000

1 l169.2500
1727.2500

ANOVA

Source of Yariation ss df P-value F ctil

Between Groups
2.2585t',7
Within Groups

Total

4954354.83 l1 450395.8933 3.88410093 0.003277

2551094.',19 22 115958.8542

750s449.62 33
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Appendix 4 : ANOVA statistical test by season aspect.

Groups Count Sum Average Variance

Apri l  l0 n.^. 
4567 1694

eugrsr ,, ,1'^1? ^1ii1i2 ies;;26572
oc'1ober t' 

;;;;; ,;;i.;,u; reo8q5 eor5

ANOVA

Between croups 909680.9 2 454840.5 2.137742 0.134982 3.30482
Within Groups 6595769.0 31 212'766.7

Total 7505450.0 33

Source of Variation SS .lf MS F P-valae F cril



AppendL 5 : ANOVA statistical test by group ofststion aspect

Groups Count Sum Average Vrriance

Station I
Station 2-4
Station 5
Station 6-12

6l1.5
6349.0
572.5

1400.0

203.8333
907.0000
190.8333
66.6667

36'768.580
59231t;700
21613.080
4802.908

3
7

21

ANOVA

Soarce of Vsriution ,s,s df MS F P-yalue F crit

Between Groups
Within Groups

Total

3738758
3'166692

7505450

3
30

t246253.0 9.925U1 0.00010s 2922278
125s56.4



Appendix 6 : The info.mation on other factors in Ap l, August and October
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Fig 23a to23g Plot of temperahre, dissolved oxygen, raitrfall, salinity, halNparency,
bottom depth. pH in April. Augusr and Oclober
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