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Abstract—Seagrass beds are among the most important components in coastal ecosystem, but are susceptible to human-induced
changes in terrestrial ecosystem. As a first step to understand the effects of terrestrial input through river discharge on tropical
seagrass ecosystems, we carried out quantitative mapping of seagrass beds at Pang-gna and Trang Provinces, southwestern Thai-
land to examine spatial variation in species composition, species diversity and biomass of seagrasses. Five seagrass beds were
chosen as study sites that locate at different distances from the major river mouths, and thus subjected to different impacts of
river discharge. These seagrass beds differed greatly in environmental conditions, seagrass diversity and abundance. Seagrass
beds located near large river mouths showed higher silt-clay content in the sediments and light attenuation of water, possibly due
to transportation of sediment from rivers and its resuspension. A total of nine seagrass species occurred. Enhalus acoroides and
Halophila ovalis occurred in all the stations, whereas distribution of other species were mostly confined to seagrass beds with small
or moderate degree of siltation and light attenuation. Seagrass species diversity measured by species richness and Simpson’s di-
versity index was lower in seagrass beds near the river mouth. These findings highlight negative impacts of terrestrial ecosystems
through river discharge on seagrass biodiversity and its functioning along the coastal areas of southwestern Thailand.
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Introduction

Seagrass beds, mangrove and coral reefs are major com-
ponents in coastal ecosystems in tropical areas, supporting
high productivity and biodiversity (Fortes 1988, Duarte and
Chiscano 1999, Hemminga and Duarte 2000). However, these
habitats are declining rapidly due to a variety of human-in-
duced disturbance in tropical regions (Fortes 1988, 1995,
Short and Wyllie-Echevarria 1996). For example, deforesta-
tion causes massive sediment discharge from terrestrial to
coastal areas, resulting in increase in turbidity and light atten-
vation (Milliman and Meade 1983). Urbanization along the
river areas and development of farmland and aquaculture
hatcheries causes heavy nutrient loads, leading to serious eu-
trophication in coastal waters (Short and Wyllie-Echevarria
1996). Seagrass beds are considered to be most susceptible to
such effects of terrestrial input because they generally locate
soft bottoms near river mouth.

One of the effective approaches to understand the impact
of terrestrial input on seagrass ecosystems is to compare sta-
tus and dynamics of seagrass beds among sites under different
influence of river discharge. It is generally predicted that sea-

grass beds near large rivers with large watershed areas are af-
fected in greater degree by terrestrial-derived matters than
those locating far from rivers or along rivers with small water-
shed areas. Based on this idea, we carried out a large-scale
comparisons of seagrass beds in southwestern Thailand sub-
jected to different influence of terrestrial and riverine impacts
with concurrent monitoring of physical, biogeochemical and
biological processes (Lewmanomont and Supanwanid 2000,
Nakaoka and Supanwanid 2000, Kuramoto and Minagawa
2001, Yamamuro et al. 2001).

The aim of the present paper is to examine species com-
position, species diversity and biomass of the seagrasses as a
first step to understand the effects of terrestrial input to sea-
grass ecosystems. We conducted a series of quantitative cen-
sus of five seagrass beds at three sites locating at river months
with different sizes of watershed areas. The comparisons of
seagrass communities and surrounding environments were
carried out at two spatial scales: (1) among river-watershed
systems (30-300km scale), and (2) within a river-watershed
system (1-10km scale) to understand appropriate spatial
scale at which terrestrial effects operate.
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Materials and Methods

The study was carried out at three sites along the An-
daman Sea coast of Thailand (southwestern Thailand), where
many seagrass beds with rich flora have been described
(Chansang and Poovachiranon 1994, Poovachiranon and
Chansang 1994, Lewmanomont et al. 1996, Poovachiranon
2000) (Fig. 1). Several major seagrass beds locate at Haad
Chao Mai National Park in Trang Province. One seagrass bed
(TLB) locates at the mouth of Trang River, one of the largest
rivers in southern Thailand. A monitoring station was chosen
between Ko Talibong and the mainland where the greatest in-
fluence of river discharge is expected. The depth of the station
ranges from intertidal to 1 m below mean low water level.

Another research site in Haad Chao Mai National Park
locates between Ko Muk and the mainland (LYL) where the
largest seagrass bed along the Andaman Sea coast of Thailand
exists (ca. 18km? Lewmanomont and Supanwanid 2000,
Nakaoka and Supanwanid 2000). This area has no major river
systems, and is thus considered to have the least impact of ter-
restrial and riverine input. See Nakaoka and Supanwanid
(2000) for detailed information on this site. Two stations were
established for the census. The shallower station (LYLI)
located at intertidal site, and the deeper (LYL2) approximately
at the mean low water level. These stations were separated by
1 km from each other.

The third research site was located at the mouth of Khura
River, northern Pang-gna Province. Khura River is relatively
small compared to Trang River, and therefore this area is re-
garded to have the medium effects of terrestrial input among
the three sites. Three isolated seagrass beds were chosen as
monitoring stations along the river. Ko Chong (KC) locates at
the innermost part, Mai Hang (MH) at the southwestern edge,
and Thong Nan Dam (TND) at the northeastern edge of the
river mouth. The depth range of the stations was similar: from
intertidal to 1 m below mean low tide. The three staions were
separated by 1-3km from each other. Comparisons of the
three stations within Khura River site were designed to exam-
ine effects of river discharge at the small spatial scale,
whereas comparisons among three sites (Khura River, Ko
Muk and Ko Talibong) were aimed for examination at large
spatial scale.

For environmental factors, silt-clay content in the sedi-
ments and light attenuation rate of the water column were
measured in May 2001 at all the seagrass beds except for
TLB. Triplicate sediment samples were collected at each sta-
tion using a 25 cm-length plastic corer with a 5 cm internal di-
ameter. After drying at 105°C for more than 24 hours, weight
was measured. The silt-clay content was obtained by washing
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Khura River Mouth

Fig. 1. Study seagrass beds along the Andaman Sea coast of
Thailand. Three seagrass beds (KC, MH and TND) locate at the
river mouth of Khura River, Pang-gna Province. A seagrass bed at
the mouth of Trang River (TLB) and another bed near Ko Muk (LYL)
locate Haad Chao Mai National Park, Trang Province.

the sediment carefully with running water through a 63 um-
mesh sieve. The samples were dried again in the same condi-
tion and re-weighed. The difference of weights before and
after sieving was calculated as the content of silt-clay in the
sediment. In each site, light attenuation rate was measured
with underwater quantum cosine sensor (Li-Cor 192SA)
under stable light condition (clear or overcast). Data of at
least five times up-and-down repetitive measurements were
averaged to calculate light attenuation rate.

The quantitative census of seagrass species composition,
species diversity and biomass at each seagrass bed was car-
ried out during January 16-19, 2001 at Khura River Mouth
and during January 26-29, 2001 at Haad Chao Mai National
Park. At each station, we established a census plot of 60~100
ha in area. Three to five parallel transects of 100 m in length
were first set perpendicular to shoreline at the interval of 25
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m. Along each transect, five census points were set at the in-
terval of 25 m. As the result, a grid consisting of 15-25 cen-
sus points were established at each station (three to five points
parallel to the shoreline, times five points along the depth gra-
dient).

At each point, we randomly placed three to five 0.5X0.5
m quadrates haphazardly. Species composition of seagrasses
and ranked estimates of aboveground biomass of each sea-
grass species were recorded for each quadrat by one observer.
Biomass estimates were made according to the rapid visual
technique to minimize disturbances to seagrass beds and time
loss caused by seagrass collection at numerous points (Mel-
lors 1991, Nakaoka and Supanwanid 2000). Seagrass biomass
within each quadrat was ranked between 0 and 10 at the inter-
vals of 1. Later, rank of each observer was converted to bio-
mass by the following process. After the census, 10 quadrats
of the equal size were placed at a typical position of each sta-
tion covering the full range of biomass observed during the
survey. Seagrass biomass in these quadrats (calibration
quadrats) was ranked by all the observers. Aboveground part
of seagrasses in each quadrat was then harvested, sorted to
each species, dried at 60°C to a constant weight, and meas-
ured on an electrical balance to the nearest 0.01 g. Rank esti-
mates were converted to biomass by calculating a regression
equation between actual aboveground biomass of seagrass
and ranks for each observer. The data were fitted by an allo-
metric equation (Y=aX? where Y is aboveground biomass, X
is rank, a and b are regression coefficients) because this equa-
tion gives better fits than a linear equation (Y=aX+b)
(Nakaoka and Supanwanid 2000). Regression coefficient (R%)
of the allometric equation varies between 0.1537 and 0.9998
with an average of 0.7706 and standard deviation of 0.2207.
Data on biomass estimates of each seagrass species per
quadrat were averaged for each census point.

Diversity of seagrasses in each seagrass bed was repre-
sented by two parameters: species richness and Simpson’s di-
versity index D, the latter using the information of relative
abundance of ith species p, based on biomass data

D=1-Y p?). Simpson’s diversity index was calculated at
i y

the two different spatial scales: fine-scale diversity D, (per
each census point within a station, based on seagrass occur-
rence and coverage per 1.25m?” area) and broad-scale diver-
sity D,, (per each station obtained by using data of all the cen-
sus points). For Simpson’s index, subtraction from D, by D,
equals turnover diversity Dj representing differences in
species composition and abundance among census points at
each station (Lande 1996).

Table 1. Silt-clay content and light attenuation at four seagrass
beds (five stations) measured in May 2001.

Silt-clay .
content (%) nghtA
attenuation
rate (m™")
mean sd
Khura River
Ko Chong (KC) 7.1 27 0.87
Mai Hang (MH) 98 08 0.88
Thong Nan Dam (TND) 120 3.6 0.97
Ko Muk
Laem Yong Lam Shallow (LYL1) 4.7 1.4 072
Laem Yong Lam Middle (LYL2) 1.4 03 0.61
Results

Environmental factors

Silt-clay content varied greatly among four seagrass beds
at two sites (Table 1). It was greater at seagrass beds in Khura
River than at LYL (Ko Muk). Along Khura River, it was
greatest at TND, followed by MH and KC. At LYL, silt-clay
content was greater at the shallower station than the deeper
(Table 1).

Light attenuation rate showed a similar pattern of varia-
tion with that of silt-clay content. It was greater at three sta-
tions in Khura River than at two stations in LYL. Within
Khura River area, it was higher at TND than KC and MH,
with the latter two stations showing the similar value. At LYL,
it was greater at the shallower station (Table 1).

Seagrass species composition, diversity and biomass

A total of nine seagrass species were observed at six sta-
tions in three sites by the census conducted in January 2001
(Table 2). Species composition and diversity varied greatly
among regions and stations. Enhalus acoroides and Halophila
ovalis occurred in all the stations. Halophila beccarii was
found only at KC. Thalassia hemprichii occurred only at the
two stations in LYL, but not in Khura River areas. Other
species occurred at two to three stations both at Khura River
and Haad Chao Mai National Park (LYL and TLB).

Species richness at over an entire station was highest at
the deeper Laem Yong Lam (LYL2), followed by MH, TND,
shallow LYL (LYL1). It was the lowest at KC and TLB where
only three species were found. Average species richness per
census point (1.25m™%) was higher at stations with higher
species richness per station (Table 2).

Species diversity at the small spatial scale represented by
Simpson’s diversity index D, was highest at LYL2, followed
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Table 2.
surveyed in January 2001.

List of species, diversity and biomass of seagrasses at five seagrass beds (six stations) along southwestern coast of Thailand

Mean
species Average
Seagrass bed Occurrence of each Spemes richness s.egrass EV
seagrass species fichness per ceﬁsus Simpson’s diversity index biomass (%)
point (gDWm™?)
-2
Ho Hb Ea Th Cr Cs HuHp Si 025m= - p, D, Dy
Khura River
Ko Chong (KC) O 00O X X X X X X 3 0.9 0.002 0.216 0.218 25.0 186.5
‘Mai Hang (MH) O X Ox O0OO0OO0OO0o 7 2.2 0.400 0.223 0.623 30.3 67.9
Thong Nan Dam (TND) O X O xx0O0O0OO0OO0 6 1.7 0.079 0.185 0.264 33.6 79.6
Ko Muk
Laem Yong Lam Shallow (LYL1) © X O O O X X X X 4 1.6 0.126 0.330 0.456 411 68.3
Laem Yong Lam Middle (LYL2) O x O O O O © O O 8 3.0 0.458 0.067 0.525 128.9 28.3
Ko Talibong
Trang River Mouth (TLB) O X O X X X X O X 3 0.9 0.024 0.113 0.136 16.6 149.0

Ho: Halophila ovalis; Hb.: Halophila beccarii; Ea: Enhalus acoroides, Th: Thalassia hemprichii; Cr: Cymodocea rotundata; Cs: Cymodocea serrulata; Hu: Halodule

uninervis, Hp: Halodule pinifolia; Si: Syringodium isoetifolium.

by MH. It was lowest at KC, followed by TLB. Turnover di-
versity (Dg) was highest at LYL1 and the lowest at LYL2. The
resultant large-scale diversity (D,) was highest at MH, fol-
lowed by the two stations in LYL, TND, KC and TLB (Table
2). '

Seagrass biomass and its spatial variation also varied
greatly among seagrass beds (Table 2). The average biomass
was minimum at TLB (17 gdry weight m™~?), intermediate at
the three seagrass beds along River Khura (25-35gdry
weightm~?), and maximum at Laem Yong Lam (40-130 g dry
weightm ?). The magnitude of spatial variation in seagrass
biomass at each station, represented by the coefficient of vari-
ation (CV) among 15-25 census poihts, was greatest at KC,
follwed by TLB, and smallest at LYL2 (Table 2).

Discussion

The present study revealed that species composition, di-
versity and biomass of seagrasses vary greatly among sea-
grass beds located under different distances from river
mouths. Species diversity, measured both by species richness
and Simpson’s diversity index, and average biomass of sea-
grasses were smaller at seagrass beds located near the river
mouth (such as TLB and KC) than those remote from rivers
(such as LYL). The finding suggests that terrestrial and river-
ine input can cause negative impacts on seagrass communi-
ties.

Silt-clay content and light attenuation rate were larger at
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seagrass beds along Khura River than those at Laem Yong
Lam which has no major river systems. In the former, siltation
due to river discharge and decrease of water transparency due
to resuspension of sediment are commonly observed, causing
large disturbance and low light availability for seagrass sur-
vival and growth. For seagrass beds around Ko Talibong
where environmental parameters were not taken in our study,
Terrados et al. (1998) reported the average silt-clay content of
9.8% (with the range of 0.9-49.7%) and the average light at-
tenuation rate of 0.53m~' (with the range of 0.13-1.71m™").
Because our station in Ko Talibong (TLB) located at near-
most position to Trang River mouth, silt-clay content and
light attenuation rate in TLB probably exceed those in Khura
River and Laem Yong Lam. It is likely lower diversity and
biomass at seagrass beds like TLB and KC are related to such
poor environmental conditions. Terrados et al. (1998) con-
ducted large-scale comparisons of seagrass beds in the Philip-
pines and Thailand, and revealed that species diversity and
biomass of seagrasses were lower in seagrass beds with high
siltration, which agrees with the findings of the present study.
Changes in seagrass species diversity and biomass along
environmental gradient of silt-clay content and light attenua-
tion were evident through large-scale comparison among
three sites (Khura River, Ko Muk and Ko Talibong areas). At
small-scale comparison within Khura River system, however,
silt-clay contents, light attenuation did not monotonically de-
crease with the distance from the river mouth. The relation-
environmental factors and

ship between seagrasses

diversity/abundance was neither obvious among the three sca-
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grass beds in this site although seagrass diversity and biomass
were the smallest at KC that located at the innermost parts of
the river. Thus, effects of river discharge on seagrass commu-
nity was detected only at among-regional scale (among sites
separated by 30-300km), but not within-site spatial scale
(1-10km scale). Among three seagrass beds in Khura River,
local topography and hydrodynamics at TND was complex as
this site is surrounded by well-developed sand dunes. Such
confounding factors possibly prevented us to detect direct ef-
fects of river discharge on seagrass community at this site.

Concerning occurrence pattern of each seagrass species,
E. acoroides and H. ovalis were observed in all the seagrass
beds, whereas distribution of other species were limited to
some beds where silt-clay content and light attenuation were
small or moderate. Enhalus acoroides, the largest seagrass in
tropical seagrass flora, can tolerate siltation, sediment burial
and the resultant light attenuation in greater degree than other
species (Duarte et al. 1997, Bach et al. 1998). Small-sized H.
ovalis is more vulnerable to sediment disturbance than other
species, although it has higher recolonization ability after the
disturbance due to its high growth rate (Preen 1995, Duarte et
al. 1997, Nakaoka and Aioi 1999). It is considered that such
different types of adaptive traits against sediment disturbance
enable these two species to survive and grow at seagrass beds
subjected to large disturbance due to river discharge. In con-
tract, dominant middle-sized species such as T. hemprichii
and C. rotundata are most susceptible to sediment disturbance
and siltation (Duarte et al. 1997, Terrados et al. 1998, Bach et
al. 1998, Tanaka 2004). It is notable that 7. hemprichii was
never found in the three beds in Khura River although it in-
habits deeper gravel bottom near Ko Ra, ca. 2 km apart from
MH and TND (Nakaoka, personal observation). High siltation
load due to river discharge and massive resuspension of sedi-
ment may prevent colonization of this species in the study site
from nearby populations.

Seagrass beds subjected to large riverine impact showed
not only low species diversity and low biomass, but also
greater spatial variability, as shown by large CV in biomass
(Table 2). The spatial variation in these beds is partly due to
patchy distribution of seagrasses caused by heavy siltation, re-
suspension and frequent disturbance near the river mouths,
and due to the absence of middle-sized species in these sea-
grass beds. It is also likely that patchy seagrass beds with low
species diversity and seagrass biomass near the river mouth
show larger temporal variability (i.e., instability) compared to
those with less impacts of river dischage. Long-term monitor-
ing of temporal changes in species diversity and biomass in
these seagrass beds will shed light on how and to what degree
spatial and temporal variation in seagrass beds is affected by
dynamics of terrestrial and riverine ecosystems.
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