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required. To date, riverine fish assemblage patterns from the head water to the river mouth,
both intact and regulated, have been widely developed in temperate areas, which are
determined by environmental factors (e.g. the slope and the width of the river section) and
may be characterized by the dominant species (e.g. Santos et al., 2004; Olden et al., 2006;
Lasne et al., 2007a). Studies of this kind in tropical areas are very few, except for the
neotropic (e.g. Barella and Petere, 2003),) and Africa (e.g. Konan et al. 2007), especially
studies in regulated rivers, which are important because the assemblage patterns could
fluctuate due to the flow control systems.

Damming a river mouth is mostly to prevent the intrusion of salt water to the river
upstream. The exclusive mechanism of river regulation for this dam type is sluice gates that
are opened occasionally, especially during periods of high water levels (Champalbert et al.,
2007). In the natural condition, it would be expected that the fish assemblages show a
strong seasonal change. At the start of the low water periods, the marine influences
increase, with estuarine species moving into the river. During periods of high water levels,
the mass of the freshwater volume decreases the salinity significantly and the secondary
freshwater fish can occupy the river mouth. Lasne ef al. (2007b) mentioned that to
understand the responses of the river’s biota to habitat alteration, field studies with
statistical support are required. This is especially true for the hypopotamon reach, which is
rare compared to the other sections. Therefore, this study aimed to evaluate the spatio-
temporal variations in a tropical riverine fish community according to their environmental
guilds (Welcomme et al., 2006), and to the flow regulation schemes of an anti-salt dam (i.e.
opening and closing phases). The opening phase is when the sluices are opened and the
water flows freely between the upstream and the downstream areas, allowing the passage
of fish in both directions and the closing phase is when the sluices are closed. The study
was carried out in the Pak Panang River of Thailand, where a dam was constructed near the

river mouth to prevent the intrusion of the salt water into the upstream area.

MATERIALS AND METHODS
Study area
The Pak Panang River is in the South-East of Thailand and it runs into the sea at Pak
Panang Bay in the Gulf of Thailand (Fig. 1). The river is 147 km long and its basin has an
area of about 300,000 ha. The basin is in an area with a tropical monsoon climate
consisting of a short dry season (February to April) and a long rainy season (May to

January). The average annual rainfall is 2,380 mm and the average air temperature is 27.3
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°C. There is a high rate of water discharge to the sea, as well as intrusion of salt water,
which had been recorded as far as 80-100 km upstream (Coastal Resources Institute, 1991).
In addition, the water in the downstream area of the river is slightly acid, because of peat
areas in the floodplain along the river banks. In 1995, the construction of the
Uthokawiphatprasit (meaning “effectively divide fresh- and marine- waters”) anti-salt dam
started and it has operated since 1999. The dam is located 6 km upstream from the river
mouth (Fig. 1), and its size is 9 x 200 m® and it contains 10 sluice gates. The major
purposes are to prevent the intrusion of salt water into the inner area along the river, to
neutralize the pH of the river and to maintain freshwater for irrigation (Prabnarong and

Kaewrat, 2006).

Data collection

Field samplings were carried out monthly at 7 stations along the middle to lower courses of
the Pak Panang River for 18 months, i.e. between January 2006 and June 2007. Station 1
was the boundary between the freshwater and marine water, during the saline intrusion in
the dry season, before the dam was constructed (Coastal Resources Institute, 1991). Fish
were caught using beach seine nets (30 mm mesh) as well as various mesh size gillnets (5
nets at each station, mesh size from 20 to 100 mm, i.e. by 20 mm interval), were set to
cover the water column and left overnight before being taken out in the early morning. For
the last station (station 7) in the wide river mouth area, additional samplings were also
conducted by dragging a push net (30 mm mesh) for 30 min. to circumscribe the sampling
area. Fish samples were packed in ice and brought to Walailak University 50 km from the
sampling site. Fish were then taxonomically classified to species level (Nelson 1976;
Froese and Pauly, 2008) and then into the environmental guilds proposed by Welcomme et
al. (2006). The biological aspects, to define the guild into each species, were retrieved from
FishBase (Frosse and Pauly, 2008) and supplemented with other related publications (e.g.
Taki, 1978; Vidthayanon C. 2008; among others). Then the authors discussed assigning
guilds to individual species. Although there were difficulties in assigning species among
guilds for some species, the criterion of four out of seven researchers to finalize the guild
was applied. To make the fish data matrix, species presence/absence was preferred to
describe fish abundance because of the selectivity of the fishing gear sampling techniques,
which can bias the calculation of species abundance (Hugueny et al., 1996). As the total

numbers of sampled fish species were large, the rare taxa (i.e. a percentage occurrence of
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less than 5 % or less than five specimens) were removed to prevent analysis distortion
(Penczak, 2004). Finally, there were 71 fish species used in the analysis (Table I).

The water quality parameters that related to the objectives of dam construction viz.
salinity and pH as well as water temperature of the sampling stations were obtained from a
portableYSI 63-50FT at the fish sampling sites. These variables were studied by sampling
the water at three depths viz. surface, mid-water and 1 m above the bottom from three sub-
sampling points in each station area. The sampled water was pooled asrepresentative of a
station. On the days of the sluice gates’ opening, the water discharge volumes and rainfalls

were obtained from the Uthokawiphatprasit irrigation office (Unpublished data).

Data analysis
Fish assemblages and the environmental patterns were classified by the self-organizing
maps (SOM). This non-supervised artificial neural network method allows the analysis of
complex data sets (Kohonen, 2001) and is a powerful tool for describing species
distribution and assemblages (Lek et al., 2005; Suryanarayana et al., 2008). The SOM
consists of input and output layers connected with computational weights (i.e. weight
vector). The array of input neurons operate as a flow-through layer for input vectors and
the output layer consists of two dimensional networks of neurons arranged on the map of a
hexagonal lattice since it does not favor horizontal or vertical directions (Park et al., 2005).
The advantages of SOMs are a visual result in a more usable form and with more potential
to analyze a non-linear relationship (Kohonen, 2001). Additionally, the SOM averages the
input dataset in weight vectors through the learning process and thus removes noise (Park
et al., 2000).

The principle of SOM analysis is to classify the sample vectors (SVs), described by
a set of descriptors on the map according to the similarities between the descriptors (i.e.
fish species and water quality parameters). Two SVs that are similar (from the descriptor
point of view) are classified in the same or neighboring cells, whereas two different SVs
are classified in separated cells that could be distant from each other (Tudesque et al.,
2008). The sequential algorithm used and the protocol for SOMs are widely described (e.g.
Lek and Guégan, 1999; Kohonen, 2001; Park ez al., 2006). In this study, the SVs are
represented by the surveys, i.e. combinations of sluice gate openings/closings, stations and
months of sampling. The input layer comprised of 71 neurons for fish species connected to
102 surveys (i.e. 102 SVs). The output layer of 56 neurons organized in an array with 8

rows and 7 columns of cells. The map size of 56 output neurons was defined according to
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the compromise between the values of two evaluation criteria to quantify the resolution and

topology preservation (i.e. the quantization and topographic errors) and the figure retrieved

from the formula ¢ =5vn proposed by the Laboratory of Computer and Information
Science (CIS), Helsinki University of Technology, where ¢ is the number of cells and n is
the number of training samples (sample vectors, Tudesque et al., 2008). The software
package for the SOM 1S available from the website
http://www.cis.hut.fi/projects/somtoolbox/.

On the trained SOM map, it is difficult to distinguish subsets because there are still
no boundaries between possible clusters. Therefore, a hierarchical cluster analysis (Ward
distance) was used to detect the cluster boundaries on the SOM map by calculating the
Euclidean distance between the weight vectors of each SOM unit (Park et al., 2006). To
analyze the contribution of each descriptor to the cluster structures of the trained SOM, the
weight vector of each input vector calculated during the training process was visualized in
each neuron on the trained SOM map in a grey scale, whereby dark represents a high value
and light is a low value (Park et al., 2005).

The statistical differences in the proportion of environmental fish guilds in each
cluster were analyzed by the Kruskal-Wallis (KW) chi-squared test and Mann-Whitney’s
(MW) test was applied to test the statistical differences of each pair-cluster when the p-
value of KW was less than 0.05. The linear discriminant analysis (LDA), which is the best
method to identify linear combinations of water variables that distinguish the spatial and
temporal patterns in the fauna assemblage patterns (Fuhrman, 2006) was used to determine
whether the clusters of sites discriminated based on the water parameters considered. The
significance of the results was tested by a Monte-Carlo method with 1000 random
permutations. LDA was also used to assess the ability of water variables to predict the
cluster of fish communities by means of leave-one-out cross validation (Lasne et al.,
2007a). All the statistical analyses and graphics were carried out by using R Program (R

Development Core Team, 2008).

RESULTS
Fish assemblage patterning of the surveys
Through the learning process of the SOM, 102 surveys were patterned on the 8 x7 SOM
map according to the similarity of species occurrences. The final quantization error (0.235)

and topographical error (0.029) of the SOM map were low enough to make the map

http://mc.manuscriptcentral.com/rra



O©oOoO~NOOPWN -

O o0 N &N N Bk~ WD =

W W W W W D NN NN NN N NN = e e e e e e
A W DD =R O 0O X NN N R WD R, O YO 0NN RN WD = O

River Research and Applications Page 9 of 33

-8-

authentic. The sampling surveys were classified on the SOM map according to their
similarity of species present in each survey, and thus the similar surveys were mapped
close together and the dissimilar apart. It can be seen that the distribution of the surveys on
the map were scattered but the dense areas located in the top and bottom left (Fig 2a). The
trained SOM, according to the U-matrix distances (Fig. 2b), showed two major clusters, i.e.
cluster I and II. Two and three subsets, in the respected cluster I and II, were obtained by a
hierarchical cluster analysis with the Ward linkage method (Fig. 2¢).

Cluster I contains all the surveys of fish assemblage patterns from the upstream of
the dam and vice versa in cluster II, which also associated the fish assemblage patterns in
the brackish water zone. When refining into subsets, cluster Ia is characterized by the
surveys in the furthest upstream stations (i.e. stations 1 and 2) and contrary to cluster Ilc, in
which all the surveys from station 7 are homogenously included, whether the dam was
closed or open. Surveys from stations 3 to 6 were not uniform in any single cluster. It is
also worthwhile to note that the fish assemblage patterns from the 9 surveys of stations 4
and 5, that were included in cluster Ia, are all during the closed phase of the dam. The most
diverse cluster is cluster Ib, which contains surveys from all the stations except Station 7.
Cluster Ila is limited to the surveys of station 6, either at the closing or opening phases of
the dam. Cluster IIb shows the pattern of surveys from the downstream river-channel

stations (i.e. station 5 and 6) during the opening phase of the dam in the flood season.

Species characteristic of clusters

Species richness in each cluster was varied and differed significantly (P < 0.001, Tukey's
HSD test) between clusters (Fig. 3). The lowest species richness was obtained from cluster
Ia, which contained mostly the surveys in stations 1 and 2. Meanwhile, the highest value
was from cluster Ilc, which comprised exclusively of the surveys at station 7. It is also
showed an increase in species richness from cluster la to clusters IIb and Ilc which
accorded with the longitudinal gradient of the river, i.e from upstream to downstream
stations. SOM maps drawn for individual species also varied according to their
contributions in the map, in which dark represents a high value and light is a low value
(Park et al., 2005) Using the VUs of SOM trained cells, Figure 4 showed the probability of
occurrence of individual species in each cluster. The dotted lines of 30% and 60% of the
probability of occurrence were arbitrarily set to present the low (< 30%), medium (30 -
60%) and high (>60%) probabilities. It was found that the fish in the brackish water

estuarine guild and marine guilds had limited access to clusters Ia and Ib. In the case of
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some species in amphidromous and diadromous guilds viz., Acanthopagrus berda (ACB),
Anodonstoma chacunda (ANC), Lates calcarifer (LAC), Mystus gulio (MYG),
Osteogenius millitaris (OSMi), Pomadasys kaakan (POK), Scatophagus argus (SCA) and
Stolephorus dubiosus (STD) the probability of their occurrence exceeded 10% to around
30% in clusters Ia and Ib. Meanwhile the substantial probability of occurrence of some fish
in eurytopic guilds, that are secondary freshwater fish such as Notopterus notopterus
(NON) and Oxyeleotris marmorata (OXM), was found in clusters Ila and Ilb, but the
probabilities of these fish dropped drastically in cluster Ilc. Between the two exotic species,
1.e. Oreochromis mossambicus (ORM) and Oreochromis niloticus (ORN), ORN showed a
higher probability of occurrence than ORM in clusters Ia and Ib but vice versa in clusters
ITa and IIb.

The relative proportion of each environmental guild varied among clusters and most
of the guilds involved clusters Ib and IIb (Table II). The lowland river (potamonic) guilds,
viz. paleopotamic, plesiopotamonic, parapotamic, eupotamonic phytophilic, eupotamonic
benthic, eupotamic riparian, dominated in cluster I. Meanwhile in Cluster II, the estuarine
and coastal lagoon guilds viz. freshwater estuarine, brackish water estuarine, catadromous,
semi-anadromous estuarine, amphidromous and marine visitors were the major contributors.
Although, there was no statistical differences among clusters (KW: p-value > 0.05) in the
two diadromy guilds, i.e. catadromous (only one species, LAC) and the semi-anadromous

estuarine, both guilds tended to increase in cluster II.

Water quality parameters and prediction of the community clustering

For the periods when the sluice gates were opened, water discharge volumes and rainfall
during the study area are shown in Table Ill. The gates were opened irregularly (i.e. totally
closed in some months) and rainfall was scattered and occurred almost every month during
the study period. Two water quality parameters, viz. salinity and pH, varied between the
major clusters (i.e. clusters I and II) but overlapped in the sub-clusters, especially within
cluster Ib and in cluster IIb (Fig. 5). Meanwhile, there was no statistical difference for
water temperature. Cluster Ia characterized by most of the surveys at stations 1 and 2 and
some of the surveys at stations 3 and 4 during the closing phase, when the water tended to
be freshwater (i.e. salinity less than 1 psu) of neutral pH (i.e. most pH values were around
7). Meanwhile, the slightly basic and salty water (i.e. pH over 7.5 and salinity above 20

psu) was observed in cluster Ilc.
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LDA (Fig. 6) showed that the assemblage pattern of cluster IIb was the transition
and there was high overlap between clusters la and Ib. The Monte-Carlo permutation test
showed that the assemblages were highly significantly separated (p < 0.001). In terms of
the contribution of the flow regulation scheme and water quality parameters, the five
assemblage patterns were ordered along the first axis F1 (i.e. horizontal axis) of the
analysis. The gradients of salinity and pH were laid along this axis and were important
controlling variables which explained 94.0 % of the total inertia. Meanwhile the flow
regulation pattern and water temperature were along the second axis, F2 (i.e. vertical axis)
and explained 4.5 % of the total inertia. The three water quality parameters were able to
predict the clusters and types of fish assemblage patterns (i.e. global performance of
prediction) at 84.3 %. The prediction success was relatively good for Clusters Ia, IIa and
IIc (i.e. over 80%) but poor for Clusters Ib and IIb (Table IV). About 28.1% of the surveys
that had been classified in cluster Ib, indeed, belonged to cluster Ia. For cluster IIb, about

28.6 % of the surveys predicted to involve this cluster belonged to other clusters.

DISCUSSION

It is widely accepted that distinct fish assemblages are associated with particular habitats.
There was an experience in decreasing in fish abundance, as well as richness, from the river
mouth to headwater, related to the absence of potamon habitats upstream (Ribeiro et al.,
1995). The fish assemblages, in the intact hypopotamon, are characterized by the
alternation, in space and time, and concordance with the environmental and hydrological
conditions (Simier et al., 2006; Lasne et al., 2007b). During the low water period the
estuarine and coastal lagoon guilds prevailed, and during the high water period (i.e. flood
season) the potamonic guilds dominated (Martino and Able, 2003; Konan et al., 2007).
Construction of a dam in this zone alters the physical habitat and hydrological conditions in
reaches both upstream and downstream of the dam (Fievet et al., 2001). Areas downstream
of the dam can experience decreased river flow and water depth (Fievet ef al., 2001). This
decrease in freshwater can result in increased salinity, especially at sites near the upstream
boundary of estuarine tidal influence, while areas upstream experience decreased flow rates
and increased water depth (March et al., 2003). The consequences are the alterations of the
relative abundance and distribution of aquatic faunas and floras both downstream and
upstream of the dam (Pringle 1997, March et al., 2003).

The main objective of this study was to investigate whether the fish assemblages in

the hypopotamon per se had different assemblage patterns and fluctuations in species
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richness due to the pressure from the anti-salt damming in the lower course of the river by
defining them into environmental guilds (Welcomme et al., 2006). Results from the SOM
showed that, although the sluice gates were opened occasionally, there were two major
distinct clusters along the longitudinal gradient of the river. Surveys from the furthest
upstream stations (i.e. stations 1 and 2) showed stability in fish assemblages. Meanwhile
fluctuations were found in stations 3 to 6, but a stable spatial and temporal assemblage
structure was found in station 7. This implied that the fish assemblage patterns in the lower
and upper area of the Uthokawiphatprasit anti-salt dam were fairly separated. No single
species could be found in every station compared with the time before construction, when
fish in estuarine and coastal lagoon guilds could be occasionally found further upstream
during the dry season (Coastal Resources Institute, 1991). Low species richness could be
related to the alternation of habitats, as well as river flow patterns (Lasne et al., 2007b).
Increase in water residence time upstream would positively affect the lentic fish species but
not the lotic ones (Fukushima er al., 2007). However, the more the water was retained, the
greater the biotic uptake by freshwater vegetation and if in excess, this would lead to
anoxic conditions (Downing et al., 1999) that only specific fish guilds such as
paleopotamonic guild could tolerate.

The brackish water species could widely distribute in the estuary and penetrate into
the lower river portion as high as the salinity could approach (Simier ez al., 2006). Konan et
al. (2007) mentioned that the fish in estuarine and coastal lagoon guilds could contribute as
much as 25% of the species in the intact lower river course. In our study, however, these
species had a limited and low probability of occurrence in cluster I, i.e. upstream of the
dam. Fukushima et al. (2007) simulated that the presence of anadromous fish would be
significantly reduced in the upstream area, although fish ladders were constructed. In this
current study, opening the dam occasionally allowed the diadromous fish to move up and
downstream of the dam resulting in no statistical difference among clusters.

Temperature is recognized as one of the most important factors affecting fish
assemblages in temperate climes for the longitudinal and seasonal gradient, not only for the
river (Jackson et al., 2001, Lasne et al., 2007a) but also in the connected estuary (Hagan
and Able, 2003). However, in a lower reach of a tropical river, water temperature always
showed non-significance along the longitudinal gradient (Ecotin et al., 2005) but not
salinity (Champalbert et al., 2007) and, in this case, pH (Coastal Resources Institute, 1991).
A large volume of freshwater upstream made the explicit difference between further

upstream (although sluice gates were opened) and downstream stations. The pH of all
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surveys in the upstream stations, was not as low as 3 as was the case in the upstream station
during the dry season before the dam was constructed (Coastal Resources Institute, 1991).
It is obviously seen from the findings that salinity played the major role in the
homogenization of the fish assemblage patterns. From LDA, salinity lay along the F1 axis
and accounted for 97% of the between cluster variability. Thus, if the system was intact and
under seasonal influence, the fish in estuarine and coastal lagoon guilds would move
further upstream during the dry season (Jaureguizar et al., 2003; Ecotin et al., 2005) and
the assemblage patterns in the upstream stations during that period would be similar to
Cluster II. However, in the case where a substantial amount of freshwater is retained and
then discharged during the opening phase, the possibility of the fish in potamonic guilds to
move downward is likely to occur as in during the high flood season in coastal lagoons
(Garcia et al., 2003).

Damming rivers downstream is not the sole anthropogenic pressure in the
hypopotamon area but this habitat fragmentation could lead to serious affects on fish life
cycles (Agostinho et al., 2004; Fukushima et al., 2007) and destabilization of the food web
dynamics (Greathouse et al., 2005). The irregular pattern of dam operation will impact on
the reproductive strategies of the fish. Although the statistical analysis showed no
difference in the probability of occurrence of the diadromy among clusters, the success in
reproduction and recruitment is still questioned. This is also a problem for the fish in
potamonic guilds, especially those that need to occupy the floodplain in hypopotamon,
since their reproduction and recruitment success are totally depended on the flow and flood
pattern of the river systems (Agostinho et al., 2004; Craig et al., 2004). The survival of
brackish and marine juveniles in the river mouth and mangroves should be taken into
account given that the juveniles can only tolerate a specific range of salinity (Ikejima et al.,

2003), which is associated to the water discharge from the river.

CONCLUSION
The results of this study demonstrated the significant trade-offs in the break-up of
fish assemblage patterns between upstream and downstream areas of the dam, although the
dam was opened irregularly. The near dam area is the transitional zone and salinity plays
the most important role in assemblage discrimination. The difference was greatest between
the stations at the river mouth and farthest station upstream, with each station relatively
homogeneous in fish species, i.e. belonging to the similar or close guilds. These dramatic

shifts will not only impact on the aquatic ecosystem but could eventually negatively affect

http://mc.manuscriptcentral.com/rra



Page 14 of 33

1
2

3

p 1
S 2
6

7 3
8

9 4
10

11 5
12 6
13

14 7
15

16 8
17

18 9
19

20 10
21 11
22

23 12
24

o5 13
27

28 15
29 16
30

31 17
32

33 13
34

35 19
36

37 20
38 21
39

40 22
41

42 23
43

44 24
45 25
46

47 26
48 27
49

50 28
51

53

54 30
55 31
56

57 32
58

59 33
€0 34

River Research and Applications

-13 -

the fisheries, at least in the species composition both in the river and estuary (Baisre and
Arboleya, 2006), which changes with the river flow pattern and the loss of a flood pulse
would greatly impact on the fish, especially the migratory species (Agostinho ef al., 2004;
Craig et al., 2004). In contrast, Lalli and Parsons (1997) argued that a reduction in
freshwater input, due to damming in the hypopotamon, can encourage further population of
the estuary by stenohaline, in addition to euryhaline faunas, thereby increasing the number
of species found within the estuarine environment. Therefore, further in-depth studies on
the impact on the life history strategies of the representatives of each fish guild should be
carried out, especially in relationship to salinity and flows. For conservation purposes,
compromising the dam operation to open the dam at appropriate times and the duration
would improve the survival of fish and the integrity of the ecosystem (Agostinho et al.,

2004; Juatagate et al., 2007).
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1  Table III Operation of the Uthokawiphatprasit water gates (opening days, opening hours
2 and discharges) and rainfall during the study period.

Duration of Opening Discharged Rainfall (mm)
Month

O©CoOoO~NOOPRWN -

opening (days) period (hours) volume (10° m®)

11 Jan-06 16 303 4705 170.1
12 Feb-06 15 236 465.6 141.1
14 Mar-06 7 76 22.9 95.0
16 Apr-06 18 177 84.3 150.8
18 May-06 0 0 0.0 70.8
Jun-06 6 117 36.0 201.4
21 Jul-06 0 0 0.0 30.6
23 Aug-06 0 0 0.0 29.1
25 Sep-06 0 0 0.0 128.5
- Oct-06 24 217 176.2 199.7
28 Nov-06 26 341 453.2 316.6
30 Dec-06 9 112 104.1 98.2
32 Jan-07 22 208 163.5 237.9
34 Feb-07 0 0 0.0 3.7

Mar-07 0 0 0.0 453
37 Apr-07 0 0 0.0 1215
39 May-07 18 217 236.1 415.0
41 Jun-07 0 0 0.0 94.2

N
[0e]
O 00 3 O n B~ W

55 10

12
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Table IV Confusing matrix showing leave-one-out cross validation of the linear

discriminant model (LDA) using the regulation scheme and three water quality

parameters with a global performance of prediction = 84.3 %

Predicted
Observed

Ia Ib ITa ITb

IIc

% success

97.5
71.9
85.7
71.4
81.3

Note The grey shade indicates the numbers of survey that showed good prediction.
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Abstract

When anti-salt intrusion dams are constructed for agricultural irrigation and household
consumption in the lower portion of a river, changes arise in environmental components and
the pattern of fish assemblages, both in the estuary and the river. In the present study, the
spatio-temporal changes of both aspects due to the anti-salt damming of the Pak Panang
River, Thailand, were monitored between March 2006 and June 2007. The study was
conducted during two different periods: (a) the opening phase, i.e. when the sluices are
opened (i.e. the water flows freely between the upstream and the downstream areas) and (b)
the closing phase, i.e. when the sluices are closed. Salinity levels in the estuary declined (P =
0.0005) but increased in the river during the opening phase (P = 0.0023). In the river, the pH
increased (P < 0.0001) during the closing phase but was relatively constant in the estuary. No
differences (P > 0.05) were found for water temperatures, chlorophyll-a and abundance of
phytoplankton. During the closing phase, the abundance of zooplankton was substantially
higher in the estuary but the abundance of benthos in the river declined. Ninety-four fish
species were collected. The species richness and the diversity index did not differ (P > 0.05)
in the estuary but were significantly different in the river, where more abundance was found
during the opening phase. The index of relative importance showed that the small
phytoplankton feeders were notably abundant in the estuary, while the secondary freshwater
fishes were the major habitants in the river. Cluster analyses plotted the movement of fish
between the two systems during the opening phase. A co-inertia analysis revealed the trend

of changes in fish assemblages complying with salinity gradient and food sources.

Additional keywords: dam, salinity, community composition, multivariate analysis,

Thailand
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Introduction

Changes in aquatic communities are likely to occur when the system is disturbed by
modifications of any physical structures and the chemical quality of the water (Ector and
Rimet 2005). This situation may be more serious in the aquatic ecotone of the hypopotamon
zone of the river course, which is the lower course of the river channel connected to the
brackish-water estuary (Welcomme ef al. 2006). This zone generally has a high species
richness situated at the interface between the freshwater and marine domains (Guegan et al.
1998; Blaber 2002). The fish assemblages of this environment are fairly heterogeneous and
comprise marine coastal species, strictly estuarine species and freshwater species, depending
on the degree of connection with adjacent environments such as size, shape, seasonal
changes and history of the connections (Ecoutin er al 2005). It is known that the
assemblages and movements of fish in this area result from temporal and spatially structured
environmental gradients (Jaureguizar et al. 2003).

Damming in the hypopotamon area, either large or low-head dams, always
significantly alters the distribution, composition and abundance of the fish fauna by blocking
migratory pathways (March e al, 2003). Da Costa et al. (2000) reported that damming a
river channel near the estuarine/delta area, in the Bia River Basin, West Africa, impeded
estuarine/marine fish from migrating upstream during floods and vice versa, which seriously
disturbed their life cycle. This also occurred in Europe where the Alqueva Dam in the
Guadiana River, Portugal, resulted in changes of fish assemblages in the estuary (Veiga ef al.
2006) and the trophic relationship of fish in that ecosystem (Sa” et al. 2006). Recently, it was
reported that the effects of the river’s downstream dam resulted in the absence of some fish
species in the upstream area in Hokkaido, Japan (Fukushima ez al. 2007).

The construction of dams in the lower river course also alters the physical habitat and
hydrological regime in reaches both upstream and downstream of dams. Areas downstream
of dams can experience decreased river flow and water depth (Fievet ef al., 2001). This
decrease in freshwater can result in increased salinity, especially at sites near the upstream
boundary of estuarine tidal influence. Areas upstream of dams experience decreased flow
rates and increased water depth (March et al., 2003). The reduction in river flow lessens
nutrient loads to the estuary (Vorosmarty et al. 1997) but leads to an excess of nutrients in
the upstream area (Downing et al. 1999). Moreover, due to the regulation mechanisms at the
dam, the environmental conditions in this area are highly variable, thus affecting the structure

and function of fish faunas (Sheaves et al., 2007).
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In South East Asia, previous studies compared the fish assemblages as well as the
trophic organizations in the intact and polluted estuarine environments (e.g. Chong et
al.1990; Tongnunui et al. 2002; Hajisamae et al. 2003). Pringle (1997) mentioned that
downstream influences on upstream communities remain little explored. However, in recent
years, there has been increasing concern about the impacts of lower river course abstraction
on the role of the area as nursery and feeding areas for young and adult fish in the lowland
floodplain and estuary (Jutagate et al., 2007; Atapattu and Kodituwakku 2009). However,
there is no information on the effect on the assemblages of the riverine and estuarine fish
faunas in this region.

In this study we investigated environmental components (i.e. water quality parameters
and fundamental food sources for fish) and fish compositions at the Uthokawiphatprasit anti-
salt dam in the Pak Panang River, Southern of Thailand. We studied the upstream from the
dam (i.e. river course) and the downstream (i.e. estuary/delta area) to understand the impacts
on these parameters of two different environmental conditions according to the regulation of
water at the dam (i.e. opening and closing phases). The opening phase is when the sluices are
opened and the water flows freely between the upstream and the downstream areas, allowing
the passage of fish in both directions and the closing phase is when the sluices are closed. It
is hypothesized that (a) there are the differences in environmental components and fish
assemblages due to the operation of the dam and (b) the patterns of fish assemblages

corresponded to the variation in the environmental components.

Material and Methods
Study area

The Pak Panang River Basin (Fig. 1) is a fertile basin on the south east coast of
Thailand. The Pak Panang River runs through to the sea at Pak Panang Bay in the Gulf of
Thailand, which is one of the most productive and heavily exploited marine fishing areas in
the world (Christensen 1998). The basin experiences a tropical monsoon climate with a short
dry season (February to April) and a long rainy season (May to January). The average annual
rainfall is 2,380 mm and average air temperature is 27.3 °C. Although there is a high rate of
precipitation in the area, many areas experience soil-moisture deficits because of the high
evaporation rates of soil and plants. There is a high rate of water discharge to the sea
(maximum at 1,426 m® sec™), as well as the intrusion of salt water, which has been recorded
as far as 100 km upstream (Coastal Resources Institute 1991), resulting in inadequate

freshwater for agricultural and domestic consumption. In addition, the water in the
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downstream area of the river is slightly acid, because of peaty areas along the river banks.
Therefore, in 1995, the construction of the Uthokawiphatprasit (meaning “effectively divide
fresh- and marine- waters”) anti-salt dam was started and it commenced operation in 1999.
The dam is located 6 km upstream from the delta (Fig. 1), is 9 x 200 m* in size and
containing 10 sluice gates, each being 20 m wide. The water elevation during the full storage
at the dam site is 8 m. The major purposes are to prevent intrusion of salt water into the inner
areas along the river, to neutralize the pH of the river and keep freshwater for irrigation
(Prabnarong and Kaewrat 2006). The sluice gates are opened occasionally when there is
excessive water in the wet season, resulting in flooding and destruction of the paddy fields

and villages along the river.

Data collections and fish samplings

The study area covered the area that had had fluctuations in salinity levels because of
the flush of freshwater into the estuary and the intrusion of salt water into the river before the
dam was constructed (Coastal Resources Institute 1991). Six sampling stations were selected,
i.e. three stations in the estuary and three stations in the river (Table 1 and Fig.1). The
stations were fixed by using the Garmin-GPSmap 76CSx. Data collections and fish sampling
were conducted monthly during the period of highest water level in the estuary in each
month. Water quality parameters that related to the objectives of the dam's construction, i.e.
salinity and pH, as well as chlorophyll-a concentrations and water temperature were
monitored. Moreover, the abundance of fundamental food sources for the fish, i.e.
phytoplankton, zooplankton and benthos were also investigated.

Water quality parameters were studied by sampling the water at three depths viz.
surface, mid-water and 1 m above the bottom from three sub-sampling points in each station
area. The sampled water was pooled as representative of a station. Salinity, pH and water
temperature of the sampling stations were obtained from a portable YSI 63-50FT apparatus
and salinity was expressed in terms of practical salinity unit (psu). Chlorophyll-a was
analyzed by the method described in ROPME (1999). The method consisted of the filtration
of the seawater sample (1000 ml) through a nylon net of 300-p mesh (to remove
zooplankton), and then the phytoplankton were filtered on 0.45 pm membrane filter paper
using about 10 mg MgCOs.cm™ suspension of filter surface. The pigment was then extracted
using 90 % acetone and the extinction measured spectrophotometrically at 750, 663, 645 and
630 nm against a 90 % acetone blank. Extinctions were corrected using the extinction

measured at 750 nm. Chlorophyll-a was calculated using the following equations
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Chlorophyll —a =11.64E, —2.16E,; +0.10E,,

where E refers to the extinction measured at the next number in nm. The results obtained
were expressed as pug.L! of seawater (= mg.m™).

Phytoplankton and zooplankton were collected by using plankton net mesh sizes 22
and 69 um, respectively. Both nets were 30 cm diameter and were vertically dragged from 1
m depth to the surface at three sub-sampling points in each station area and then pooled
together. In total, 288 samples were collected for each phytoplankton and zooplankton
sampling. The biomasses of planktons were estimated by means of biovolume (Lorenzen
1967). The samples were filtered through a piece of clean and dry netting material. The
interstitial water between the organisms was removed with blotting paper. The filtered
plankton was then transferred with a spatula to a measuring cylinder with a known volume of
4 % buffered formalin. The plankton was allowed to settle for at least 24 hours before
recording the settled volume. The biomasses of benthos were studied by using a grab (225
cm? covered area), three grabs at each station, and then sieved (0.5 and 1.0 mm apertures) to
collect and weigh the samples.

To collect all the fish species in each area, the non-selective and efficiency fishing
gear was used, i.e. active surrounding fishing gear (Verdoit ez al. 2003). For fish sampling in
the estuary (i.e. Pak Panang Bay), it was done by dragging a push net, 30 mm mesh, for 30
min. to circumscribe the sampling area. Because the push net could not operate in the river, a
beach seine net, 30 mm mesh was used to collect fish, as well as various mesh size of gillnets
(5 nets at each station, mesh size from 20 to 100 mm, i.e. 20 mm interval) that were set to
cover the water column and left overnight before being taken off at the freshwater stations
(i.e. Pak Panang River) to sample fish. Fish samples were packed in ice and brought to
Walailak University, 85 km from the dam. The fish were then taxonomically classified to
species level as far as possible (Nelson 1976; Froese and Pauly 2007). Numbers of
individuals by species were counted and then the fish were weighed (nearest 0.01 g). Both
the environmental measurements and fish sampling were carried out from March 2006 to
June 2007. During the study period, the sluice gates of the Uthokawiphatprasit dam were
opened occasionally but they were all closed during the months of May, July, August and

September in 2006 and February, March, April and June in 2007.

Data analysis
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The statistical differences in environmental variables according to the regulation of the dam
were analyzed by Kruskal-Wallis chi-squared test. Species richness (SR) and the Shannon-
Wiener diversity index (H’-index: Magurran 2004) were calculated for each sampling site
and period. Temporal changes in the ecological dominance of fish species in each area were
presented as the Percentage of Index of Relative Importance (%IRI), which aggregates the
main evaluation methods viz. abundance (%N), biomass (%W), and frequency of occurrence

(%F) within a single index to reduces bias in description (Pinkas ez al. 1971).

(%W, + %N, )x %F,

%IRI = x100

> (%W, + %N, )x%F,

i=1
Hierarchical agglomerative clustering was used to classify sets of the fish assemblages in
each survey with Ward's method (Ward 1963) attempting to optimize the minimum variance
within clusters using the within-groups sum of squares. Co-inertia analysis (Doledec and
Chessel 1994), a way to examine species-environment relationships when many species and
several environmental variables are sampled in few sites, was performed to show the link
between fish assemblage structure and the environmental variables. This technique is used to
demonstrate whether a co-structure exists between environmental and fish data sets. The co-
structure is determined by the maximization of the square-rooted projected inertia and of the
correlation between the two new sets of projected coordinates (Merigoux et al. 1998). The
significance of the resulting co-structure between environmental and fish data sets was
checked by means of a Monte-Carlo permutation test. This procedure consisted in repeating
1,000 co-inertia analyses of two data sets after permutations of their rows. The P-value given
represented the probability of the same covariance between environmental and fish axes by
chance (Cattanéo et al. 2001). All the statistical analyses and graphics were carried out with

R software (R Development Core Team 2008).

Results
Differences in water quality parameters between the opening and closing phases

For the variation in the salinity (Fig. 2a), the highest difference between the opening
and closing phases, was at Station 3 (14 psu) followed by Station 2 (12 psu). Thus, salinity in
the estuary during the opening phase was significantly lower than during the closing phase

(x: = 22.057, P < 0.001). Salinity levels within the river were higher during the opening
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phase ()(52 =18.627, P = 0.002) but the difference was less than 1 psu. The pH values (Fig.

2b) obtained during the closing phase in the river were significantly higher than during the

opening phase ( )(52 = 30.449, P <0.001) and tended to be neutral (pH =~ 7) but there was no

statistical difference between phases in the estuary (y:= 4.421, P = 0.491). The average

water temperature was about 30 °C during the study and there was no statistical difference in
both the estuary and river areas (P > 0.05) between the opening and closing times (Fig.

2¢: x2 = 8.269 in the estuary and y; =7.140 in the river). Chlorophyll-a was higher in the

estuary but there was no statistical difference in both areas between the opening and closing

periods (Fig. 2d: y; = 0.985 and . = 0.968 in the estuary and river, respectively).

Differences in fundamental food sources between the opening and closing phases

The abundance of the fundamental food sources (i.e. phytoplankton, zooplankton and
benthos: Fig. 3a to 3c) was higher in the estuary than in the river but changes due to the
operation of the dam (i.e. opening/closing) in each parameter were dissimilar. No statistical
differences were obtained for the abundance of phytoplankton between the areas (P > 0.05,

x:= 5.950 and 6.457, respectively, in the estuary and river areas). A high correlation

between chlorophyll-a (X) and phytoplankton (¥) was found (r* = 0.78) and the predicting
model was Y = 157.71+39.36X. The abundance of zooplankton significantly differed in the

estuarine area ( 2= 14.929, P = 0.011) but not in the river ( ;= 4.507, P = 0.479) since

during the closing phase the zooplankton tended to be dropped in the stations further offshore

(i.e. Stations 1 and 2). In contrast to zooplankton, the abundance of benthos did not differ in

the estuary (y; = 1.838, P = 0.871), while it significantly differed in the river ( ;= 16.723,

P =0.005) as their abundance tended to be increased during the opening phase

Composition, abundance and importance index of fish

A total of 109,466 individual fish (414,889 g) were sampled. Ninety four fish species
belonging to 48 families were identified, comprising 44, 26 and 24 estuarine, marine and
freshwater fish species, respectively (Table 2). Most of the species caught were economically
important (71.2 %). Many sub-adult fish were collected in the samples, as observed by the
low weight of individuals in many large-sized species. No true marine species were found in
the stations upstream of the dam and no freshwater species were found in downstream

Stations 1 and 2. The most diverse families were estuarine and freshwater fish such as
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Gobiidae and Cyprinidae (8 species each), followed by Clupeidade and Engraulidae (5
species each) (Table 2). In terms of weight, Notopterus notopterus (46,504 g), Ambassis
gymnocephalus (30,020 g), Escualosa thorocota (26,117 g), Scatophagus argus (22,275 g),
Liza subviridis (20,955 g), Pristolepis fasciatus (17,765 g) and Leiognathus spp. (16,516 g)
dominated the fish fauna, which accounted for 43.4 % of the weight of the total samples.
However, in terms of individual fish, the most abundant species were all schooling small-size
(i.e. adult less than 10 cm) marine fish species (70.4%) such as Secuter insidiator (20,706 g),
Encrasicholina devisi (16,488 g), Escualosa thorocota (15,704 g), Leiognathus spp. (12,241
g) and A. gymnocephalus (11,948 g) (Table 3).

The highest average species richness (SR) value (28) was obtained at Station 3 during
the open sluice regime and the lowest value (4) was observed at Station 6 during the closed
period. For the diversity index (H’-index) the highest average value (2.1) and the lowest

average value (0.9) were obtained during the closing phase at Stations 2 and 6, respectively.

Between the closing/opening phases, there were no significant differences in SR (y:=
3.2153, P = 0.6668) and H’-index ( y; = 9.3622, P = 0.0955) in the estuary (Fig. 4). By
contrast, statistical differences were found in both SR (y; = 15.964, P = 0.0069) and the H’-

index (2= 15.5228, P = 0.0083) in the river, with the higher values being obtained during
the opening phase (Fig. 4)

E. devisi, Leiognathus spp., A. gymnocephalus, S. insidiator and S. argus were
dominant in catches from the estuarine/marine area throughout most of the study period, and
together accounted for 55.0 % of the total %IRI. The %IRI values of E. devisi were
significantly higher during the months when freshwater flushed into the delta. On the other
hand, Leiognathus spp. and A. gymnocephalus showed high %IRI values during the period
when the sluice gates were closed (Table 3). Meanwhile in the freshwater area, the major
catches were N. notopterus, P. fasciatus, Mystus gulio, Hampala macrolepidota and
Barbonymus gonionotus, which contributed to 66 % of the total %IRI. During the months of
sluice gates opening, the numbers of fish that contributed to over 80 % of the total %]IRI,
were higher than those when the sluice gates were closed. Also during this period, the
euryhaline species such as Osteogeneinosus militaris, Leiognathus spp. and M. gulio showed
a higher proportion in the contribution to the %IRI (Table 4) However, no freshwater fish
species showed any substantial presence in the estuarine/marine area during the whole study

period.
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Fish assemblages in relation to environmental factors

The cluster analysis of fish assemblages corresponding to combinations of sluice gate
functions (closing/opening) at each station and sampling period allowed 4 clusters to be
identified as represented in Fig. 5 and Table 6. Cluster A included most of the combinations
of the river area. Three combinations of the estuarine area, during the opening phase in the
river mouth area (i.e. Station 3), were included in this cluster viz., O30c¢t06, O3Nov06 and
03Jan07. Cluster B was mixed between the stations 3 and 4 during the opening period,
which implied the extensive movement of fish between these two stations. Cluster D was
exclusively the stations further down towards the sea during the closing phase of sluice gates.
The remaining combinations of the fish assemblages in the estuary were in Cluster C.

Due to its high correlation with phytoplankton, chlorophyll-a was excluded from the
co-inertia analysis matching environmental variables and fish data. The co-structure between
the environmental and fish data sets was significantly linked (Monte-Carlo permutation test,
P <0.001). The first two axes explained 48% of the total inertia. A clear influence of salinity,
fundamental food sources and pH was apparent along the first axis (F1, 40.3% of
explanation). Meanwhile, water temperature was taken into consideration by axis F2 (17.7%
of explanation). All fundamental food sources, as well as pH, showed a positive correlation
with salinity. Therefore, the first axis could mainly be summarized by a salinity gradient,
with high salinity (estuary) associated with high richness of food sources on the left, and low
salinity (river) on the right (Fig. 6a). There is a clear separation between freshwater species
(on the right) and estuarine-marine species (on the left), which is obviously linked to the
gradient of salinity. Meanwhile, the species around the center are the secondary freshwater
species such as N. notopterus (NON), Oxyeleotris marmorata (OXM) and O. militaris
(OSM) and the euryhaline estuarine species such as Platycephalus indicus (PLI)
Glossogobius giuris (GLG) and M. gulio (MYG).

Discussion

Due to a high demand for freshwater, many anti-salt dams were constructed to
prevent saline water intrusion into upstream freshwater and storage freshwater by closing the
water gates during the dry season (Pringle ef al., 2000; March et al. 2003). Understanding the
changes in environmental parameters and fish assemblages according to the dam operation
(opening/ closing) is necessary. The results of this kind of study can be used by water

resource management teams to make more informed decisions regarding the operation of
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dams to minimize their negative effects and sustain the integrity of the aquatic ecosystem

(March et al. 1998).

Spatio-temporal changes in water quality and fundamental food sources

Salinity in the river upstream significantly dropped from the average 19 psu
(Preedalumpraburt ez al. 1999) to an average of 0.65 psu in this study after the dam was
operated. Fluctuations in salinity in both areas caused by opening and closing the sluice gates
occasionally depended on the water level in the river, resulting in massive freshwater inflows
(Champalbert ef al. 2007). Another objective of the Pak Panang Project was to neutralize the
pH in the river (Prabnarong and Kaewrat 2006) and this was also successful as the pH tended
to increase during the closing period. A more productive (i.e. high chlorophyll-a
concentration) estuarine area and less productive river area were obviously observed and
tended to increase during the opening period in the estuary, which was most likely caused by
the nutrient-rich effluent from the river (Maclntyre ef al. 2000; Struski and Bacher 2006).
Although there was no significant difference in temperature during the whole study period,
the temperature in the river decreased slightly during the opening phase compared with the
closed phase.

There have been no reports on the condition of phytoplankton bloom in the Pak
Panang Estuary, either before (Sirimontraporn et al. 1997; Preedalumpaburt ef al. 1999) or
after the construction of the dam (Prabnarong and Kaewrat 2006). The fluctuation in the
abundance of phytoplankton correlated with the chlorophyll-a concentration. The decrease in
both abundance of phytoplankton and chlorophyll-a in Station 3 during the sluice opening
compared with the other combinations in the estuary was probably due to light limitation
caused by the suspended matter from the river (Maclntyre et al. 2000). Thebundance of
zooplankton during the closed period in the estuary was similar to the results at the river
mouth from the anti-salt dam case in Senegal (Champalbert ez al. 2007). Champalbert et al.
(2007) reported that during the low flow and closing period, marine and euryhaline
zooplankton colonized the estuary and moved to the dam. Meanwhile, during the high flow
and when freshwater was released, zooplankton in the estuary were less abundant but more
diverse and were dominated by freshwater species. The abundance of benthos in the upper
dam area is controlled by the fluctuations in water level and sedimentation, which make the
bottom unstable (De Brouwer 2000) and this consequently causes a reduction in the benthos

in the river zone during the closed period. Moreover, the anoxic condition due to the
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denitrification process in the upper dam (Downing et al. 1999) would also be a response to

the change in benthic faunas.

Fish assemblages

Sirimontraporn et al. (1997) reported that before the dam was built, 45 estuarine, 39
marine and 34 freshwater species were recorded from the same studied areas (i.e. Stations 1
to 6). The freshwater species, which were not found in the current study, included the
rheophilic species such as Botia spp. and Rasbora spp., which had been abundant in the area
even a few years after impoundment (Sritakon ef al. 2003) and there were many lotic fish
species, especially in the Family Cyprinidae (Sirimontraporn et al. 1997). Welcomme et al.
(2006) mentioned that damming near the mouth of a river can either have negative or
positive impacts for the fish species in the river system. The lotic species tend to disappear
because of an inappropriate rate of river flow and amplitude and duration of flooding. The
brackish portion, within the river, is removed from impounded freshwater, which cause the in
disappearance of brackish water fish. Meanwhile, the freshwater estuarine fish (i.e. secondary
freshwater fish) would benefit since the impounded water would have low salinity and less
saline intrusion into the river portion.

In the estuarine area, the species found were similar to the previous study, especially
the species of economic importance (FAO 2000; Barbier ef al. 2002). Low H’-index values
in the freshwater portion indicated that it was dominated by few species. Meanwhile the
distribution of the fishes in the estuarine area during the closing period was more evenly
distributed than during the open period, since the estuarine/marine species dispersed over the
whole estuarine sampling area and there were less freshwater visitors. Duldic ef al. (1997)
mentioned that estuarine areas are usually comprised of low trophic level species with high
ecological efficiency and productivity, and this was also true in this study as the small-size
phytoplankton feeders, such as E. devisi, Leiognathus spp. and A. gymnocephalus were
shown to be major contributors to the %IRI in the estuary.

It 1s widely accepted that the major key factor controlling the fish assemblages in the
hypotamonic zone is salinity (Jaureguizar ef al. 2003; Martino and Able 2003), which also
influences the diversity and distribution of the phytoplankton (Huang et al. 2004),
zooplankton (Champalbert ef al. 2007) and benthic fauna (Wu and Richards 1981). The high
correlation to axis F1 of fish species implies that most of the fish in this study were
distributed along the salinity gradient and had complex feeding habits, which were observed

in the hypotamonic zone (Hajisamae et al. 2003). Diet flexibility is also observed in the
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freshwater fish, which may relate to fish size, season and location within the system or a
combination of all three (Pusey ef al 1995). It is also evident that many freshwater fish
species show better larvae development and growth when the water is slightly saline

(Varsamos et al. 2005), especially the secondary freshwater fish (Johnson 1967).

Conclusion

This study illustrates the impacts of water abstraction in the lower river course on key
ecological components (i.e. water quality parameters, fundamental food sources for fish and
fish assemblages) in the tropical area. Although, the dam is not a permanent barrier, (i.e.
opening occasionally), obvious differences due to the operation of the dam (opening/ closing)
were observed. The findings concurred with the suggestions by Pringle (1997) that damming
the lower reach of a river has effects in terms of ecosystem changes (e.g. water quality,
nutrient recycling, and primary productivity) and fish community level changes. Two major
topics must be the subject for further study on the effect of the dam operation on (a) the life
cycle of diadromy species and (b) the development of marine fish larvae in the delta area,
since many larvae occupy that area as the nursery ground and require the optimum salinity

and abundance of food resources.
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Table 1. Locations and detail of the sampling stations

Co-ordinates (UTM)

Station Detail of the sampling station
X Y

1 620,901.000 937,198.978 The outer zone of the Pak Panang Bay, where
freshwater extremely flushed during the low
flood season before the dam was operated

2 622,909.994 933,188.978 The middle zone of the Pak Panang Bay

3 626,281.994 928,891.979 The inner zone of the Pak Panang Bay, where
connected to the river mouth

4 632,280.438 918,831.595 The front dam area, where the water is
stagnant occasionally.

5 630,948.744 909,096.659 The station that connected to the small creek
and peat area

6 624,609.190 893,562.629 The boundary zone in the Pak Panang River,

where the saline water extremely intruded
during the low flow period before the dam

was operated
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Figure captions

Fig. 1
Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Location and map of the Pak Panang River Basin

Environmental attributes of sampling stations, comparing between sluice closing
(C) and opening (O) periods based on mean values among all measured water
parameters (numbers indicate the sampling stations)

Variation in abundance of fundamental food sources, comparing between sluice
closing (C) and opening (O) periods among stations (numbers indicate the
sampling stations)

Fluctuations in fish species richness and diversity index between sluice closing
(C) and opening (O) periods among stations (numbers indicate the sampling
stations)

Dendrogram of the cluster analysis results corresponding to the combination of
stations and months of sampling. The first character represent closed (C) or open
(O) periods, the second character represents the sampling stations followed by
month of sampling.

Results of the co-inertia analysis of environmental variables to fish species found

in the study (showing only the ecologically dominant species)
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Fishes in the Pak Panang Bay and River in relation to the anti-salt dam operation,
Part |: Assemblage patterns of the marine and brackish water fishes
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Abstract
Spatio-temporal patterns of marine and brackish water fish assemblages gradated from the upstream
of the anti-salt dam “Uthokawiphatprasid” dam to the Pak Panang Bay, Nakhon Si Thammmarat

Province, southern of Thailand. The samples were collected during March 2006 to June 2007at 6
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sampling sites (each 3 sites, above and below the dam). A total of 70 fish species belonging to 68
genera and 44 families were identified. To analyze patterns of fish assemblages, an artificial neural
network (ANN) in the form of the self-organizing map (SOM) was applied. The sample-combinations, i.e.
sluice gate regime (opening or closing), sampling stations and months of sampling) were classified
into 4 clusters, related to the spatial location and sluice gate regimes. Six assemblage patterns were further
explained by the probability of occurrences and ranges of salinity levels. The largest group was the
opportunistic marine fishes (21 species) followed by the true brackish water fishes (17 species).
Others comprised steno- and eury-haline fishes as well as the anadromy. The likely impacts of each

guild due the dam regulations and further studies for conserving these fishes were also discussed.

Key Words: estuary, clustering, artificial neural network, self-organizing map and fish guild

T. Jutagate: tjuta@agri.ubu.ac.th

Introduction

More than 70% of river systems in the tropical area are regulated (Revenga and Kura, 2003),
which the water management and infrastructure development are the main driving forces on the
modification of the river worldwide (Welcomme et al., 2006). The inevitably consequent impacts on
the “goods and services” of the river form such modifications, especially to fish, are experienced and
reported elsewhere and the most serious case was occurred when the morphology, hydrology and
functioning of river were changed by damming the mainstream per se (Marmulla, 2001). Along the
river course, the greatest species richness situated at the interface between the freshwater and
marine domains, i.e. hypopotamon zone (Blaber, 2002), which comprises of marine-, freshwater- and
estuarine- origin fishes. Therefore, once the lower course of the river is fragmented, not only the fish
from single origin will be affected but also all the three categories. Among these fishes, the
diadromous and amphidromous fishes are the groups that should be taken care since they need to
migrate up and down between the estuarine and river portions to complete their life cycles.

The Pak Panang River Basin (Figure 1) is the fertile basin in the southern east coast of
Thailand. The Pak Panang River runs through the sea at the Pak Panang Bay in the Gulf of Thailand.
In the past couple decades, the increasing of urbanization, deforestation and the needs for
household consumption and agricultural activities incorporated with the characteristic of low slope of
the lower course of the river results in the longer, both period and time, intrusion of seawater to the
Pak Panang River, i.e. from about 50 to 100 km and from 3 to 9 months (Coastal Resources Institute,
1991). In addition, the water in the downstream area of the river is slightly acid, because of peat areas
along the river banks (Prabnarong and Kaewrat, 2006). Therefore, in 1995, the plan to construct the

Uthokawiphatprasid (meaning “effectively divide fresh- and marine- waters”) Watergate was set and



started to operate in 1999. The water gates per se locate at 6 km upstream to the delta (Figure 1),
with the size of 9 x 20 m” and comprises of 10 sluice gates. The major purposes are to prevent
intrusion of the saline water into the inner area along the river and keep the freshwater for irrigation
(Prabnarong and Kaewrat, 2006). After the construction, the sluice gate operation is in the irregular
manner depending on the water level upstream. By doing so, the possibility to move upstream to the
lower river portion of the marine and brackish water species are varied according to their tolerance on
the changes of environmental factors especially salinity. This paper, therefore, presents the guild
classification of the marine and brackish water fishes in the Pak Panang area by using the self-
organizing maps according to their assemblages from the bay area to the upper area of the
watergate and discussing on the likely affects on each guild due to the Uthokawiphatprasid water

gate management.

Materials and methods

Sampling stations and sampling protocols

Six sampling stations were selected as 3 stations in each component, i.e. the estuarine and
the river (Figure 1). The stations were fixed by using the Garmin-GPSmap 76CSx. Samplings were
conducted monthly during the spring-tide period. The fish sampling, in the estuarine/marine
component, the samplings were conducted by using the push net dragging circumscribe the
sampling area around 30 min. Meanwhile, the beach net as well as the various mesh size of gillnets
were employed by set covering the water column and left overnight before taken off for fish samplings
in the freshwater stations. Fish samples were packed in ice and brought to Walailak University 50 km
from the Watergate. Fishes were then identified into species level or as far as possible (Nelson 1976;
Froese and Pauly, 2007). All fish in the species level was weighed and the numbers in each species
were counted. Salinity of water at the sampling stations were obtained from a portable YSI 63-50FT.

The field samplings were conducted from March 2006 to June 2007.

Data processing

The self-organizing map (SOM) of Kohonen (Kohonen, 1982) belongs to the artificial neural
network (ANN) class technique and is one of the best know neural networks with unsupervised
learning rules (Penczak et al. 2004). This method is being increasing used by ecologists and
successful results in aquatic ecology using this model had been well documented (Lek et al. 2005).
The detail of sequential SOM algorithm can be retrieved from Kohonen (1995) and Lek and Guégan
(1999). In this study, first, a species abundance data set was arranged as a matrix of 96 rows (i.e.,
the 6 sites sampled on 16 months) and 70 columns (i.e. fish species, which were 44 brackish water

species and 26 marine species as shown in Table 1). Each of the 96 samples of the data set can be



considered as a vector of 70 dimensions and the samples were presented inform of the combination
among sluice gate regime (opening or closing: Table 2), sampling stations and months of sampling
(e.g. O3Jan07 or C4Sep07). Species abundance was used in the study since the sampling was done
by various gear types and tried to cover all fish species, which can be avoid the bias in calculation of
species abundance by using single gear (Hugueny et al. 1996). Then, the species data set was
patterned by training the SOM.

The architecture of the SOM consisted of two layers of neurons (or nodes): (i) the input layer
that was composed of 70 neurons connected to each vector of the data set and (i) the two-
dimensional output layer was composed of 56 neurons (i.e. a rectangular grid with 8 by 7 neurons
laidbout on a hexagonal lattice). The 56-neuron grid was chosen because this configuration
presented minimum values of both quantization (final quantization error = 0.008) and topographic
errors (final topographic error = 0.010), which are used to assess classification quality (Park et al.
2003). In the learning process, the data were subjected to the learning network. Then, the weights
were trained for a given dataset of the assemblage data matrix and the SOM weights are modified to
minimize the distance between weight and input vectors (Gevrey et al., 2004). When an input vector x
(densities of species) is sent through the network, each neuron k of the output layer computes the
summed distance between the weight vector w and the input vector x (Park et al., 2005). In this study,
the analysis was carried out using the MATLAB software version 7° with ANN-SOM routine developed
by S. Lek (Universite” Paul Sabatier (Toulouse lll), France. The Kruskal-Wallis chi-squared test and
Mann-Whitney test were used to analyze the statistical difference in each studied parameters.

Calculations and graphics were conducted by using Program R (R Development Core Team, 2008)

Results

The species composition of the ichthyofauna collected during this study is shown in Table 1.
A total of 70 fish species belonging to 68 genera and 44 families were identified. The most diverse
families were brackish water fish species as Gobiidae (8 species) followed by Clupeidade (5 species)
and Engraulidae and Tetraodontidae (4 species each). Among the 70 fish species collected, 14
species appeared at least with 50% of occurrence (i.e. found both in estuarine and river components)
such as Ambassis gymnocephalus, Osteogeneiosus militaris, Leiognathus spp., Scatophagus argus
and Encrasicholina devisi. Three species were caught only once and they were excluded from the
guild classification, which were Aulopareia chlorostigmatoides, Sargocentron sp. and
Scomberomorus commerson.

The hierarchical cluster analysis applied to the output matrix extracted from the SOM,

classified the samples periods and stations into four clusters (Figure 2). Cluster | included most of the



combinations of the river area. Three combinations of the estuarine area, during the opening phase in
the river mouth area (i.e. station 3), were included in this cluster viz., O30ct06, O3Nov06 and
0O3Jan07. Cluster Il was mixed between the stations 3 and 4 during the opening scheme. Cluster IV
was exclusively the stations further down to the sea during the closing phase of sluice gates. The
remaining combinations of the fish assemblages in the estuarine were in Cluster Ill. The Kruskal-
Wallis test showed highly significant differences in species richness between clusters (p < 0.001,
Figure 3). Cluster | displayed the lowest species richness and was significantly different from the rest
clusters (Mann-Whitney test, p < 0.01). There is no statistical difference among species richness in
the remaining clusters (Mann-Whitney test, p > 0.05). The outliners in Cluster | and wide range of
Cluster Il indicated the occurrence of the marine and brackish water fishes to the river component.
The samples were classified by the SOM according to their species composition in the 56
output nodes, so that each node included samples with similar species. In each SOM map, the dark
represents a high occurrence probability of occurrence in each neuron, whereas light is low (Park et
al., 2005). A clear gradient distribution on the SOM map can be classified into 6 patterns of
assemblages, which the distribution patterns in each assemblage was shown in Figure 4. It can be
seen that most of the assemblages were belonged to Cluster Il to IV. In the estuary, fish guilds are
distinguished by their responses to water salinity (Welcomme et al., 2006). Therefore, according to
the map patterns and range of water salinity of the combinations in each assemblage (Figure 5), the
marine and brackish water fishes can be classified into 6 assemblages. In Assemblage A (3 species)
was the species that intensively abundance in the lower saline area and likely to be the stenohaline
species, which can enter to the freshwater portion. Assemblage Ab (7 species) represented the small
to medium size fishes that prefer in the low salinity but euryhaline. Assemblage B (17 species) was
the, so called, “true brackish water species”, which were permanent residents of estuary system with
euryhaline character. Assemblage Bc (6 species) was the brackish water fishes, which preferred the
higher salinity condition. Assemblage C (21 species) was the opportunistic marine fishes, which
sometimes enter to the estuary for the feeding and breeding purposes. Lastly, Assemblage Ca, which
should be the most focus group that comprised marine species that showed the possibility to

occasionally enter to the freshwater component. There were 10 species involved in this assemblage.

Discussion
In this study, the numbers of marine and brackish water fish species found were lower than
the reported by Sirimontraporn et al. (1997) and the diversity of these fishes were lessen in the river
portion comparing to the previous study (Sritakon et al., 2003). This difference could be related to the
sampling procedure and the types of habitats prospected (Koné et al., 2003) or the affects by the

Water gates regulation per se. The most diverse of gobies in the delta area is the usual phenomenon



in the tropic such as 37 species in Vietnam Delta (Vidthayanon, 2008). The occurrence of many adult
pelagic fishes such as Sphyraena jello and Rastrelliger brachysoma in the estuarine component is
likely for the feeding purpose (Blaber, 2002; Hajisamae et al., 2003).

Although the hierarchical cluster analysis showed the 4 obvious clusters, the SOM maps
exhibited the pattern that the marine and brackish water fish assemblages in the Pak Panang area
can be further subdivided into six assemblages according to their probability of occurrence in each
neuron. The SOM maps showed the probability of the movement between the brackish water and
freshwater of many fish species especially in Assemblages A, Ab, and Ca. The purposes of
movement could be feeding (Hajisamae et al., 2003), growth out (Varsamos et al., 2005) or spawning
(Riede, 2004) or mixed together. Moreover, during the prevalence of seawater intrude to the river
portion, the stenohaline fishes in Assemblage A would have the serious impact. Among the samples,
three species in Assemblage Ca viz., Anodontostoma chacunda, Liza oligolepis and Valamugil
cunnesius were reported as anadromy (McDowall, 1997). Two more species, Pomadasys kaakan and
Megalop cyprinoid, were also claimed by the local fishers that they are anadromy. Thus, to success
on the managing for viable diadromy populations, the study on their life cycles and the analysis of
carbon and nitrogen stable isotopes, especially in otolith, to confirm the hypotheses that these fishes
inhabits both marine and freshwater environments (Hogan et al., 2007) are recommended.

As discuss earlier on the involving of the freshwater system to complete their life cycle of
fishes in Assemblages A, Ab, and Ca, these species are likely to be Influenced negatively by river
mouth dams that impound freshwater in the estuary and remove the brackish component (Welcomme
et al. 2006). Moreover, the blockage on the upstream migration routes of the anadromous, as well as
catadromous, fishes would result in less abundance in the area (Fukushima et al., 2007) if the
opening period does not comply to the period of fishes moving up- and down- stream. For the
remaining assemblages, though the near river-mouth dam regulations have no directly affected to
them. It would be envisaged on the impact of the regulation on their food resources. During the
closing phase of sluice gates, the nutrients from the river system will be trapped at the fore-bay area
(MaclIntyre et al., 2000) and high turbidity and sediment will be flushed to the delta during the
opening phase (Cloern, 1987). Both situations will “more or less” impact the primary producers, i.e.
phytoplanktons (Cloern, 1987; Maclintyre et al., 2000) and secondary producers, i.e. zooplanktons

and benthoses (Champalbert et al., 2007) in the estuary.

Conclusion
Classifying marine and brackish water fishes in the Pak Panang area, according to the
locations and range of salinity level they occurred, can be made a clear picture on the likely impacts

of anti-salt dam operation near the river mouth. Impacts could be ranged from the serious case of the



fish cannot complete their life cycle to the extirpation of the species due to reduction in food sources,
which both lead to decrease in fish abundance. One would argue that over-fishing could be the main
source of problem. However, it is evidence that small and medium sized fishes are unlikely to go
extinct from fishing alone as long as the habitats and migration routes are intact (Mattson and
Jutagate, 2005) as they showed low to medium resilience (Froese and Pauly, 2007). Another aspect,
beyond this study, that should be concerned is the role as nursery ground of the mangrove and near
shore area, which the suitable habitat and range of salinity preference of the fish larvae are varied
species by species (Tongnunui et al., 2002). This issue should be further focused and studied to

guarantee the recruitment to sustain the fish stocks as well as the fisheries in Pak Panang Bay.
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Table 2 Operation of the Uthokvibhajaprasid water gates and discharges during the study period.

Month Duration of Opening period Discharg:d \3/olume
opening (days) (hours) (10" m")

Mar-06 7 76 22.9
Apr-06 18 177 84.3
May-06 0 0 0
Jun-06 6 117 36
Jul-06 0 0 0
Aug-06 0 0 0
Sep-06 0 0 0
Oct-06 24 217 176.2
Nov-06 26 341 453.2
Dec-06 9 112 104.1
Jan-07 22 208 163.5
Feb-07 0 0 0
Mar-07 0 0 0
Apr-07 0 0 0
May-07 18 217 236.1
Jun-07 0 0 0
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Figure 2 (a) Self-organizing map with the four colors correspond to the clusters (b) Hierarchical
clustering of the SOM nodes with a Ward linkage method (c) Classification of combinations

through the learning process of the self-organizing map.
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Figure 3 Boxplot comparing fish species richness (SR) in the four clusters defined by the self-

organizing map.
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Figure 4 Boxplot comparing fish salinity in the six assemblages.



Assemblage A: Acentrogobius caninus, Acanthosphex leurynnis and Parapocryptes
serperaster

Assemblage Ab: Vespicula trachinoides, Trypauchen vagina, Tetraodon nigroviridis,
Takifugu oblongus, Butis butis, Platycephalus indicus, Parambassis siamensis and

Siganus canaliculatus

Assemblage B: Hilsa kelee, Gerres abbreviatus, Ambassis gymnocephalus,

Encrasicholina devisi, Cynoglossus arel, Glossogobius guiaris, Leiognathus spp.,

Mystus gulio, Liza subviridis, Lutjanus russelli, Sillago sihama, Gerres abbreviatus,
Osteogeneiosus militaris, Pisodonophis boro, Atherinomorus duodecimalis,
Taenioides cirratus, Ophisternon bengalensa, Hippichthys penicilus, and Thryssa

hamiltonii

Assemblage Bc: Scatophagus argus, Escualosa thoracata, Coilia macrognathus,

Plotosus canius, Himantura imbricata and Tylosurus crocodilus

Assemblage C: Pampus argenteus, Eleutheronema tetradactylum, Bregmaceros
mcclellandi, Parastomateus niger, Sardinella gibbosa, Muraenesox cinereus,

Hypoatherina valenciennei, Trichiurus lepturus, Sphyraena jello, Rastrelliger

brachysoma, Terapon jarbua, Acanthopagrus berda, Encrasicholina devisi, Panna
perarmatus, Pseudapocryple larceolotus, Triacanthus biaculeatus, Hyporhamphus
dussumieri, Carangoides praeustus, Lagocephalus spadiceus, Grammoplites

scarber and Papilogobius reichei

Assemblage Ca: Anodontostoma chacunda, Liza oligolepis, Valamugil cunnesius,

Pomadasys kaakan, Megalop cyprinoids, Arius caelatus, Macrotrema caligans,

Secuter insidiator , Stolephorus dubiosus and Hemipimelodus bicolor

Figure 5 Distribution patterns of fish species in each assemblages defined by the hierarchical
clustering applied on the self-organizing map (SOM) units. Dark represents high probability of

occurrence, and light indicates lower probability.
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Abstract
ECOPATH software programe was used to study the mass-balanced trophic structures and
functioning of the aquatic organisms for Pak Panang - Bay and — River (lower portion) to insight the
ecosystems according to the operation of the Uthokvibhajaprasid Dam. The resulting models were
authentic as indicated by the output parameters. There were 20 and 25 compartments for the estuary

and river models, respectively. The trophic levels varied from 1.0 for primary producers and detritus
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to about 3.0 for carnivorous fishes. Gross efficiency of the fishery indicated the intensive efforts in
both areas. Both systems were considered as intact condition since the transfer efficiency is between
10 to 15%. Small sized brackish water plankton feeders played the important role in linkage between
lower trophic organism and top predators. Improper regulation of the sluice gates should impact
these groups and then result in the unbalance of the ecosystems.

Key Words: Trophic model, ECOPATH

A. Sawusdee: samonsak@wu.ac.th

Introduction

The hypopotamon zone (i.e. lower river portion connected to the estuary) is a productive and
extremely dynamics, in which environmental fluctuations and changing species compositions are
common. Food webs, and the pathways of energy flow within the food web, are temporally variable
due to changes in river flow, water temperature, water column stratification, salinity gradients and
seasonal variation in biota (Althauser, 2003). Apart from the natural factors, human activities are also
affected to the ecosystem such as urbanization, sewages as well as coastal and infrastructure
developments. Among the anthropogenic activities, damming in this area is recognized as the most
influential activity to fishes (Vasconcelos et al., 2007) since it will block of migratory routes of the
diadromy fishes and alter a flow pattern, which is very crucial to maintain the integrity of the
ecosystem (i.e. environmental flow: IUCN, 2003). Regarding to the environmental problems from
infrastructure development in the hypopotamon zone, there is a case in Thailand, where the
Uthokvibhajaprasid Dam was constructed for the purpose of anti-salt intrusion into the upriver of the
Pak Panang River, Nakhon Srithammmarat, which started in 1995. The dam locates at 6 km to the
confluence to Pak Panang Bay. It is irregularly operated depending on the demand of freshwater in
the upstream (Prabnarong and Kaewrat, 2006), which consequence in the inevitably changes in the
ecosystem.

To understand the possible impacts on ecological changes in aquatic ecosystem calls for
quantification of the trophic relationships between different living groups in the system (Chookajorn et
al., 1994). Ecosystem modeling is an alternative approaches that can be used to predict ecosystem
responses to perturbations of any factors (Althauser, 2003) and the ECOPATH model (Christensen et
al., 2005) is widely applied to describe the ecosystem in form of multi-species trophic model under
the balancing and static ecosystems (J@rgensen and Bendorichchio, 2001). Moreover, when the
model is properly used, it can be also explained the evolution of the fish stock in the ecosystem in the
long time period (Chookajorn et al., 1994). In this study, The trophic networks will be constructed
under two difference areas, i.e. the upstream and downstream of the Uthokvibhajaprasid dam by

using ECOPATH program (Christensen and Pauly, 1992; Christensen et al., 2005) to provide a



quantitative description for understanding different functions and interrelationships of various
components within the two ecosystems.

Materials and methods

Fish Samples

The fish sampling were conducted from March 2006 to June 2007 from 6 stations in the
estuarine and the river (Figure 1), i.e. 3 stations in each area. Sampling protocols were already
described in Jutagate et al. (2009). After taxonomical identification, all the fish in the same species
level was weighed and the numbers in each species were counted then standardize to t.km? fresh

weight (Jackson and Harvey, 1997)

The ECOPATH model

In structuring the model, the various organisms inhabiting the ecosystem have to be grouped
into boxes or functional groups according to their common physical habitats, similar food preferences
and life history characteristics (Yodzis and Winemiller, 1999; Villanueva et al, 2008).The basic
condition considered for ECOPATH model is that input to each group is equal to the output from it (i.e

equilibrium conditions).Therefore, the biomass budget equations for each group are

B, x(P/B),xEE,~ Y (B,x(Q/B),xDC, )~ EX,=0 (1)

Where B, is the biomass of the group (i); (P/B), is the production/biomass ratio, EE, is the
ecotrophic efficiency, i.e. the proportion of the ecological production which is consumed by predators
or exported and usually assumed to range from 0.7 to 0.99 (Polovina, 1984);3_/. the biomass of
predator (j); (Q/B)_/. is the food consumption per unit of biomass for predator j and DC ;is the

fraction of i in the diet of j; EXis the export of (i).

Production/biomass ratio (P/ B )

All values of P/ B were presented in annual term, i.e. per year. Two methods of PB -
estimation were applied viz. (a) P/ B is equal to the total mortality (ZI.)(AIIen, 1971) when the von
Bertalanffy growth function (VBFG) of the species can be obtained and (b) for a few groups, PB was
taken from the estimation of (Q/ B)x EE (Chookajorn et al., 1994). For the other groups than fish
were derived from literatures (Christensen, 1998; Froese and Pauly 2008; Villanueva et al, 2008

among others).



Diet composition

Diet compositions of each consumer group was estimated by stomach content analyses of
the dominant species, and were recorded in percentage of weight of prey groups. When the data was
not available for some groups, the information from the published articles were assembled

(Yamashita et al., 1987; Froese and Pauly, 2008)

Food consumption/biomass ratio(Q/ B)
(Q/ B can be obtained from (a) field data on the variation of abundance of food within a 24-hour diel
survey by using Maxims (Jarre et al., 1990) and (b) estimation from the model of Palomares and Pauly

(1998), which was applied in this study, using the formula
log(Q/B) =5.847 —-0.52log(W_ )+ 0.28log(P/ B)—1.36T + 0.062A4+ 0.51H + 0.39D ---- (2)

W is the asymptotic weight of fish in gram, where W, of individual species were calculated from the
length-weight relationship, assuming that all groups are isometric and Lo, was equal maximum length
divided by 0.95 of individual species (Sparre and Venema, 1998). T is the mean habitat temperature
(°C) which was 30.2 °C in this study; A is an index of activity of the fish related to the aspect ratio of its

caudal fin as:

where h and S are height and surface area of the caudal fin, respectively. Finally, the parameters H
and D express the diet, where H = 1 for a phytophagous species (D = 0) and H = 0 for a detritivorous

species (D =1)

Balancing the model

The equilibrium assumption implicit to Equation (1) is very crucial. Therefore, the balance of
the model was authenticated by two steps. The first step in verifying the realism of the model was to
check whether the EE was less than 1.0 for all groups, since it was assumed for any group not to be
consumed in excess of its production and should be close to 1 for most groups. In this study, EE was
set at 0.95 for all groups reflected the fact that there is high fishing intensity in this area as well as the
emigration of the brackish fishes from the upstream area.

The second step was to check if the gross food conversion efficiency (i.e. the ratio between

production and consumption, GE) was in the range of 0.1-0.3, as the consumption of most groups is



about 3—10 times higher than their production. In general, the GE cannot be higher than the net
efficiency (the ratio between production and assimilated food), except that it may be lower for the top

predators and higher for fish larvae (Christensen et al., 2005).

Results

For the two reservoirs considered here, estimates of B, EE, gross conversion rates (GE), P/B,
Q/B and trophic level (TL) obtained from the input parameters for each group are presented in Tables
1 and 2. The total fish biomass in the estuary (2.767 t.km'z.yr'1) was slightly higher than the biomass
obtained from the river portion (2.600 t.kmfz.yrfﬂ). Interestingly, the proportion of the brackish water
species in the upstream area was very high (68 %), which indicated the importance of this fish to the
ecosystem. Gross efficiency of the fishery (GEF = actual catch/primary production) estimated in the
river portion (0.0079) was higher than in the bay (0.0045), which implied the intensively exploited of
the fisheries resources in both areas. The mean trophic level from fisheries operation in both areas
was about three (2.79 and 2.94 in the estuary and the river portion, respectively). This mean the
zoophagous fish are targets.

Transfer efficiency at trophic level Il was high (Table 3), which pointed out the high utilization
of primary producers by the herbivores in both areas. However, it is revealed that the food webs of
the two systems are quite intact since the average transfer efficiency is between 10% and 15%.
Figures 2 and 3 show the compartment model for the “balanced situation” of the both ecosystems,
the boxes are aligned along the y-axis as a function of the estimated trophic level and the area is
proportional of the square root of the biomass. Trophic levels estimated by ECOPATH model from the
weighted average of prey trophic levels varied from 1.0 for primary producers and detritus to about
3.5 for carnivorous fishes in both areas.

The effect of change in the biomass of one group on the biomass of other groups in a system
can be indicated from the mixed trophic impacts (Figures 4 and 5). In the estuary, an increase in
phytoplankton biomass resulted in increase biomass of almost all groups. Then the increase of
zooplankton made more abundance of the higher trophic level species. In the river system, an
increase in phytoplankton biomass has a great positive effect on the small size brackish water
species (i.e. Stolephorus sp., Leiognathus sp. and Ambassis sp.), which they feed largely on
phytoplankton. Consequently, in an increase of these small fishes, which is a feed for carnivores
species, the biomass of the fishery targets would increase. An increase in detritus in the estuary had

larger positive effect on the biomasses of other groups than those in the river portion.



Discussion

From the simulations, both systems were balanced and validated as it was obtained that (a)
the estimated EE value of detritus was much less than 1, which indicates that the detritus group was
entering more than leaving (Lin et al., 2007) and (b) GE values were physiologically realistic as
suggested by Christensen et al. (2005) that the consumption of most groups are about 3-10 times
higher than their reproduction, i.e. GE ranges from 0.1 to 0.3 (Christensen et al., 2005). The biomass
of 2.8 t.l<m’2.yr’1 in the Pak Panang estuary was reasonable compared to the biomass of 7.2 t.km’Z.yr’1
in the whole inner area of the Gulf of Thailand (Christensen, 1998) and 3.1 t.km’2.yr’1 from the coastal
area of Terenganu, Malaysia (Liew and Chan, 1987). However, the biomass estimated in the river
portion (2.6 t.km’Z.yr’W) was very low compared to the value got from Pasak Jolasid Reservoir (10.1
t.km'z.yr'1: Thapanand et al., 2007), which impounded during the relatively nearby period (i.e. in 1998).
This is due to the fact that the vast littoral zone for the lake-type reservoir of the latter case.

Duldic et al. (1997) mentioned that estuarine areas are usually comprised of low trophic level
species with high ecological efficiency and productivity, which support the carnivores within or
beyond the system (i.e. the lower river area and open sea). In the lower river portion, the high trophic
level freshwater species are always found (Pusey et al.,, 1995). The slightly mean lower trophic level
than 3 would come from two reasons. Firstly, the proliferation of the benthic herbivores, which was
likely caused by the nutrient-rich trap from the river near the dam (Maclintyre et al. 2000) that made
the expansion of aquatic plant. Secondly, it would from the raising of the importance of the small
sized plankton feeders in system as experience in Ubolratana Reservoir, NE of Thailand (Chookajorn
et al., 1994). The maximum trophic position in the estuary was 3.49 compared to 4.1 for the inner Gulf
of Thailand, except shark at 4.5 (Christensen, 1998). This estimated figure was in the range of 3.6-4.0
of the top predator recorded in tropical estuaries (Wolff et al., 2000; Lin et al., 2004). For the river
portion, the maximum trophic level of 3.61 confirmed the importance of the small sized fish to the
system, while the other inland water bodies in Thailand the value was about 3.4 (Chookajorn et al.,
1994, Jutagate et al., 2002).

The average transfer efficiency of a 12.2 and 14.2 in the respective estuary and river portion
were within the range (8-14%) reported by Christensen and Pauly (1993) for 41 aquatic systems. The
mixed trophic impact shows that an increase of fishing activities in both areas would have a negative
impact on carnivorous fishes. For the long run, the long-term over-exploitation of top predators would
result in low total catches and gross efficiency and then lowered food-chain length (Pauly et al., 1998;
Lin et al, 2007). The small size brackish water fishes seem to have little impact from increasing of
fishing intensity. This is because of the prohibit of various fishing gears, especially the gear with luring

light, that employed to catch these fishes 3,000 m offshore.



Conclusion

Two difference areas, which are connected but divided by the fragmentation of river course,
were described by the ECOPATH model. The more complexity of the ecosystem was found in both
areas. Fisheries had been found to strongly influence food webs directly through the exploitation of
top predators. Moreover, the fragmentation of the system comes in addressing an important question
on the impact to the small sized brackish water plankton feeders on ecosystem functioning. As these
fishes supports the fishery targets in both area. If the changing in flow pattern and salinity do not
suitable for them, it would be resulted in unbalancing of the systems and finally collapse of the

ecosystem (Layman et al., 2007).
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Table 1 Basic parameters inputs and outputs (in bold) from ECOPATH of Pak Panang Bay form

March 2006 to June 2007

Groups Habitat Catc_t: Biomiss /B B EE GE
area (t km™) (t km”®)

Acanthopagrus berda 1.00 3.49 0.002 0.0015 1.42 8.9 0.95 0.160
Plotosus canius 1.00 3.19 0.020 0.0141 1.49 13.4 0.95 0.111
Mystus gulio 1.00 3.23 0.068 0.0281 2.61 10.1 0.95 0.258
Osteogeniosus millitaris 1.00 3.48 0.038 0.0580 0.89 10.5 0.95 0.085
Acentrogobius caninus 1.00 3.27 0.001 0.0012 9.84 42.0 0.95 0.234
Trypauchen vagina 1.00 3.18 0.112 0.0623 2.08 18.2 0.95 0.114
Scattophagus argus 1.00 2.73 0.223 0.0371 7.28 45.5 0.95 0.160
Liza subviridis 1.00 2.39 0.190 0.0536 3.82 13.4 0.95 0.285
Thryssa hamiltonii 1.00 2.79 0.008 0.0069 6.83 19.7 0.95 0.347
Panna sp. 1.00 3.09 0.063 0.5001 0.18 20.8 0.95 0.009
Siganus sp. 1.00 2.00 0.067 0.0050 18.87 61.5 0.95 0.307
Cynoglossus arel 1.00 2.72 0.102 0.0163 8.05 19.3 0.95 0.417
Encrasicholina devisi 1.00 2.70 0.159 0.0709 12.7 32.4 0.95 0.392
Leiognathus sp. 1.00 2.87 0.116 0.2584 7.04 18.6 0.95 0.378
Ambassis sp. 1.00 2.87 0.210 1.4320 1.29 25.7 0.95 0.050
Stolephorus sp. 1.00 2.87 0.068 0.2206 10.7 65.6 0.95 0.163
benthic fauna 1.00 2.40 2.7499 5 25.0 0.95 0.200
Zooplankton 1.00 2.00 1.6924 40 160.0 0.95 0.250
Phytoplankton 1.00 1.00 1.6120 200 8.9 0.95

Detritus 1.00 1.00 0.0015 1.42 13.4 0.23

Gross efficiency of the fishery = 0.0045

Mean trophic level =279




Table 2 Basic parameters inputs and outputs (in bold) from ECOPATH of Pak Panang River (lower

portion) form March 2006 to June 2007

Groups Habitat TL Catc: Biomiss P/B Q/B EE GE
area (tkm®) (t km”®)

Channa spp. 1.0 3.61 0.0164 0.0185 1.09 14.8 0.95 0.074
Clarias spp. 1.0 3.32 0.0258 0.0145 1.87 9.8 0.95 0.191
Hampala spp. 1.0 3.53 0.1765 0.1573 1.20 10.5 0.95 0.114
Mystus singaringan 1.0 3.21 0.0213 0.0147 1.72 12.9 0.95 0.133
Mystus gulio 0.6 3.20 0.0290 0.0453 1.01 6.7 0.95 0.151
Pomadasys kaakan 0.6 3.29 0.0088 0.0194 1.07 55 0.95 0.196
Megalop cyprinoides 0.6 3.32 0.0032 0.0122 1.41 271 0.95 0.052
Toxotes chatoreus 1.0 3.30 0.0074 0.0185 1.60 451 0.95 0.035
Oxyeleotris marmorata 1.0 3.38 0.0583 0.1015 0.85 12.1 0.95 0.070
Pristolepis fasciatus 1.0 2.54 0.1776 0.1009 2.10 9.9 0.95 0.212
Notopterus notopterus 1.0 2.98 0.4650 0.2662 1.94 7.2 0.95 0.269
Puntius brevis 1.0 2.88 0.0172 0.0183 2.65 14.7 0.95 0.180
Cyclochelichthys apogon 1.0 3.09 0.0316 0.0206 3.41 40.6 0.95 0.084
Osteochilus hasselti 1.0 210 0.0446 0.0265 3.70 22.3 0.95 0.166
Labiobarbus lineata 1.0 2.21 0.0085 0.0185 3.25 32.2 0.95 0.101
Oreochromis niloticus 1.0 2.21 0.0019 0.0148 3.59 17.2 0.95 0.209
Barbodes gonionotus 1.0 2.37 0.0949 0.0183 8.24 49.0 0.95 0.168
Acanthopsis sp. 1.0 219 0.0007 0.0115 6.12 28.3 0.95 0.216
Leiognathus sp. 0.3 2.79 0.1395 1.4424 2.04 12.5 0.95 0.164
Stolephorus sp. 0.3 2.79 0.0292 0.2595 10.70 43.7 0.95 0.245
Aqguatic insects 1.0 2.10 1.3003 7.00 50.0 0.95 0.140
Zooplankton 1.0 2.10 0.4822 50.00 200.0 0.95 0.250
Aquatic plant 1.0 1.00 8.0115 7.00 14.8 0.5

Phytoplankton 1.0 1.00 0.3158 365.00 9.8 0.95

Detritus 1.0 1.00 10.5 0.37

Gross efficiency of the fishery = 0.0079
=294

Mean trophic level

Note: (a) Leiognathus spp. included Ambasis spp. and (b) Mystus gulio include Plotosus canius



Table 3 Transfers efficiency obtained from the ECOPATH model

(a) Pak Panang Bay

Source/TL Il 1l v \% Vi
Producer 22.8 12.6 6.6 3.6 6
Detritus 17.8 7.7 3.4 5.8 13.1
All flows 224 12.3 6.5 3.6 6.1
Proportion of total flow originating from detritus: 0.16
Transfer efficiencies (calculated as geometric mean for TL 11-1V)

From primary producers: 12.4

From detritus: 7.8

Total: 12.2

(b) Pak Panang River (lower portion)

Source/TL 1 1l \% \% Vi
Producer 20.7 12.8 1.5 10.6 9.8
Detritus 13.3 12.7 10.9 9.9 8.8
All flows 19.4 12.8 11.5 10.6 9.8

Proportion of total flow originating from detritus: 0.24

Transfer efficiencies (calculated as geometric mean for TL 11-1V)
From primary producers: 14.5%

From detritus: 12.3%

Total: 14.2%
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aagilszansdansAn&Lida (Encrasicholina devisi Whitley, 1940) Tuanairnwis
Length-weight relationship, relative condition factor and population parameters of

Devis’ anchovy (Encrasicholina devisi Whitley, 1940) in Pak Phanang Bay

sH1F1 NeINUNY 135 uAZIEIANENL WHlFEn

Thanitha Thapanand-Chaidee and Sauwalak Sae Teaw

unAnsa

fiushetnelanzindide (Encrasicholina devisi Whitley, 1940) Tnediesileasugu uaz
Tanna A1uou 3 annil Tusendnuheudamnan WA, 2549 Duheuiguieu WA, 2550 iulszamnineu
390 11 weu urSnmsnadnwds dmdaunseiassuna I8 et 1,518 § SArwenawion
(TL) 921979 2.5 — 9.5 T, WANIIANHINLG gﬂLmun’mﬁuimmﬂmmﬁﬂ%Lﬁfmﬂmmui@%ﬁmm?ﬂ uaY

Hpnndniussendneanueauazintindy. W =0.00627L°"  fiffadpaninsduinsgagnlumien

Aa1AN WA, 2549 wasdweinasulnresdansindida  dAtaneeetiug (L, 100 9w,

AwAwmesnAuln (K) 1.40 sell AvlWlwed (@) 217 At viinetud (We) 7.14 N5
ANIIREesNsEEsIN 6.85 sall widwesnismnelaasssnTs  Ngnmnivesinedn 29.0°C

3.06973 piatl wardams sl lamBanas 55
ABSTRACT

Devis’ anchovy (Encrasicholina devisi Whitley, 1940) was monthly sampled by push net and
set bag net in 3 stations during August 2006 to June 2007 in Pak Phanang Bay, Nakhon Si
Thammarat Province. One thousand five hundred and eighteen (1,518) fishes ranged from 2.5 - 9.5
cm (TL) were sampled. The growth pattern of this species was identified as isometric growth with
length-weight relationship was W = 0.0062TL**"" . The highest peak of relative condition factor was
in October 2006. For the growth parameters; the asymptotic length (Ly) was 10.0 cm, growth
parameter (K) 1.40 year’1, phi-prime @") 2.17 and the asymptotic weight (W) 7.14 g. For the
mortality parameters; total mortality was 6.85 year’ﬂ; natural mortality, at the average temperature was

29.0°C, 3.06973 and the exploitation rate was 55%.

Key Words: Encrasicholina devisi, Devis’ Anchovy, Growth, Pak Phanag Bay, Gulf of Thailand
T. Thapanand-Chaidee: ffistnt@ku.ac.th

APRTNTIINENLTEN ADILLITEHG NUNANBNR N AT ANERS

Department of Fishery Biology, Faculty of Fisheries, Kasetsart University
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Figure 1 Study area with geographical coordinates.
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3.3 windwesnaAuln uazniemne: ddeyanisuanuasaaindresanenaiuIefeu

tszanauAniBmesnisiuis waznismng Iaeldllsunsa FISAT (Gayanilo et al., 1995)
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Figure 2 Length-weight relationship of Devis’ anchovy
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Table 1 Constant values of length-weight relationship of Devis’ anchovy (unsexed).

a b Country Locality

0.0016 3.328 New Caledonia -

0.0028 3.340 Papua New Guinea Ysabel Passage
0.0015 3.490 Papua New Guinea Farfax Harbour
0.0062 3.061 Thailand This Study
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Figure 5 Growth curve of Devis’ anchovy

naaglaesAnsflimesniaiiuln anfisausanldly www fishbase.org WlFauimauiunisAnm

¥
o o

Tupsail Hsail (Table 2)



326

Table 2 Growth parameters for Devis’ anchovy (Data obtained from fishbase).

[ Length K t, o' Country Locality
(cm) type  (year)'  (year)
7.40 FL 2.10 -0.07 2.06 Papua New Ysabel Passage
Guinea
7.50 FL 2.40 -0.07 2.13 Papua New Cape Lambert
Guinea
7.80 ND 2.23 2.13 Solomon Island Munda Baitground
7.80 FL 2.00 -0.07 2.09 Papua New Fairfax Harbour
Guinea
7.90 ND 2.25 2.15 Solomon Island Munda Baitground
8.00 ND 2.30 2.17 Solomon Island Munda Baitground
8.20 FL 5.04 2.53 Papua New Yasbel Passage, New Ireland
Guinea Province
10.20 TL 1.24 2.11  Pnhilippines Corregidor Islands
10.00 TL 1.4 -0.1288 2.17 Thailand This Study
Note: FL = forked length; TL = total length
an Table 2 azifiulddn danzindibeffnuluneinen Ly, WAz K lndidseiulszmna

WadTlud uaziien o eglutdashanunsnaeniuls

TNANNITAMNANAUT T UINNTMINTLAIINEND WAZAT Loy AMUIIAILNMUNATUA (W) U8
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Some Biological and Population dynamics Aspects of Grassy Fish,

Ambassis kobsii (Bleeker, 1858) in Pak Panang Bay, Nakhon Si Thammarat Province

ANSANH AIRA WAz 3UAT AN

Amonsak Sawusdee and Vanida Chokaew

unARsa
=1 al a o £ =Y 1 o [ ar
N1TANEITIANEBA T NATRLsza N sUNtszn1saa9latwilnnd e UFnantinwils 49udm
o Y x4 . X . o . . - X .
umsAzsssnse luafvilinedudeyanuguduiunisdanisminennsdansiiniilueuian wudn

ANMHANWNUETEUINaA NENIEgALazUInEnfaTala wiluuAal A NANNUSF9aNnIT W =

0.0186TL*** Gypauduiusaananad liiiudngduuunisidiulaeslatuiivuioduuuudalawmsn e

HAMNTRaTNNAULR Ly WnAL 10,47 1 @ubums K winidu 0.64 siall t, winriu -0.00055 siail a1n
A dmasnisfiulnsanananu oA AN gLl ANENsAnasan dutlsrAnsnisanalaannstszae
wazrdutlszAnannsmnalnesssuand IEANYINAL 3.16 3.14 Uaz1.82 Aell ANNANAL TUIAAINNENIT
anysnlnAetnetias 50 wefidusd Ae 5.48 LiuRLNAS Tngeedlsznaunadudndunfounie (Faaay
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ABSTRACT
The study on some biological and population dynamic aspects of Glaasy fish (Ambassis
kobsii Bleeker, 1858) in Pak Panang Bay, Nakhon Si Thammarat Province was carried out which
aiming to find basic information for future management strategic of this species. Results revealed that

2.8622
. The result revealed

the relationships between total length and body weight were W = 0.00186SL
that growth pattern of Glassy fish is allometric. The asymptotic length, growth constant and theoretical
age at length zero were estimated to be 10.47 cm. (total length) and 0.64 year‘1 and -0.00055 0.64
year’1, respectively. Base on these growth parameters, the natural mortality rate during the study
period was determined to be 1.82 year‘1 .Total mortality rate was calculated as 3.16 year’1 and hence
fishing mortality rate was 1.37 year'1. The length at 50% maturity, L of A. kobsii in the Pak Panang bay

was 5.48 cm. 40.47 % of catch composition show that total length lower than length at 50% maturity. It

feed mainly on crustacean fishes and zooplankton.

Keywords : Glassy fish, Population dynamic, Pak Panang Bay
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HAnuiew w.e. 2550 asduiiiusaatinvetinietinauay 90 Aaatne weatnelsfinunisAnE ARty
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Til9ngu FiISAT2 (FAO-ICLARM Stock Assessment Tool) Lazin@i K ANLUTUABUNNTIATN 04

Amarasinghe and De Silva (1992) #1AN t, AMNA5N199U89 Pauly (1983) AaNNIIN......(1)
log,, (-t,) = -0.3922-0.2752104,,(Loo)-1.038l0g, o(K)......(1)

2.. AnEnisane InarnAndulss@nanismasulnal43ans John and Van Zalinge Plot Lazun

-
o

AdnlscAndnisenalaasssnanmlaa 1435013 Pauly's M Equation Tugalilsunss FiSAT 2

o

3.. NMIANENBUIALRITYWLE 50 wlafidus (Lm,,) tnaldannisaes Mattson (1997) AeaunIs? 2
L= Lo[1/(1+(M/3K)T 2)
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Figure 1. Sampling stations in Pak Panang Bay.
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Figure 2 Relationship between total length (cm.) and body weight (g.) of A. kobsii
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IAua n1sAnm1AINII RmesnnRvInAeuanele Table 1 Taalszunoidn Ly 1MeRENNT  Length
converted catch curve (Figure 4) I& Ly WinfiL 10.27 WURwWmng (r = 0.974) uazszunan K Iagld K-
Scan (Figure 5) 6@ K iy 0.64 siall LL@ZLﬁ@i‘ﬁ‘gﬂIﬂ?LmiN Automatic Search tBLIFLAN Lo U K 7

Talunauusnfmunzaniudulisnismuinngn wudnan Ly, Winiu 10.47 iufwms way K windu 0.64
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Table 1 Demographical growth parameters status of A. kobsii in Pak Panang Bay

PNITRBT

Lo (cm.) K (yr') t, (yr) f C WP R

10.47 0.64 -0.00055 1.846 0 0 0.192

Note: Growth performance indices
(f') = log,,K+2log,, L (Moreau et al, 1986); Rn is an index of goodnees-of-fit of growth come to the

LFD in the ELEFAN Il (Electronic Length frequency Analysis) method (Gayanilo et al, 1995)
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Figure 3 Overall length frequency distribution of A. kobsii in the study
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Table 1 Mortality parameters status of A. kobsii in Pak Panang Bay

-
o

ANGNU T ANBN1IFNY

Z(yr') F(yr') M (yr')

3.16 1.34 1.82

Jones and van Zalinge Plot

logi Cum . Catch)

0o 1 1 L 1 1
oo o6 1.2 15 24 30

logLao - L)

Figure 7 Jones and van Zalinge plot for estimated total mortality of A. kobsii by ELEFAN I
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