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Abstract

A preliminary mass-balance trophic model was constructed for the coastal fisheries
ecosystem of the West Coast of Peninsular Malaysia (0 - 120 m depth). The ecosystem
was partitioned into 15 trophic groups, and biomasses for selected groups were
obtained from research (trawl) surveys conducted in the area in 1987 and 1991.
Trophic interactions of the groups are presented. The network analysis indicates
that fishing fleets for demersal fishes and prawns have a major direct or indirect

impact on most high-trophic level groups in the ecosystem.

Introduction

The fisheries ecosystem of the West Coast of Penin-
sular Malaysia, (WCPM); between 98° to 104° E
longtitude, and 1° to 7° N latitude) from the coast-
line to the EEZ border (20 - 120 m depth) was stud-
ied (Fig. 1). Fish landings from the area contributed
about 50% of total landings in the country. The
total marine area is about 20 400 nm?, including
about 263 nm? of islands in the north. The Lang-
kawi group of islands is the largest with a total land
area of about 140 nm?* Apart from mangroves,
some of these islands adjoin unique coral reefs.
Pulau Payar, an island gazetted as a marine park, is
one of the most diverse coral reef ecosystem in
Malaysia. The sheltered waters of the west coast,
which have muddy substrate are trawled year round.

Based on analyses of demersal community struc-
ture (Alias, this vol.), the waters of the WCPM can
be divided into two main assemblages (coastal,
< 40-m, offshore, > 40-m). The mangrove-related
communities are found all along the coast, in waters
of up to 40 m depth. The commercially most
important species group in this community com-
prise of prawns. Small-sized fishes including slip-

mouth (Leiognathidae) are also predominant in the
coastal areas.

Off the WCPM, the waters within the EEZ rarely
exceed 120 m, the deepest part being at the north-
ern tip of the Straits of Malacca. In general, WCPM
is shallow, with a huge mud flat area (< 10 m)
running northwest from the central part of the
coast (Fig. 1).

In the Straits of Malacca, currents generally flow
in a northwestern direction throughout the year.
Tidal action is not appreciable beyond a distance
of about 8 miles off the northern coast of Sumatra
and about 40 miles off the northeast coast. During
the northeast monsoon period (October-April),
its current flow is a branch of the southward
monsoon current in the South China Sea, which
rounds the extremity of the Malay peninsula and
passes into the strait. During the southwest mon-
soon period (May-September), part of the water
which flows westward in the Java Sea and north-
westward through the Karimata Strait towards the
South China Sea also passes directly into the
Malacca Strait (Hydrographic Department. Admiralty
1964).
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Fig. 1. Map of the West Coast of Peninsular Malaysia WCPM showing delineation of fishing area by fish assemblage.

Isobaths are in meters.

Currents exceeding the rate of one knot may be
experienced throughout the year in the strait.
When the currents are most constant (December -
February), only about 17% of all observed rates
exceed one knot in northwesterly directions.

Studies of primary productivity were conducted
only off the East Coast of Peninsular Malaysia and
in waters off Sarawak. Average surface concentra-
tion of chlorophyll a in waters off the East Coast of
Peninsular Malaysia is 0.08 mg-m~, and the aver-
age value is 0.208 mg-m~ (Raihan and Ichikawa
1986). Similarly low concentrations of chlorophyll a
are observed in Sarawak waters, ranging between
0.049 to 0.150 mg-m™ throughout the water col-
umn (Lokman et al. 1988). On the East Coast, the
density of particulate organic carbon from the sea
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surfaced to 50 m depth ranged from 3.9 to 6.0 gC-m™
(Ichikawa 1986), and from 3.7 to 6.0 gC-m? in
Sarawak waters (Ichikawa and Law 1988).

The WCPM ecosystem comprises four main habi-
tats: mangrove mud flats, seagrass beds, coral reefs,
and muddy-sandy bottoms. The mangrove areas
are in the state of Perak (40 000 ha), Johor (25 600
ha), Selangor (22 500 ha) and Kedah (9 000 ha)
(Choo et al. 1994). The Larut Matang mangroves
in Perak were reported to be the largest mangrove
forest in Peninsular Malaysia and possibly the
best managed mangrove forest in the world (Gong
et al. 1980). There have been numerous studies
showing the linkage of mangroves to fishery re-
sources (Malaysian Coastal Resources Study Team
(MCRST), 1992).



The coral reef areas of the WCPM are found around
islands located to the north of Kedah (Payar Islands)
and off Perak (Sembilan Islands). There are also
small isolated fringing reefs occurring along the
mainland coast. There are at least five large seagrass
beds off the WCPM (Kushairi 1992). Five species
of seagrass are found in shallow waters between 0.2
and 1.8 m, namely: Halophila ovalis, H. uninervis, H.
pinifolia, H. minor and Enhalus acoroides.

Beyond 40 m, the seabed is generally muddy with
small spots of sandy bottom. These constitute a
different habitat altogether with a different faunal
assemblage, also targeted by trawl fishery.

The fishery of the WCPM is multispecies and mul-
tigear. There are about twelve main fishing gears
used, catching a multitude of fish and invertebrate
species. Trawls are the main type of fishing gear,
accounting for about 60% of total WCPM landings.

The fishery resources on the WCPM are being over-
harvested. Statistics show that landings in 1996
were 460 302 t, but abundance trends from re-
source surveys indicate that the resources have
declined to only 25% of the original levels (Talib
et al. this vol.). Steps have been taken to sustain the
WCPM fishery and access is now closed to new
entrants to the sector. The focus is now to exploit
resources in the EEZ waters off Sarawak.

Previous work on multispecies fisheries and marine
ecosystems in Malaysia include a study of the East
Coast of Peninsular Malaysia, based on an early
version of the Ecopath model (Liew and Chan
1987), while (Alias, 1994) presented multispecies
surplus production models for the WCPM based
on analysis of catch and effort data on 30 different
groups of species. However, analyses at the eco-
system level have so far not been conducted in
the WCPM.

Materials and Methods
The Ecopath Model

The master equations of the Ecopath model of
(Polovina, 1984) as modified by (Christensen and
Pauly, 1992), assumed that the system is in mass-
balance, where input for a given group i equals
output, i.e.

Consumption (i) = production (i) + unassimilated
food (i) + respiration (i) @)

In addition, the production of group i in the system
can in its simplest form be expressed as:

Production (i) = predation mortality (i) + catches (i)
+ other mortality (i) )

where the predation mortality terms are used to
link the predator and prey species. Equation (2)
can also be expressed as:

P-M2-P (1-EE)-EX =0 3)

where P is the production of (i), M2 is the total
predation mortality of (i), EE. is the ecotrophic
efficiency of (i) or the proportion of the production
that is either exported or predated upon, (1 - EE, )
is the “other mortality”, and EX is the export or
catch of (i).

Equation (3) can be re-expressed as:

n
B *PB - 3B * QB *DC,-PB * B (1-FE)-EX=0 )
j=1

where B, is the biomass of (i), PB, is the production/
biomass ratio, QB. is the consumption/biomass
ratio and DC, is the fraction of prey (i) in the aver-
age diet of predator (j).

From the first four parameters B, PB,, EE and QBJ.,
one may be unknown, to be estimated when the
balancing routine is run. The DC_  and EX are
always required for all groups.

Later versions of the Ecopath model are more
dynamic, with the non-predation losses (Eq. 2)
broken up into migration, biomass accumulation
and other mortality. Equation (2) becomes:

Production = fishing mortality + predation mortal-
ity + migration + biomass accumulation + other
mortality (5)

Ecological Groups

Table 1 presents the ecological groups used for the
construction of the Ecopath model of the WCPM.
Appendices A & B show the list of species from
(FAO 1997) as well as the species in the WCPM.
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To model the ecosystem, all species therein need to
be grouped according to their trophic characters.
Then, the biomass and the catch of each trophic
group need to be provided. Trophic grouping used
by (Pauly and Christensen 1993) for modeling the

South China Sea was used, with some modification
to fit the WCPM ecosystem, such as the diadromous
fishes, mammals and turtles. The mammals and
turtles were included in the system although infor-
mation on these groups is incomplete.

Table 1. Ecological groups used in the Ecopath modeling of the waters off the West coast of Peninsular Malaysia.

Ecological group

Taxa

Benthic producers

Brown, red and green seaweeds
Other algae
Misc. aquatic plants

Crustacean (excl. plankton)

Crabs

Spiny and Slipper lobster

Banana prawn, Giant tiger prawn, Greasy-back prawn/Pink prawn, Rainbow prawn, Red prawn, Sand
prawn, Sharp-rostrum prawn, Small white prawn, Yellow shrimp

Misc. marine crustaceans

Intermediate predators

Barramundi (Giant seaperch), Bombay-duck, Catfish eel, Croakers/Jewfish, Emperors/Scavengers, False
trevally, Fusilier, Goatfish, Grouper, Grunter, Lizard fish, Mangrove snapper, Marine catfish, Mojarras/
Silver biddies, Monocle bream, Parrotfish, Pony fishes/Slipmouth, Rabbitfish/Spinefeet, Red snapper,
Russell’s snapper, Sharp-toothed bass, Sillago whitings, Snapper, Spadefish, Spotted sicklefish, Sweetlips,
Threadfin bream, Triggerfish, Misc. demersal commercial fishesBlack kingfish/Cobia, Leatherskin/
Queenfish, Rainbow runner, Threadfin, Dorab wolf-herring

Mixed fish (mainly demersal)

Large pelagics

Frigate tuna, Kawakawa, Longtail tuna, Sailfish/Marlin
Spanish mackerel/King mackerel

Large predators Conger eel
Barracuda
Shark
Large zoobenthos feeders Ray

Mammals

Dolphins, Porpoises, Dugong

Medium pelagics

Amberjack, Black pomfret, Chinese silver pomfret, Golden trevally, Horse mackerel/Trevally, Silver
pomfret, Small pomfret, Misc. pelagic commercial fishes
Largehead hairtail

Misc. invertebrates

Abalones, winkles, conchs, etc.

Rock oyster/Flat oyster

Brown mussel

Scallops, pectens, etc.

Blood cockle, Other clams, Undulate venus
Misc. marine mollusks

Sea-squirts and other tunicates
Horseshoe crabs and other arachnoids
Sea cucumbers

Jellyfish

Pearls, mother-of-pearl, shells, etc.
Corals

Sponges
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Table 1. Ecological groups used in the Ecopath modeling of the waters off the West coast of Peninsular Malaysia. (continued)

Ecological group

Taxa

Small demersal prey species

Chacunda gizzard shad, Longtail shad, Shad, Slender shad

Elongate ilisha

Flatfish, Tonguefish/ tongue sole
Misc. demersal trash fishes
Trash fish (mainly demersal)

Small pelagics

Bigeye scad, Hardtail scad/Torpedo scad, Mullet, Round scad, Selar scad, Yellowstripe scad
Anchovy, Fringescale sardinella, Indo-Pacific tarpon,

Rainbow sardine

Indian mackerel/Short mackerel
Misc. pelagic trash fishes

Squids and cuttlefishes

Common squid, Cuttlefish, Octopus

Turtles

Green turtles

Zooplankton

Sergestid shrimp

Table 2. Basic input parameter values used in modeling the coastal fisheries ecosystem off the West coast of Peninsular Malaysia.

Ecological group Biomass (t-km?) P/B (year™) Q/B (year™) EE Catch (t-km?.year')
Mammals 0.02 0.05 30.00 - -
Large predators 0.02 2.86 7.30 - 0.03
Large pelagics - 3.93 9.55 0.95 0.67
Medium pelagics - 2.43 10.00 0.95 0.13
Large zoobenthos feeders - 3.90 7.85 0.95 0.07
Intermediate predators 0.03 7.49 15.00 - 3.23
Small demersal species - 10.00 23.74 0.95 0.14
Small pelagics - 3.75 12.9 0.95 0.13
Crustaceans (excl. plankton) - 5.1 21.81 0.95 0.82
Misc. invertebrates - 5.51 11.02 0.95 0.06
Squids - 4.10 10.51 0.95 0.29
Turtles 0.02 1.50 3.50 -
Zooplankton - 67.00 280.00 0.95 0.19
Aquatic plants - 71.15 - 0.50 -
Detritus 100.00 - - - -

Note: P/B = Production/Biomass ratio, Q/B = Consumption/Biomass ratio, EE = Ecotrophic efficiency.




Model Parameterization

To describe the west coast fisheries ecosystem,
parameters are required for the Ecopath software.
Table 2 gives a summary of the basic input param-
eters used in the construction of the Ecopath
model for the study area.

Biomass Estimates

Most biomasses were estimated from the catch rate
of demersal trawl surveys using the swept area-
method (see Appendix A). Two different types of
demersal survey were conducted in the area, i.e.
the coastal and offshore surveys, both conducted in
different areas and years. To determine the biomass
for the total area, information from the offshore
and coastal survey was combined. The closest gap
in time pertains to the 1987 offshore survey and
the 1991 coastal survey. In this study, the ecosys-
tem was modeled based on the 1991 scenario. The
composition of the offshore demersal assemblage
in 1987 was assumed to be similar to 1991. How-
ever, the 1987 demersal biomass values were
reduced by 26% before they were combined with
the 1991 biomass of the coastal demersal stocks
due to differences in the survey period. The reduc-
tion was based on the trend of decline for the period
1987 - 91 (see Talib et al. this vol.).

Estimated biomass should be corrected for varying
catchability coefficient; a value of 0.5 is commonly
used for trawl surveys in South East Asian waters
(Pauly 1984) and this was used here for the estima-
tion of demersal fish biomass in deeper waters. For
pelagic species, this value should be much lower
due to the gear being inefficient in catching pelagics.
In this study, it is assumed that the catchability of
pelagic species is half of those for demersal species,
i.e. 0.25. The deeper assemblage can be sampled
best using a fish trawl as the sampling gear. How-
ever, a prawn trawl best samples the shallower
assemblage. As the coastal demersal fish survey can
only cover the area from 5 m depth and above, the
biomass in less than 5 m depth could not be deter-
mined. In this study, the initial biomasses for the
shallow areas were corrected by assuming catch-
ability equal to that of pelagics.

The Ecopath model was used to estimate the bio-
mass of other groups, such as marine mammals and
reptiles. As some of the biomasses estimated via the
swept-area method were likely to be underesti-
mates, it was decided to estimate these based on
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ecosystem demand (i.e. as outputs of Ecopath) and
compare these estimates to those from the swept-
area method.

Production to Biomass Ratios (P/B)

P/B ratio estimates were mostly obtained from total
mortality estimates (Z) derived using length-based
methods (Chee and others, 1998). For the crusta-
cean, large pelagics and zooplankton groups, the
P/B values were adopted from Silvestre et al. (1993)
(see Appendix A). Assuming that biomass for these
groups were underestimated, the biomass values
were adjusted such that fishing mortality (F) is
equivalent to Z minus natural mortality (M).

Consumption to Biomass Ratio (Q/B)

For initial parameterization, Q/B values were esti-
mated from the average of values obtained from the
literature (Appendix B), except for the zooplankton
group, where the value from Silvestre et al. (1993)
was used. The Q/B for mammals was assumed to be
similar to that of large predatory fishes.

Diet Composition

The diet composition (Table 3) was estimated
based on the work of Liew and Chan (1987) and
Silvestre et al. (1993). The diet composition for
mammals and turtles was based on the researchers’
general knowledge about the groups and their
eating habits.

Catches

Landings were obtained from statistics (DOF 1992),
even though the exact location of capture could not
be established (Appendix C). However, informa-
tion on distance from shore is implicit in the type
of fishing gear used. Legally, all gears are allocated
a fishing area. The main task was to reclassify the
landings by various fishing gears to landings by
fishing area, so that landings as well as biomass
from any fishing area could be calculated. This re-
classification process involved three steps, i.e. clas-
sification of fishing area, classification of fishing
gears, and classification of resources/species:

Area Classification. The fishing area has been legally
classified into four zones based on distance from
shoreline. Zone A is from the shoreline to 5 nm,
Zone B is from 5 to 12 nm, Zone C is from 12 to
30 nm, and Zone D is from 30 nm onward.



Zone A is allocated solely for traditional small-
scale fishing gears. The zoning system was estab-
lished after introduction of commercial fishery
and was intended to reduce conflict between tradi-
tional and commercial fishers. The zoning system
does not seem to be based on any scientific study
and criteria used for the boundary delineation are
unclear. Alias (this vol.) reported two main species
assemblages off the West Coast of Peninsular Ma-
laysia. The first assemblage occurs over the shallow
area (0 - 40m) roughly matching Zones A and B,
and the second assemblage occurs over a deeper
area (> 40m) roughly matching Zones C and D.

Fishing Gear Classification. From cluster analysis of
the catches of various fishing gears in species space,
the fishing gears can be classified into five main
groups (Table 4). Information on their areas of
operation and species assemblages fished is also
given in Table 4.

Species Classification. A ‘miscellaneous fishes’ cate-
gory is commonly used in landing statistics and
research (trawl) surveys. It includes both demersal
and pelagic fishes. From an ecological perspective,
these fishes are very different in terms of feeding
behavior and diet composition, although they are
usually all assigned to the ISSCAAP (Group 39).
Difficulties arise during the trophic grouping of
species, but especially so for this group. Here the
task was to reclassify this group properly. For the
trawl survey data, the “miscellaneous fishes” were
broken down to species level and then assigned to
the appropriate group. For the landings data, the
miscellaneous group and “trash fish” were assigned
to groups according to the type of gear that caught
them. For example, “trash fish” landings of the
trawl were assigned to the demersal fishes group
because most of the catch was demersals. For the
purse seine, the “trash fish” was assigned to the
pelagic group as most of the catch is pelagics.

Table 3. Diet composition of the 15 ecological groups used in the analysis - the predator numbers correspond to the prey numbers.

Predator
Prey 1 2 3 4 5 (3 7 8 9 10 11 12 13
1. Mammals
2. large predators 0.03
3. Large pelagics 0.66
4. Medium pelagics 0.10] 0.10| 0.04
5. Large zoobenthos 0.01| 0.01
feeders
6. Intermediate predators 0.01| 0.34| 034| 0.82 0.01 0.05
7. Small demersal species 0.01| 0.01| 0.00 0.01
8. Small pelagics 0.30| 0.50| 0.50| 0.04 0.01 0.01
9. Crust. (excl. plankton) 0.09| 0.68| 054| 0.06( 0.05( 0.09| 0.05| 0.08| 0.10
10. Misc. invertebrates 0.17| 0.26| 0.06 0.13| 0.05| 0.06| 0.10
11. Squids 0.05f 005 0.01| 015 0.15 0.10 0.02
12. Turles
13.  Zooplankton 0.01| 088 070| 0.08/ 030 0.10 0.10
14. Aquatic plants 0.19| 0.03| 0.10| 0.10( 0.80| 0.65
15. Detritus 0.01 0.58| 0.50| 0.64 0.25
Sum 1.00( 1.00f 1.00( 1.00{ 1.00| 1.00| 100 1.00| 1.00{ 100 1.00{ 1.00| 1.00
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Table 4. Classification of fishing gears into five main groups. The zone of operation refers to the management zones and the assemblage refers

to Figure 1.
Fishing Main Target Zone of Distance range | Average depth
Gear Group Species Fishing Gear Operation | Assemblage | from shore (miles) range (m)

1 Anchovy Anchovy purse seine A 1 0-5 0-20
2 Pelagic fishes Fish purse seine B 1 5-12 20 - 40
C 2 12-30 40 - 60
D 2 30 - EEZ 60 - 100
3 Demersal fishes Trawlers, drift nets, hooks & B 1 5-12 20-40
and prawns lines and portable traps C 2 12-30 40 - 60
D 2 30 - EEZ 60 - 100
4 Prawn Other seine nets, bag nets, A 1 0-5 0-20

barrier nets, push nets &

other traditional nets

5 Shellfishes Shellfishes collection A 1 0-5 0-20

Fish Prices

The wholesale value of fish was obtained from the
annual statistics (DOF 1992). The price of fish was
grouped into six main groups. Table 5 below gives
a summary of the wholesale value of fish in 1991.
All prices are in the Malaysian currency, RM. The
exchange rate in 1991 was RM2.50 to US$1.00.

Results and Discussion
Trends in Commercial and Research Trawl
Survey Catches

Fig. 2 shows the trend in stock density of fishes
from trawl surveys in coastal and offshore areas
from 1971 to 1997 off the WCPM.

In terms of surplus production models, the abun-
dance that generates maximum sustainable yield
(MSY) is 50% of the unexploited stock. The present
biomass level on the west coast is estimated as 10 -
15% (Talib et al. paper no.6). Fig. 3 shows the
trend in catches for the whole area from 1969 to
1996; catches have reached about 500 000 t. This
trend suggests that the fisheries have been expand-
ing geographically, an issue not pursued here.
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Table 5. Wholesale value (in Malaysian Ringgit, RM) of fish by category
in 1991.

Sub- Price
Group | group Type of Catch (RM-kg™)
Fish Grade 1 | Pomfrets, threadfins, spanish 8.27
mackerels, wolf herrings and
grouper
Fish Grade 2 | Mangrove snappers, longtail 133
shads, shads, red snappers,
sweetlips, horse mackerels
and giant seaperch
Fish Grade 3 | Other fish species including 2.00
anchovies, squids, crabs and
jellyfishes.
Prawn All types of prawn 5.02
Trash Trash Fish 0.30
fishes
Shellfish All types of shellfishes 1.08
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Fig. 2. Total density of fish from research vessel surveys in coastal (1) and off-shore (2) waters off the West Coast Peninsular of Malaysia
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Fig. 3. Total annual landings from the West Coast of Peninsular Malaysia, 1968 - 96.
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Trophic Model for the West Coast of Pen-
insular Malaysia

The model presented below is very preliminary,
and will have to be refined before it can be used
to provide a basis for the policy exploration that
can be performed via Ecopath with Ecosim Soft-
ware. Ecopath produces a variety of outputs, of
interest not just for fisheries management but also
for ecological purposes. It is not feasible to repro-
duce all of these here, but a few may be highlighted.
Table 6 presents the biomasses that were input into
the model or calculated by Ecopath to ensure mass-
balance. Overall, Ecopath requires considerably
higher biomass than was estimated by the research
trawl surveys especially for the invertebrates and
small pelagic groups. Still, some biomasses seem
lower than expected (e.g. large predators), which
may be due to the overestimation of the P/B ratios.

Figure 4 presents a flowchart of the trophic interac-
tions in the ecosystem. The estimated mean trophic
level of the fisheries catch is about 3.2. Fig. 5 docu-
ments the impact any of the groups or fishing fleets
in the model has on all other groups or fishing
fleets through resource competition or direct pre-
dation. From this it can be concluded that the fleet
fishing for demersals and prawns has a major
negative impact on many groups (particularly large
zoobenthos feeders and large predators).

This basic Ecopath model can serve as the basis
for further analysis of the fisheries and ecosystem,
using temporal and spatial dynamic simulation.
To give an indication on the sort of analyses that
may be carried out through the use of the Ecopath
with Ecosim model software (Christensen et al.
2000; Pauly et al. 2000; Walter et al. 1997), a few
preliminary runs using Ecosim were conducted.

Table 6. Comparison of biomass (t-km?) estimates as obtained from trawl surveys and the Ecopath model. Values in
parenthesis are input assumption. Note that Ecopath estimates are considerably higher for groups with low catchability

to the trawl survey gear.

Survey/Ecopath
Ecological group Biomass trawl survey Biomass Ecopath Biomass ratio
Large predators 0.02 0.02) 1.00
Large pelagics <0.01 0.14 0.05
Medium pelagics 0.13 0.14 0.92
Large zoobenthos feeders 0.03 (0.03) 1.00
Intermediate predators 0.56 0.71 0.79
Small demersal species 0.01 0.02 0.55
Small pelagics 0.06 0.66 <0.01
Crust. (excl. plankton) 0.01 3.98 <0.01
Miscellaneous invertebrates 0.02 3.32 <0.01
Squids, cuttlefishes 0.14 2.80 0.05
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The simulations in Table 7 indicate that if overall
fishing effort in the WCPM ecosystem was lowered
(to 20% of the level in the Ecopath model for 1991)
the impact on catches would be limited. Most fleets
would catch the same amount. Only the “anchovy”
fleet targeting small pelagics would be severely
(negatively) impacted. The simulations also indi-
cate that only the anchovy fleet, due to removal
of larger fishes preying on small pelagics, would
gain from increased fishing, while the other fleet
would either maintain their catches or suffer slight
decreases.

Ecopath with Ecosim also includes routines for
optimization of fishing effort based on various
constraints. It can be used to identify the fleet
configuration which maximizes (1) net economic
value (rent of the fishery), (2) social value (employ-
ment), (3) the rebuilding of specific stocks (man-
dated rebuilding) or (4) ecosystem structure (high
biomass of long-lived ecosystem groups). Running
the optimization routine with default parameter
settings in Ecosim and with an assumption that the
costs of fishing amounted to 95% of the value of
the fishery (for each of the five fleets included in

Table 7. Results from a preliminary time-dynamic simulation using
Ecosim for the West Coast of Peninsular Malaysia ecosystem. The table
presents the catches (as % of their 1991 level) that would result from
lowering fishing effort to 20% of the 1991 baseline level, compared
with the catches resulting from a doubling of the baseline effort.

Catch (as % of 1991 baseline)
Fleet 20% effort 200% effort
Anchovy 22 172
Pelagic fishes 109 87
el »
Prawn 100 101
Shellfish 100 100

the analysis), gives the results summarized in
Table 8.

This indicates that considerable economic benefit
(more than a doubling of the rent) could be
obtained by scaling down the effort of the anchovy,
pelagic and demersal fleets, while maintaining
the prawn and shellfish fleet effort. However this
would come at a price of 30% lower employment in
the sector. The results are however very dependent
on the assumptions made about the cost of fishing
and employment by sector — assumptions about
which we have little information at present — in
addition to the uncertainty associated with the
underlying Ecopath parameters. We do, however,
believe that this type of analysis is of direct rele-
vance to future management of the fisheries. It also
draws attention to the additional research and data
needed to conduct such analyses.

Conclusion

There is a vast amount of information available
about aquatic ecosystems and resources, and any
attempt to model marine ecosystems should benefit
from this. Here this is done through analysis of
catch and survey information, combined with ex-
tensive literature searches. A major source of infor-
mation is the FishBase database (www.fishbase.org),
which includes a specific search routine for Eco-
path modeling. This can be used to extract pub-
lished information that may be available for fishes
occurring in a given area. It should be clear, how-
ever, that published information should always be
supplemented by local knowledge or research inputs.
For the West Coast of Peninsular Malaysia, the
main gaps in knowledge with regards to the Eco-
path model relates to aspects of food and feeding.
At present, with the lack of such information, the
ecosystem analysis relies heavily on information
from other areas. This information, although from
similar ecosystems, is probably less reliable than if
local information were obtained.

Table 8. Results from optimization of economic rent of the fisheries of the West Coast of Peninsular Malaysia. Estimates are presented relative
to the effort in the 1991 Ecopath model. (See text.)

Economic rent Employment Anchovy fleet Pelagic fleet Demersal fleet Prawn fleet Shellfish fleet
(%) (%) effort (%) effort (%) effort (%) effort (%) effort (%)
263 71 63 67 55 99 101
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Another possible improvement is to refine the eco-
system model through more detailed spatial analy-
sis. For example, the whole area could be broken
down into two separate areas, the coastal and
offshore areas. However, the total number of boxes
(trophic groups) would have to be increased
accordingly so that the system would reflect the
real interaction between species, area and size. This
can only be done reliably based on information
from each area, especially on the diet composition
of the various groups. However, with more infor-
mation about spatial ecosystem dynamics, it would
become possible to construct spatial dynamic mod-
els using the Ecospace module of Ecopath with
Ecosim (Walter et al. 1999).

Thus, we conclude that in order for management
issues to be addressed confidently using simulation
modeling, it is necessary to obtain more informa-
tion on diet composition, as well as on the changes
in fishing effort over time, and about bioeconomic
aspects of the fishing fleets, notably of the cost of
fishing.
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Appendix A. Landings (from catch statistics), biomass (from trawl surveys), Production/Biomass ratio (P/B) and Consumption/Biomass (Q/B) of

marine aquatic animals and plants used in modeling the West Coast of Peninsular Malaysia fisheries ecosystem 1991.

Landings (t-kmZ.year) Biomass (t-km?) P/B*(year™) Q/B® (year™)
Assemblage Coastal | Offshore | Both Coastal | Offshore | Both Coastal | Offshore | Both
Area, km? 23176.2| 46676.3| 698 52.5| 23176.2| 46676.3 | 69852.5| 23176.2| 46676.3 | 698 52.5 69 852.5
Ecological Group
Crustacean 245 0.01 0.82 0.72 <0.01 0.24 51 51 51 21.81
(excl. plankton)
Intermediate 5.82 1.95 3.23 0.49 0.59 0.56 13.61 4.98 7.49 11.06
predators
Large pelagics 1.23 0.40 0.67 0.55 0.18 0.30 3.93 3.93 3.93 9.55
Large predators 0.05 0.02 0.03 0.03 0.02 0.02 3.38 2.55 2.86 7.30
Small demersal prey 0.36 0.04 0.14 0.03 <0.01 0.01 13.39 13.76 13.45 23.74
species
Small pelagics 0.20 0.09 0.13 0.09 0.05 0.06 4.07 3.49 3.75 12.90
Squids and 0.47 0.20 0.3 0.23 0.10 0.14 4 4.09 4.10 10.51
cuttlefishes
Zooplankton 0.55 0.00 0.18 2.16 0.86 1.29 67.00 67.00 67.00 280.00°
TOTAL 11.70 2.80 5.75 4.49 1.97 2.80 - - - -
Note: * P/B values from (Silvestre et al. 1993)
b Q/B values estimated from Appendix B.
Appendix B. Consumption/biomass ratio (Q/B) obtained from selected references.
Ecological group Taxa Q/B (year™) Sources
Crustacean (excl. plankton) Crabs 8.50 De La Cruz-Aguero (1993)
Banana prawn 37.90 Arreguin-Sanchez et al. (1993)
Shrimps 19.00 De La Cruz-Aguero (1993)
28.94 Pauly et al. (1993)
Misc. marine crustaceans 28.00 Alifio et al. (1993)
Intermediate predators Bombay duck, Lizard fish 4.27 Pauly et al. (1993)
8.30 Arreguin-Sanchez et al. (1993)
Catfish eel 10.00 Arreguin-Sanchez et al. (1993)
Catfishes 10.00 De La Cruz-Aguero (1993)
Grouper 2.04 Pauly et al. (1993)
4.00 Alifio et al. (1993)
4.60 Arreguin-Sanchez et al. (1993)
Mangrove snapper 4.89 Pauly et al. (1993)
Marine catfish 10.00 Arreguin-Sanchez et al. (1993)
Mojarras/Silver biddies 15.30 Arreguin-Sanchez et al. (1993)
Parrotfish 28.00 Alifio et al. (1993)
Rabbitfish/Spinefeet 47.92 Pauly et al. (1993)
Red snapper 4.40 Arreguin-Sanchez et al. (1993)
Snappers 4.70 De La Cruz-Aguero (1993)
Wrasse, hogfish 7.55 Alifio et al. (1993)
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Appendix B. Consumption/biomas ratio (Q/B) obtained from selected references. (continued)

Ecological group Taxa Q/B (year™) Sources
Large pelagics Spanish mackerel/ King 8.90 Vega-Cendejas et al. (1993)
mackerel 10.20 Arreguin-Sanchez et al. (1993)
Large predators Conger eel, Moray eel 6.50 Alifio et al. (1993)
Barracuda 10.00 Arreguin-Sanchez et al. (1993)
Large sharks 4.90 Opitz (1993)
Shark 7.80 Arreguin-Sanchez et al. (1993)
Large zoobenthos feeders Large rays 4.90 Opitz (1993)
Rays 10.80 De La Cruz-Aguero (1993)
Medium pelagics Amberjack 10.00 Arreguin-Sanchez et al. (1993)
Jacks 10.00 De La Cruz-Aguero (1993)
Misc. invertebrates Misc. marine molluscs 5.60 Alifio et al. (1993)
8.30 Arreguin-Sanchez et al. (1993)
8.60 Vega-Cendejas et al. (1993)
See cucumbers nei 3.83 Pauly et al. (1993)
22.25 Alifio et al. (1993)
Sea-urchins 3.58 Pauly et al. (1993)
25.00 Alifio et al. (1993)
Small demersal prey species Flatfish 9.10 Arreguin-Sanchez et al. (1993)
Flatfishes 9.10 De La Cruz-Aguero (1993)
Tonguefish/tongue sole 9.10 Arreguin-Sanchez et al. (1993)
28.29 Pauly et al. (1993)
Cardinalfishes 19.39 Alifio et al. (1993)
Damselfishes 54.70 Alifio et al. (1993)
Drums and croakers 10.00 De La Cruz-Aguero (1993)
Gobies 12.30 De La Cruz-Aguero (1993)
70.09 Alifio et al. (1993)
Mojarras 15.30 De La Cruz-Aguero (1993)
Small pelagics Mullets 12.30 De La Cruz-Aguero (1993)
Needlefishes 7.20 De La Cruz-Aguero (1993)
Anchovy 19.70 Arreguin-Sanchez et al. (1993)
Fringescale sardinella 11.70 Arreguin-Sanchez et al. (1993)
Herrings 11.70 De La Cruz-Aguero (1993)
Chub mackerels 14.82 Pauly et al. (1993)
Squids and cuttlefishes Common squid 8.30 Arreguin-Sanchez et al. (1993)
8.60 Vega-Cendejas et al. (1993)
Octopus 7.30 Pauly et al. (1993)
Squids 11.70 Opitz (1993)
16.64 Pauly et al. (1993)
Turtles Creen turtles 3.50 Polovina (1984)
Zooplankton Zooplankton 120 De La Cruz-Aguero (1993)
Sergestid shrimp 24.60 Arreguin-Sanchez et al. (1993)
Zooplankton 119.70 Arreguin-Sanchez et al. (1993)
133.33 Alifio et al. (1993)
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