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Abstract

This work uses ecological theory to explore the interactions between fishing and the ecosystem
and examines the implications for fisheries assessment and management. The multispecies,
multigear fishery of San Miguel Bay, the Philippines is used as a case-study. Three approaches
were taken. The first was to descriptively and analytically assess the fishery. Catch rates in 1992-
1994 and 1979-1982 were similar, but all other indications are that the fishery suffers from
growth, recruitment and ecosystem overfishing. Large scale effort has decreased, but small scale
effort has intensified and diversified. The second approach was to model the ecosystem using
ECOPATH an equilibrium mass-balance model. The model described a relatively mature and
resilient ecosystem, dependent on detrital and benthic flows. Different fishing gears have
differential impacts on the ecosystem and these are modified by the interactive effects of
predation and competition. In the third approach, a dynamic multispecies model, ECOSIM was
used. The impacts of fishing by a multisector fishery on a multispecies resource were
dynamically explored under top-down and bottom-up trophic hypotheses. The results
demonstrated that the interplay of fishing mortality, species interactions and flow dynamics have
profound implications for fisheries assessment and management. The uncertainties concerning
the resource dynamics were explored using an adaptive management approach. Four ECOSIM
models of the San Miguel Bay were used, top-down, bottom-up, immigration plus top-down and
immigration plus bottom-up. Analysis of the EVPI showed that there was no value in learning
more about the uncertainty or distinguishing between the different resource models. [t was
concluded that although an active experimental adaptive management was not worthwhile,
adaptive management, using feedback information from the response of the resource to
management actions as recommended. This thesis demonstrates the critical importance of an

ecosystem-based approach to understanding fisheries dynamics.
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Chapter 1

Multispecies, Multigear Fisheries: Introduction and
Overview

*...despite their importance, tropical fisheries are most often badly
managed (if at all) - the resources are generally over-exploited and the
fisheries overcapitalised....... Compounding the probiem is the fact that,
inspite of recent advances, the biological basis of tropical fisheries is only
beginning to be understood; indeed the relative neglect of tropical fisheries
research in the international literature appears very clearly when the relevant
journals are surveyed. This problem is further complicated by the cnormous
diversity of life historics and adaptations among the organisms exploited, as
well as the diversity of fisheries, gear types and social conditions, which
represent serious (although not overwhelming) constraints on resources
assessments and fisheries management.” Pauly (1994:15-16)

Introduction

About 60% of the world's fish catch is taken from fisheries in developing countries, yet the
community dynamics and fishery dynamics of these predominantly tropical resources are little
understood. These fisheries are typically multispecies, with over a hundred or more species
landed for immediate consumption, trade, export, fishmeal, animal food or fish sauce. This is
especially the case in Southeast Asia (Pauly 1994). These multispecies fisheries are usually
exploited by a diverse small-scale sector, and, in many cases, a competing large-scale sector.
Increased population growth, development of fishing technologies and demand for fish have
placed enormous pressure on fish stocks. Patterns of exploitation have expanded and large-
scale, capital intensive fisheries have long since moved into areas, and targeted species,
traditionally exploited by small-scale fisheries (Pauly 1997, 1979a, Smith 1983, Marr 1982,

Gulland 1982). The inevitable differences in interests and exploitative power between these



different sectors have led to over-exploitation and competition over resource use. At the same
time, there has been little research inte the ecosystem impacts of fishing on these multispecies,

multigear fisheries.

The aim of this study is to use and explore a multispecies, ecological approach to the
assessment and management of multispecies, multigear fisheries. In all fisheries, both inter-
specific interactions, and interactions between the fishery and the ecosystem occur. Without
doubt, fishing causes change in the ecosystem, but it does not do this in isolation. The impact
of fishing on one or more species, has impacts on other species in the ecosystem. Fishing has
been described as having a top-down effect on the food web (Pauly 1979a, Larkin 1996),
although fishing occurs at all trophic levels, and thus at all levels of the food web, Christensen
(1996). When examining the effects of fishing in a multispecies context, both the direct effect

of fishing and the effect of inter-species interactions need to be taken into consideration.

Larkin describes ecosystem management, when applied to marine ecosystems as “‘scientific
shorthand for the contemporary appreciation that fisheries management must take greater note
of the multispecies interactions in a community of fish species and their dependence on
underlying ecosystem dynamics” (1996:146-147). The problems of managing multispecies
fisheries on an ecological basis are still being addressed in the developed world. Murawski
(1991) amply demonstrated this in his description of issues and problems in the multispecies,
multigear demersal fishery of the Gulf of Maine. Yet, there is arguably a greater demand and

challenge to resolve these problems in tropical multispecies fisheries, where ecological and



fisheries data, are poor, but the fisheries catch many species and are fished simultaneously by

very diverse fishing gear.

There has been very little research aimed specifically at the ecological assessment and
management of multispecies, multigear fisheries, particularly for the fisheries of the
developing world (Christensen (1996), Larkin (1996), Pauly (1994), Murawski (1991), Garcia
(1989), Gulland and Garcia (1984)). Troadec (1983) suggests that historically, small-scale
fisheries are regarded as unimportant and that emphasis in fisheries research is placed on large-
scale, money making operations. West African governments for instance have a laissez-faire
attitude to small-scale fisheries, regarding them as an activity of last resort, the situation also
found in Southeast Asia (Smith 1983). However, the example of the Ivory Coast shrimp
fishery, where small-scale fishers may have caused the economic collapse of the large-scale
sector vividly demonstrates that small-scale fisheries should not be ignored (Griftin and Grant
1981). However, data from small-scale fisheries in developing countries are often sparse and
uncertain. Data collection and analysis in many of these fisheries are challenged by dispersed
landing sites, lack of trained personnel, lack of funds, lack of access, lack of facilities (Marr

1982) and, as suggested by Troadec (1983), lack of interest and management.

Much of the research that exists for the assessment and management of multispecies, multigear
fisheries in developing countries concerns tropical penaeid shrimp fisheries, a resource with
high value. Several st:1dies have been conducted to examine the optimal fleet configuration for
these fisheries (e.g., SWIOP/CNRO 1989, Willman and Garcia 1985, Jarrold and Everett

1991). Shrimp resources were traditionally exploited by small-scale fishers in countries such



as Mexico, West Africa, India and Southeast Asian countries, but since the 1950s, industrial
shrimp fleets expanded into these areas (Willman and Garcia 1985). Penaeid shrimps are
vulnerable to both gears at different stages of their life history. The small-scale fishers target

the juveniles, the large-scale sector targets the adults.

Studies which examine the effect of fishing on the penaeids only are not truly multispecies
studies, which are studies of systems composed of predator species, prey species and
competing species. Other studies which have examined the effects of different sectors of a
fishery on a single species or family conclude that a singular solution is best, that is, that the
optimal solution is one where the fishery consists of only one gear. For example, Medley et al.
(1991) used optimisation theory to demonstrate that optimal exploitation of the multifleet
yellowfin tuna fishery occurred when only one gear existed. Clark and Kirkwood's (1979) bio-
economic model of the Gulf of Carpentaria prawn fishery (Australia) also produced the result
that the optimal fleet composition consists of only one of type of fishing gear. However, this
was not considered to be an acceptable alternative since neither gear sector was likely to accept
displacement by the other. Charles and Reed (1985) in their bio-economic analysis of
sequential fisheries found that co-existence would only occur optimally (for the maximisation
of total discounted rent) under a narrow range of conditions, related to cost and price ratios of

the two fleets and the fraction of the offshore stock which spawns each season.

However, in multispecies, multigear fisheries, fishing gears do not all target the same species
and singular solutions are highly unlikely to be optimal for small-scale, multispecies fisheries.

Gulland and Garcia (1984) list a series of attributes which define multispecies, multigear



fisheries. These include (1) that the resource be multispecific, (2) that catch composition
should depend on fishing strategy, (3) that the species composition of the resource changes
with time and (4) that the various fisheries interact. For example, probably everywhere a large-
scale shrimp fishery exists, the shrimp trawlers will interact and compete with finfish fishers.
The shrimp trawlers, which use a small mesh size, catch the juveniles of the species which are
targeted by the small-scale sector. This is particularly the case in Southeast Asia, where shrimp
are found in the same shallow coastal areas as juvenile fish (Pauly 1994). In Australia,
Haysom (1985) reported that conflict between shrimpers and sports fishers and crab fishers
was caused by increased pressure by the shrimpers on whiting and sandcrabs. In West Africa,
many small-scale fleets exploit the juveniles of other stocks, for example, Sardinella, which
are exploited by large-scale sectors when mature (Troadec 1983). In Senegal tn 1969, all trips
made by large-scale shrimp trawlers were directed at shrimps. In 1978, only 25% of trips were
targeted specifically at shrimp - the rest of the trips were primarily directed at high value

species such as sole, kingclips and croakers (L'Homme and Garcia 1984).

There are many examples of species composition changes as a result of fishing. In West
Africa the ‘trash’ fish Balistes has increased due to the exploitation, and consequent decrease
in biomass, of predatory demersal stocks (Gulland and Garcia 1984, Pauly 1979a). In
Northwest Africa, the sparids were replaced by cephalopods (Gulland and Garcia 1984). The
Gulf of Thailand is the classic example of the effects of ecosystem overfishing (Pauly 1994).
Huge declines occurred in the biomass of slow growing fish such as rays, small demersals such

as the pony fish (Leiognathidae), medium sized and large predators as a result of the large-



scale trawl fishery. This biomass was replaced by generalists such as squid, prawns and the

hairtails (Trichiuridae) (Pauly 1979a).

One multispecies approach to fisheries assessment is the study of technical in mixed-species
fisheries (as opposed to multispecies fisheries). A mixed-species yield per recruit approach is
used, for example, Brander (1983), Murawski (1984), Murawski er a/. (1991), Pikitch (1989).
These studies are premised on the fact that fishing gears vary in their selectivity patterns and
exploit different age and size groups. However, although the mixed-species yield per recruit
approach models the impact of fishing on a mix of species, by ‘n’ gears, it does not model
biological interactions, that is multispecies interactions. Brander (1983) modelled the
technical interactions between the Nephrops norvegicus and cod fisheries of the Irish sea, and
the biological interactions between cod and N. norvegicus. He demonstrated that the yield of
N. norvegicus was affected by the biomass of cod: when fishing pressure on cod was low,
predation mortality on N. norvegicus was high, thus reducing their yield to the fishery. The
maximum single species yields of cod and N. norvegicus were sub-optimal when the
biological interactions between the two species were taken into account. As Brander (1983)
suggested, the results “call into question the validity of management objectives based on single

species yield-per-recruit criteria in a mixed fishery”.

Yet, there is relatively little known about species interactions and the effects of fishing.
Sophisticated assessment methods used in temperate fisheries, such as multispecies Virtual
Population Analysis (Magnusson 1995, Sparre 1991, see Larkin 1996, Hilborn and Walters

1992 for a review of multispecies approaches), are inappropriate for many fisheries due to their



large data requirements. There are several impressive volumes on multispecies methods and
theory (Daan and Sissenwine 1991, Mercer 1982, and Pauly and Murphy 1982). Yet, there is
no attempt to understand, in a holistic context, both the interactive dynamics between fish and

the impact of fishing by diverse gears on a multispecies resource.

Research QObjectives

The overall objective of this thesis is to use ecological theory to inform fisheries assessment
and management. [ts departure point is the knowledge that fishing takes place on an
ecosystem, that fish do not live in isolation from other fish (and therefore they interact), that
there are interactions between the fishery and the ecosystem, and that different fishing gears
have different impacts. These interactions within the ecosystem and between the fishery and
the ecosystem should be considered in fisheries management and assessment. A mass-balance,
tropho-dynamic approach is used here to investigate their impact on fisheries assessment and

management.

Specifically, the following aims were addressed in this thesis:

« to study species interactions in a multispecies fishery;

» to examine the biological and ecologicai impacts of a multigear fishery on a
multispecies resource;

« to determine the effects of ecosystem considerations on fisheries assessment and

management;



« To develop a systematic, integrated approach to the assessment of multispecies,
multigear fisheries using relatively simple methods with wide applicability;

- to develop tractable sustainable management strategies for multispecies, multigear
fisheries; and

« to focus on developing countries, where fisheries are frequently multispecies,

multigear and data sparse.

The last three aims are also intended to address another concern. Many of the fisheries
methods used to assess the multispecies fisheries of developing countries were developed for
fisheries in temperate, developed countries, usually in the ‘West’, from a single species
perspective. In many cases they are not particularly suitable for tropical multispecies fisheries
(Pauly 1994). For many fisheries in the West, skilled fisheries scientists develop very specific,
often sophisticated models to assess fisheries. Again, these approaches are not very useful for
the fisheries in developing countries, for reasons discussed above, particularly the lack of
trained personnel and lack of infrastructure. The main fisheries statistic collected in fisheries in
the developing world, after catch and effort, is length of fish. Most of the methods developed
in the West, use age to structure their models, not length. There is thus quite a degree of
incompatibility between methods and approaches used to assess fisheries in the developed and
developing world, or for temperate and tropical fisheries. For this reason, methods were used
here that were designed for the type of data available in the fisheries of developing countries.
One aim was to develop an overall approach which made maximum use of data that were
available. Another aim was to use methods which were likely to increase knowledge about

multispecies, multigear fisheries.



Methods

The fishery of San Miguel Bay, Philippines was used as a case study for this work. [tisa
multispecies, multigear fishery under stress due to excess fishing pressure from both large and
small-scale sectors. It is typical of many fisheries in the developing world where small-scale
fishers are dependent on the resource for their livelihood. Three types of trawlers operate
regularly in San Miguel Bay, alongside a diverse range of small-scale gears, including
handlines, gillnets, and fish corrals. There is a history of resource competition in the Bay
dating from the 1940s, when there was already a traw! fishery for shrimp (Warfel and
Manacop 1950). No regular annual fisheries statistics have been collected in San Miguel Bay.
A study of the fishery conducted in the early [980s concluded that the fishery was over-

exploited and a series of management recommendations were made (Smith er al. 1983).

The data used in this work came from a multi-disciplinary study of San Miguel Bay conducted
by the International Centre for Living and Aquatic Resource Management (ICLARM) from
1992-1994. ICLARM was contracted by The Fisheries Sector Programme of the Philippines
(sponsored by the Department of Agriculture and the Asian Development Bank) and as part of
a larger five year coastal resource management study in the Philippines, to conduct a 1 7 month
"Resource and Ecological Assessment of San Miguel Bay".

This results of this intensive multi-disciplinary project have been published as a CD -ROM
(ICLARM 1995). This complements an earlier study from the 1980s which was also conducted

by ICLARM, in collaboration with the Institute of Fisheries Development and Research of the
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University of the Philippines (Smith et al. 1983, Bailey 1982a, 1982b, Pauly and Mines 1982,

Smith and Mines 1982).

The research presented in this thesis represents an independent analysis of the database from
the 1992-1994 ICLARM research project', kindly made available to the author, and the use of
published results where appropriate. The results of the 1979-1982 study of the Bay were used
for comparative purposes. In addition, to fill in gaps in available data, information from

literature sources was also used.

A large and diverse range of methods have been used in this thesis. Most were chosen for their
applicability to the type of data that are available for San Miguel Bay, and to the limitations
that these data place on the type of analyses that can be performed. For example, estimates of
mortality and yield-per-recruit analyses are made using length-based methods because only
length-based data are available for San Miguel Bay. Length-based approaches to fisheries
assessment have been criticised (see Hilborn and Walters, 1992 for example). However, for
many tropical fisheries, this is the only type of approach that is possible.

Whilst this research takes an ecological approach to fisheries management, it was not possible
to include the entire ecosystem. For example, mangroves fringe the coast of San Miguel Bay,
and are an important link between the terrestrial and marine ecosystems. Inorganic nutrients
are imported from the land and organic nutrients are exported into the Bay. Mangroves also

stabilise fresh water run-off from the land. In addition, forty two percent of the fish in Bay

1 oo . , . .

In some cases, because the initial analysis of the database occurred concurrently with ICLARM’s analysis, the
same parameters were calculated from the data, for example, total catch and biomass. Where this occurred, the
results from my analysis were used.
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spend part, or all, of their life cycle in mangrove areas (Vega et al. 1995a). Thus mangroves
are important in the ecology of San Miguel Bay. However, there has been a trend of mangrove
destruction in San Miguel Bay: the current area of mangroves is only 42 % of the area covered

by mangroves in the 1950s (Vega et al. 1995a).

Several rivers discharge into the Bay, the largest of which is the Bicol river. The rivers
introduce freshwater, silt, nutrients and pollution (from industrial, agricultural and domestic
sources) into the Bay. Mendoza et al. (1995b) report that the Bay is not polluted although
there is nutrient enrichment. Siltation of the Bay makes it shallower, and may also clog the

gills of fish (Mendoza and Cinco 1995).

The Bay is, by definition, open to the ocean. Suspended materials maybe carried into the Bay
by tidal currents, although Villanoy er al. (1995) report that there is no net transport into or out
of the Bay. It is also likely that there is movement of fish in and out of the Bay. Pauly (1982b)
speculated that fish spawn outside of the Bay and that larvae are carried into the Bay on tidal
currents. Another feature which may influence the ecology of the Bay are coral reefs which are
found at the mouth of the Bay. These are reported to be in fair to good condition (Garces et al.
1995c¢).

The biotic and abiotic inputs described above are clearly part of the overall ecosystem.
However, whilst recognising that they will have a modifying effect on the Bay, it was not

feasible to explicitly include them in the mass balance, tropho-dynamic approach used here.
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Thesis Outline

The thesis begins with a description and assessment of the San Miguel Bay fishery (see Figure
1.1). This is a background chapter which sets the scene for the three subsequent chapters. In
Chapter 3, the ecosystem is modelled using a static mass-balance model (ECOPATH) and in
Chapter 4 it is modelled using a tropho-dynamic model, ECOSIM. The aim of both these
chapters is to model the ecosystem, gain an understanding of species interactions, the impact
of fishing by a multigear fishery on the ecosystem and the implications of the results for
fisheries assessment. In Chapter S, the management implications of the results in Chapters 2, 3
and 4 are examined using an adaptive management approach. Each chapter is described in

more detail below.

The fishery of San Miguel Bay is described in Chapter 2. The background of the fishery is first
assembled, then the current state of knowledge of the fishery described. The purpose of this
chapter is to lay the foundations for the subsequent chapters. It is a basic fisheries assessment
chapter, using methods which avoid the constraints that the data place on analysis. For
example, the standard practice of analysing series of catch and effort data was not possible,
because these data do not exist. Data from the trawl survey and catch survey are analysed
using single species and length-based methodologies, including mortality estimation and yield-

per-recruit analysis.
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Analysis of Trawl Survey Data
Changes in species composition
Estimation of biomass (with Monte Carlo
Analysis)

Estimation of mortality

Yield-per-recruit analysis

Analysis of Landings Survey Data
Estimation of total catch (with Monte Carlo
Analysis)

Distribution and changes in catch and effort
Status of major fish stocks

Estimation of parameters

Balancing of Model

Maturity analysis and comparison with other
ecosystems

[Trophic Impact Routine (1)

ncorporate the fishery into the ECOPATH
model as top predators and model impacts of
fishery using the trophic impact routine.
Trophic Impact Routine (2)

Split pools to allow for trophic ontogeny
Conduct following analyses using bottom-up
and top-down control assumptions:

Species Interactions

[mpact of total fishing on whole resource
Impact of fishing on yield curves

Impact of different fishing gears

Chapter 5
Adaptive
Management

...---..._'sucCeSS;

) Identify alternative hypotheses or models of

the resource;

Assessment of whether further steps are
necessary by estimating the expected value of]
perfect information (EVPI);

Develop Baseline Policies;

Develop Adaptive, Probing Policy Options;
Develop Performance Criteria to measure

Formal Comparison of Options.

Figure 1.1 Flow chart showing thesis chapter layout and content.



14

A longitudinal analysis of the species composition data is conducted and compared to
historical data from 1979-1982 and an earlier survey in the late 1940s (Warfel and Manacop

1950).

Chapter 3 takes the first step towards a multispecies species analysis of the fishery. The fishery
is modelled using a mass-balance model, ECOPATH (Christensen and Pauly 1992a).
ECOPATH is a mass-balance description of trophic interactions. It is used to determine and
describe the interactions between different components within the ecosystem. In this way, the
major energy flows and pathways in the ecosystem, upon which the fishery is based, are
identified. The state of development or maturity of the ecosystem is also examined using a
series of indices outlined in Christensen and Pauly (1993c¢) and Christensen (1995, 1994). In
addition, the key areas where information is poor are also highlighted. ECOPATH is a means
to collate data about a system in a coherent form, enabling a better understanding of the entire
system. Knowledge is increased. A second model was then built, incorporating the fishery,
large-scale and small-scale, as predators within the model. In this way it was possible to

directly examine the impacts of the fishing gears on the ecosystem.

In Chapter 4 the fishery of San Miguel Bay is modelled using ECOSIM, a dynamic
multispecies model (Walters et al. 1997). This model requires only a few more parameters
than ECOPATH, and is thus very appropriate for data poor fisheries. With ECOSIM it is
possible to directly examine the impact of the fishery on multispecies resource, and, ask, “what
if?” questions, that is, to make predictions. The model is used to examine the interactions

between different components of the ecosystem and between the fishery and the ecosystem.
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Furthermore, ECOSIM is used to simulate the two “views” of energy flow control in
ecosystems: top-down control (Carpenter and Kitchell 1993) and bottom-up control (Hall ez al.

1970, Hunter and Price 1992) are simulated and compared.

There are two major uncertainties concerning the resource dynamics in San Miguel Bay: the
relative strength of inter-species interactions and their response to fishing, and the importance
of fish immigration in the fishery. These uncertainties are explicitly addressed in Chapter 5
using adaptive management (Walters 1986). Adaptive management is essentially a feedback
system whereby empirical information generated from the resource in response to management
is used to shape future management strategies. [t is proposed that experimental adaptive
management leading to an increase in empirical data could result in more constructive
management policies, particularly for data sparse fisheries in the developing world such as San

Miguel Bay.

In Chapter 6, the preceding chapters are revisited in the light of the aims of this thesis. Finally,
the question is asked, ““Is the ecological approach developed here, whereby ECOPATH and
ECOSIM are used to model multispecies fisheries and adaptive management used as a means

to resolve uncertainty and gain knowledge, a useful approach for other fisheries?

This thesis may be read as a thorough assessment of a multispecies, multigear fishery from the
Philippines. It may also be read as part of an attempt to develop and use methodological
approaches appropriate for multispecies, multigear fisheries in the developing world. Most

fundamentally, it is an attempt to understand the biological and ecological interactions



between a multigear fishery and a multispecies resource and to examine the implications for

fisheries assessment and management.

16
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Chapter 2

The San Miguel Bay Fishery

“We know that the assumption of a constant parameter system is
never strictly fulfilled in real life. However, we are often ina
situation which forces us to make assumptions, which are known to
be crude approximations to reality. It often happens that only by
making such assumptions we are able to carry out an analysis of
available data, and it is better to do a crude analysis than no analysis
atall.”

Sparrc er al. 1989, p.139

Introduction to San Miguel Bay

San Miguel Bay is a large shallow estuary in the Bicol region of the Philippines (Figure 2.1). It
supports an important multi-species fishery, traditionally exploited by small-scale fishers using
a wide range of gear types. The Bay falls within the jurisdiction of two provinces, Camarines
Norte and Camarines Sur. The two provinces have seven municipalities adjacent to the Bay,
Basud and Mercedes in Camarines Norte and Cabusao, Calabanga, Sipocot, Siruma and
Tinambac in Camarines Sur. The most densely populated municipality is Calabanga and the
least, Siruma. Around the coasts of these municipalities are 74 coastal or fishing barangays
(villages). The population of the 74 barangays was reported as 92, 716 in 1990. This represents
2.4% of the Bicol population of 3.9 million. Bicol, whose economy is dependent on
agriculture, is one of the poorest provinces in the Philippines and small-scale fishers live at or

below the national poverty level (Dalusung 1992).
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Since the 1970s and initially as a result of government credit programmes, trawlers have
exploited the Bay, mainly for shrimp. The Bay is ideally suited for trawling: it is wide, 1115
km?, shallow and 95% of the Bay has a soft-bottom (Garces et al. 1995a). However, this was
by no means the first instance of trawling in San Miguel Bay. In the 1930s, three Japanese
beam trawlers fished there (Umali 1937). In 1950, as a result of a nationwide trawl survey,
Warfel and Manacop (1950) suggested that San Miguel Bay, as one of the most productive
trawling areas in the Philippines, could sustainably support four or five trawlers. By the late
1970s there were 88 commercial trawlers fishing in the Bay (Simpson 1978), and this number

has since increased.

Catch and effort data are not routinely collected in San Miguel Bay. There are thus no
systematically collected fishery statistics, nor time series of data. Management has been
minimal over the years. Though mesh size regulations and closed areas for trawlers exist,
enforcement has proven problematic. Conflict has developed between the small-scale fishers
and large-scale trawl fishers who compete for the same, limited resource. This was noted in
other areas of the Philippines as early as the 1950s. Rasalan (1957:53) reported that, in the
opinion of the fishers, “the extensive operations of the otter trawl do not only destroy the eggs,
larvae, food and the spawning ground of fishes, but also fish corrals and other fishing gear
which are set at the sea bottom to catch demersal species”. At this time, the annual catch

landed by the commercial fishery was 1,000-2,000 tonnes (Rasalan 1957).

During the late 1970s and early 1980s, an estimated annual catch of around 19,000 tons was

caught by over 18 different types of small scale gear and four types of trawlers (Pauly and
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Mines 1982). The small-scale gears include an array of passive gillnets, such as drift, bottom,
and shrimp gillnets, some using motorised boats (bancas); fixed gears such as fish corrals,
filter nets, fish weirs and stationary lift nets; simple active gears such as push and pull nets,
which do not require either a boat or engine, and handlines, longlines and spear guns. The
trawlers include large, medium, *“baby” and “mini” trawlers (Vakily 1982). Large trawlers are
19 to 25 meters long, varying in capacity between 27 and 117 tonnes with engines of 275 to
555 horsepower. The medium trawlers are smaller vessels: their length is around 18 meters,
their tonnage 3 to 6 tons and engine horsepower of 200. Baby trawlers, as the name suggests,
are significantly smaller. Their capacity is around 1.6 to 3 tonnes, their horsepower 68 to 160
and their length about 12 meters. Mini trawlers are powered by a 10-16 horsepower engine,
they are about 5 meters leng and have a capacity of less than one tonne. The small-scale sector

employed 5, 100 out of a total of 5, 600 fishers in San Miguel Bay (Smith and Mines 1983).

[n the Philippines, fishing vessels are divided into commercial vessels and municipal vessels
(in this thesis, the terms municipal sector and small-scale sector are equated). Commercial
vessels are those with a capacity of over 3 gross tons and, in San Miguel Bay, include the large
and medium trawlers. Accordingly, municipal or small-scale vessels are those that weigh less
than 3 gross tons. This law dates back to 1932, when it was arbitrarily instituted for taxation
and licensing purposes (Pauly 1982a). The unfortunate consequence of this arbitrariness is that
small commercial trawling vessels are classified as municipal because their capacity is less
than 3 gross tons. Thus, in addition to the traditional gears in San Miguel Bay, the so-called
small-scale sector also formally includes the "mini-trawlers", which mainly exploit sergestid

shrimp, and the small or "baby" trawlers, which target penaeid shrimp and demersal fish. This
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classification impacts the fishery regulations, which have different rules for commercial

fishing and municipal trawling.

The Fisheries Act of 1975 (or PD 704) encompasses all fisheries regulations in the Philippines
(Luna 1992). The Bureau of Fisheries and Aquatic Resources (BF AR) have responsibility for
commercial fisheries whilst municipal or small-scale fisheries are under the jurisdiction of the
municipality. All vessels must be licensed, aithough this is more to eamn revenue for the
government than to control fishing. In fact, according to Luna (1992), the whole Fisheries Act

can be considered to be primarily focused on the further development of the fisheries sector.

The Fisheries Act placed a 7 km or 7 fathom ban on all commercial vessels. This meant that
commercial trawlers, for example, could not fish within either 7 km of the shoreline or in
waters less than 7 fathoms deep. However, there were alternative rules for municipal trawlers,
that is, trawlers less then 3 gross tons, the baby and mini-trawlers. These vessels were allowed
to fish in waters as shallow as 4 fathoms, if given permission by the municipality and approval
by the Department of Agriculture secretary (Luna 1992). In 1991 the New Local Government
code was instituted and this increased the jurisdictional responsibility of the municipalities.
Principally, The Code extended the municipal boundaries to 15 km from the shoreline. This
placed San Miguel Bay in its entirety within the jurisdiction of the municipal authorities, and
thus the decision on whether to allow trawling in the Bay was completely in their hands.

In the early 1980s a multidisciplinary research project involving ICLARM (International
Centre for Living and Aquatic Resource Management) and the Institute of Fisheries

Development and Research of the University of the Philippines conducted a study of the
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fisheries of San Miguel Bay. This was the first real attempt to assess the status of San Miguel
Bay and to consider management options and realities. Data were collected on the biology,
economic and socio-economics of the fishery. The study concluded that the Bay was over-
fished, that there were reduced profits in the fishery, that catch and income were unequally
distributed between the trawling and small scale sector (heavily in favour of the trawlers) and
that there were too many people fishing. The overall conclusion was that the Bay was in dire
need of management. [ICLARM developed a series of management objectives, including the
restriction of trawling activities and recommended the creation of a San Miguel Bay Fisheries

Authority, an authoritative body to manage the entire Bay (Smith er al. 1983).

Despite the findings of this comprehensive study, and a subsequent 5 year ban on commercial
trawling, little changed in San Miguel Bay: overfishing and lack of management continued. In
1986, Smith and Salon (1987) conducted a follow up study. They reported that the number of
trawlers had increased by 50%, that the number of small-scale gears and fishers had increased,
that out-migration of fishers had increased, and that demands to close the Bay to all trawling
activities had grown to a clamour. So it appeared that not only did the results of the ICLARM

study have no impact, the situation had, in fact, worsened.

More recently, a second comprehensive study of San Miguel Bay was conducted by ICLARM
from 1992 to 1994. ICLARM was contracted by The Fisheries Sector Programme (FSP) of the

Philippines (sponsored by the Department of Agriculture and the Asian Development Bank) as
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part of a larger 5 year coastal resource management study in the Philippines, to conducta 17

month "Resource and Ecological Assessment of San Miguel Bay”z.

An assessment of the San Miguel Bay fishery is made in this chapter using the data from this
study. As noted above, no regular fishery statistics are collected in San Miguel Bay. This
means that there is no time series of catch and effort data, no regular, systematic trawl surveys
and no annual census of boats or fishers. Thus, most methodological approaches commonly
used in fisheries assessment are not applicable to this fishery. For example, even relatively
simple methods such as surplus production models cannot be used because of the lack of a

time series of catch and effort data with which to fit the model.

For the above reasons, the assessment made here is both analytical and descriptive. It uses the
data from the recent ICLARM project in San Miguel Bay to assess the current state of the
fishery. The results of the earlier 1979-1982 ICLARM project are used for comparative

purposes.

* A CD-ROM “The San Miguel Bay Story”’ (ICLARM 1995a) has been published containing the results of this
research.
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Methods

The Data

The data for the assessment of the fisheries of San Miguel Bay came from three surveys
conducted by the Capture Fisheries Assessment component of the ICLARM study (Silvestre et

al. 1995, Cinco et al. 1995).

Trawl! survey Data

The trawl survey was conducted from July 1992 to June 1993 (Cinco et al. 1995). A one hour
drag, during daylight, was made monthly at each of nine stations, distributed around San
Miguel Bay (Figure 2.2). The vessel used for the survey was a 1.93 ton, 10 m trawler with
outriggers and a 65 HP inboard diesel engine. The trawl net used, a 4-seam bottom trawl with
a 12 m headline and 0.9 cm cod-end mesh size, was typical of the trawl gear used in San

Miguel Bay.

Fishery survey Data

The fishing gear inventory was conducted from January 1993 to June 1993. It covered all 74
fishing barangays in San Miguel Bay and thus the seven municipalities. Information on
ownership of gear and seasonality of gear use were obtained from the local barangay officials,

who are up-to-date on who is fishing, with what, and where.
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The landings survey took place from July 1992 to June 1993. It covered the large and the
small-scale sector and the following data were collected for each gear type: catch landed per
trip, species composition of the catch, length composition of the catch (by species or group).
The large-scale sector was surveyed at three landing sites in three municipalities Sabang
(Calabanga), Castillo (Cabusao) and Padawan (Mercedes) and the small-scale sector at five
landings sites in four municipalities, Castillo (Cabusao), Sabang and Sibobo (Calabanga),
Filarca (Tinambac) and Padawan (Mercedes). The landings of the large scale sector were
monitored once a week and the landings of the small-scale sector every other day. In both

cases, monitoring was done by team members resident at the landing sites.

The comparative data from the 1979-1982 ICLARM study were taken from published reports’.

Analyses of Trawl Survey Data

The Species Composition of San Miguel Bay

The current species composition of San Miguel Bay was determined from the 1992-1994 trawl

survey data. Catch per unit effort (CPUE) was used as a direct measure of abundance.

3 These are available on the San Miguel Bay CD-ROM (see footnote 1), or as a scries of hard copy technical
reports published by ICLARM (1995b).
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The abundance of each species present was expressed as the relative contribution of the CPUE
of that species to the total CPUE over the 10 month survey. Once the total species present

were collated, they were grouped into families.

Estimating Density and Biomass from the Trawl survev Data

The density and total biomass of San Miguel Bay was estimated from the trawl survey data by
the swept area method. Following the procedure in Sparre ez al. (1989) and Cinco e al.
(1995), the monthly density (t/km?) was first calculated from the total monthly catch using
equation (a) below. The mean annual density was then calculated as the mean of the estimated
density per month (equation (b)). The mean biomass was calculated by multiplying the mean

annual density by the effective area of the Bay (c).

Densitymonth i = Catch Ratemonn i/ (X; * X2* L * HL) (a)
Density = mean (Dmonn i ) (b)
Biomass = Density * A (©)

where X; = escapement factor
X2 = effective width of the of the swept area

L = length of the path swept by the trawl



HL = headrope length

A = area of San Miguel Bay

The density and biomass estimates from this equation are not very precise due to uncertainties
in the equation parameters (Sparre et al. 1989). In an attempt to include these uncertainties in
the biomass estimate, Monte Carlo simulation (Crystal Ball Inc., Denver, Colorado) was used
to estimate means and 95% confidence limits of the estimates. In this technique, the error
distributions of the input parameters are specified. Then 2000 random samples are taken from
the input parameter distributions and the model results calculated for each. Finally, the
distribution of these result values provides the band of estimates and a sensitivity analysis.

Error distributions were input for the parameters X, X; and L.

The escapement factor, X, refers to the proportion of fish in the path of the trawl net that are
actually captured and retained in the net. Underwater film footage of trawl nets in operation
clearly show that some fish can outswim the trawl net, at least for some time. The proportion
of the fish caught varies with the speed of the trawl, the height of the fishing line from the
from the seabed, the width of the trawl opening, the species of fish targeted and other species
in the fishery, etc. Values for X, in the literature range from a recommended 0.5 for trawlers in
southeast Asia (Saeger et al. 1980) to 1.0 Dickson (1974). Differentiating between these
values is difficult (Sparre et al. 1989). Indeed, Hilborn and Walters note that ‘the bottom line
is always “What proportion of fish in the area swept were captured™’ (Hilborn and Walters
1992:163). To incorporate this uncertainty into the biomass estimate, a triangular probability

distribution, with a minimum of 0, and a maximum of 1.0 was used. Since there are no means
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to discriminate between the two literature estimates above, the mean value of 0.75 was taken

as the peak of the triangle and thus the most probable value.

Estimates of X;, the proportion of the headline length that describes the width of the trawl
path, range from 0.4 (Shindo 1973) to 0.6 SCSP (1978). Pauly (1980a) recommended 0.5 as a
compromise value. The uncertainty in this parameter originates in two areas, the variation of
wingspread during the trawl and the differences in the way that the gear is rigged by fishers.
This likely variation was represented by a triangular probability distribution, with a minimum

value of 0.4, a maximum value of 0.6 and the “compromise” value of 0.5 as the midpoint.

The effective distance, L, travelled in one hour by the survey trawlers was 5.49 km (Cinco et
al. 1995). To allow for variability in the distance travelled caused by environmental factors
such as weather, tides, bottom topography and depth, a [0% error factor was introduced to the
estimate. This was represented by a uniform probability distribution with a range of 4.94 to

6.04 and 5.49 as the midpoint.

The area of San Miguel Bay is 1,115 km 2 (Garces er al. 1995a) with a trawlable area of 95%.
However, since the 1979-1982 study, and other earlier studies (see Pauly 1982a) used a value
of 840 km? as the area of San Miguel Bay, this latter value was also used for comparative

purposes’. The biomass and density results were then compared with the results from 1979-

* The difference in these two estimates is due to different boundary definitions of San Miguel Bay. The estimate
of 1115 km® is derived from a boundary drawn further north than the estimate of 840 km®. The latter was drawn
from Pambuan Point in Camarines Norte, eastwards to Siruma Island and then the mainland of Siruma in

Camarines Sur (Mines et al. 1982, Figure 1). The former was drawn from Grove Point in Camarines Norte cast
to Butauanan Island and southeast to Quinabuscan Point in Camarines Sur (Garces et al. 1995a), sce Figure 2.1.



30

1982 trawl data and with the results from 5 earlier trawl surveys dating back to 1947 (Pauly

1982a).

Longitudinal Comparison of Species Compositions from Trawl survev Data

The theory of *“fishing down an ecosystem™ is now well known. When a fishery first develops,
the larger, more valuable fish are targeted. As time proceeds and stocks dwindle, the fishery
switches it attention to the next most valuable species and fishes this until another switch 1s
forced and so on. In this way, a fishery tends to be fished at different trophic levels at different
stages in the history of the fishery. This fishing practise becomes problematic when fishing
pressure increases to the point where all extant trophic levels are targeted simultaneously and
there is no reprieve for declining fish groups. Usually this point is not reached unless large-
scale trawling activities, often for prawns, compete with the traditional small-scale sector for
resources. The effect of this mass harvesting of trash fish and juvenile fish, in addition to
prawns, can destabilise multispecies resources and cause massive changes in species

composition (Pauly 1979a, Beddington and May 1982).

Pauly (1979a) examined the species composition changes that had occurred in the Gulf of
Thailand and the Thai waters of the Malacca Strait Fishery as a result of the large scale
trawling activity that has occurred since the 1960s. He proposed a general pattern of change
which included the loss of slow growing fish such as rays, huge declines in small demersals
such as the Leiognathidae, declines in medium sized and large predators and the rise of

generalists such as squid, prawns and the Trichiuridae. When a fishery reaches this stage it



31

might suffer from “ecosystem overfishing” which is defined as *“what takes place in an
ecosystem when the decline (through fishing) of the originally abundant stocks is not fully

compensated for by an increase of the biomass of other exploitable animals” (Pauly 1979b).

A longitudinal comparison was made with the species composition data from the 1992-1994
trawl survey, the trawl data from 1979-1982 (Vakily 1982) and the trawl survey data from
1947 (Warfel and Manacop 1950). The aim was to determine what species composition
changes have occurred in San Miguel Bay, to determine whether they agree with Pauly’s

general pattern, and to determine whether San Miguel Bay is ecosystem overfished.

Scasonal Analysis of the Trawl Survey Data

San Miguel Bay is subject to seasonal environmental conditions. Most significant is the
northeast monsoon which occurs from October to March (Villanoy et al. 1995). During this
time, the average wind speed is 3 metres per second but it can be as high as 7 metres per
second. The northeast monsoon also marks the beginning of the rainy season, and the rate of
fresh water discharge from the 12 rivers that flow into the Bay is correlated with this. It is also
the period when the plankton density is highest.

The other main environmental force in San Miguel Bay is the southwest monsoon which
occurs between June and September (Villanoy et a/. 1995). This has much less effect than the

northeast monsoon because the Bay is protected by the Bicol Peninsula. May to August is the
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hottest period of the year, with temperatures in the 32°C to 37°C range and during this time,

the plankton counts are low.

In order to examine the impact of these seasonal conditions on the San Miguel Bay fishery the
CPUE and species composition of the 1992-1994 trawl survey data were examined for
seasonal differences. They were then compared with the trawl data from 1979-1982, where
appropriate, to determine whether there was any consistency between the two data sets. The
1979-1982 trawl data were obtained using commercial trawlers. A systematic trawl survey

was not conducted.

Estimation of Mortality

The instantaneous rate of total mortality, Z, was estimated using three length based methods,
the Length Converted Catch Curve, Beverton and Holt’s method (1956), the Powell-Wetherall
Plot (Gayantilo ez al. 1996). A fourth method which estimated Z from the sum of fishing

mortality and natural mortality was also used.



Estimation of Growth Parameters

The three length based methods all require the growth parameters, Loo, the asyptotic length in
the von Bertalanffy growth function and K, the von Bertalanffy growth constant. These were
estimated using the ELEFAN [ program contained within the FAO-ICLARM Stock
Assessment Tools software package, FISAT (Gayanilo et al. 1996). Growth curves are fitted
by ELEFAN I through a time series of length frequency data, using the von Bertalanffy
Growth Function. The goodness of fit of the curves is assessed by the number of peaks and
troughs in the length frequency data that the growth curve passes through. Several options are
available in ELEFAN [ for estimating the growth parameters. Once representative values of
Loo and K are described for a given series of length frequency data, the effects of trawl
selectivity are used to correct the length frequency distribution. Leo and K are then re-estimated
using the new distribution. Inclusion of the smaller size classes enables a more accurate

estimate of Leo and K (Pauly 1987).

Values of Lo and K were also extracted from the literature for comparative purposes.
FishBase (FishBase 1995), a global fish database with data on growth rates of different fish
species, was used for this purpose. For each species analysed using the above method, mean
Lo and K values were calculated from comparable studies. These mean values, which can be
considered “generic values” for these species, were calculated with the aid of the auximetric
parameter ¢' (phi prime), which expresses the growth performance of a species or family of
species (Munro and Pauly 1983, Pauly and Munro 1984, Pauly 1991). The equation relating ¢'

to Lo and K:
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¢' = logi10K+2 log)g Leo

¢' and Leo are normally distributed and K has a log normal distribution. In order to estimate
the average K from a series of Lo and K values, ¢' is calculated for each combination and the
mean of the ¢’ and Loo values taken. The above formula for ¢' is then solved for K, to find the

mean K.

These “generic” values of Lco and K were used to check the results of the length frequency
estimation of growth parameters. In addition, they were used as a guide in the analysis if the
parameter definition was confused (for example, no clear definition of K). Tandog et al.
(1988) who also used this approach for Philippine fishes, concluded that values of ¢' are

normally and narrowly distributed within a species.

Mortality Estimation using the Length-Converted Catch Curve

Length-converted catch curves have become one of the standard methods of estimating
mortality (Gulland and Rosenberg 1992). Catch curves originated with the use of length based
data by T. Edser in 1908 and F. Heinke in 1913, who also incorporated growth rate
information (Ricker 1975). However, the modern form is based on age data and derived from

the catch equation:



C(t1,t2) = N(t) - F/Z - (1-exp(-Z(tz-1,)) (1
where,
C(ty,t2) = catch from time t; to time ty,
N(t) = numbers at time t,
F = instantaneous fishing mortality rate

Z= instantaneous total mortality rate

The catch equation is log transformed and manipulated into a form called the “general

linearised catch curve”.

LaC(t),t2) = In (N(t,)-F/Z) + Z(1;) - Z(t;) + In([-exp(-Z(t2-t))) (2)
where,
N(t;) = number at age of recruitment

Z(1,) = instantaneous total mortality rate at age of recruitment.

The first term on the right had side, “In(N(t;)-F/Z)+Z(t,)" can be consolidated as a constant,
leaving “-Z(t;)+In(1-exp(-Z(ta-t,))”. The second part of this term is non-linear unless the time
interval is constant. However, the time to grow from one length interval to the next is not
constant in fish and in order to make this non-linear term linear, an additional assumption is

made. For small values of “x”, that is x<1, , the following holds true:

In(1-exp(-x)) = In(x)-x/2,



and therefore where Z(t,-t;) is small, it follows that:

In(1-exp(-Z(t2-t;)) = In[Z(t2-t;)]- Z(t2-t;)/2 3)

Substituting this into the general linearised catch curve, substituting delta “t” for (t2-t;) and

incorporating InZ into the constant gives:

In[C(t, t+AL)/AL = ¢ - Z(t+ AY2) 4)

or,

Y =c-2Zx.

where *‘c” is the constant and *““-Z” is the slope of the descending right arm of the curve.

Equation (4) is written in terms of age. In order to convert it into a length based catch curve

equation, length is transformed to age using the inverse von Bertalanffy equation, that is:

tL = to-1/K*In(1-L/Loo),

where,

K = constant of the von Bertalanffy Growth Function (VBGF),

Loo = asymptotic length at infinite age.

36
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Substituting this into equation (4) produces the Length Converted Catch Curve equation

below.

In[C(L,La) 7/ Au(L,L2) = ¢ - Z[((L1) + (L2))/2] (5)
where,
L; = length at time 1,
L, = length at time 2,
At=t(L,)-t(L,) = I/K * In[(Leo-L;)/(Leo-L,)]

Lo = asymptotic length at infinite age.

The catch of fish of length L, to L, is thus divided by the time it takes to grow through this
length class, and this is plotted against the age of the fish which is (t(L;)+t(L.))/2. The slope of

the descending right limb gives the estimate of Z.

[n the method just described, it is assumed that the ecosystem is in a steady state, that the
sample represents the mean population structure, that Z is constant over all size classes, that
recruitment fluctuations are small and random and that the gear used (in this case trawling
gear) has a selection curve where only the smaller animals are selected against. [n this case the
trawl samples, taken over a period of 10 months, were pooled to produce the sample for
analysis. This should enable the second assumption to be met. The third and fourth
assumptions are usually met if the descending limb appears straight (Pauly et a/. 1980). In the
case of San Miguel Bay, the mean size of fish are sufficiently small and fishing pressure has

been sufficiently intense to virtually guarantee that none of the fish included in the sample
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were large enough to be selected against. The assumption of a steady-state is always

precarious and should be used with caution.

The next three methods share the assumptions described for the Length Converted Catch

Curve.

Mortality Estimation using Beverton and Holt's Mean Length Method

The Beverton and Holt Model (Beverton and Holt 1956) uses mean length, Loo and K to
estimate Z. This method is robust under conditions of variable recruitment (Wetherall ¢t al.

1987).

Z=K*(Loo- L)/( L-Lo),
where,
K= constant of the von Bertalanffy Growth Function (VBGF),
L. = the length for which all fish that length and longer in the catch are under full
exploitation,

L = mean length of fish in the sample from L. to L.
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Mortalitv Estimation using the Powell-Wetherall Plot

Another method which uses mean length information, is the Powell-Wetherall Plot (Gayanilo
et al. 1996). It requires the whole sample to be pooled and assumes that this pooled sample

represents the equilibrium state. It is a graphical method where the mean length of fish above
L., L minus Le( L -L.) is plotted against L. The equation on which this method is based is:

L-L.=a+b*L,

where,

L=(Loo+Lo)/(1+(Z/K)

Z/K = -(1+b)/b or b = -K/(Z+K),

Lo =-a/b,or,a=-b* L

The slope of the line gives an estimate of Z/K and the intersect with the x-axis, Loo.

Mortality Estimation using Fishing Mortality = Catch / Biomass

Under equilibrium conditions, fishing mortality, F, is equal to the quotient of the catch and
biomass. Total mortality, 2, .s the sum of F and natural mortality, M. Natural mortality was

estimated using Pauly’s M equation (Pauly 1980b), and F was estimated from the catch and the



40

swept area estimates of biomass (see below). This method was included as an alternative to
the length frequency approaches above. However, the Pauly estimate of M does require the

growth parameters Loo and K.

Yield-per-Recruit Analvsis

The mortalities estimated above provide a snapshot of the current status of some of the main
fish species in San Miguel Bay, but they do not give information on how these mortality rates
relate to the optimal rates of fishing, nor how much change in yield can be expected as a result
of adjusting fishing mortality. This is obtained using a length-based yield-per-recruit analysis.
The analysis was carried out using the relative yield-per-recruit model contained within the
FiSAT software (Gayanilo er al. 1996). This model is based on a modified version of the
Beverton and Holt yield-per-recruit model (Pauly and Soriano 1986). The required input
parameters are a selection curve, the asymptotic length, Loo, the von Bertalanffy growth
parameter, K and natural mortality, M. The growth and mortality parameters were calculated in

the Mortality Section above.

The selection curve should ideally be estimated from empirical data collected during the trawl
survey’. However, this type of data was not collected. Instead a routine within FiSAT, was
used to estimate the selection curve. The routine first estimates the probability of capture from

the Length Converted Catch Curve (see above). The model uses the Z and the M estimates to

5 In order to estimate the selectivity of a trawl net, a fine meshed net is used to cover the cod-end and thus catch
any fish which escape the cod-end of the trawl net.



41

back-calculate the numbers of fish that would have been present in the sample if no selectivity
had taken place. The probability of capture is calculated as the ratio of the number of fish
present with selectivity to the number of fish that would be present with no selectivity. The
selection curve is then estimated using a moving average of probabilities for the age
corresponding to three adjacent length classes, i.e., Probability at time (t) is equal to the
average of probability at time (t-1), time (t) and time (t+!). The method assumes that the
estimate of Z is accurate and that the smallest fish caught are fully recruited to the fishery
(Isaacs 1990). Otherwise, the curve thus estimated is a “resultant”, that is, the product of a

selection with a recruitment curve (Gayanilo et al. 1996).

Yield-per-recruit analyses were conducted for the species in San Miguel Bay for which there
were sufficient data. Current exploitation rates were compared to the optimal rates generated
by the yield-pre-recruit analysis. Current rates were calculated as F(=Z-M)/Z, where Z is the
resultant overall mortality calculated above and M is calculated from the empirical formula of

Pauly (1980b).
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Analyses of Fishery Data

Estimating Catch and Effort

One characteristic of tropical fisheries is that catch, particularly by the small-scale sector, is
landed at small, numerous and often widely distributed landing sites. Although convenient for
fishers and local buyers, this complicates the collection of fisheries data. Indeed it can make it
impossible to collect comprehensive data. This is the situation in San Miguel Bay, which has
landing sites dispersed all along its coastline. Despite the detailed study conducted by
ICLARM, it was not possible to numerically account for all effort and all landings at ail

landing sites. Instead, both are estimated from samples.

Effort

For each gear type, Silvestre et al. (1995) calculated the total number of gear in each
municipality from the information gathered in the Fishing Gear [nventory. They then summed
these totals to obtain the number of each gear type in San Miguel Bay. They estimated the
average number of trips made per year from information on seasonal use of gear in the Fishing
Gear Inventory. The total effort, by gear, was then calculated from the product of the number

of gears operating per year and the average number of trips made per year, that is:

Effortger = number of units of gear * mean annual number of trips
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Catch

The total catch was estimated from the annual average catch per unit effort (CPUE) per gear

multiplied by the average annual effort of that gear, that is:

Annual catch per gear = CPUE (kg/trip)*effort (No. of trips)*No. Vessels (gear)

CPUE per gear, was calculated from the sum of all landings made per gear over the survey

period, divided by the total number of trips made per gear.

The total catch is simply the sum over all gears, that is:

Total annual catch = Zg,,.a, annual catch per gear

When estimating catch from sub-samples in such a diverse fishery, there is inevitable

uncertainty around the resultant catch estimates. In order to include and examine these

uncertainties, Monte Carlo simulation (Crystal Ball Inc., Denver, Colorado) was used to

estimate means and 95% confidence limits of the estimates, as described above.

Error distributions were entered for all three parameters, that is, CPUE, Effort and

Vessels/Gear. Two approaches were used:

1. a 10 % uniform probability distribution was used for all of the parameters
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2. a 20% uniform probability distribution was used for the CPUE parameters whilst a 10 %

uniform probability distribution was used for the other two parameters.

In order to compare the [992-1994 catch data to the 1979-1982 catch, the 1979-1982 catch

estimate was also subjected to Monte Carlo simulation and analysis.

Distribution of Catch, Effort and CPUE in the Fishery

Once the catch and the effort were estimated, several aspects of the distribution of catch, effort
and CPUE in the fishery were examined. Informative comparisons with similar data from the

1979-1982 study were then made. These fall under the following headings:

Distribution of catch, effort and CPUE across gears

In this section, the distribution of the total catch, effort and CPUE across different gears was

examined. This was then related to the distribution between the large and small-scale sectors.

Comparative Analvsis of Species Composition from Landings Data

The overall species composition of the total catch was estimated and compared to the 1979-
1982 data. The species composition of selected gears was examined and comparisons were
made with the earlier data. Where possible, the changing patterns of use of fishing gear since

1979-1982 were also determined.



Species Composition and Distribution of the Catch by Fishing Gear and Season

In the Fishing Gear Inventory, a survey was undertaken to determine the seasonal use of
fishing gears in San Miguel Bay. The results of this are examined and compared to the
seasonality of the catch, the species composition and CPUE. The aim is to gain an

understanding of the seasonal nature and operation of the fishery.

Status of the Major Species in San Migucl Bay

The CPUE:s of each of the top ten species were compared across the major gears that catch
them and compared to the 1979-1982 figures. The modal or mean lengths of the fish in the

catch were examined where possible. In addition, their seasonal abundance was examined.

Results

Analyses of Trawl Survey Data

The Species Compeosition of San Miguel Bay

In total, 55 valid trawls were made during the trawl survey over a period of 10 months

45

(September 1992 to June 1993). Although there was an intended standard trawl time of | hour,

(Cinco et al 1995) in practise there was considerable variability; the modal trawling time was
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30-40 minutes (31 out of 55 hauls) with mean of 46 minutes and median of 35. The number of
trawls made per month varied from 2 to 7 and trawling time per month varied from 2 hours to

6 hours.

A total of 98 species, from 46 families were recorded and identified during the course of the
trawl survey. However, despite this large degree of diversity, the leiognathid, Leiognathus
splendens was easily recognised as the most abundant species (Table 2.1). It comprised 16.5%
of the total. Another leiognathid, Secutor ruconius was the second most abundant species and
accounted for 11.1% of the total abundance. In fact, over 60% of the total CPUE was produced
by only 10 of the 98 species recorded in the trawl survey, as shown in Table 2.1. Three

leiognathids are included in these 10 species.

In Table 2.2 the top ten families in San Miguel Bay account for 79% of the trawl survey
abundance. The families are the same as those represented in Table 2.1, with the addition of
the Tetraodontidae and a group, called here the Benthic Invertebrates. It is clear from these
figures that the Leiognathidae are, by far, the most abundant family in the trawlable biomass of
San Miguel Bay. The Trichiuridae, Sciaenidae and Engraulidae each have about 20% of the
abundance of the leiognathids, whilst the rest of the families shown in Table 2.2 are less than

14% as abundant as the leiognathids.
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Table 2.1 The ten most abundant species in San Miguel Bay (1992-1994 Trawl Survey data).

Species Family % of total Accumulative
CPUE %
Leiognathus splendens Leiognathidae 16.5 16.5
Secutor ruconius Leiognathidae 11.1 27.6
Trichiurus haumela Trichiuridae 7.4 35.0
Penaeid Shrimps* Penaeidae 4.9 399
Ovolithes ruber Sciaenidae 44 443
Scomberomorus commerson | Scombridae 4.3 48.6
Stolephorus commersonii Engraulidae 3.7 52.4
Nemipterus japonicus Nemipteridae 3.0 55.4
Drepane punctata Ephippidae 3.0 58.4
Leiognathus bindus Leiognathidae 2.8 61.2

* The Penaeid species are grouped together, following the procedure used in the 1979-

1982 study.

Table 2.2 The ten most abundant families in San Miguel Bay (1992-1994 Trawl Survey data).

Family % of total Accumulative %
CPUE
Leiognathidae 35.2 35.2
Trichiuridae 7.4 42.6
Sciaenidae 6.8 494
Engraulidae 6.4 55.8
Penaeidae 49 60.7
Scombridae 4.4 65.1
Tetraodontidae 4.0 69.1
Benthic Invertebrates* 39 73.0
Nemipteridae 3.0 76.0
Ephippidae 3.0 79.0

* Benthic Invertebrates include Bivalves, Shellfish, Brittlestars, Jellyfish and

Nudibranchs.
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Estimating Density and Biomass from the Trawl survey Data

The monthly catch rates and the results of the density and trawlable biomass estimation
without Monte Carlo simulation are given in Table 2.3. Using the most likely parameters, the
mean annual density is 1.56 t/km?’. There is considerable variation in the monthly estimates
from which this annual figure is estimated. Mean monthly density estimates range from 0.53

vkm?in May to 3.34 vkm? in October.

The Monte Carlo simulation produced a mean density estimate of 2.72 vkm?, with a 95%
certainty of 1.21 to 8.67 vkm?, and a standard deviation of 2.96 (Table 2.4). This corresponds
to a mean biomass estimate of 3304 t if the San Miguel Bay area is taken as having a surface
area of 1,115 km>. The 95% certainty range was 1, 351 to 9, 653 t with a standard deviation of
3, 303. The corresponding mean biomass for an area of 840 km” was 2, 281 t. Cinco et al.
(1995) estimated a density of 1.96 vkm? and a biomass of 1, 646 tonnes (for an area of 840
km), using the swept area method described above. This falls with the 95% certainty range of
the estimate produced here and can be reproduced by using a value of 0.6 for either X; or X,

the escapement factor and the effective width of the trawl respectively.

The results are very sensitive to the input parameters. The greatest sensitivity was to the value
of X, (the escapement factor) (93.6% of variation), then to the value of X> (the effective width
of the swept area) (3.5%) and the least sensitivity is to L, the distance travelled in a one hour

trawl (2.9%), measured by rank correlation. The parameter to which



Table 2.3 Monthly Catch Rate (Trawl Survey), Density and Biomass Estimates for San
Miguel Bay, September 1992 to June 1993

Month Area of San Miguel Bay
Catch Rate  Density 1115km’ 840km’
(kg/hr) (t/kem’) Biomass (1)

September 69.64 2.82 3142.9 2367.7
October 82.63 3.34 3729.5 2809.6
November 47.02 1.90 21219 1598.6
December 18.89 0.76 852.7 642.4
January 30.51 1.24 1377.1 1037.4
February 27.03 1.09 1219.9 919.0
March 31.58 1.28 1425.1 1073.6
April 14.94 0.60 674.4 508.0
May 13.48 0.55 608.3 458.3
June 49.34 2.00 2226.8 1677.6
MEAN 38.51 1.56 1737.8 1309.2

Table 2.4 Results of Density and Biomass Estimation in San Miguel Bay using Monte Carlo

Simulation
Statistic Density Biomass
(t/km”) A=1115 km* A=840 knm®
Mean 2.72 3,027 2,281
Standard Deviation 2.96 3,304 2,489
Lower 95% Limit 1.21 1,351 1,019
Upper 95% Limit 8.67 9,653 7,290
Range Width 51.2 57,092 43,011




50

the results were most sensitive, X, is also the parameter which had the widest input range and
the parameter for which there is least certainty. Indeed, given that the standard deviations
produced by the Monte Carlo simulation are as large as the mean, there can be little certainty

about any of the estimates given above.

The density estimate of 2.13 vkm? from the 1979-1982 study was also estimated using the
swept area method (Vakily 1982). This value falls within the 95% certainty range of the 1992-
1994 estimate. However, given the uncertainty surrounding these estimates, it is not possible
to comment on whether there has been a change in density or biomass since 1979-1982. Monte
Carlo analysis of the 1979-1982 trawl data would give a similarly wide distribution of density

estimates since the parameter to which the results is most sensitive, X, would remain the same.

Pauly (1982a) collated a table of historical trawl surveys conducted in San Miguel Bay and
calculated the density and biomass using the swept area method described above. The first
trawl survey was conducted in 1948 (Warfel and Manacop 1950) in the month of July. The
survey consisted of five drags of approximately | hour duration using a 30 m, 400 HP trawler
with a 10 cm meshed cod end. Allowing for differences in gear and mesh sizes, Pauly
estimated a density of 10.6 t/km? and stock biomass of 8,900 tonnes, figures he described as
conservative. Although these figures should only be used as an indicator of likely density
(since the survey was limited to one month and there were differences in the gears used) the
1948 estimates do fall outside the confidence limits of the 1992-1994 density and biomass

estimates. This indicates that the density and biomass in San Miguel Bay have decreased since
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1948. Using the mean density estimate of 2.72 km® for 1992-1994 as a guide, the density in

San Miguel Bay can be said to have decreased to around 26% of the 1948 density.

The density estimates from the other trawl surveys described in Pauly (1982a) ranged from 5.2
t/km” in 1957-58 to 3.49 vkm?® in 1977. These values fall within the 95% certainty range of the
1992-1994 density estimate. They therefore cannot be said to be different from the 1992-1994
estimate. In addition, most of these surveys, like the 1948 survey, only took place over one
month and should be interpreted with similar caution. The results suggest that there has been a
downward trend in density with time. However, given the uncertainty of density estimation
using the swept area method shown above, the inconsistent sampling methodology between
surveys and the sparsity of seasonal coverage for the 1960s and 1970s surveys, it is not
possible to make any conclusions about trends in density or biomass over the time period of
these surveys. On the basis of the data presented here, it is as likely as not that the total density

and biomass in San Miguel Bay have not significantly changed since the late 1950s.

Given the inaccuracy of the swept area method for density estimation, another, less direct
means of comparing biomass over time would be to use CPUE as a measure of abundance.
However, even this is fraught with difficulty since recent work concludes that for many fish,
especially schooling fish, there is no direct relationship between CPUE and abundance
(Hilbom and Walters 1992), that is, CPUE does not accurately track abundance. A dramatic
decline in abundance can occur while CPUE remains stable (Pitcher 1997, Mackinson et al. in

press). A decline in CPUE is a clear signal that abundance has decreased.
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The CPUE of the 1948 trawl survey was 636 Ib/hr (Warfel and Manacop 1959), that is, 289
kg/hr. This is considerably higher than the largest CPUE of 82.63 kg/hr in Table 2.3 above.
The ratio of the largest 1992-1994 CPUE to the 1948 CPUE is 28%; using the mean CPUE for
1992-1994, the ratio falls to 13%. So, using the CPUE data for comparative purposes, it

appears that the 1992-1994 CPUE rate is about 13-28% of the 1948 CPUE.

The mean CPUE rates in the 1979-1982 trawl data were 30.77 kg/hr for the period from March
1979 to February 1980 and 36.17 kg/hr for March 1980 to February 1981. These figures are
both in close agreement with the 1992-1994 mean CPUE of 38.51 kg/hr. These results

indicate that there has been little change in the total CPUE since the early 1980s.

Longitudinal Comparison of Species Compositions from Trawl Survey Data

A more telling analysis of changes in biomass over time can be had by examining the changes
in species composition over time. The seminal work of Pauly (1979a) on the Gulf of Thailand
and Andaman Sea fisheries demonstrated that changes in the species composition of a fishery
can reflect changes in an ecosystem caused by fishing, potentially leading to ecosystem

overfishing.

A comparison to the 1947 trawl survey data (Warfel and Manacop 1950; see also Cinco et al.

1995) and the 1979-1982 trawl data is made in Tables 2.5 and 2.6. The original species
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recorded in the 1947 survey are used, plus those families which have substantially increased

since 1947.

The relative abundance of the leiognathids was twice as high in San Miguel Bay in 1947 as in
1992-1994 (Table 2.5). Furthermore, the catch rate has substantially decreased from 173 kg/hr
in 1947 to 13.4 kg/hr in 1992-1994. These results correspond with Pauly’s (1979a) conclusions
about the species changes that occurred in the Gulf of Thailand as a result of a trawl fishery,
that is, that the bulk of small prey fish diminish at a much greater pace than the other species

in the ecosystem. In San Miguel Bay, the Pristidae®, sharks and rays, Pomadasydae,
Sphyraenidae, Ephippidae and Ariidae have all also markedly decreased in relative abundance
and/or catch rate. Again, this is as predicted by Pauly, that is the rays and the medium predator

fish, dependent on the small prey fish for food, decrease.

The relative abundance of other groups, such as the Trichiuridae, Scombridae, and squids,
have increased since 1947 (although the CPUE of the Scombridae has decreased). These
correspond to the pelagic fish group noted by Pauly as unlikely to be reduced by bottom trawl.
Pauly also identified a group consisting of species likely to increase as a result of demersal
trawl fishing. These include “r” strategists such as flat fish and benthivores. There are many
species present in the 1992-1994 trawl survey that fall into this category, including the Benthic
Invertebrates, Psettodidae, crabs and Tetraodontidae. Many of these were not recorded in

either the 1947 or the 1979-1982 surveys. It is not clear whether these species

% The Pristidac in the 1947 trawl survey consisted of one specimen weighing 400 pounds. Since it was the only
sawfish caught during the 5 drags conducted in the survey, the abundance of sawfish may be less than suggested
by the figure in Table 2.8
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Table 2.5 Comparison of Species Composition of Trawl Survey data from 1947, 1979-1982

and 1992-1994.

Species Composition Direction
Taxon % of Change
1947 1979/80 1980/81 1992/94
Leiognathidae 60.0 31.1 31.8 35.2 It
Pristidae 15.4 - - - \:
Sharks and Rays 6.3 0.7 0.5 0.0 J
Pomadasyidae 23 0.7 0.3 0.2 d
Sphyraenidae 1.6 - - 0.8 !
Sciaenidae 0.9 12.2 10.8 6.8 T
Ephippidae 0.9 - - 3.0 T
Ariidae 0.8 0.7 0.1 0.2 l
Synodontidae 0.8 - - 1.6 To
Mullidae 0.7 - - 2.4 T2
Scombridae 0.7 0.4 0.4 4.4 T
Carangidae 0.6 2.7 0.9 2.8 T
Trichiuridae 0.1 2.1 3.9 7.4 T
Engraulidae - 19.5 21.7 6.4 l
Penaeidae - 5.9 6.6 4.9 2
Mugilidae - 7.1 4.7 1.6 J
Squids - 2.8 3.3 1.5 !
Clupeidae - 4.4 3.0 0.3 $
Others 8.8 9.7 12.0 20.5 T
SUM 100.00 100.00 100.00  100.00 -

Sources for historical data: Warfel and Manacop (1950), Vakily (1982).



Table 2.6 Comparison of Catch Rate from Trawl Survey data from 1947, 1979-1982 and

1992-1994.
Catch Rate Change of
Taxon kg/hr Direction
1947 1979/80  1980/81 1992/94

Leiognathidae 173.34 9.58 11.50  13.40 bt
Pristidae 44.38 - - - A2
Sharks and Rays 18.31 0.22 0.19 0.02 !
Pomadasyidae 6.66 0.22 0.12 0.08 l
Sphyraenidae 4.62 - - 0.30 {
Sciaenidae 2.68 3.73 3.91 2.70 ™
Ephippidae 2.59 - - 1.49 42
Ariidae 2.40 0.20 0.03 0.06 !
Synodontidae 231 - - 0.60 42
Mullidae 2.13 - - 0.91 17
Scombridae 1.94 0.11 0.15 1.65 *
Carangidae 1.85 0.84 0.32 1.07 1
Trichiuridae 0.28 0.66 1.42 2.81 T
Engraulidae - 5.99 7.84 242
Penaeidae - 1.83 2.40 1.94 ©
Mugilidae - 2.18 1.68 0.16 l
Squids - 0.86 1.20 0.58 2
Clupeidae - 1.34 1.09 0.11 v
Others 25.42 3.01 4.32 7.66 I
SUM 288.91 30.77 36.17 3797 -

Historical data sources: Warfel and Manacop (1950), Vakily (1982)
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were not recorded because they were not present in the previous surveys or because they were

not identified and therefore classified in the “others” category.

In general then, the species composition changes seen in San Miguel Bay confirm the pattern
outlined by Pauly (1979a). Certainly by the time of the 1979-1982 survey, San Miguel Bay
could be said to be suffering from ecosystem overfishing. However, the results do not indicate
that the situation has necessarily worsened since then. The changes in species composition and
in catch rates that have occurred between 1979-1982 and 1992-1994 are less clear. However, a
note of caution should be sounded here regarding the 1979-1982 trawl data. These data came
from the commercial fishery, not a systematic trawl survey such as was carried out in the
1992-1994 study, or indeed in 1947. Thus, there is a likely bias in the species composition of
the 1979-1982 trawl data. With this in mind, some groups, such as the Ephippidae,
Synodontidae, Mullidae, carangidae and Trichiuridae follow a clear upwards trend from 1947
to 1992-1994. However, the relative biomass and catch rate of the leiognathids, for example,
have marginally increased since 1979-1982. The relative biomass and catch rate of others
species which were not recorded in the 1947 survey’, such as the Penaeidae, Engraulidae,
Clupeidae and squids, have decreased since 1979-1982. This suggests that those species which
succeeded the traditional species outlined above are now themselves being succeeded. This
mixed picture which may be due to differences in sampling methodology rather than real

differences.

" These species may have been present in the Bay, but not caught in the 1947 trawl survey because of the large
mesh size used in the trawl net.
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The Sciaenidae are worth a separate note. The relative biomass of the Sciaenidae increased
from 0.9% in 1947 to 10.8-12.2 % in 1979-1982, then decreased by almost 50% to 6.8% in
1992-1994. However, the catch rate of 2.7 kg/hr in 1992-1994 is approximately equal to the

catch rate of 2.68 kg/hr in 1947. The catch rate in 1979-1982 was higher, at 3.73-3.91 kg/hr.

As noted above many species are recorded in the 1992-1994 trawl survey® which were not
previously recorded. Does this mean that there is a greater diversity in 1992-1994 than there
was in earlier years? Without definitive data for the earlier years it is not possible to answer
this question categorically. However, if the species/families are matched one for one in 1947,
1979-1982 and 1992-1994, the “Others” category has the highest abundance in 1992-1994 and
the highest catch rate in 1947 (Tables 2.5 and 2.6). So, although there has been an overall
reduction in CPUE since 1947, the abundance of the “Others” groups has increased and so has,
therefore, the abundance of “Other” groups which are now identified in the 1992-1994 surveys

(see Appendix for a list of species present in San Miguel Bay).

Seasonal Analysis of the Trawl Survey Data

Table 2.3 above gives the monthly catch rate from the trawl survey. It is unfortunate that the
survey did not cover the full 12 months of the year, and even more so that the 2 months that

are missing are reputed to be the most productive (Villanoy er al. 1995). However, despite

® This is also seen in the landings survey.
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the missing data, there are clear trends through the year (Figure 2.3).

The total CPUE is high in September and October, but begins a decline (beginning of the
northeast monsoon) to reach a low in December. This low CPUE prevails until May, creating a
low CPUE plateau. In May, the CPUE rises again to June and the trend indicates that it would
continue to rise to meet the September high. The trawl CPUE data from 1979-1982 (figure 3 in
Vakily 1982) follows a similar pattern and supports this assumption. [n September/October the
CPUE decreased until November/December when it began to increase. In this case there is a

CPUE high plateau from February/March until September/October.

The trend described above is determined by the leiognathids, and, to a lesser extent, the
“Others” group. (Figure 2.3). The seasonal pattern for the other top ten Families is more
variable. The Sciaenidae CPUE is low during March to June and variable between September
and February. The Penaeidae CPUE peaks in October and then steadily declines through to
April, May and June when it is very low. The Engraulidae CPUE peaks in January and June.
The Trichiuridae CPUE basically increases from September to December (with a dip in
November) and remains high until March when it decreases to a low rate in June. In contrast to
the other groups represented in Figure 2.3, the Trichiuridae are most abundant during the
northeast monsoon. The carangidae, the Scombridae, the Gobiidae and the Benthic

Invertebrates show no clear trend. The CPUE of these groups is sporadic.

Unfortunately there is no monthly trawl CPUE by species from the 1979-1982 study available

in the literature with which to compare these results. The results indicate that for most of the
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more abundant species in San Miguel Bay, CPUE decreases during the northeast monsoon and

rise to a higher level during the summer months.

Estimation of Mortality

Of the 98 species in the trawl survey, it was only possible to estimate the growth parameters
and mortality for 6 species. These were the most abundant species in the trawl survey, that is,
Leiognathus splendens, L. bindus, Secutor ruconius, Scomberomorus commerson, Otolithes
ruber and Trichiurus haumela. The length frequency data for the other species in the trawl
survey were not sufficient to define their growth parameters, even with the aid of generic

values from the literature as a guide.

Leiognathus splendens

The length frequency analysis gave a range of combinations of Loo and K for Leiognathus
splendens. Using the surface scan option, a “banana” of correlated Leo and K values, with high
goodness of fit resulted, stretching from an Leo of 13 - 16 ¢cm and K values from 1.5-1.0 year™.
These are in agreement with values in the literature. The average values from the literature
were approximately Lo = 14 cm and K = 1.0 year™. Further analysis of the data using the
automatic search routine and the K-scan produced estimates of Loo = 13.2 cm and K = 1.45
year’. Both combinations of growth parameters were used to refine the estimates by allowing

for selectivity producing, for each combination two further estimates of Lo and K plus the
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average values from the literature. Table 2.7 below lists the Loo and K estimates. Z estimates
from the pooled original length-frequency sample were then calculated from the growth

parameters and 95% confidence limits generated.

Using the Beverton and Holt mean length method it was not possible to definitively judge
which of two points were the cut-off length above which all fish could be considered to be
fully selected. For this reason, the calculations were made using both points. The results in
Table 2.7 for the Beverton and Holt method are similar to those of the Length Converted Catch
Curve, although using the slightly higher L. of 6.5 cm produces a Z estimate which is 2.6 times
higher than that obtained by using a L. of 6.0 cm. This indicates that this method is sensitive to

the value used as L..

The catch/biomass estimate of Z is considerably lower than the Z estimates just described: M
=2.61 year” and F = 2.60 year™'. The Wetherall e al. method did not produce realistic values
of Leo and is thus not included with the results. Since the Length Converted Catch Curve and
the Beverton and Holt’s methods give similar results, the average of these, Z =11.3 year", was

assumed to be a representative, if high, estimate of total mortality for L. splendens.
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Table 2.7 Results of the length frequency analysis and mortality estimation for Leiognathus

splendens
Growth Parameters Length Converted Catch Beverton and Holt (1956)
Curve
L.=6.5cm L.=6.0cm
Lo K Z Lower Upper Z VA
(cm) (year'") | (year" CI CI (year™" (year™"
13.0 1.5 11.5 8.9 14.0 14.1 11.3
13.2 1.45 11.7 9.1 14.2 14.1 11.2
13.6 1.0 8.8 6.9 10.7 10.4 8.2
14.0 1.3 12.5 9.9 15.0 14.3 1.3
14.0 1.0 9.6 7.6 11.6 11.0 8.7
Mean Estimate of Z 10.8 - - 12.8 10.2

Table 2.8 Results of the length frequency analysis and mortality estimation of Secutor

ruconius.
Growth Length Converted Catch  Beverton and Powell
Parameters Curve Holt (1956) Wetherall
Plot
L.=45cm L.=45cm
Leo K Z Lower Upper V4 Z
(cm) (year'l) (year") CI ClI (year") (year")
8.4 1.25 7.83 6.75 8.91 6.44 6.78

Table 2.9 Results of the length frequency analysis and mortality estimation of Leiognathus

bindus
Growth Length Converted Catch Beverton and Holt (1956)
Parameters Curve
L.=3.5¢cm L.=4.5cm
Leo K Z Lower Upper Z Z
(cm)  (year”) | (year')  CI CI (vear'") (year™)
12.2 1.2 7.96 6.56 9.37 7.39 8.4
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Secutor ruconius

The length frequency analysis indicated that the growth parameters of S. ruconius lie in the
range of Loo =8.3 - 8.9 cm and K = 1.0 - 1.3 year™. Further analysis produced the optimal
combination of Loo = 8.3 cm and K = 1.3 year™, and, after allowing for selectivity, Lco = 8.4
cm and K = 1.25 year. The latter is in close agreement with the average growth parameter
values for S. ruconius in the literature, Lo=8.4 cm and K=1.41 year'. The Length Converted

Catch Curve gives a Z estimate of 7.83 year™.

The Beverton and Holt method gives a lower estimate of Z then the estimate by Length
Converted Catch Curve and indeed does not fall within the confidence bounds (Table 2.8).
However the Z estimate of 6.78 year™ produced by the Powell-Wetherall plot does lies within
the bounds of the confidence limits of the Length Converted Catch Curve estimate. All three
estimates could be said to be comparable, in the range of 6.5 - 7.8 year™'. The catch / biomass
Z estimate of 3.29 year™ is much lower than this. This is because the estimated fishing
mortality of 0.14 year'I is low, due to the small catch recorded in the landing surveyq. For this
reason, the results from this method were not included in the Table 2.8. The overall total

mortality derived for S. ruconius was Z=7.02 year', the average of the first three estimates.

? This is something of an anomaly since S. ruconius is well represented in the trawl survey. Compared to the high
Z cstimates from the other 3 methods, a higher catch would be expected.



Leiognathus bindus

The analysis of the Leiognathus bindus length frequency data produced an estimate of Z = 7.93
year” . [t was not possible to discriminate any one set of growth parameters from the
length/frequency data alone, although a “banana” of values were identified using the surface
scan routine. The average values from the literature were included however in the optimal
range of parameter combinations and an Leo = 12.2 cm and K = 1.2 year™ were used for the
Length Converted Catch Curve and the Beverton and Holt Method (Table 2.9). Two cut-off
points were used for the Beverton and Holt method, giving an average Z of 7.9 year'. Neither
of the two other methods produced credible results. The catch/biomass method gave no result
because the recorded catch of L. bindus in the Bay is minimal. The Powell-Wetherall Plot

produced a higher Loo of 14.9 cm, but it was not possible to estimate K.

Scomberomorus commerson

There were very few data tor Scomberomorus commerson (123 observations over the 10
month period, with some months having as few as two records). However, the average growth
parameters values from the literature fitted the length frequency data well. These generic
values were used as the growth parameters for S. commerson for the mortality estimation. The

results are given in Table 2.10.

The results are not very consistent. The Length Converted Catch Curve gives a Z value of 5.27

year", intermediate between the two other results. The catch / biomass Z estimate is low, and



65

outside the confidence limits of the Length Converted Catch Curve. However, the Beverton
and Holt total mortality estimate of 9.64 year™ is high. It is dependent on the maximum length
in the sample used, L. The longer length groups are poorty represented in this sample and
were not included in the analysis. Reducing Ly« to the longest well represented length group,
(TL = 24 cm) produces a high estimate of Z. The mortality estimate for S. commerson is thus
very uncertain. The length frequency data give widely different results when different methods

are used.

QOtolithes ruber

It was not possible to discriminate a set of growth parameters with the length frequency data
from the trawl survey. Growth parameters from the 1979-1982 study of San Miguel Bay
(Navaluna 1982), were fitted to the Otolithes ruber length frequency data. However, the fit
was not good and the Loo of 35.5 cm seemed to be too low. In the 1979-1982 length frequency
data, relative age classes up to 6 years old were represented (Navaluna 1982). In the current

data set, the oldest fish in the sample had a relative age, (t-tp) of 2 years.

Other values for Leo and K were taken from the literature and averages calculated as described
above. A combination of Lo of 44.8 cm and K=0.40 year™' gave the best fit to the data, after
allowing for selectivity. The K-scan indicated that there was a reasonable estimate of K, given
Leo. Scanning the data for other fits of Leo and K did not improve the fit so the averages from

the literature were used for mortality estimation.



Table 2.10 Results of the length frequency analysis and mortality estimation of
Scomberomorus commerson.

Growth Beverton and
Parameters Length Converted Catch Curve Holt (1956)
L.=I8 cm
Loo K Z Lower CI Upper CI Z
(cm)  (year') | (year™) (year™)
160 0.2 5.27 2.97 7.56 9.64

Table 2.11 Results of the length frequency analysis and mortality estimation of Otolithes

ruber.
Growth Beverton and
Parameters Length Converted Catch Curve Holt (1956)
L.=6cm
Loo K Z Lower CI Upper CI Z
(cm)  (year') | (year") (year™)
44 8 0.398 4.27 3.69 4.85 4.5

Table 2.12 Results of the length frequency analysis and mortality estimation of Trichiurus

haumela.
Growth Length Converted Catch Curve Beverton and Z=M+F
Parameters Holt (1956)
L.=37.5¢cm
Loo K Z LowerCI  Upper CI Z Z
(cm)  (year') | (year") (year™) (year")
65.3 0.43 1.63 1.34 1.94 1.90 3.84
(0.84+3)
135 0.26 4.40 3.63 5.18 4.68 3.45
(0.45+3)

66
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The Length Converted Catch Curve and the Beverton and Holt method were the only two
methods which produced credible results for the O. ruber data and these are give in Table
2.11. The catch / biomass gave a total Z of over 18 year™'. Whilst the estimates using the other
two methods are high, this is too high to accept as a reasonable estimate. The Powell-
Wetherall Plot produced unrealistic values for Leo, and it was not possible to determine K from
these values. The overall estimate of Z is taken as the average of Z=4.27 year" and Z = 4.5
year”. This value is considerably higher than the 1979-1982 total mortality values of 1.89-

2.67 year’ (Navaluna 1982).

Trichiurus haumela

The analysis of the length frequency data of T. haumela did not enable discrimination of any
one set of parameter values. Growth parameter values for T. /iaumela in the literature are
variable. Loo estimates range from 34.4 to 154 cm and estimates of K from 0.2 to 0.7 year™.
However, although variable, the estimates from the literature fell into three categories: those
where the Loo was less than the Lmax of T. haumela - these were not used; two sets of data
from Manila Bay, the Philippines, with low Le and high K and six estimates with high Leo and
low K from other geographic areas. Their ¢' values are 3.3 and 3.7 respectively. The average
growth parameters for the latter two groups are given in Table 2.12. Essentially, the data
suggest that T. haumela in Manila Bay are smaller, but faster growing fish than those
elsewhere. The mortality analysis was conducted for both sets of parameters and the results are

given in Table 2.12.
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No results were obtained with the Powell-Wetherall Plot because it was not possible to select
any single K-value for a given L. However, the Length Converted Catch Curve and the
Beverton and Holt method gave similar results for both sets of growth parameters, in each case
the Beverton and Holt estimate falling inside the confidence intervals of the Length Converted
Catch Curve. The catch / biomass method gave estimates very similar to one another. These
results are also similar to the Length Converted Catch Curve and Beverton and Holt results for

the slow growing, larger growth parameter set.

The results using the growth parameters which were not from the Philippines produce more
consistent results than those from Manila Bay. However, since both Manila Bay and San
Miguel Bay are shallow, heavily exploited bays in the same geographical area, the Manila Bay
parameters were assumed to be representative of T. haumela in San Miguel Bay. The Manila
Bay growth parameters produce lower Z estimates. These were checked against available

estimates of Z in the literature and were comparable. The mean Z is 2.5 year .

Yield per Recruit Analysis

Yield-per-recruit analyses were carried out for the six species above. Where there was more
than one set of growth parameters and no conclusion about which was best, generic values
were used. The Zs from the Length Converted Catch Curve were used in the analysis since the
selection curves were generated from the Length Converted Catch Curves. The results are

shown in Figure 2.4,
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Figure 2.4 Length-based yield-per-recruit curves, showing yield-per-recruit against
exploitation. The fine vertical line represents the optimal exploitation rate and the thick
line is the current exploitation rate.
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The calculated mortality rates above are high and this is reflected in the yield-per-recruit
curves and the current state exploitation. The results indicate that five of the six species are
overexploited. Optimal exploitation rates are around 0.5 (Gulland 1971) or below 0.5 (Pauly
1984). Actual exploitation rates range from 0.66 (7. haumela) to 0.92 (S. commerson). The
sole species studied which is not overexploited is Secutor ruconius, which is currently
exploited at the optimal rate. Since these species make up a large part of the catch, this
indicates that much of the fishery is overexploited. The exploitation rates of O. ruber, L.
splendens, L. bindus and S. commerson are all more than 50% greater than the optimal rate.
The results confirm the earlier results that there could be great increases in yield if fishing
mortality were reduced, particularly for the leiognathids and O. ruber, principal components of

the trawl survey and catch'?.

Clearly then, fishing is having a large impact on San Miguel Bay. The results of the fishery

analysis are now examined in detail.

' The conclusions drawn from the mortality and yicld-per-recruit analyses are very similar to those of Cinco and
Silvestre (1995). They conducted a similar analysis although they managed to obtain results for a total of 15
species, although in less detail then presented here.
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Analyses of Fishery Data

Estimating Catch and Effort

Effort

The results of Silvestre et al. (1995) are shown in Table 2.13. For each gear type, the number
of gears, number of trips per year and total effort are given. The comparative figures for 1979-
1982 are also given and are shown graphically in Figure 2.5. Three things are immediately

clear:

1. The large, medium and baby trawlers have all substantially decreased, both in absolute
numbers and time spent at sea since the early 1980s' ';

2. The number of gillnet gears has increased by almost 100%, and the effort per unit has
increased;

3. Total effort has increased in the fishery.

Since total effort (in terms of total number of trips) has increased and large-scale eftort has

decreased, the conclusion must be that there has been a substantial increase in effort by the

"' These results contrast with the findings of Smith and Salon (1987) who conducted a survey of key informants in
San Miguel Bay in the mid-1980s. They reported that effort by the medium and baby trawlers had increased by
50% since 1981. They also reported that the number of gillnetters had increased, particularly the number of non-
motorised gillnetters.
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Table 2.13 List of Fishing Gear in San Miguel Bay and a comparison of Gear Number and
Effort in 1979-1982 and 1992-1994.

Gear Type Bicol Name No. of units No. of trips per  Effort (trips per
yvear unit*units)
1979/82 1992/94 1979/82 1992/94 1979/82 1992/94
Large Trawl - 30 | 6 8 180 8
Medium Trawl - 17 4 128 57 2176 228
Baby Trawl - 72 50 128 133 9216 6650
Mini Trawl Ttik-itik 188 260 191 202 35908 52520
Shrimp Gillnet |Lair 651 120 78120
Surface Gillnet |Palataw 470 99 115 182 54050 18018
Bottom-set Palubog/ 288 50 162 208 46656 10400
Gillnet Patundag
Shark Gillnet Pamating/ 30 25 94 107 2820 2675
Pandaracol
Crab Gillnet Pangasag 257 343 174 190 44718 65170
Ordinary Gillnet |Panke 300 538 234 247 70200 132886
Hunting Gillnet |Timbog - 288 - 220 - 63360
Other Gillnet - - 676 - 94 - 63544
Stationary Lift |Bukatot 171 60 53 [15 9063 6900
Net
Crab Lift Net Bintol 71 164 132 192 9372 31488
Set Longline Kitang 103 236 120 156 12360 36816
Handline Banwit 424 316 120 96 50880 30336
Filter Net Biacus 60 260 225 240 13500 62400
Fish Corral Baklad/ 89 123 209 106 18601 13038
Sagkad
Scissor Net Hud-hud/ 634 245 150 168 95100 41160
Kalicot/
Sakag
Fish Trap Bubo 106 225 120 120 12720 27000
Ring Net Kalansisi - 2 - 120 - 240
Pullnet Bitana /Padbit - 3 - 224 - 672
Fish Weir Sabay 5 168 840 -
Stationary Tidal {Ambak 2 | 144 144 288 144
Weir
Beach Seine Sinsoro 11 24 308 308 3388 7392
Spear Gun Antipara 51 95 156 156 7956 14820
TOTAL - 3379 4739 3137 3913 499992 765985

Table compiled from Pauly ez. a!/ (1982), Silvestre and Cinco (1992 ) and Silvestre et. a/

(1995).
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Figure 2.5 Comparison of effort between 1979-1982 and 1992-1994 for 20 types of fishing gear in San
Miguel Bay. Effort is estimated from the number of trips made by each gear type per ycar times the
number of units of each gear type (Silvestre et al. 1995).
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small-scale sector of the fishery. This is seen in the increase in gillnet gears, crab gear, filter

nets and “others” gears.

In addition, it is also apparent that there is an increase in the diversity of small-scale gears. In
particular, the hunting gillnet (timbog) was not listed in the 1979-1982 study, nor were
pullnets, ringnets or some of the other gillnets. It is possible that these gears were present
earlier, but were subsumed into larger categories. However, the hunting gillnet was not

previously described (Pauly er al. 1982, Silvestre et al. 1995).

Catch

The estimated annuai catch for 1992-1994 was 15, 871 tonnes. This is 3, 262 tonnes lower
than the 1979-1982 figure of 19,133 tonnes (Pauly and Mines 1982), and 984 tonnes lower
than the estimate of 16,855 tonnes by Silvestre er al. (1995) '*. These figures indicate that the

total catch in San Miguel Bay has decreased since [979-1982.

The results of the Monte Carlo catch analysis using Crystal Ball are presented in Table 2.14 for
1992-1994 and 1979-1982. Using a 10% uniform input probability distribution for CPUE,
vessels and trips, the 95% certainty range for the catch estimate does not include the estimate

of 16, 855 (Silvestre et al. 1995), or the 1979-1982 mean catch. Similarly, the 95%

' The difference between this estimate of 15,871 and that of Silvestre et al. (1995) is due to different CPUE
values, particularly for the baby trawlers: despite various data manipulations, it was not possible to reconcile
these figures.



Table 2.14 Results of the Monte Carlo Simulation of the catch estimate (tonnes) for 1992-

1994 and 1979-1982.

Year Probability 95% Certainty Range
Distribution
Mean Lower Upper Standard  Range
Limit Limit Deviation Width
1992-1994 |10% uniform
probability 15,872 15,022 16, 806 452.1 2,994
distribution
20% uniform
probability 15,836 14, 556 17,267 691.7 4, 408
distribution CPUE
1979-1982 | 10% uniform
probability 19,078 17,660 20, 605 770 5, 086
distribution
20% uniform
probability 19,080 17,040 21,360 1,090 7, 186

distribution CPUE
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certainty bounds of the 1979-1982 catch estimate (10% uniform distribution for all
parameters) does not include the 1992-1994 mean catch estimate. The 95% certainty ranges of

the two estimates do not overlap at all.

Greater uncertainty was introduced to the analysis by increasing the variation in the CPUE
probability distribution to 20%. This had the effect of widening the range of estimates. In this
case, the 95% certainty ranges just overlapped, but as above, the mean catch estimates for the

two time periods still lie outwith the other’s 95% certainty range.

The Monte Carlo analysis does not reveal how much uncertainty there is in the estimate of
catch: it demonstrates the impact that including uncertainty has on the estimate. The
uncertainty of the CPUE parameter was increased because it was considered to be the most

uncertain parameter.

CPUE was calculated from catch and effort data in the landings survey which took place from
July 1992 1o June 1993. However, not all of the gears, nor all of the specified landing sites,
were systematically covered over the whole of this period. Some months were only represented
by one or two samples (see below). However, although increasing the uncertainty of this
parameter does increase the range of possible values for the catch estimates, it is clear that

there has been a decrease in total catch since the early 1980s (see also Silvestre et al. 1995).
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The Distribution of Catch, CPUE and Effort Across Gears

The distribution of the catch in the fishery in 1992-1994 and 1979-1982 is shown in Figure
2.6. and the distribution of CPUE is given in Figure 2.7. Despite quite wide 95% confidence
limits (using the results from run 2 in Table 2.14), there are very few cases of overlap between
the catch in 1992-1994 and 1979-1982. The only gears where there is some overlap are the
ordinary gillnet (panke ), the shark gillnet (pamating), the crab lift net (bintol) and the lift net

(bukator).

Some considerable changes have occurred in the distribution of catch since the early 1980s.
For instance, the catch of the trawling sector has decreased for all gears. In the case of the large
and medium trawlers, the catch declined dramatically to less than 20% of the 1979-1982
estimate, whilst the catch of the baby trawlers and the mini-trawlers declined to about 50% of
their previous value. The decrease in catch of the large and medium trawlers mirrors the
decrease in effort seen in Figure 2.5. However, a comparison of CPUE (Figure 2.7) indicates
that there was little change in CPUE for the large trawlers and that it increased for the medium
trawlers'®. [n the case of the baby trawlers, there was a decrease in catch, in effort and in
CPUE. However, despite a large increase in effort by the mini-trawlers, there was a marked

decrease in their catch and in CPUE.

' The CPUE estimate is based on one sample per month from July to April, excluding November and January.
The estimated catches for July to September were higher than those in the subsequent months by a factor of 10.
Since the whole year was not represented in the sample, and one sample was taken per month, both the CPUE
figurc and the catch figure for the medium trawlers should be treated as quite uncertain. A CPUE estimate based
on the samples from October to April produce a CPUE of 615 kg per trip, a figure more in line with that from
1980/81.
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The total catch by the gillnet sector increased. This was not due to an increase in the catch of
the ordinary gillnet (panke), the main type of gillnet used in San Miguel Bay. In 1979-1982 the
ordinary gillnet represented 66% of the gillnet catch; in 1992-1994 it represents 37%. There
has been an absolute reduction in the catch and CPUE of the ordinary gillnet, despite an
increase in overall effort since 1979-1982'*. The increase in total gilinet catch noted is largely
due to the use of gears which were not recorded in 1979-1982. For example, there is a large
catch by the hunting gillnet (¢imbog), the shrimp gillnet (lait) and other gilinets. The catch of
the gillnets recorded in 1979-1982 all decreased by 1992-1994, with the exception ot the crab
gillnet (pangasag) and the shark gillnet (pamaring). The increase in the catch by the crab
gillnet is due to an increase in ceffort and an increase in CPUE. Shark gillnet ettort decreased
shightly, but an increase in CPUE appears to have enabled an increase in annual catch. The
catch of the bottom-set gillnet (palubog) and surface gillnet (palaraw) decreased: however,

cttort was also severely reduced (Table 2.13) and CPUE in fact increased (Figure 2.7).

There are three main types of fixed gear in San Miguel Bay, the lift net (hukator), the tish
corral (sagkad) and the filter net (bracus). As noted above, the filter net eftort has increased
stnce 1979-1982, whilst fish corral and lift net eftort have both decreased by about 33%. The
catch of the lift net has also increased, but this tigure is based on only one sample. CPUE of
the filter net and the tish corral both decreased: an increase in ettort by the former produced an

overall increase in the filter net catch, but the catch of the fish corral decreased.

" There is however, an overlap in the 95% certainty ranges for the two time periods.
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The crab litt net (hintol) catch remained relatively constant between 1979-1982 and 1992-
1994, Eftort increased by 300% and CPUE decreased. The catch of the set longline (kitang)
increased trom 25 tonnes in 1979-1982 1o 514 tonnes in 1992-1994. Effort increased by some
300% and CPUE increased from 2 kg per trip to 14 kg per trip. At the same timne, the catch of
the handline (Banwit) decreased to 25% of its 1979-1982 value, eftort decreased by 40% and
CPUE decreased by 50%. The push net (kalicot, huh-hud) catch increased by over 100%'.
The fish trap (bubo) catch decreased by 40%. the effort increased and the CPUE decreased.

However, as with the lift net, these catch and CPUE estimates are based on one sample.

In sum then, the general trend in the distnibution of catch in San Miguel Bay, since 1979-1982,
has been a decrease in the share of the total catch by the large-scale sector and an increase by
the small-scale sector. This is shown more clearly in Table 2.15. The gillnetters almost
doubled their share of the catch whilst the large scale sector, or trawlers” share decreased by
more than 50%. If the mini-trawlers are included in the large scale sector, the decrease remains
as great. With the exception of the mini-trawlers, the catch share of all small scale gears, as

grouped below, has increased.

Mcanwhile the CPUE, and in many cases cttort, of the gears recorded in the 1979-1982 study
has decreased, whilst gear diversification appears to have led to increased CPUE  tor some

non-trawl gears in the small-scale sector.

K3
The catch estimate was based on only one sample however.



Table 2.15  Catch distribution by Gear Group in 1979-1982 and 1992-1994.
Gear Catch (1) % of Catch
1979-1982 1992-1994  1979-1982  1992-1994

Trawlers 6,897 2766 36.1 17.4

Mini Trawlers 4,779 2,165 25.0 13.6

Gillnets 4,855 6,639 254 41.8

Fixed Gear 1416 2,125 7.4 13.4

Line Gear 228 571 1.2 3.6

Others 920 1,605 4.8 10.1

Totals 19.095 15.871 100 100

Table 2.16 The ten most abundant spectes in the Total Catch of San Miguel Bay 1992-1994.

Species

Catch (1)

%0 of Catch

0n-

Accumulative %

Scrgestid shrimp
Orolithes ruber

Penaeid Shrimp*

Trash fish®®

Letognathus equadus
Dendrophysa russelli
Portunus pelagicus
Trichivrus haumela
Stolephorus commersonii
Stolephorus indicus

2736.52
2349.03
1466.77
991.82
925.54
777.14
774.47
664.60
454.02
452.25

17.61
15.12
9.44
6.38
5.96
5.00
4.98
4.28
2.92

291

17.61
32.73
42.17
48.56
S4.52
39.52
64.50
68.78
71.70
74.61

* The Penaeid species are grouped together, following the procedure used in the

1979-1982 study.

** The Trash Fish are unidentitied.

Table 2.17 The ten most abundant families in the Total Catch of San Miguel Bay 1992-1994.

Family Catch (1) "o of Catch Accumulative
Sciacnidae 3332.7 21.5 21.5
Scrgestid Shrimp 2736.5 17.6 39.1
Penacid Shrimp 1466.8 9.4 48.5
Lelognathidae 1452.5 9.3 57.9
Engraulidac 1089.1 7.0 64.9
Trash Fish* 991.8 6.4 71.2
Portunidac 774.5 5.0 76.2
Trichiurnidae 664.6 4.3 80.3
Mugilidae 574.0 3.7 84.2
Carangidae 484.3 3.1 87.3

* The trash fish are unidentified.
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Comparative Analysis of Catch Composition

The species composition of the total catch in San Miguel Bay is similar to the species
composition of the trawl survey data. Table 2.16 lists the ten most abundant specics, which
comprise 75% of the total catch and in Table 2.17, the ten most abundant families, comprising
87% of the catch are listed. The sciaenids and the sergestids are the most abundant of all
groups in the catch, each accounting tor approximately 20% of the total catch. The
lciognathids, trichiurids, engraulids and penaeids are again some of the most abundant

tamilies.

The main difterences between the trawl and catch composition are due to species which are
not sclected by the trawl gear. The sergestid shrimp have the greatest abundance of any single
species represented in the catch. The crab, Porwnus pelagicus. is the sixth most abundant
species. The sergestids however, were not represented in the trawl survey and P. pelagicus
accounted tor less than 1% of the total abundance. There was no “trash ish” category in the

. - . e 1¢
trawl survey, since all fish were identitied .

The catch composition is similar o the 1979-1982 catch composiuon. The catch figures from
1979-1982 and 1992-1994 are compared in Figure 2.8. The categories used for the 1979-1982

data were used for case of comparison. The main decreases in catch oceur in the sergestids, the

engraulids, the clupeids, the mugilids, the squids, the leiognathids and the

" There s another curious difference. Leiognathus bindus was quite abundant i the trawl survey but only a very
minute quantity was recorded in the landings survey. L. equulus was very poorly represented in the trawl survey
(less than 1% of the leiognathid abundance) and vet is apparently caught in large quantities. These difterences
may be due to misidentitication.
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sciacnids. A few groups such as the crabs, carangids, trichiurids, sharks and rays, and Artidac

increased 1n abundance.

The miscellancous/other group in Figure 2.8 decreased by around 20% of the 1979-1982 catch
level. However, the miscellancous/other groups in the 1979-1982 and 1992-1994 data are not
necessanly the same. In the 1979-1982 survey, many species were not identified, but simply
fabeled as “miscellancous™. Pauly (1982a) noted that the large size of the category of
miscellancous species in the 1979-1982 study made it virtually impossible to do species-by-
spectes assessments. He recommended that in future studies a greater attempt should be made
to identity the unidentitied species. This has been largely achieved in the 1992-1994 study.
Because of this, many species appear in the 1992-1994 data that were not recorded in the
1979-1982 data. In Figure 2.8, the 1992-1994 muscellancous/other group is comprised of

. . . - 3 .. -~ wl?
spectes present in 1992-1994 which were not recorded in 1979-1982 plus “trash tish™ .

Ot the species recorded in 1992-1994 which were not recorded in 1979-1982, the greatest
proportion consists of demersal teeders such as the Tetraodontidae and Sillaganidae, and
predators such as eels and Lates calcarifer. Because these species were not recorded in the
1979-1982 data, itis not possible to compare them directly. Some information can be gleaned
from the historical trawl survey data, however. This data indicated that the abundance ot some
groups, such as the Sphyraenidae, the Synodontidae and the Mullidae has decreasced since
1947 (Table 2.6). The abundance of others, such as the Sillaginidae, the cels and the

Tetraodontidae may have increased. The latter three groups now constitute a significant

'" Trash fish include four categories: assorted tish, mixed species, tish meal and trash fish. All other species were
identitied in the survey, at least to the generic level.
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proportion of the total catch with landings of 200 t, 144 t and 84 t respectively. These groups
may thus have increased. Alternatively, the increase in catch of these groups could be
explained by the fact that these species are now sought and marketed, whereas they were not

previously.

Species Composition and Distribution of the Catch by Fishing Gear and Season

[t was noted above that the large-scale share of the total catch has decreased since 1979-1982.
On a species or group by group basis, the same story is told. Table 2.18 shows the distribution
of catch between the large and small-scale sectors. Regardless of whether the total catch for
cach species or group in the table increased or decreased, the small-scale sector share
increased, with one exception. Only the catch of the carangids, which increased in both
sectors, increased proportionately more in the large-scale sector. The smail-scale catch ot the
penacids increased by 83%, the leiognathids to 66%, Owlithes ruber 10 98%, the other
sciaenids to 90%, the Scombridae to 78%6 and the sharks and rays to 74%6. The small-scale

share of the Miscelluncous./other species also increased.

The Large-Scale Sector

The large-scale sector lands 17.4% of the total catch and is less selective than most of the

small-scale gears. The medium trawl and baby trawl catch around 70 specices of tish,

clasmobranchs and crustaceans. Of these, 6% and 19% respectively are trash fish.
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Table 2.18 Distribution of species between the large-scale Sector and the Small-Scale Sector.

Taxon Catch (1) Catch (1) % %
1979/82 1992/94 1979/82 1992/94
LS AN LS SS LS SS LS SS
Sergestid Shrimp 0 4473 0 2736.5 0 100.0 0 100.0
Penaeid Shrimp 462 582| 2489 1217.9] 44.2 55.8f 17.0 83.0
Crabs 120 380 5S5.1  738.7] 240 76.0f 68 932
Squids 235 1s{ 573 21.8] 93.9 6.1 72.5 275
Clupeidace 202 593 62.7 2424 253 74.7) 206 794
Engraulidac 1369 131] 4729 6163 65.2 348 434  56.6
Carangidac 57 2121 1706 313.7) 213 78.6f 352 648
Leiognathidae 2013 741 490.8 961.7| 96.4 3.6f 338  066.2
Mugilidae 329 860 975 476.5{ 27.7 7231 17.0  83.0
O. ruber 410 1594} 509 2298.21 204 79.6f 22 978
Sciaenidae 313 11551 100.1 883.51 213 78.71 10.2 §9.8
Trnichiundace 254 701 181.9 482.71 78.5 21.5) 274 72.6
Aruidac 6 39 8.4 99.0 13.2 88.0( 79 921
Pomadasyidace 21 13 0 1.31 61.5 38.5 0 100.0
Scombridac 28 47 349 1290 379 62.11 21.3 78.7
Sharks and Rays 36 9y 921 263.6] 799 2010 259 7401
Misc. spp. 1041 1389 7429 11664 429 57.11 389 61.1
SUM 6897 12138 2867 126069 36.1 63.4] 185  8IL.5

LS = Large-Scale Scctor (Large, Medium and Baby Trawls plus the Ring Net)
SS = Small-Scale Gears(all other gears)
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Collectively, this is about the same as the amount of trash fish landed by the entire small-scale
sector, but in the small-scale sector, the trash fish only account tor 4% of their total catch. The
baby trawl landing of trash fish s also an increase trom 1979-1982 when 10% of landings
were trash fish.

The top ten species/groups landed by the trawlers account for 80%-85 %% of the catch and
include many of the families listed in Table 2.17. As in the 1979-1982 survey, the main groups
caught are trash fish, leiognathids and engraulids. Figure 2.9 compares the CPUE between
1979-1982 and 1992-1994 tor the baby trawlers. The top ten species/groups from the 1992-
1994 data are shown plus any species/groups which were important in the 1979-1982 data. The
CPUE ot the letognathids, engraulids, sciaemds, mugihids, clupeids and squid all decreased.
Only the trash fish, the tnchiunds, the carangids and sharks and rays increased. There was

Little change in the CPUE of the penacids and the crab, Portunus pelagicus.

The trawl gears operate throughout the year. There is seasonal variation in the catch
composition and the CPUE. The leiognathids, engraulids, carangids and clupeids are most
abundant in the trawl catch during July, August and September, the period of the Southwest
monsoon. During these months, the total CPUE of the baby trawler is an order of magnitude
higher than during the rest of the year'®. The greatest diversity in the catch of the baby trawler
was from December to February, although this could be due to a higher number of samples.

During these months, the trash fish make up the greatest component of the catch (22%-41%).

" Months included in the landings survey tor the baby trawler were: August, September, October, December
(1992)and January, February, March and June (1993). Landings data for July to October and December (1992),
February, March and Apnil (1993) were collected for the medium trawl, and July and August 1992 for the large
trawl.
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The medium trawl catch was also more diverse during these months, although the sample size

did not change.

The Mini-Trawlers

The mini-trawiers land mainly sergestid and penaeid shnmps and they account for almost 14%
of the total catch. There is a strong seasonal aspect to the operation ot this gear. Two ditferent
operations ot the mini-trawler exist, the pamalaw which targets the sergestid shrimp from
October to May (during the months of the Northeast Monsoon) and the pamasayan which
targets penacid shrimp during April to October'™. Penacids comprise §2% of the catch of the
pamasavan, 23" ot the catch are trash fish, and 67 species are caught in total. The pamalaw s
a hittle more selective. It catches 45 species in total, 77% of which are sergesud shnimp and

129%, trash fish.

Figure 2.10 compares the CPUE in 1979-1982 and 1992-1994. The data tor 1979-1982 are
collated, while the data trom 19921994 are compared separately. The total CPUE of the mini
trawl decreased in 1992-1994 (Figure 2.7) and the CPUE of the sergestids and the trash tish
decreased too. The CPUE of the penacids increased from the 1979-1982 value when compared

to the pamalaw, which targets the penaeids, and decreased for the pamasayan.

* The mini-trawler pamaluw and pamasavan differ i the material and mesh size used n the trawl net (Tulay and
Smith 19¥2). It appears that the catch and eftort of the two forms were combined in the 1979-1982 survev. For
comparative purposes, their catch and effort are combined here too. The eftort statistics (Sylvestre ¢r al. 1995)
refer only to the mini-trawlers collectively. Their effort was difterentiated here on the basis of the number of
months ot operation. The pamalaw is the mini-trawler main mode of operation for 7/12 months and the
pumasayan the main mode of operation for 5/12 months.
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Both the mini-trawler pamalaw and pamasayan were sampled from August 1992 to June 1993.
The CPUE from these data confirm that the mini trawl pamalaw operate during the period of
the year when the sergestid CPUE 1s hughest (Figure 2.11), that is, during the Northeast
Monsoon. However, the 1979-1982 CPUE value of 117 kg/trip was not achieved in any month
in 1992-1994. The other species/groups caught by this gear are incidental and their CPUE is
lower from October to May than during the rest of the year. The CPUE of the penacids is more
variable. It peaks in the mini-trawler pamasavan catch in March and in the pamalaw catch in
September. There is no clear indication that the CPUE or abundance of the penacids is higher

during April to October, the perniod when they are targeted by the mini-trawler pamasavan.

The Gillnets

In terms of magnitude of catch and ctfort, gillnets are the dominant sector ot the tishery. They
are diverse in their operation and land 42% of the total catch. Table 2.13 lists cight types of
gillnet, but the actual total ts higher, since some are combined. Between them all, they catch

virtually all species in the catch and operate all year.

The ordinary gillnet, the hunting gilinet and the shrimp gillnet all catch sciaenids, engraulids
and penacids, identified in the list of the top ten species/groups in the total San Miguel Bay
catch. For cach gear, Orolithes ruber is the most abundant in the catch. The shrimp gillnet is

the most selective. Only six species are recorded in its catch. The ordinary gillnet catches 93
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species and the hunting gillnet 68 species. This highly diverse catch is comparable to the
trawler catch. The top ten species/groups in the ordinary gillnet catch account tor 94% of the
catch and the top ten species in the hunting gillnet catch account tor 97%. The CPUE of these
top ten species/groups are shown in Figure 2.12, together with the shrimp gillnet data. They

are compared to the 1979-1982 CPUE for the ordinary gillnet.

[t was noted above that the CPUE of the ordinary gillnet has decreased since 1979-1982. This
was due to a decrease in the CPUE of the sciacnids, the clupeids and the mugilids. Some
groups increased. such as the trichiunds, the Ariidae and the penacids. Others, tor example,
Sillago sihama were not recorded in the 1979-1982 data, but may have been included in the

miscellancous group.

The ordinary gillnet 1s used throughout the year, though effort is higher during the months of
October to March. Figure 2.13 shows the total monthly CPUE and the monthiy CPUE of the
sciaenids and Trichiurus haumela. The CPUE of the sciacnids is relatvely stable, especially
tfrom December to April. There are two peaks in the total monthly CPUE. One is caused by the
sciaenids in October and the other by a large increase in the CPUE of Trichivurus hawmela in
March™. Without the latter, the monthly CPUE of the ordinary gillnet would be relatively flat.
[n almost every month, the sciaenids are the most abundant species in the catch. However, the
average sciacnid CPUE of 1979-1982 was 36 kg/trip and this value is not reached during any

month in 1992-1994 data. The highest sciaenid CPUE is |5 kg/trip in

** This data comes from the landings from 10 vessels, mostly taken towards the end of March. The catch of two
vessels, recorded on the same day, accounts for 3% of the March catch.
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May. Indeed the total CPUE exceeded the 1979-1982 sciaenid CPUE value only once, due to

the large catch of Trichivwrus haumela in March.

The hunting gillnet also operates all year round. The CPUE of the sciaenids is both higher and
more variable than for the ordinary gillnet (Figure 2.14). Here the highest CPUE is reached in
March, almost reaching the 1979-1982 average value™ . The CPUE of Trichiurus haumela
increases during March and April. Otherwise the total CPUE is shaped by the sciaenid CPUE.
[t1s possible that the hunting gillnet was adapted in response to declining catches of the

scraenids.

The main usce ot the shrimp gilinet occurs from December to March, although 40-50% of
respondents in the Fishing Inventory also usce the gear during the other months. The landings
of the shnmp gillnet were sampled during December, February . March and Muyzz. Although
described as a shrimp gillnet, in December and February over 70% of the catch were sciaenids,
mostly Orolithes ruber. In addition, the total CPUE of the sciaenids is almost twice that of the
penacids. The CPUE of the sciaenids declined trom December to May, while the CPUE of the
penacids was between 2-3 kg/trip tor all months sampled except March when it peaked to 10
Kg/trip. The total CPUE of the penacids and the engraulids is higher than tor the ordinary
gillnet or the hunting gillnet (Figure 2.12). This is because of the high CPUEs recorded in the

March sample.

*' However, this value came from one sample only.
= Sampling was rather sparse, with four samples in December and one sample in the other months.
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The surface gillnet and the bottom-set gillnet have surprisingly similar catch compositions.
Both gears catch 67 species in total. The mugihids account tor 76% of the surface gillnet catch
and 67% of the bottom-set gilinet catch. The top ten species/groups in the catch account for
97.5% and 99.5% respectively. Other species in the top ten caught by both gears include
Trichiurus haumela, engraulids, clupeids, penaeids, sciacnids, and trash tish. The CPUEs of
these gears are compared to the 1979-1982 values in Figure 2.15. Although the catch and
ctfort of these gears have decreased, the CPUE of the mugilids increased by around 40% tor
both. The bottom-set gillnet mugilids CPUE 1s twice the CPUE of the mugilids caught by the
surface gillnet. A greater diversity of species ts recorded by both gears in 1992-1994 than in

1979-1982.

The surface gillnet and bottom-set gillnet are basically used year round, although eftort by the
bottom-sct gillnet 1s concentrated during the months of May to September. The landings were
only sampled over 6 months though, and the bottom-scet gillnet was not sampled trom July to
November, part of the period of its main use. There is a decline in the total CPUE of the
surface gillnet from December to May, and an increase in the CPUE of the rays from March to
May. The CPUE of the other species/groups in the catch is vanable with no clear pattern. The
monthly CPUE pattern of the bottom-set gillnet 1s dominated by a large peak in the mugthd
catch in April®. Unfortunately there is no data for March, and the CPUE falls rapidly again in
May. There is thus considerable variability in the CPUE of the mugilids caught by the bottom-
sct gillnet. During January and February, the engraulids and the sciaenids comprise the greatest

part of the catch. But this is the “oft-season” for the bottom-set gillnets.

** Four vessels, on four separate days spanning the whole month, landed the catch which caused thus large CPUE.
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The catch and CPUE of the last two gillnets to be discussed, the crab gillnet and the shark
gillnet increased trom 1979-1982 to 1992-1994. For the crab gillnet, this was due to an almost
100% increase in the CPUE of the portunid crab, Portunus pelagicus, which accounts for
96.5% of the total catch™. Although some crab gillnets are in operation all year, most operate
from May to October-December. Unfortunately, the 5 months during which this gear were
sampled were February 1o June and so only 2 months of its main operation are covered. This
does provide contrast however. From February to May the CPUE ranges from 0.3 kg/trip to
8.6 kg/trip. The June CPUE is 43.3 kg/trip, taken from an average of 29 samples™. The catch,
ctfort and CPUE of this gear have increased since 1979-1982, indicating that this has been one

of the few areas of expanston in the fishery.

The shark gillnet catch 1s composed of the centropomid Lates calcarifer (30%)., the shark,
Carcharhinus melanopterus (24%), the ephppid. Drepane punctata (17°0) and the catfish,
Arius leitocephalus (3°6). The etfort of this gear has decreased slightly since 1979-1982, but
the catch and CPUE increased. This gear was sampled from December 1o May, excluding
April and there are no clear trends in the CPUE. There 1s not much basis for comparison with
the 1979-1982 species data either. The CPUE of the shark group and the Arndae decreased,

but L. calcarifer and D. punciata were not recorded in the 1979-1982 data.

** In the 1979-1982 data, the crubs were not differentiated. Pauly (1982a) notes that the San Miguel Bay crabs
were named Neptunus pelagrcus (SPortunus pelagicus) by Umali (1937). It is assumed here that the crabs in the
1979-1982 catch are predominantly P. pelugicus.

* The implication is however, that the average annual CPUE of the crab gillnet would be higher it it were
calculated from 12 months of CPUE data instead of the 5 months of data presented here. Conscquently, the crab
gillnet catch may be hagher than presented in Figure 2.6. This case could also be made for several other gears. The
confidence himits in Figure 2.6 are intended to represent this uncentainty.
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The Fixed Gears

The fixed gears, the filter net, fish corral and [ift nct, land [3.4% of the total catch (Table
2.15). They all operate throughout the year, although twice the number of filter nets are used
during January and February than in the other months. The filter net is a fine-meshed gear (1-2
cm, Silvestre et al. 1995) and 42.3% of its catch is the sergestid shrimp. The engraulids,
penacids and trash fish account for another 45.5% of the catch. Thirty three species/groups are
recorded in the cateh in total. The top ten species/groups in the filter net catch include eight of
the top ten species/groups in the total catch of San Miguel Bay. In Figure 2.16, the CPUE for
the top ten species/groups 1s compared to the 1979-1982 CPUE values. Most have decreased,
especially the engraulids and the lerognathids. The exceptions are the sergestid shrimp and the
penacid shrimp, which increased. Note that when the sergestid CPUE was examined for the

muni-trawler above, the sergestid CPUE had decreased.

The total monthly CPUE 1s shaped largely by the sergestid CPUE (Figure 2.17). The CPUE of
the sergesuds tluctuated between S and 10 kg/trip from December to May. The CPUE of the
engraulids peak in December and then decrease to zero through March, April and May. In
December and February, the total CPUE is higher than the 1979-1982 average CPUE. In

November, it 1s much lower.

The catch of the fish corral is more diverse that the fiiter net. However, the fish corral cateh,
eftort and CPUE decreased between 1979-1982 and 1992-1994. There are 86 species recorded

in the catch and the top ten species/groups account for 80%. When compared to
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the CPUE of the 1979-1982 catch in Figure 2.18, the most notable change is in the trash fish,
which decrease from 12 kg/trip to 1.4 kg/trip. This decrease and the decrease in the crab,
clupeid and sciaenid CPUE account for the large decrease in total CPUE since 1979-1982. The
CPUE of the carangids, penaeids, engraulids, leiognathids, Trichiurus haumela and mugilids

increased.

There is considerable variabihity in the monthly CPUE of the fish corral (Figure 2.19). About
28 fish corral fishers in the Fishing Gear [nventory usce their gear all year around. However,
around three times this number are in use 1n any one month. The two peaks in total CPUE
occur in November and June, but there are no data for the months between June and
November™. The pattern of gear usage does not reflect these two peaks. The peaks are caused
by the carangids, letognathids and sciacnids in November and the carangids and penacids in
June. The sciaenids and letognathids peak again between March and May and the CPUE ot all

species/groups is variable.

The lift net s also used all year around by almost all operators. The ettort of this gear
decreased considerably since 1979-1982. Unfortunately, only one landing sample was taken
for the Iift net during the landing survey. Its composition contrasts sharply with the 1979-19812
catch composition. In 1979-1982, 80% of the catch were engraulids and 8% clupeids. In 1992-
1994, 88% of the catch are leiognathids, 7% engraulids and 3% clupeids. Given the scasonality

of the catch seen in the gears above, little confidence can be placed in the 1992-

* The sample size for October o February was 1, 2 in Apnl, 3 in March and May and 4 in June.
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1994 data being representative of the annual lift net catch. The lift net is estimated, on the

basis of its CPUE and effort, to land 50% of the fixed gear annual catch®’.

Line Gear

The set longline accounts for 3.2 % of the total catch and the handline accounts for 0.4% of the
total catch. Although a small percentage of the total catch, these gears, particularly the

longline, catch the larger and older fish in San Miguel Bay.

Forty percent of the longlhine catch is composed of the carangids and 30% by rays. The shark,
Cuarcarhinus melanopterus accounts tor another 10%, the eels, Muraenidae and
Muracnesocidae, 129 and the centropomid Lates calcarifer 3% of the catch. The only
comparison that can be made with the 1979-1982 catch is that then, 20% of the longline catch
were carangids and 20% pomadasyids (these were not recorded in the 1992-1994 catch). The

rest of the catch was not identitied (Pauly ¢r al. 1982).

The set longline s used all year around. There is CPUE data for the months of December to
June (Figure 2.20). Again there is considerable month to month variability. In January and
February, virtually only eels are caught and this is the only group which is caught in every
month sampled. Carangids are only caught from March to June. From March to June the catch

1s more diverse.

“Ina parallel survey, designed to monitor fishing operations and conducted by the socio-cconomic component of
the ICLARM project, the hft net was sampled trom January to June 1993 and its specics composition consisted
mostly of engraulids, as in the 1979-1982 survey (Padilla er al. 1995).
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The handline 1s also used year round. Surprisingly, for it is a simple and cheap gear to operate,
the use of this gear has declined since 1979-1982. [t dectined both in total number of gear and
the numbers of trips made per gear (Table 2.13). Its catch in 1992-1994 consists of the sillago,
Sillago sihama, (67%), the tetraodontid, Lagocephalus (24%) and Gobiidae(5%). This
composition 1s derived from only one sample. There is no comparative data from 1979-1982

because the catch then was not identitied into its components.

Other Gears

Other gears include the crab Litt net, fish trap, push net (or scissor net), as well as the stationary
udal weir, beach seine, spear gun, pullnet and ring net. These gears land 10% of the total catch.
The number of push nets decreased since 1979-1982 but the catch increased. As noted above
this catch estimate was based on only one sample, which consisted entirely of sergestids. There
are however, three types of push net. One operates from January to July, one operates all year,
but mainly from September to February and the third operated all year. Combined, the push

nets land 7% of the total catch in San Miguel Bay.

The data for the crab lift net and fish trap are similarly scant. The crab lift net operates all year.
T-wvo landings were sampled and the catch consists of the portunid crab, Scvila serrata. In

1979-1982 the catch was also composed of 100% crabs although it is not specitied whether the
crabs were Scyvlla species or Portunus species. The fish trap is also used all year, but with more
effort during April to September. Its catch was sampled in March and was composed of mostly

of the rabbit fish, Siganus javus and the snapper, Lutjanus russelli. There are no data for the
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catch composition from 1979-1982. The fish trap is the only gear that catches either the

luyanids or the siganids.

There is no information on the catch distribution or seasonal changes in catch for the other

gears listed above. Together, they account tor 2.8% of the total catch.

There 1s no record of discards in the fishery. [t is very likely, as suggested by Pauly (1994) that
there are no discards or by-catch because all catch s used, be it as table fish or fishmeal,
tishfeed or fish sauce. As Pauly notes “most fish caught in Southeast Asia are landed, even

when taken incidentally with shrimp (Pauly 1994:99).

Status of the Major Species in San Miguel Bay

For cach of the top ten tamilies/groups listed in Table 2.17 an assessment 1s made of their
status. A comparison 1s made between the modal fength of fish in the catch and the length at
maturity. For those species with no available length at maturity data, length at maturity s
calculated from the L using an empirical relationship™. Their scasonal abundance is also
described, but this is often confounded by the lack of adequate coverage ot all scasons. Where

. . 29 .
possible, the recruitment pattern™ is compared to the seasonal abundance.

* The cmpinical relatonship was calculated from the species for which there were data on Lx and Ly, It was
deternmuned that Lx was between 1.5 and 2 tmes L, In order to indicate an approximate relationship between
mean length i the catch and L,y it was assumed that L, = 0.5 ®* L.

* The recruitment pattern is determined from the trawl survey data length frequency data. FiISAT (Gayamilo et l.
1996) software was used. FISAT has a routine which estumates the likely number of recruttment peaks from a
length frequency sample. [t is an approximate routine and should be used as a guide only.
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Sciaenidae

The results of the mortality analysis and the yield-per-recruit analysis from the trawl survey
data all indicated that O. ruber 1s a highly exploited species. Its relative abundance in the
fished biomass and the trawl survey CPUE has decreased since 1979-1982. The main gears
which catch sciaenids are the ordinary gillnet (419%), the hunting gillnet (36%), the shrimp
gillnet (14%) and, to a lesser extent in 1992-1994 than in 1979-1982, the baby trawl (4%). The
combined sciaenid catch of these gears has decreased since 1979-1982 and the CPUE of
sciaenids by cach gear has also decreased. In addition, an analysis of the length composition of
the sciacnids (O. ruber) in the cateh of these gears reveals that the trawlers, mimi-trawler,
bottom-set gillnet and filter net catch all of their catch of O. ruber well below the length of
maturity (Figure 2.21). The model length of O. ruber in the catch of the hunting gilinet,
ordinary gilinet and shnimp gillnet, 1s not much greater than the length at maturity. Length at
maturity was calculated from the empircial relationship between L and Ly, in Mathews
(1990). Also shown is the Ly, estimated by Almatar (19923). This is higher than that calculated
from Mathews, and if correct, would imply that virtually all O. ruber are caught below the

length at maturity.

There is no clear scasonal phase of abundance of the sciacenids in Figure 2.22. The CPUE trom
the trawl survey, the ordinary gillnet and the hunting gillnet track cach other well. There may
be two peaks in abundance, one in February/March and the other in September/October, which

coincide with the end and beginning of the Northeast Monsoon.
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The recruitment pattern from the trawl survey length frequency data predicts only onc

recruttment peak.

These results are in accordance with the tindings of Navaluna (1982). What is surprising is
that the catch of sciaenids is as large as it s, more than 10 years after Navaluna concluded that
Otolithes ruber was both over-exploited and that mesh sizes should be increased. Fishing

mortality has not decreased nor mesh sizes increased since 1979-1982.

Sergestidac

Since the sergestids are not caught by traw| gear other than the mini-trawler, their assessment
1s based on information trom the catch analysis. The results indicate that these shrimps are
suffering greater fishing pressure than in 1979-1982. The main gears catching the sergestids
are the mini-trawlers, the filter net and the scissor net. The total catch of the sergestids has
decreased since 1979-1982 and so has the sergestid CPUE of the mini-trawler which catches
almost §0%0 ot the total sergesud catch. The CPUE of the filter net and scissor net increased,
although the latter was poorly sampled. Since the mini-trawler catches the greatest part of the
sergestid catch and its landings were sampled throughout the entire year, the CPUE of this gear
1s a more reliable indicator of change. The scasonality of this species was described above for
the mini-trawler pamalaw (see Figure 2.11.), where the peak in abundance occurred during the

period of the Northeast Monsoon.



Penaeidae

The assessment results for the penacids all indicate that the penacids stocks are doing well.
Thetr abundance in the trawl survey has slightly decreased but the CPUE has remained at
around the 1979-1982 level. Several gears catch considerable quantities of the penacids: the
mini-trawler (27%), shrimp gillnet (19%), other gillnets (16%), baby trawl (15%), the ordinary
gillnet (10%). The filter net and tish corral also catch smaller quantities of sciaenids. In all
cases, the CPUE of the penacids has increased. or remained stable, since 1979-1982" despite
increased eftort by many ot the gears. This contrasts with the results of Pauly's assessment
(Pauly 1982a) of the penacids which indicated that the vield-per-recruit of the penacids would

decrease if fishing mortality was increased.

The monthly CPUESs of the various gears listed above shed hittie light on the scasonality of
abundance of the penacids. The trends shown in Figure 2.23 indicate that there might be peak
in abundance around March and another in September/October. The mini-trawler pamasayan

CPUE describes a single peak however.

Letognathidae

Although the relative abundance of the leiognathids in the trawl survey has not changed since
1979-1982 and the CPUE has increased, other indicators suggest that this group is being

overexploited. Mortality estimates were made for the three main species in the group. All

* The CPUE of the other gillnets 1s not included because it is a composite group of gillnets.
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were very high. The yield-per-recruit analysis indicated that the current rate ot exploitation is
much greater than the optimum rate for two of the three species. The Ieiognathids are caught
by the lift net (62%) and baby trawl (30%) and medium trawl (4%). However, as explained
above, the lift net catch estimate ts highly uncertain. For this reason, the leiognathid catch of
the fish corral (1%) and the filter net (1%) were also examined. The total leiognathid catch
decreased and the CPUE of the baby trawl and filter net decreased. The lift net and tish corral

CPUE increased.

The modal length of L. splendens and S. ruconius in the trawl catch 1s around 6 ¢m and 5 ¢m
respectively in Figure 2.24. Also shown is the length of maturity tor L. splendens and S.
ruconius. Clearly, much of the leiognathid catch is landed before it reaches maturity. There s
no length information for the catch of the hitt net. However, since it is a tine-meshed gear, it 1s
also, as with the filter net, likely to catch undersized fish. As in the case of the sciaenids, the
high proportion ot juveniles in the catch is troubling. However it is possible, since generally,
Juvenile natural mortality is high, that the fishery is catching juveniles that would die anyway,

from natural mortality.

The trends in monthly CPUE shown in Figure 2.25 indicate that there is a large peak in
abundance from August to November. The August part of the peak is caused by the medium
trawlers. There is also a smaller peak in March. The separate recruitment patterns for the three
species predict two peaks in recruitment for L. splendens and L. bindus and one peak for S

ruconius. The monthly CPUE of L splendens and S. ruconius shows two peaks, one in
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October/November and one in March, while there is only one discernible peak in CPUE for L.

hindus in April.

Engraulidae

The relative abundance and CPUE of the engraulids in the trawl survey has decreased since
1979-1982. The total catch has also decreased and the CPUE of the main gears that catch
engraulids has decreased. A range of gears catch engraulids. Almost 40% are caught by the
baby trawl, 20% by the filter net, 16% by the shrimp gillnet, 6% by the lift net, 5% by the

medium trawl and 496 by the ordinary gillnet.

In Figure 2.26 the modal length of Stolephorus commersonin in the catch of the trawl, filter net
and ordinary gillnet is compared to the length of maturity. As in the cases described above, the
modal lengths, and theretfore much, if not all of the catch of some gears, is caught before
maturity. Pauly (1982a) reported that the cod-ends ot trawl nets were covered with a tine-
meshed net of § mm stretched mesh. Length at first capture was estimated 1o be 2-3 cm, well

below the length at maturity.

The monthly CPUE of some of the gears which catch engraulids are shown in Figure 2.27. The
data indicate that there may be a peak in abundance during the summer, the period of the

Southwest Monsoon, and one in December/January, the period of the Northwest Monsoon.
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Portunidae - Portunus pelagicus

It was noted above that the main gear that catches Portunus pelagics is the crab gillnet which
catches 80% of the total catch. The baby trawl, mini-trawler, and several of the gillnets take
incidental catches. The catch and CPUE have increased since [979-1982. In the 1979-1982
study, it was reported that crab fishers had complained that their catches had been decreasing
(Pauly 1982a). However, the available data for 1992-1994 indicate that this species is not over-

exploited and indeed may have increased in abundance since 1979-1982.

Trichiuridae

Trichiurus haumela is another species which is not currently suffering from over-exploitation.
Its abundance and CPUE in the trawl survey has increased since 1979-1982. Relative to the
other species for which mortality was estimated, its mortality is low. The yield-per-recruit
curve places the current rate of tishing mortality at around the optimum level. The total catch
of Trichiurus hawmela has increased and the CPUE of gears which exploit it, the ordinary
gillnet (50% of the catch of Trichiurus haumela), the baby trawl (27%), and the hunting
gillnet (17%) has increased. In addition, as shown in Figure 2.28, these gears catch mature

tish.

The monthly CPUEs from the trawl survey and fishing gears are shown in Figure 2.29. There

15 a definite period of high abundance which ranges from October/November through to
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March/April, the period of the Northeast Monsoon. The recruitment pattern from the trawl

survey length frequency data has one strong peak, lasting 6-7 months.
y leng q y gp g

Mugilidae

The CPUE of the mugilids increased in the two gears that cach catch over 30% of the total
catch of the mugilids. However, all data indicate that the mugilids are overfished. Their
abundance and CPUE in the trawl survey decreased. The total catch decreased and the baby
trawl and ordinary gillnet CPUE of mugilids decreased. It is possible that the bottom-set
gillnet and surtace gillnet fishers have discovered means to improve their catches. In addituon,
since the eftort of these two gears has decreased since 1979-1982, there will less competition
amongst remaining tishers. In Figure 2.30, the modal length of mugilids in the catch are
shown. The length at maturity 1s calculated trom the Loo using the empirical relationship
described above. Although the Ly ts thus only a hypothetical value, it is not likely to be
lower than shown in Figure 2.30, yet the modal length in the catch is lower. The monthly
CPUE data are too sparsely distnibuted through the year to give any sense of scasonal

abundance.

Carangidae

The carangids are a large group, with over 14 species occurring in San Miguel Bay. As a
family the abundance of the Carangidace in the trawl survey has remained stable and the CPUE

has increased slightly. The total catch and catch CPUE  have also increased. The set longline
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lands 42% of the carangids, the ring net*! 19%, the baby trawl 13% and the tish corral 10%.
The modal length in the catch in shown in Figure 2.31. L, was calculated as described above.
For Alepes djedaba, the only carangid for which there were data on the length composition of
the catch, most of the catch is above the estimated length of maturity. As in the case of the
mugilids, the monthly CPUE data of the carangids are too sparsely distributed through the year

to give any sense of scasonal abundance.

Trash Fish

The buby trawlers land 47% of the trash fish (sce tootnote [4), the muni-trawlers 33%,, the
filter net 9%0 and the hunting gillnet 5% of the trash fish. The monthly CPUE data indicate
that there might be a higher catch rate of trash fish tfrom November to MarclvyApril. However,

the data are too scant to make a firmer statement on the scasonal distribution of the trash tish.

Value of the Catch

The top tamilies listed in Table 2.17 are also some of the most valuable in the catches of San
Miguel Bay. In particular, the ex-vessel price of the larger crustacean species, the penacids and
the portunids are the highest in the total catch, which the exception of the Serranidae. The
latter are priced at between 200 and 240 pesos/kg’, while the penacids make an average price
of between 42 and 86 pesos/kg and the portunids between 14 and 122 pesos/kg (Padilla er al.

1995). The sciaenids have an average ex-vessel price of between 12 and 46 pesosikg, the

' There are data for two landings for the ring net in the Catch data from San Miguel Bay trom July.
" At the current, 1997 foreign exchange rate, USS| = 26 pesos: 240 pesos is equivalent to $9.23.



carangids 33 to 60 pesos/kg and the mugilids 27 pesos/kg. The leiognathids, engraulids,
trichiurids and sergestids are all less valuable. The species listed above that were not recorded
in the 1979-1982 catch, such as the Mullidae and the Synodontidae, are some of the lowest

value spectes.

Discussion

Given the assessed status of San Miguel Bay in the carly 1980s, it is hard to conceive that the
fishery could have improved in the intervening years, since none of the recommendations of
the 1979-1982 survey were enacted. In 1982, a 5 year ban on the operation of commercial
fishing boats did commence, yet it apparently only aftected a small number of commercial
operators (Luna 1992), and had little or no effect. All the evidence suggests that, tor most
species, the status of the fishery has worsened. A series of analyses were presented above, and
essentially all confirm that the Bay is highly overexploited. Since there is no time series off
catch and etfort data for San Miguel Bay, much of this analysis was basced on length data from
the trawl survey and comparative analysis with data from the 1979-1982 survey. In the latter,
comparisons were made between the composition of the trawl survey, the catch, CPUE per

gear and etffort changes.

In their emerging tishernies classic, Hilborn and Walters (1992) devote a chapter to length-
based methods in fisheries assessment. They do not hide the fact that they are not enthusiasts

of the approach, and indeed point to many of its difficulties and uncertaintics. Their principal
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point is that obtaining a representative sample, covering all sizes and ages in the population, is
confounded by gear selectivity and fish behaviour, including fish movement, gear avoidance
and distributional changes related 1o ontogenic migration. Many of these concerns have been
addressed by rescarchers, who have examined the sensitivity of length-based methods to some

of these problems (see papers in Pauly and Morgan (1987) for example).

In the San Migucl Bay survey, the Bay was sampled by trawl survey. Since the vast majority of
the Bay 1s sand and sandy-mud. few arcas were maccessible to trawlers. The trawl survey was
distributed throughout the year (with the exceptions noted above) and throughout the Bay (see
Figure 2.2). In the analysis of the length data, the FiSAT program was used to allow for
selectivity by the trawl gear. Only data trom the trawl survey were used to estimate growth
parameters and mortalities. In addition, growth parameters were only estimated for the species
tor which there were visible modes that could be tracked over several months. [t was assumed
that there was no net movement of tish in or out of the Bay, in accordance with the steady-state
assumptions of the length-based methods used”. The implication of this assumption is
discussed below. These measures were taken to ensure, as far as possible, a representative

sample.

In order to estimate mortalitics and yield-per-recruit, the growth parameters were first
estimated using ELEFAN [ The ELEFAN I method was used because it is well tried and

tested (Pauly 1987, Hampton and Majowski 1987, Majowski ef al. 1987, Rosenbery and

Y In tact in all likelihood, emigranon and immigration occur in San Migucl Bay. Pauly (1982b) has described the
nursery role of San Miguel Bay. However, it is questionable, as a consequence of the observed level of fishing
pressure in San Miguel Bay, whether many ot the adult tish escape the Bay before they are captured. The question
of immigration and emigration is returned to in Chapters 3 and 5.
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Beddington 1987), it uses a ume series of data, it has routines which allow for the effects of
selectivity to be accounted for and the results can be used directly in the mortality estimation
using the FISAT software. [n a sensitivity analysis of ELEFAN I, Rosenberg and Beddington
(1987) found ELEFAN [ 10 be sensitive to variation in length at age (assumed constant in
ELEFAN I). In addition, ELEFAN | consistently underestimated the growth parameter K,
unless the true value ot K was known to within 20-25% of its true value. Hampton and
Majowski (1987) concluded that Loc was over-estimated and K underestimated when tishing is
size selective. However, both of these simulation trials were conducted on carlier versions of
ELEFAN I, and the program has since been improved (Pauly 1987, Gayanilo ¢t al. 1996). In
any case, the rational of using the generic values of L and K (estimated from the literature) as
guides in the analysis was (1o overcome such biases and to avoid the problem of the correlation
between Lo and K. Of the large number of species for which there were length frequency data,
growth parameters were only estimated for six, because it was not possible to discrimmate a
growth curve from the data for the other species. Whilst not wishing to appear too contident
about the growth parameters estimated above, there 1s

sufficient certainty that they are in the right “ball park™.

The length-based data and growth parameters were used (o estimate mortality and yicld-per-
recruit. Mortalities were estimated using the Length Converted Catch Curve, Beverton and
Holt’s Mean Length Method, the Powell-Wetherall Plot, and the relationship between fishing
mortality, catch and biomass. The first two methods were considerably more successtul than

the latter two methods. Four methods were used because of the uncertainties assoctated with
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length-bascd methods to estimate mortality. All are based on the equilibrium assumption and

accompanying assumptions.

Hampton and Majowski (1987) found that Z was generally overestimated by the Length
Converted Catch Curve Method and that the greater the variation in growth, the greater the
positive bias. In addition, variation in cohort strength, which is assunied constant, can cause
bias. In the catch curve analysis above, the samples were pooled in order to smooth out

recruitment pulses and thus better simulate equilibrium conditions (Pauly 1987).

Recruiiment variation also causes bias in the Beverton and Holt Mean Length Method (Ralston
1989). A recruitment surge causes a negative bias and vice-versa. As above, pooling samples,
taken over a period of time, reduces the bias. It is also sensitive o the input parameters, Lx,
L.. the length at first capture, and the difference between mean length and L=, or L. The
sensitivity to L. was shown above in the montality estimation for Leiognathus splendens. A L,
0f 6.5 ¢cm produced a Z estimate of 12.8 year™" while a L, ot 6 cm gave a Z estimate of 10.2
year'. [t is however, quite robust against variation i individual length at age since it uses the
mean length (Laurec and Mesnil 1987). Walters and Hilborn suggest that “only the most naive
biologist would use this method with any confidence™ (1992:4253). lts use here is justified since
it was used in conjunction with other methods. The Z estimates from the Beverton and Holt

method were often in agreement with the estimate from the Length Converted Catch Curve.

The Powell-Wetherall Plot was unsuccessful and only produced one useful Z estimate. The

cstimation of M from Pauly's equation produced realistic values, but the estimates of F
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generally resulted in total mortality estimates which were either much greater or much lower
than the Length Converted Catch Curve or the Beverton and Holt estimates. Given the

uncertainty surrounding the biomass estimate (see above), this resuit is not too surprising,.

That length-based methods are more approximate than age-based methods leaves little room
for dispute. Many authors begin their texts with an admonition about these methods, while
recognising that for many fisheries, particularly in the tropics, the only option to not using
length-based methods would be to use no methods at all, and to wait for better data. The same
argument is used here. The hope, in estimating mortality, was not to get pin-point tigures, but

to obtain a sensc of the likely mortality that is imposed on San Migucel Bay fishes.

This was achicved for six important species in San Miguel Bay. Their levels of mortality can
be used as an indicator of mortality levels in the tishery generally. The vield-per-recruit
analysis confirmed that these species, with the exception it Secutor ruconius and Trichiurus

haumela are highly overexploited.

The estimated mortalities are very high. There are at least tour explanations for these high

mortalities.

I. The mortalities are over-estimated for the reasons discussed above, that is the sensitivity of
the methods. (For example, the Length Converted Catch Curve and Beverton and Holt
methods gave Z estimates of between 10 and 12 for Leiognathus splendens while the
Z=F+M mcthod estimated Z to be halt of this value).

2. The Zs are high because of emigration from the Bay.
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The Zs are high because the samples are largely juvenile and they have higher mortality

LI

than adults.
4. The Zs reflect the actual mortalities. Such high Zs are known in other tropical systems. For
example, the mortalities estimated by Tandog-Edralin ¢t af. (1988) for heavily and

moderately fished areas of the Philippines have a similar range.

In essence the actual values of Z are less important than their range. The relevant message 1s
the recognition that the extent ot over-tishing of San Miguel Bay has not improved since 1979-
1982, The results trom the analysis of the trawl survey data and the catch survey data

conclusively give the same result.

The fishery analysis above showed that while eftort had decreased in the large-scale sector,
both diversity and ctfort increased in the small-scale sector. Yet, Sunderlin (1995) reports that
the number of small-scale tishers has remained effectively unchanged since 1979-1982. At that
time, the total ot 5,600 tishers had grown rapidly since 1939 (Bailey 1982). In 1992-1994,
there are 4,800 full-time fishers and 500 part-time fishers™, a slight decrease from the 1979-
1982 figures. Furthermore, although the population of fishing villages has grown, the
proportion of fishing houscholds decreased from 549 to 45% of the total number of
houscholds. There was a greater dependence in tishing houscholds on non-fishing income and
income from females and children (Sunderlin 1994). These socio-cconomic factors indicate
that the increase in small-scale effort and diversity is an eftort by fishers 10 maintain incomes,

not an ettort to cither increase incomes or 1o increase the number of fishers. Sunderlin also

1} - - - < — o - . .
* Sunderhin defines full-ime fishers as those who get all or most of their income trom fishing and part-time
fishers as those who get all or most of their income from a non-fishing source. (Sunderlin 1995).
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reports that 2/3 of small-scale fishers interviewed, complained that their catches had decreased
over the previous two years, 36% said it was the same and 14% said that it was better. Given
that the total small-scale catch has increased shightly and the total number of small-scale

fishers decreased, on average there should be at least no change in catch.

The fishing population has stagnated, the total catch has decreased and the assessed status of
the fishery has worsened since in 1979-1982. However, Padilla et al. (1995) report that
cconomic rents are still made in the fishery. Padilla er af. examined the economic pertormance
of eight gears, the large, baby and mini trawls, the litt nct, filter net, fish corral, pushnet and
gillnet™. They concluded that pure profits were made by the mini-trawler, fish corral, filter net,
gillnets and pushnet, while the baby trawlers and lift nets made negative pure protits (a loss).

In total, they estimated that the total value of rents were equivalent to their value in 1979-1982,

In general the level of investment required to start in the fishery decreased between 1979-1982
and 1992-1994. One exception was the Push Net. The relative increase in the start-up costs for
this gear could explain why the number of Push Nets have decreased since 1979-1982 (Table
2.13). The large increase in the number of filter nets could be related to their relatively low
start-up costs compared to the other fixed gears, trawl gears and gillnets. In additon, the start-
up costs of gillnets, the number of which has substantially increased since 1979-1982,

decreased relative to the start-up costs of the trawl gears, lift net and fish corral.

The dechne in the large-scale trawling sector may be for economic reasons. Padilla er al.

showed that, over a period of 6 months, the large-scale sector made a slight positive income,
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but when opportunity costs were taken into consideration, this sector sutfered a loss. However,
Padilla et al. used catch and eftort figures which are different from those collected in the
landings survey described above. They used catch and eftort figures that were collected ina
soclo-economic survey and monitoring of tishing operations, a survey that was carried out 11y
parallel to the landings and trawl surveys. From this survey, information was collected on
catch, operating expenses, crew remuneration and the dynamics of fishing units over a period

of 6 months tfrom January 1993 to June 1993 (Padilla and Dalusung 1995).

Padilla er al. calculated the catch composition and CPUE for the cight gears monitored in the
socto-cconomic survey. These figures do not correspond well with the results from the
landings survey. For example, the CPUE of the gillnets calculated by Padilla ¢t al. was 9.8
kg/trip, whereas the average CPUE for the gillnets above was 15.8 kg/trip. The discrepancy
between the CPUES for the baby trawl between the two surveys was also very large. Padilla ¢

al. concluded that the baby trawl made a negative pure profit.

In Table 2.19, the net income is caleulated for six of the eight gears using the CPUE and catch

figures calculated from the landings survey above, and the cconomic figures in Padilla et al.

" padilla er al. (1995) combined all gillnets into one category.



Table 2.19 Comparison of the Net Income derived from the catch figures in Padilla er. al
(1995) and the catch figures calculated from the Landings Survey above.

Value Value Costs Ner Net Income
(Pesos™) Pesos (Pesos)  Income  Padilla et. al
Padilla ¢t. al (1993)
(1995)

Fish Corral 3831 §272 3415 417 4857
Filter Net 2713 2300 1031 1683 1270
Mini-Trawler 11620 8361 6053 5567 2307
Baby Trawl 131435 8782 8277 123,158 505
Large Trawl 122944 104, 501 498 122,446 257
Gillnet (combined) 7716 5975 SO11 2705 963

* 26.4 pesos = USSI
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(1995).* The net income figures from Padilla et al. (1995) are also given for comparison.
They are quite ditferent. Only the results for the filter net are comparable. The differences seen

for the other gears are caused by the different catch rates and hence catches.

On the basis of the data presented in this thesis, it cannot be concluded that the trawl gears are
uncconomic. When the catch tigures estimated in this work are used in the cconomic analysis,
the net income is much greater than the net income estimated by Padilla er af.. This s also the
case for the other gears listed in Table 2.19 with the excepuion of the fish corral. Theretore, all

gears must make pure profit, except the tish corral, which may make a negative pure protit.

In summary, 1t could be said that the fishery of San Miguel Bay is in a state ot luissez-faire
anarchy. Management regulations exist, but in practise internal and informal sources regulate
the fevel and type of effort. The main management measures have been mesh size and trawling
restrictions, but neither of these have had much cffect. The results of the analysis of the mean
[ength in the catch of various gears attests to the former. That trawling regulations are not as
cttective as they should be is recognised by Luna (1992), Mike Pido (pers. comm.) and

personal observation of fishers’ complaints.

However, despite dire warnings at the beginning of the 1980s, the fishery still operates, it still
sustains about the same number of fishers and it still generate profits in most sectors of the

fishery examined. There is also greater equity in the fishery. The distribution of the catch and

“I N > .~ - - .

The net income for the Lift net and the scissor net were not re-calculated because the data from the landings
survey are based on one sample and thercfore highly uncertain. In the case of these two gears, the catch data in
Padilla et al. (1995) is morc complete.
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profits has changed with the small-scale sector now taking a larger, and more equitable share.
Many of the species are over-fished, but other species are succeeding, tor example, the
portunid crabs and the trichiurids. The results indicate that, as in the Gult of Thailand, this
fishery is beiny fished down and is following the classic pattern, described by Pauly (1979a).
Other than a severe reduction in effort by all sectors or complete closure of the fishery, itis
difficult, on the basis of this analysis and the lack of adherence to the management regulations,
to make specitic recommendations. The increase in the tine-meshed gears such as the filter net,
and the development ot the hunting gillnet, an active gear, are indications that, despite the

reduction in trawling ettort, this fishery 1s going down a onc-way street.
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Chapter 3

An Ecosystem Model of San Miguel Bay

“The approach we propose is thus to use state and rate
cstimates for single species in a muluspecies context, to
describe aquatic ccosystems in ngorous quanttahive tenms,
duning the (arbitrary) period to which their state and rate
estimates apply.”

Christensen and Pauly (1992a:2)

Introduction

San Miguel Bay has been described as a tropical multispecices fishery with a diverse small-
scale sector and a large-scale sector. The latter has dominated the fishery. until recently. The
Bay has been diagnosed as seriously overfished. but there is little real insight into how to
amchorate this situation, other than to reduce all fishing and prohibit trawling. The number of
trawlers operating in the Bay has already declined by around 50% since 1979-1982, yet there
1s no noticeable improvement in the fishery resource as a consequence. The situation is
complex because the multispecies resource 1s selectively and non-selectively exploited by a

large number of diverse tishing gears.

Little ecological detail about the ecosystem on which the fishery is based is available, yet alone
the impact of the different gear sectors. There are many species in the ecosystem, and some,
probably many, are over-cxploited. Pauly (1982a) speculated on the nature of likely
interactions between some of the species in San Miguel Bay. He noted that the penacids are

predated upon and are in competition with a number of fish species. Since the penacids
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command one of the highest ex-vessel prices in the catch (Padilla et al. 1995), these
relationships are important. Trawling has eftectively reduced the biomass ot many of the
competitors and predators of the penacids, thus promoting the huge surge in penacids seen in
San Miguel Bay, and in other fisheries in Southeast Asia (Pauly 19824, Pope 1979). The
lelognathids, tor example. were and, although they have declined, are the most abundant
species in San Miguel Bay. They are also competitors with the penacids. Arguably, the
penaeids have “profited™ by the decline of the letognathids. Other changes that have occurred
in the spectes composttion of San Miguel Bay since the late 1940s and the carly 1980s were

noted in Chapter 2. Drrectly and indirectly these changes are due to exploitation ot the tishery.

When assessing and managing a multispecies fishery such as San Miguel Bay it would be
unwise not to consider such ecological interactions. Unul recently though, no ecological or
multispecies modelling of San Miguel Bay had been conducted. The data from the 1992-1994
ICLARM survey is used here to construct a simple, lincar mass-balance model of San Miguel
Bay using ECOPATH" (Chrnistensen and Pauly 19924, 1992b, see also Palomares et al. 19954
*). ECOPATH has been applied widely to aquatic systems (sce contributions in Christensen
and Pauly 1993a). It has been used to describe and examine the energy tlows in ecosystems
(e.g.. Jarre-Teichmann et al. In Press, Christensen 1994, 1995) and as a diagnostic tool (e.g.

Pauly and Christensen 1995, 1996).

" ECOPATH 1s available as a DOS version, ECOPATH II (Christensen and Pauly 1992a) and 1 a new Windows
version, ECOPATH 3.0 (ICLARM 1995¢). When this work was undertaken, only the DOS version of ECOPATH
was avilable. When ECOPATH 3.0 became available results were checked and claborations on method made -
see below.

™ Palomares ¢t al. (1995a) made a first attempt at an ECOPATH modcl of San Miguel Bay. However, they relied
almost exclusively on the data and structure of the ECOPATH model for Brunei Darussalam (Siivestre of af.
1995).
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ECOPATH is a mass-balance description of trophic interactions. It is used here to model San
Miguel Bay and to determine and describe the interactions between different components
within the ecosystem. In this way, the major energy flows and pathways in the ecosystem,
upon which the fishery is based, are identified. The state of development or maturity of the
ccosystem is also examined using a series of indices outlined in Christensen and Pauly (1993¢)
and Christensen (1995). In addition, the key areas where information is poor are also
identifiecd. ECOPATH is a means to collate data about a system in a coherent form, cnabling a

better understanding ot the entire system. Knowledge s increased.

That the changes in species composition noted in San Miguel Bay are duce to the direct and
indirect effects of fishing bears little questioning ™. The trawling sector of San Miguel Bay,
and the small-scale sector are equally hikely candidates tor altering the ecosystem ot the Bay.
[n order to directly model the eftects of fishing, the fishery was included in the ECOPATH
modcl as a “top predator™. The fishery was modelled as a large-scale predator and a small-

scale predator, and as a large-scale predator and a series of difterent small-scale predators.

* Environmental effects such as the destruction of mangrove habitats (Vega er ¢f. 1995a.b). siltation (Mendoza
and Cinco 1995), and pollution (Mendoza er al. 1995b) are aiso contributing factors.
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Methods

ECOPATH

ECOPATH is a mass-balance model, developed by Christensen and Pauly (1992a,b) from carlier
work by Polovina (1984). The basic premise of the model is that, over the time period for which
the model is relevant, total production is equivalent to total loss, that is steady-state™. That is, for

LR

cach group 1" in the model:

Production by (1) - all predation on (1) - non-predation losses ot (1) - export ot (1) = 0,

or,

B, P/B,-X,B,* Q/B,* DC,,- P/B,* B,(l -EE,)- EX,=0 (1)
where,

B, = biomass of (1), P/B, = production/biomass of (i), EE, = ccotrophic efficiency of (i), (that

is the proportion of the production that is exported or consumed by the predators in the system.

It should be close to | for most groups''), Q/B, = consumption biomass ratio of (i), DC; =

“ ECOPATH is not restricted to the steady-state. The user can enter a biomass accumulation term, although the
model must maintain a mass-balance.

*' In 2 model that contained more detail on the contribution of vegetation to the ccosystem, a prunary producer
such as reeds may contribute greatly to primary contribution, but not be consumed in the ecosystem. The EE
would thus be close to 0, and detritus accumulation would occur as a result.
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traction of prey (1) in the average diet of predator (j), and EX; = export of (i), (Christensen and

Pauly 1992a).

The ecosystem 1s modelled using a set of simultancous linear equations derived from the

above relationship. Each group in the model is represented by one balanced equation.

BIP/BlEE] - BIQ/BIDCI,I - B:Q/B:DCll ......... BnQ/BnDCn.I - EXI =0

B:P/BzEEz - BIQ/BIDCI.Z - B:Q/B:DC:_: ......... BnQ/BnDCn,Z - EX: =(

B,P/B,EE, - B,Q/B,DC, ,- B,Q/B,DC» ,........B,Q/B,DC, ,, - EX, = 0

This system of lincar equations is solved using matrix algebra. The attractiveness ot the mass-
balance ECOPATH approach is that it is not necessary to know all the parameters tor all the
groups represented in the ecosystem. For cach group in the model there are six input
parameters. The export and the diet composition of cach group must be entered. Ot the four
other parameters, B, P/B, Q/B and EE, three must be entered for cach group*”. Since the lincar

cquations represent a balanced system, they can be solved for the unknown parameters.

The steady-state assumption of the model is justified in the following way. ECOPATH has no

tume dimension. The time period represented by the model is determined by the user. In this way,
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it 1s assumed that there is no net difference between production and loss, over the time period for
which the model is relevant (Christensen and Pauly 1993b). In the case of San Miguel Bay. the

time period is | year.

There are three key steps to modelling with ECOPATH.

L. Aggregate the total number of species in the ecosystem into representative groups. These
groups should reflect similarities in habitat, size and diet and importance in the fishery.
Choose a representative species for cach group, or take the mean of a number of representative

species.

[ ]

Calculate the parameters P/B, Q/B, biomass, EE and diet for euch group. In exploited
ccosystems, the calch is modelled as an export from the system and the annual catch per group
must be entered. The units for the energy related parameters are in t km*. The arca of San
Migucl Bay s taken as 11 1S km* (Garces ef al. 1995b).

Balance the model. 1t is highly unlikely that an ECOPATH model will be perfectly

[9Y)

balanced when the parameters are first estimated. Balancing an ECOPATH model requires
cnough knowledge about the ecosystem to make reasonable adjustments to the original

parameters in order for the model run and balance.

** Under certain conditions, the model will estimate more than one unknown parameter for group(i) if all the
parameters are known for the other groups. Sce Christensen and Pauly (1992a) for further details.
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ECOPATH produces a range of diagnostic statistics. These include gross efficiency (GE),
which is calculated as the rato of its production to consumption, tor cach group, respiration™,
mortality coctticients, a matnix of predation mortality cocfticients, trophic levels, transfer
efticiencies and a varicety of cycle and pathway information. Some of this output can be readily
used to check the validity of a model. For example the EE should not be greater than |; GE
should be between 0.1 and 0.3; there can not be negative flows to detritus and the
respirationybiomass ration (resp/biom) should be less than 100 (Christensen and Pauly 1992,

V. Christensen, pers.comm).

Aggaregating Species into ECOPATH Groups

More than 100 species of fish and crustacea were recorded 1n San Miguel Bay during the 1992-
1994 trawl and landing surveys (Appendix 1). [n order to make the ECOPATH model tractable,
this complexity had to be reduced, by aggregating the species into groups. Following the
guidelines in Sugihara er al. (1984), these species were aggregated into eco-groups, according to
similaritics in habitat, body size, diet and co-occurence in tishing gear. ECOPATH models in

Chnistensen and Pauly (1993a) were also consulted for comparative purposes.

Eleven eco-groups resulted from the aggregation, three of which are crustacean groups (Table 3.1).
The division of some of the groups was straightforward, because of their high relative abundance

in the trawl survey and their importance in the catch. The sergestids and penacids, for example,

* Respiration is calculated in the Ecopath model and is the difference between assimilated food and production. It
corresponds to the biological definition of respiration. If actual data arc available, the model can be tuned to this
data (Christensen and Pauly 1993b).



Table 3.1 Grouping of species found in San Miguel Bay for Ecopath Modecl.
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Ecoputh Fumilvispecies Relative Ecopath Familyv/species Relative
Group Abundunce Group Abundance
Sergesud Shnimp Pelagics 8.24
Penacid Shrimp 5.30 Clupeidac
Dussunueria
Large Crustaccans 0.80 Carangidac
Chirocentridac
Portunid Crabs Scombridae Loligo
Stomatopods
Demersal Feeders 16.86 Sciacnids 7.02
Mullidae Orwolithes ruber
Nemipteridac Dendrophysa
Hacmulidace russells
Priacanthidac Pennahia
Therapomidace macropthalmus
Tetraodontidae Pennalua sp
Bothidae Medium 11l
Apogonidac Predators
Lethnnidae Amdac
Spandac Synodontudac
Sithigamidac Tnchiuridac
Gobbidae Muranacsocidae
Mughdac Sphyracmidac
Sigamdac Fornuonidac
Cynoglossidae Muraemdac
Polynemidae Plotostidae
Platycephalidac Serranidac
Trcanthidae Pscttodidac
Soleidae Luganidac
Lactandac Fiswlandae
Leognatheds 37.85 Opicthidac
L. splendens Large 232
L. clongatus Zoobenthos
L. equluus Feedens
L. bindus Rays
Guzzu minuta Ephippidac
Sccutor ruconius Large 0.31
Predators
S. insidiator Curcharhinus
melanopierus
Engraulids 6.13 Lates calcifer

Stolephorus
commersoniti
Stolephorus
indicus

Thrssa setirostris
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were clear groups, as were the leiognathids, engraulids and the sciaenids.

The large crustaceans group is comprised mostly of the portunid crabs Portunus pelagicus and
Scylla serrata | but also includes stomatopods. P. pelagicus is most abundant and is taken as the

representative species for the large crustaceans.

The demersal teeders is a more diverse group, representing 20 tamilies, and almost 17% of the
trawlable biomass. The most abundant tamilies include the Mullidae, Tetraodontidae,

Nemipteridae and Apogonidae. Others include the Muglidae, Gobiidae and Siganidae.

The pelagics are another mixed group. and account for over 8% of the trawlable biomass*. This
groups includes the Clupeidae, Carangidae, Scombridae and Squids (Loligo sp.) The latter were
included in the pelagics. following Pauly (1985) and Silvestre er al. (1993). Pauly (1985)

compared the growth performance of squid to tast growing scombrids.

The medium predators account tor over 1% of the trawlable biomass and include 13 tamilies.
The most abundant are the Trichiuridae which comprise over 60% ot the total group biomass and
the Synodontidae which comprise 11% of the biomass. Other tamilics include the Sphyraenidac,
Muracenidae, Muranaesocidae and Psettotidace. It also includes, at much lower levels, the

traditional predators of San Miguel Bay, the Ariidae and Serranidac.

* Since pelagic fish are not the main target of demersal trawls, this figure probably underestimates the actual
relative abundance of the pelagics.
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The large zoobenthos feeders are comprised of various species of rays and the Ephippidac. They
represent 2% of the trawlable biomass. The large predators account for 0.3 % of the biomass. They
consist of the shark, Carcharinus melanopterus and the Centropomid, Lates calcarifer.

In addition to the above groups, there are five other eco-groups in the ECOPATH model. These

are the phytoplankton, zooplankton, metobenthos, macrobenthos and detritus.

Parameterising the ECOPATH Maodel

Estimation of the Production Biomass ratio. P/B

The production biomass ration (P/B) is estimated in two ways. The first uses the assumption
that the ratio of annual production to mean biomass (P/B) is equal to the annual instantancous
rate of total mortality, Z, under equilibrium conditions and assuming the von Bertalanfty
growth function (Allen 1971). For the eco-groups for which it was not possible to estimate Z, a
second method to estimate P/B was used. Values of P/B were taken from comparative tropical
shallow marine ccosystems described in the literature, using the available Z estimates as a

guide.

Estimating P/B from P/B=2

There are three estimates of Z for the Ieiognathids (sce Tables 2.7-2.9). Christensen and Pauly

(1992a) recommend using a weighted mean to calculate combined parameters. This producea

a P/B 0f 9.42 year™. There is only one Z estimate for the sciaenids, for Otolithes ruber. Since
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this species represents 65% of the trawlable biomass of the sciaenids, it was taken as
representative, giving a P/B of 4.39 year”. The medium predators are represented by the Z
estimate of 2.5 year™ for Trichiurus haumela . The results of the Z estimation for the pelagics
were inconclusive (Table 2.10) and ranged tfrom 1.04 to 5.26 to 9.64 ycar‘l . Their P/B value

ts estimated below.

Estimating P/B from other Ecosystems.

As a first step, the P/B estimates for the letognathids, the sciaenids, the medium predators and
the pelagics were compared to estimates of P/B for other ecosystems described in Christensen
and Pauly (1993a) and Pauly and Christensen (1993). Comparisons were made between the
San Miguel Bay estimates and estimates from the individual ecosystems, the mean of the
various shelf and lagoon ccosystems and the mean of all ecosystems. The set of estimates that
compared best with the San Miguel Bay figures were those from the Gulf of Thailand.
Although with an arca of 300,000 km* (Pauly 1979a) the Gulf of Thailand is much larger then
San Miguel Bay. the comparison with San Miguel Bay is reasonable. In addition to their
similarity in geographic location, both water bodies have been intensively fished for several
decades and have a similar fauna (Pauly 1979a, Pauly and Mines 1982). The comparison of

estimates, and the final P/B values are given in Table 3.2.

Some of the groups in the Gulf of Thailand model differ from the San Miguel Bay eco-groups.
The Gulf of Thailand intermediate predators include both the San Miguel Bay medium

predators and the sciaenids. The latter are both compared with the intermediate predator
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P/B ratios from the Gulf of Thailand compared to the estimates tfrom San Miguel Bay.

Gulf of Thailund Groups | Gulf of Thailand ~ San Miguel Bay  Final | Sun Miguel Bay
P/B Z estimates P/B Groups
(vear’’) (vear’) (vear’')
Phytoplankton 200 - 200 Phytoplankton
Zooplankton 40 - 67 Zooplankton
Benthos 6.85 - 10 Meciobenthos
Molluscs 5 - 6.8 Macrobenthos
Microcrustaceans 62 - 62 Sergestids
Large Crustaceans 6 - 6.48 Penacids
- - 28 Large Crustaceans
Demersal ZB feeders 6 - 6 Demersal Feeders
Leiognathidae 6 7.5-11.3 9.42 Leiognathids
- - 6 Engraulids
Small pelagics 6 - -
Loligo 3.1 1.04-9.64 5.45 Pelagics
Medium Pelagics 4 - ~
Intermediate Predators 4 2.5 2.5 Medium Predators
- 4.4 4.4 Sciaenids
Large ZB Feeders 1.3 1.3 Large ZB Feeders
Large Predators 2 - 2 Large Predators

ZB = Zoobenthos

Data for the Gulf of Thailand trom Pauly and Christensen (1993)
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estimate. The pelagics from San Miguel Bay include small pelagics, the Loligo and the
medium pelagics. These are treated separately in the Gulf of Thailand data, so the San Miguel
Bay estimate was compared with each of the Gulf ot Thailand P/B estimates and the weighted
mean of the estimates. The San Miguel Bay pelagics P/B values were comparable to all the

other model P/B estimates, because they cover such a large range.

On the basis of the Guit of Thailand P/B figures, the P/B of the demersal feeders is 6 year™',
the large Zoobenthos feeders, 1.3 year™' and the large predators, 2 year”' . However, duc to some
difterences in the way that the species from San Miguel Bay and the Gulf of Thailand were

grouped, the derivation of the other P/B values requires further explanation.

The Gult of Thailand microcrustacea include sergestids and in the absence of other
. e . . - o] . -«
intormation, the microcrustacea P/B of 62 year™ was taken to represent the sergestids of San

Miguel Bay.

The large crustaceans group of San Miguel Bay is composed mostly of portunid crabs whercas
the large crustacea of the Gulf of Thailand includes lobsters and shrimps in addition to crabs.
The P/B estimate from Campeche Bank, Gulf of Mexico (Arreguin-Sanchez ef al. 1993a), a
tropical arca also similar to San Miguel Bay, of 2.8 year” for portunid crabs was uscd to

represent the large crustacea of San Miguel Bay.

There is no P/B estimate for the penaeids from the Gulf of Thailand because they are included

in the large crustacea. However, there are two P/B estimates for penacids in Christensen and
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Pauly (1993a) from Campeche Bank, Gult of Mexico (Arreguin-Sanchez et al. 1993a) and the
southwestern Gulf of Mexico (Arreguin-Sanchez e al. 1993b).The mean of these two

estimates, 6.48 year™', was taken as the P/B of the penaeids in San Miguel Bay.

The engraulids were not modelled as a separate group in the Gult of Thailand data and there
were no P/B estimates in the other available data. In this case, the Gulf of Thailand small
pelagics P/B of 6 year™' was used. This was considered valid since the engraulids are small
pelagics and they are overfished in San Miguel Bay with exploitation ratios greater than 0.5

(Chapter 2, Pauly 1982a).

Since there was no reliable empirical estimate of Z for the pelagics, their P/B was also
estimated from the Guit of Thatland data. The Gult of Thailand P/B values tor the small
pelagics and Loligo both fall within the range ot Z estimates. The weighted average of these,

5.45 year’', was taken as the representative P/B value for the San Miguel Bay pelagics.

The P/B value of 200 year™ for the phytoplankton and the zooplankton P/B of 67 year™ were
taken from Silvestre er al. (1993). The Gult of Thatland P/B estimate for the benthos could not
be used directly since the benthos in the San Miguel Bay model is divided into meio and
macro benthos. The P/B estimate of 10 year™' for the meiobenthos was taken from the only
estimate available, from Celestun Lagoon in the Southern Gulf of Mexico (Chavez et al.
1993). The macrobenthos of San Miguel Bay is composed of 80.5% annelid worms, 3.8%
molluscs (Garces ¢r al. 1995b) and 15.7% of other matter, termed here, heterobenthos. The

macrobenthos P/B was calculated from the weighted mean of the P/Bs for cach of these
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components from the Gulf of Thailand ecosystem The resultant weighted mean P/B was 6.8

vear’', very similar to the benthos estimate of 6.85 for the Gulf of Thailand.

Extimation of Consumption Biomass Ratio, O/B

The consumption biomass ratio is the quantity of food consumed by the biomass of tish in the
population, within a given time period. It 1s estimated here in two ways. Where possible it 1s
denived from the empirical formula described below. For the other eco-groups. comparative Q7B

estimates were taken trom the literature, as described tor the P/B esumates.

Estumating Q. B from an empirical formula

Palomares and Pauly (1989) denved an empirical formula to estimate Q/B, expressed as a duly

rate. The annual form of the equation, given in Christensen and Pauly (1992) 1s:

O/B - 3_06 P \vwv{):‘)ls ™ TC()('I:I ™ Ar()‘lsh ™ 353“d (2)

where,

W = asymplotic weight (g)

T¢ = mean habitat temperature (°C)

Ar = Aspect ratio = (height of caudal fin)*/surface area of caudal fin

Hd = food type (0=camivorous, 1= herbivores+detritivores).



The novelty of this approach is the connection between the readily measurable physical
proportions of the tail, and fish energetics. The Palomares and Pauly (1989) equation was
derived trom a regression analysis of 33 Q/B estimates. Pauly (1989) confirmed these results
using a data sct of 75 Q/B estimates. The regression model explained 75% of the variation in
the data set and Ar, the aspect ratio, explained 50% of the total variance. Equation (2) provides

a simple empirical formula to estimate Q/B, and requires only four., casy-to-estimate

parameters.

The Q/B valuces used by the above authors in their regression analyses were estimated trom an
age-structured model, integrated over the life span of the group (Pauly [986). It requires six
parameters including estimates of growth rate and mortality, in addition to W= and other
constants. However, both Palomares and Pauly (1989) and Pauly (1989), used natural
mortality, M, to model the abundance of various age groups (D. Pauly, pers. comm.). Equauon
(2) 1s thus, strictly speaking, only applicable to unfished systems, where Z=M. The fishery
analysis presented in Chapter 2 clearly demonstrated that San Miguel Bay is very far from an
unfished system, and hence Q/B estimates derived from equation (2) will tend to

. 45
underestimate Q/B™.

This creates a problem because there is no alternative to using equation (2) to empirically
estimate Q/B. There are insufficient data to calculate Q/B from the integral equation for more

than four species, and thus avoid the M=Z assumption. [nstead, a three-step method was

** Since, if Z>M, there will be relatively more young fish in the population consuming more by unit weight than a
population dominated by old fish.
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developed to adjust Equation (2) to include the eftects of fishing mortality and thus counter the

M=Z assumption.

l. Q/B was first estimated for the four species using the intergration model of Pauly (1986)*.
The growth and mortality results from the length-frequency analysis (Chapter 2) and
length-weight parameters calculated from the length-weight data from the trawl survey

47
data™ were used.

tJ

Q/B was estimated from equation (2). The mean habitat temperature in San Miguel Bay
during 1991-1992 was 29°C (Mendoza er al. 1995a). The aspect ratios were kindly
provided by Mr. Francisco Torres Jr., [CLARM. Values of Wx were calculated trom the
trawl survey data. For some species, values or mean values from the hiterature were used.
In almost all cases, these were values tfrom Philippine fisheries.

3. The two forms of Q/B3 estimate were compared tor the four species. The mean ratio
between them was used as a raising factor for the Q/B estimates of the other fished eco-

groups.

Results of Q/B estimates

Estimates of Q/B from the integral equation were made for Leiognathus splendens, L. bindus,

Otolithes ruber and Trichiurus haumela, representing the leiognathids, sciaenids, and medium

* Q/B was estimated using the ICLARM software program MAXIMS (Jarre er al. 1990).
7 See also Cinco and Diaz 1995



predators respectively®. Q/B estimates using Equation (2) were made for all fished groups

apart from the large zoobenthos feeders and the large predators. The results are shown in Table
3.3.
In Table 3.4 the results of the Q/B estimates from the two methods are compared for the tour

species. The mean ratio between them is 1.63.

Q/B Estimatics from the Literature

In order to obtain the Q/B estimates for the rest of the eco-groups in the San Miguel Bay
ECOPATH modcl, comparable Q/B values in the literature were consulted. As for the P/B
estimates, the Q/B estimates derived above™ were compared to Q/B estimates from various
tropical marine ccosystems in Christensen and Pauly (1993a) and Pauly and Christensen
(1993). There was no one ecosystem to which all the San Miguel Bay Q/B estimates were
comparable. For this reason, cach eco-group was considered separately and where possibie,

estimates from southeast Asian coastal areas were used. The results are detailed in Table 3.5,

The Brunei Darussalam (Silvestre 1993) Q/B estumate of 280 ycnr" was used for the
zooplankton. The meiobenthos Q/B estimate (50 ycar") was taken from Celestun Lagoon,

Mexico (Chivez er al. 1993), the same source as the P/B estimate. The macrobenthos Q/B of

“ The Maxims program requires six parameters, Wx, K, the VGBF growth parameter, *b™ the exponent of the
length/weight relationship, Z. total mortality, W, the smallest weight in the population and W, the maximum
weight in the population and B, a constant. W, was assumed to be 0.1 and W, the value recommended by the
program (D. Pauly pers. comm.). B was calculated by first making the model fit the data to the Palomares and
Pauly (1989) estimates of Q/B using M instead of Z. This was an iterative process.

* The Q/B estimates from Equation (2) were used for the comparison.



153

Table 3.3 Input parameters and Q/B estimates from (1) Pauly's Integral Equation and (2)

Palomares and Pauly’s Empincal Equation.

Exponent
ECOPATH | Representative Weo K hrof Ar /B /B
Group Species (g) (vear’) length/ (1) (2)
weight fyvear’) (vear Y
relationship
Demersal Upeneus 145.3™ - 3.00° 2.72 - 4.7
Feeders sulphurus ¢
Leiognathids | Leiognathus 87.5% 1.0* 3.07 2.06 252 14.2
splendens
Letognathus 27.6° 1.2° 2.96° 245 27.6 19.5
bindus _
Engraulids Stolephorous 15.1™ - 3.19° 121 - 15.1
commersoni
Stolephorous 30.5"% - 332" .56 - 14.3
indicus
Pelagics Alepes djedaba - 42,1 - 2.76' 3.18 - 20.5
Sciacnids Orwlithes ruber  898.5"  0.40° 3.06 0.85 1.3 5.0
Medium Arius 4217.8 - 3.02' 1.25 - 5.0
Predators thalussinus P
Saurida tumbil ()Z‘).() -~ 3.02° 0.8 - 5.75
.m
Trichiurus 760.6" 0.43" 2.66" - 7.6 -

haumela

Ar = Aspect Ratios. Values provided by Mr. Francisco Torres Jr., [CLARM.

* Parameter caleulated from length trequency and length weight data from the 1992-1994 trawl survey of San Migucl
Bay (sce Chapter 2).

"Caleulated from L« and length-weight relationship, using L= and, or tength-weight parameters from the hrerature.

L= an average of values from the Philippines, Armada and Silvestre (1980), Corpuz er. af (1985), Silvestre (1986),

Sambilay (1991) and Fredenizon (1993).

? Frederizon (1993) Phibppines

< Murty (1983). India

' Ingles and Pauly (1984) Phalippines
* L= an average of three estimates from the Philippines, Sambilay (1991), Corpus ¢r. o/ (1985) and Padilla (1991).

" Cinco (1982)

‘Corpus ¢t al (1985)

"Cinco (1982)

* Lx an average of values from Menon (1986) India, Wahyuono and Budihardjo (1985) {ndonesia, Bawazeer (1987)
Kuwait and Dwiponggo ¢t. af (1986) Indonesia.

' Bawazcer (1987)

™ L« an average of two estimates from Manila Bay, the Philippines, Tiews ez ol (1972b), Ingles and Pauly (1984).
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Table 3.4 Results of the Pauly (1986) Q/B estimation method compared to the Palomares and
Pauly (1989) regression equation.

Q/B from Pauly Q/B from Pulomares Ratio between the
Species (1986) integral and Pauly (19859) two Q/B estimates
equation
(vear”) (vear’)
Leiognathus splendens 25.2 14.2 1.77
Leiognathus bindus 27.6 19.5 1.41
Orolithes ruber 1.3 5.6 2.02
Trichiurus haumela 7.6 5.7 1.33
Mean Ratio —~ — 1.63

"This is the weighted mean of the Q/B estimates for Arius thalussinus and Saurida tumbil.

Table 3.5 The tinal Q/B estimates corrected tor fishing mortality.

Ecopath Group /B Finul Q/8
(vear’) (vear’)
Zooplankion 192 192
Meiobenthos 50 50
Macrobenthos 25.9 25.9
Sergestid Shrimp 310 506
Penaeid Shrimp 19.2 314
Large Crustacecans 8.5 13.9
Demersal Feeders 14.7 245
Leiognathids - 26
Leiognathus splendens 14.2 25.2
Leiognathus bindus 19.5 27.6
Engraulids 14.7 24
Pelagics 17.9 28.9
Sciacnids 5.6 1.3
Medium Predators 5.7 7.6
Large Zoobenthos Feeders 8.2 11.7
Large Predators 8.4 11.9

Values in italics are those that are changed in the final analysis.
This 1s the weighted mean of the two leiognathid species.



25.9 year” is the weighted mean of the Q/B estimates tor annelid worms, molluscs and “other™

benthos from the Gulf of Thailand and Brunet Darussalam.

There was no Q/B estimate for the sergestid shrimp from the Gulf of Thatland so the estimate
of 310 year for the small crustacea groups from the Brunei Darussalam ccosystem (Silvestre
1993) was used. The Q/B estimate of 8.5 year™ for the large crustaceans group was taken from
the Campeche Bank, Gulf of Mexico (Arreguin-Sinchez er al. 1993a), the same source as the

P/B estimate. The penacid shrimp Q/B was also taken from the Campeche Bank ecosystem.

The Gulf of Thailand Q/B estimates were used for the large zoobenthos feeders and the large

predators.

Q/B was estimated above for the pelagics representative, Alepes djedaba using the empirical
formula. However, A. djedaba represents only 25% of the pelagic biomass. In order to obtain
a more representative Q/B estimate for the pelagics group, literature values were also
consulted. The tollowing Q/B values were assumed tor three other members of the pelagics™,
Loligo, Q/B=25 year™, (Pauly and Christensen 1993); small pelagics (Clupeids and
Dussumierids), Q/B=17.9 year'; (Pauly and Christensen 1993) and other Carangids, mean
Q/B=9.2 ycnr" (Arreguin-Sanchez 1993b, Mendoza 1993). The weighted mean Q/B of these

values and the Q/B of A. djedaba is 17.9 year™.

*® Although 41% of the pelagics biomass is Scomberomorus commerson, only juveniles are found in the Bay (Lo,
reported in this study was 37 ¢cm (TL), Pauly (1982b)). Since Q/B is the mcan consumption biomass ratio over the
life of a fish, S. commerson cannot be used to represent the group.
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The Final Q/B Estimates, Corrected for Fishing Mortality.

The initial and tinal Q/B estimates are listed in Table 3.5. Both the empirically derived and the

literature derived values were raised by 1.63 1o allow for the eftects of fishing.

Estimation of Biomass

The biomass of cach eco-group is estimated trom the biomass estimate in Chapter 2. The
calculation ot biomass 1s made on the basis of the relative abundance of each cco-group in the
trawlable biomass (Table 3.1). However, biomass could only be calculated for those groups
which appear in the trawl survey. For the other groups, except the detritus, no estimate was

made.

Estimation of Detritus Biomass

The detritus biomass was estimated using an empirical relationship derived by Pauly ez al.

(1993). It relates detritus biomass o primary productivity and cuphotic depth.

log, oD =-2.41 +0.954 log,, PP + 0.863 log,E (3)

where,
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D = detritus standing stock (gCm™ (grams of Carbon per square metre)), PP = primary

productivity (¢gCm* year'), E = cuphotic depth (m).

The fit of the regression equation to the data is not very good, but as suggested by Pauly et al.,

it *might be considered sufticient in cases where no other information is available™ (1993:13).

Ricafrente-Remoto and Mendoza (1995) made three estimates of primary production in San
Migucl Bay using the “light-dark bottle technique’, nutnient data and chlorophyll *a” data.
Their results were quite vanable. The results using the nutrient data gave an average annual
value of 391 gCm* vear ', which is comparable to values in the literature.™ This value was

assumed to represent the average annual primary production in San Miguel Bay.
The cuphotic depth s calculated trom the Beer-Bouger Law where,
In (D) -Inl(2)=k (D2)-D(1))
and,
I (1) = 100% irradiance (at the surface), [(2) = 1% irradiance (at the cuphotic depth), D (1) =

depth at surface (Om), D(2) = euphotic depth, k = light attenuation co-efticient.

'k’ is calculated from the relationship k= 1.45/Ds (Walker 1980), where Ds is the secchi depth.

An average secchi depth of 2.4 m was estimated from Figure 3 in Mendoza et al. (1995a). The

*' The “light-dark bottle technique™ produced an average annual PP of 2833.14 ¢gCm* year™, and the chlorophyll
*a’ method an average annual PP of 162.57 gCm™” year”'.
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range was 0 — 10 m. Solving the Beer-Bouger Law for D(2) produces an average annual

cuphotic depth of 1.92 m.

Substituting the primary production value of 391 gCm~ year”, and the cuphotic depth of 1.92
m into equation (3) produced a detritus biomass of 1.98 gCm~. This translates into 19.8 tkm™
using a conversion factor of 10g wet weight = 1gC (as suggested by Christensen and Pauly

1992a:20).

FExport (Catch)

The catch of cach cco-group was calculated from the catch figures in Chapter 2 and expressed

as tkm”, taking the area of San Miguel Bay as | 113km* (Table 3.6).

Fcotrophic Efficiency

The ecotrophie efticiency is a measure of productivity that is not “other mortality™. In other
words, ecotrophic efficiency is the proportion of the production that 1s exported or consumed
by predators in the ecosystem. It has no units and 1s ditficult to measure (Christensen and
Pauly 1992a). Ecotrophic efficiencies of 0.95 are commonly used as approximations

(Christensen and Pauly 19924, 1993, Polovina 1984). This procedure was adopted here.

Input values for the parameters P/B, Q/B. biomass, export and ecotrophic efticiency are given
in Table 3.6.
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Table 3.6 Input parameters for the ECOPATH model of San Miguel Bay.

Ecopath Group P/B QO/B Biomass  Export/Catch EE
(vear')  (vear’) (thkm~) (thm ")

Phytoplankton 200 - - - 0.95
Zooplankton 67 192 - - 0.95
Mciobenthos 10 50 - - 0.95
Macrobenthos 6.8 259 0.107 0.036 0.95
Sergestid Shrimp 62 506 - 2.403 0.95
Penacid Shnimp 6.48 314 0.144 1.677 0.95
Large Crustaceans 28 13.9 0.022 0.854 0.95
Demersal Feeders 6 24.5 0.458 1.273 0.95
Leiognathids 9.42 26 1.03 1.434 0.95
Engraulids 6 24 0.167 1.071 0.95
Pelagics 545 28.9 0.224 1.149 0.95
Sciaenids 4.39 1i.3 0.191 3.388 0.95
Medium Predators 2.5 7.6 0.302 1.090 0.95
Large Zoobenthos Feeders 1.3 11.7 0.003 0.309 0.95
Large Predators 2 11.9 0.008 0.131 0.95
Detritus - - 19.8 - -
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Diet Composition

Empirical data from diet studies conducted in San Miguel Bay exist for five of the 15 cco-
groups represented in the ECOPATH model. For the other eco-groups, information trom the
literature was used to estimate diet composition. The main source of information were dict
compositions from other ECOPATH models in Christensen and Pauly (1993a), although other
sources were also used. Of the ECOPATH models in the literature, two are denived from
similar habitats to San Miguel Bay, that is the models for the Gulf of Thailand (Pauly

and Christensen 1993) and Brunet Darussalam (Silvestre ez al.. 1993). The latter is based on an
carlier model from Malaysia (Liew and Chan 1987). All three models are trom a similar
latitude and longitude to San Miguel Bay and are also shallow. Where possible, the dict
compositions from these two models were used to represent the diet of the eco-groups in San
Miguel Bay. The resultant diet matrix ts shown in Table 3.7, and the details of the derivation

. . .. . . N
for cach group are given below. Diet composition is measured by weight™.

Zooplankton

The Gulf of Thailand and Brunei Darrussalam models had similar zooplankton dicts

comprising phytoplankton (70% and 65% respectively), 30% and 25% detritus and, in Brunci

** MacDonald and Green (1983) discuss three methods by which stomach contents can be measured, %o
occurrence of tood items, numerical abundance of food items and the weight or volume of food items. Therr
analysis demonstrated that the three measures are highly correlated on the first principal component of a PCA,
indicating that there is some redundancy. This results indicates that it is not necessary to take all three
measurements in order to accurately measure stomach content. However, the three measures do measure different
things. Percent occurrence measures the variability in predator dicts. Numerical abundance gives information on
the density dependent prey cating behaviour of predators and can therefore give insight into feeding behaviour.
The weight or volume of food items measures the nutritional value of a prey specices.
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Darussalam, 10% zooplankton. Since there was no basis for choosing any onc sct of values,

the values were averaged over the two systems.

Meiobenthos

The only dict composition data found for metobenthos are from a lagoon in Veracruz, Mexico
(Cruz-Aguero 1993). In the absence of other data, these values were used tor the meiobenthos

in San Migucl Bay.

Muacrobenthos

The macrobenthos in San Miguel Bay is dominated by annelid worms (80.5%). The other
components are 3.8% molluscs and 15.7% “others™ (Garces er al. 1995). Data on dict
composition for annelid worms and molluscs were taken trom other ECOPATH models
(Arreguin-Sanchez et al. (1993a), Arreguin-Sanchez et al. (1993b) Chavez ef al. (1993) and
Vega-Cendejas e al. (1993)) since the two models noted above did not have separate data on
these groups. Data for the “others™ were assumed to be represented by the heterobenthos
groups in the Gulf of Thailand and Brunei Darussalam. For cach group, the average dict
composition across models was calculated. A weighted average, based on the relative
abundance of cach group in the macrobenthos, was taken as the final representative diet

composition for the macrobenthos.



Sergestid Shrimp

Scrgestids are small pelagic crustaceans, essentially zooplankton (Omort 1975) . However,
there is no information on thetr dictary preferences. In all likelihood they will feed on small
herbivorous zooplankton, phytoplankton and detritus. Thus the sergestid shrimp diet is a

“guesstimate” of 40% zooplankton, 50% phytoplankton and 10% detritus.

Penaeid Shrimp

Tiews (1976) provides intormation on the diet of four penacid species in San Miguel Bay (£,
semisculatus, P merguensis, P. canaliculatus and Metapenacus monocerus). Unfortunately
these data were recorded as % occurrence in the stomachs and cannot be used directly since
the diet composition is measured in % weight. However, they can be used as a guide when
using quantitative data from other systems. Data from six ECOPATH models were used
(Abarca-Arenas and Valero-Pacheco (1993). Arreguin-Sanchez er al. (1993a), Arreguin-
Sanchez er al. (1993b) Chavez eral. (1993), Cruz-Aguero (1993) and Vega-Cendejas ¢f al.
(1993)) and the mean diet composition compared to Tiews ¢f al.’s tigures. The resultant dict
compostition is given in Table 3.7 The same food groups appeared in both data sets, although
in Tiew ¢r al.’s data, there was less emphasis on the detritus and more on meiobenthos. This

could be due 1o the difterent methods of measurement.



Large Crustaceans

The large crustacea are composed almost entirely of the swimming crab Porwunus pelagicus.
Diet data from two Mexican systems for crabs of the Callinectes sp. were used (Arreguin-
Sanchez c¢r al. (1993a), Arreguin-Sanchez er al. (1993b)), plus the large crustacea data from
Bruner Darussalam and the Gulf of Thailand. The resultant mean data were compared to some
data from Edgar (1990) and Wassenberg and Hill (1987) who describe the dict of P. pelagicus
as consisting mainly of benthic invertebrates such as bivalves, polychactes and crustaceans.

The dietin Table 3.7 reflects this preference.

Demersal Feeders

This group is composed of 20 fish families, 80% ot which are the Mullidae, Nemipteridae,
Tetraodontidae, Gobiidae and Apogonidac. In order to account tor this diversity and the fact
that there was no direct diet information from San Miguel Bay for any of these species, dict
information tor similar groupings of demersal feeders from the Gulf of Thailand and Brunci
Darussalam ECOPATH models were used in combination with diet data tor some of the
individual families from other ECOPATH models (Abarca-Arenas and Valero-Pacheco
(1993), Arreguin-Sinchez ef al. (1993a), Arreguin-Sanchez et al. (1993b) Chavez ¢r al.
(1993), Cruz-Agucro (1993), Mendoza (1993) and Vega-Cendejas er al. (1993)). The resultant
diet composition shown in Table 3.7 is based on the weighted mean diet of the difterent

tamilies of demersal feeders.



Table 3.7 Dict Composition for the ECOPATH model. Figures in brackets were changed
during the balancing process, figures in bold are the new valucs.

Ecopath ZP  Meiob Macrob Serg  Pen LC DF  Leiog

Group

Zooplankton 0.05 040 0.05 (0.10) 0.10 0.275
0.04

Meiobenthos 0.1 0.05 0.10 0.05 0.050
0.13

Macrobenthos 0.05 040 (0.30) 045 0425
0.38

Sergestid (0.15) 0.i0 0.150

Shrimp 0.04

Penaerd (0.05) 0.05

Shrimp 0.04

Large (-)

Crustaceans 0.01

Demersal

Feeders

Leiognathids

Engraulids

Pelagics

Sciaenids

Medium

Predators

Large

Zoobenthos

Feeders

Large

Predators

Phytoplankton | 0.70 0.05 050 0.05 (-) 0.050
0.00

Detritus 0.25 0.9 0.85 0.10 040 (040) 0.25 0.050
0.36

ZP = Zooplankton, Mceiob = Meiobenthos, Macrob = Macrobenthos, Serg = Sergestds,
Pen = Penaeids, LC = Large Crustaceans, DF = Demersal Feeders, Leiog = Leiognathids,

Some values are rounded to two figures, thus not all columns add up to 1.
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Table 3.7 (cont.) Diet Composition for the ECOPATH model. Figures in brackets were
changed during the balancing process, figures in bold are the new values.

Ecopath Eng Pel Sci MP LZB LP
Group
Zooplankton 0.40 0.50 0.10 (0.10) (0.10)
0.09 -
Meiobenthos 0.05
Macrobenthos 0.15 0.10 0.30 (0.19) 0.9 (0.10)
0.14 0.04
Sergestid 0.25 0.05 0.25 0.15
Shrnimp
Penacid 0.15 0.1 0.15 (0.10) 0.05
Shrimp 0.09
Large 0.05 0.10
Crustaceans
Demersal 0.10 (0.13)
Feeders 0.13
Letognathids 0.11) (0.10)
0.18 0.14
Engraulids (0.20) 0.03 0.10 (0.15)
- 0.16
Pelagics 0.10 (0.15)
0.20
Sciaenids 0.02 (0.05) (0.13)
0.03 0.20
Medium (=) (0.10)
Predators 0.03 0.13
Large
Zoobenthos
Feeders
Large
Predators
Phytoplankton (=)
.20
Detritus 0.05 0.05

Eng = Engraulids, Pel = Pelagics, Sci = Sciaenids, MP = Medium Predators, LZB = Large

Zoobenthos Feeders, LP = Large Predators.
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Leiognathids

Data from Palomares er al. (1995b) indicate that crustaceans formed 46% of the diet of
Leiognathus bindus. but no other food items were identified. There is data on the diet
composttion of leiognathids from Tiews er al. (1972a) which is measured in % occurrence.
These data for L. splendens, L. bindus, S. ruconius and S, insidiator were compared to diet
data tor leiognathids from the Gulf of Thailand and the Brunei Darussalam ECOPATH
models. The diet data recorded by Tiews et al. are qualitatively comparable to the diet data in
the two ECOPATH models. The relative proportions of the ECOPATH models were used and

the resultant diet s given in Table 3.7,

Engraulids

There are some data on the dict compositions of Stolephorus commersonnii and S. indicus
from San Miguel Bay (Palomares ¢f al. 1995b) which indicates that crustaceans and plankton
are an important part of their diet. However, these data are not detailed enough to quantity the
diet of the engraulids. Dicet data were taken from Abarca-Arenas and Valero-Pacheco (1993)
and Arreguin-Sanchez ¢f al. (1993b). About 40% of the diet were crustaceans which fits with

the San Miguel Bay data.
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Pelagics

The pelagics represent six tamilies. Since there were no empirical diet data, data for the
clupeids, carangids, scombrids and loligo were taken from several ECOPATH models
(Arreguin-Sanchez er al. (1993a). Arreguin-Sanchez er al. (1993b), Cruz-Aguero (1993) and
Mendoza (1993)). A weighted average was taken of these groups plus an “others™ groups
representing the rest of the pelagics. Data for the “others™ group were taken trom the pelagics

in the Gult of Thailand and the Brunei Darussalam ECOPATH models.

Sctaenids

The most important food item in the dict of Orolithes ruber is crustaceans, followed by
“other”, then fish (Palomares er al. 1995b). This compares well with the fish and crustacean
components of the diet composition of sciaenids from Venezuela (Mendoza 1993). It was
assumed that the Venezuelan sciaenmid diet 1s representative of the San Miguel Bay sciaenid

diet.

Medium Predators

The medium predators are another diverse group. although over 60% of the biomass is made
up of Trichivrus haumela (Table 3.1). However, there were no empirical diet data for any of
the families represented by the medium predators. [nstead, diet data for the Synodontidae and

the Ariidae were taken from ECOPATH models (Arreguin-Sanchez ¢t al. (1993b), Cruz-
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Agucro (1993), Mendoza (1993)). The medium predators diet was then taken as the weighted
mean of these data plus the medium predator data from the Gult of Thailand and the Brunci

Darussalam ECOPATH models.

Large Zoobenthos Feeders and Large Predators

In the absence of other data, the diets of the large zoobenthos feeders and lurge predators were

taken as the average of the diet compositions described in the Guit of Thailand and the Brunei

Darussalam ECOPATH models.

The ECOPATH Parameters

[t s recognised that some of the parameters that have been determined tor the ECOPATH
model are very approximate. Stull the approach taken here is justified tor three reasons. First,
Hoenig et al (1987:331), writing on the use of indirect rapid assessment and the use of
comparative studies, conclude that comparauve studies can “lead to better theoretical models
and understanding of the systems by suggesting structural relationships which require
explanation™. Secondly, Sugihara er al. (1984:139) suggest that it is possible that coarse
allometric estimates of growth/mortality parameters may be more appropriate for certain
(large-scale) models than are data obtained directly from individuals™. They are suggesting that
coarse, but representative measures of parameters for aggregated groups may be more suitable
than precisely detined parameters for single species. This approach was adopted here for the

more heterogencous eco-groups. Thirdly, if approximate parameter values were not estimated
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or taken from the literature, it would not be possible to even attempt an ¢cosystem model of
San Miguel Bay. Thus, instead of probing and modelling, learning and gaining knowledge,

with assumptions in full view, no knowledge would be gained nor new hypotheses formulated.

The tinal parameters which were used in the first run of the ECOPATH model are given in

Table 3.6 above.

Running and Balancing the ECOPATH Model

[t was noted that ECOPATH models rarely, it ever, balance when first run with derived
parameters. This was indeed the case here. The initial problem with the San Miguel Bay
ECOPATH model concerned the biomass estimates. The model was first run using the
biomass estimates from the trawl survey and the P/B and Q/B estimates. ECOPATH
recaleulates the EE when the other three parameters are entered. Some resultant EEs were
above [, and thus there were also negative flows to the detritus, GEs above 0.3, and some
respiration‘biomass ratios were too high. Essentially, the biomass was too low to support the

catches being removed trom the ecosystem.

This problem was first addressed by entening the EE estimates for all groups apart trom the
detritus, large predators, medium predators and large zoobenthos feeders and atlowing the
model to estimate biomass. This approach was more successful and corrected many of'the

problems noted above. One consequence is that the estimated total fished biomass i1s now three
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to four times higher than the biomass estimated from the trawl survey in Chapter 2. The
approach was refined to the point where only the biomass of the large predators was entered.
Through an 1teration method, the large predators biomass was reduced as much as possible in
order to minimise the total fished biomass. Total biomass is reduced when the biomass of the
top predator is reduced because ECOPATH is a top-down modeling method and all tflows are
scaled to the biomass levels at the top of the food web. Christensen and Pauly (mimeo, Marine
Ecosystem Management: An ode to Odum) used this method to simulate climax ecosystems by
increasing the biomass of top predators, thereby causing increases in biomass at lower levels

of the food web ™.

The fitung critena noted above were used to constrain the model. This entailed several minor
changes in the input parameters, including the diet matrnix. The P/B ratios ot the leiognathids
and medium predators were decreased in order to reduce their GEs below 0.3, Both new values
remain within the confidence limits of the Length Converted Catch Curve estimates of Z in
Chapter 2™, The P/B of the pelagics was increased in order to increase the GE above 0.2. This
was considered reasonable since the Z estimate in Chapter 2 was highly uncertain, and the

value of 5.45 year™ in Table 3.6 is a composite value.

The Q/Bs of the sergestids was decreased by almost 50% in order to reduce their

respiration/biomass ratio below 100. This value approximates the Q/B value of the

** The authors found that when climax ccosystems were simulated, the ecosystem took on many of the properties

redicted by Odum’s theory of ecosystem development (1969), particularly the retention and recycling of detnitus.
* For the leiognathids, the new P/B value of 7.5 year™ is within the confidence limits of the Length Converted
Catch Curve estimate of Z for Secutor ruconius and Leiognathus bindus. However, it only falls within the
confidence limits of one of the Z cstimates for L. splendens (Table 2.7).
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zooplankton of 280 year™. The latter was reduced to the same value as the sergestids, since
both are zooplanktivorcsS *. The Q/B of the sciacnids was also changed. In this case, Q/B was
changed because the value of GE was too high. GE was sct to 0.27, the P/B and EE values
were entered and the model allowed to estimate Q/B*®. This produced a Q/B estimate of 16.3

-1
year” .

Small changes to the diet of the pelagics, medium predators and large predators were made

because their predation mortality on some of the lower eco-groups was too high. Changes were
. &7 . . . . .

also made to the large crustaceans diet” . The new diet composition in shown (in bold) in

Table 3.7.

The balancing of the model was performed manually, iteratively changing parameters in order
to better fit the model. The latest version of ECOPATH, ECOPATH 3.0 contains a routine
which allows the user to input a range of values and ascribe probability ranges to them.
ECOPATH 3.0 then ftits the parameters using various criteria of best fit (ICLARM 19985). The
above parameters were tested using this routine, but essentially, these parameters are the “best

i,

** The proportion of food mntake which 1s not assimilated was also increased from the default value of 0.2 to 0.4,
for these two cco-groups, following Christensen (1994) and Chrstensen and Pauly (1992a), tn order to reduce the
resp/biomass ratio.
** The model was made to estimate Q/B, instead of P/B, because the latter was considered a more robust

aramcter since it was directly estimated from Iength-frequency data in Chapter 2.
" The changes to the large crustaceans dict were made in response to the testing ot a prototype ECOSIM model
(sce Chapter 4), and on the basis of dict information in Wassenberg and Hill (1987).
* Slightly different fits were produced. but included parameters which resulted in GEs above 0.3 and
respiration/biomass ratios above 100.



Results

Some Basic Results

Some of the ECOPATH results are shown in Table 3.8. Figure 3.1 is a box model which
shows the relation of the eco-groups to one another, their trophic position*” and the nature and
strength of the flows between them. The ecosystem so described is one which is more
dependent on its detritus-benthic components than the pelagic components of the ecosystem.
Of the total flow in the ecosystem, 56% originates from the detritus and 44% from primary

producers.

The ccosystem spans more than tour trophic levels. The large predators occupy a trophic level
of 4.1 and the fishery operates at an average trophic level of 4.0. Thus the large predators
occupy a higher trophic level than the fishery. Most of the eco-groups however occur at a
trophic level of between 2.5 and 3.5. Of these, the engraulids and pelagics are mainly
dependent on the pelagic strands of the food web. The others, the sciacnids, letognathids,
demersal teeders, large zoobenthos feeders, large crustaceans and penacids rely on the detritus
toad chains. Given the large number of groups occurring at a similar trophic level, there is
likely to be strong competitive interactions between groups, in addition to predator/prey

relationships.

* ECOPATH calculates trophic levels in two ways (Christensen and Pauly 1992a). In Figure 3.1, tractional
trophic levels are used. Thus, the trophic level of each eco-group is calculated as the weighted average of its
prey’s trophic level. Producers and detritus arc assigned a trophic level of |. ECOPATH also calculates discrete
trophic levels for the entire system using an aggregation routine - sec note 63 below.



Table 3.8 Selected results trom the San Miguel Bay ECOPATH model.
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B P/B Q/B  EE  GL Harvest Trophic Flow to Omnivory Resp/
(thm™) tvear’) (vear’) (tkm*  Level Detritus Index  Biomass
year ! ) ( rkm_',"
vear )

1. ZP 0.757 67 260 0.95 0.258 0 2.05 81.237 0.053 89
2. Meiob 3.973 10 50 095 0.2 0 211 41.718 0.111 30
3. Macrob | 7.786 6.8 259 095 0.263  0.036 271 42.98 0.1y 1392
4. Serg 0.215 62 260 095 0.238 2403 242 23.008 0.266 94
5. Pen 1.286 6.48 314 095 0.206 1.677  2.60 8495 0.303 18.64
6. LC 1.154 28 139 095 020/ 0854 275 3371 0.332 832
7. DF 0.336 6 245 095 0245 1.273 288 747 0.279 13.6
8. Leiogs ).348 7.5 26 0.95 0288 1434 303 1.943 0.132 13.3
9. Eng .39 6 24 095 025 LO71 378 1.987 0119 13.2
10. Pel 0.296 6.65 289 095 023 1.149 2,96 1.809 0.274 16.47
1. Sct 0.972 339 16.3 095 0.27 3388 338 3.374 0.097 8617
12. MP 0.651 22 7.6 095 0.289 1.09 370 1.061 0.188 3.88
13.LZB 0.25 1.3 1.7 09S 0.171 0309 3.08 0.602 0.073 §.06
4. LP 0.095 2 11.9 0.689 0.168  0.131 414 0.285 0.112 7.52

5. Ph:iP 12.825 70 0o 02 - 0 / 717.795 7 -

16. Detritus 198 - - 0.462 - 0 ! - 0.283 -

Figures in itahcs are esumated by ECOPATH.

ZP = Zooplankton, Mciob = Meiobenthos, Macrob = Macrobenthos, Serg = Sergestuds, Pen =
Penacids, LC = Large Crustaceans, DF = Demersal Feeders, Leiog = Letognathids, Eng =
Engraulids, Pel = Pelagics, Sci = Sciaenids, MP = Mcedium Predators, LZB = Large Zoobenthos
Feeders, LP = Large Predators, Ph/P = Phytoplankton.
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The omnivory index in Table 3.8 is a measure of the variability in the trophic level at which
the eco-groups feed (Christensen and Pauly 1992a). A value of 0 indicates complete
specialisation in prey selection. Higher values indicate less specific feeding habits. The
sciacnids and the large zoobenthos feeders have low omnivory indexes. The penaeids, large
crustaceans and demersal feeders have the highest values. This makes sense for the former are
recognised as generalists and the demersal feeders eco-group 1s composed of a large number of
species. However, the omnivory index does not capture well, it at all, the variability of prey
within trophic levels. For example, the prey of the large predators includes (in almost

cqual proportions) demersal teeders, leiognathids, engraulids, pelagies, scraenids and medium
predators plus some macrobenthos. However, the engraulids have a slightly higher omnivory

index, yet they feed on tewer eco-groups, but over a greater number of trophic levels.

Indices of Maturity: Is San Miguel Bay a Mature Ecosvstem?

There are several measures that indicate the level of maturity of an ecosystem. These measures
are adapted from the maturity index of Odum (1969) and systems theory developed by
Ulanowicz (1986). Christensen (19985, 1994) and Christensen and Pauly (1993¢) describe these
measures and relate them to 41 ECOPATH models. Christensen (1995) showed that for most
of these measures, the articulation of the model (the number of boxes) does not matter, when
the models include at least 8-12 boxes. Thus comparisons between models with different

numbers of boxes can be made. Their analyses can be usefully applied to the San Miguel Bay
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ECOPATH results. An attempt ts made here then, to compare, where possible, these measures

tor the 41 ECOPATH models with the San Miguel Bay model.

As ccosystems mature, they should become more dependent on detrital flows than on flows
from primary producers Odum (1969). 56% of the total tlow in San Miguel Bay originates in

the detnitus.

The ratio of the total primary production to total respiration (PP/R) is 2.35. Odum (1971)
proposed that in immature systems, primary production would be much greater than
respiration while in mature systems, the ratio would approach 1. Chnistensen and Pauly tound
that for the 41 ECOPATH models, the modal PP/R value was between 0.8 and 1.6. They
compared this to the work of Lewts (1981) who tound the model value to be between 1.6 and

3.2. The San Miguel Bay value is comparable to latter PP/R values.

The ratio of the total system productivity to total system biomass (P/B) s high i developing
systems and low in mature systems (Margalef 1968). The San Miguel Bay value of 28.7 falls

within the lower range of those in Christensen and Pauly (1993c¢).

Christensen and Pauly concluded that cycling in ecosystems is related to maturtty, as proposed
by Odum (1969). Cycling is quantified in ECOPATH using the Finn Cycling Index (FCI, Finn
1976), expressing the percentage of the total throughput which s actually recycled. The total

throughput is the sum of all flows, that is, consumption, exports, respiratory tlows and tlows to

the detritus. The FCI in San Miguel Bay is 7.5%. When FCI was plotted against system
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overhead®, Christensen and Pauly found that ecosystems with very low cycling, such as
upwelling systems have low system overhead. System overhcead is positively related to the
stability of the ecosystem. It was suggested by Christensen and Pauly that ecosystems with
very high FCI may be less stable because they need to maintain a pattern of intricate flows.
However, Vasconcelles et al. (/n press), compared the response of 8 systems to perturbation,
and concluded that FCI 1s positively related to system maturity. The San Miguel Bay FCI and
system overhead (71.3%) place it at an intermediate fevel (Figure 6, Chnistensen and Pauly

1993¢) which Christensen and Pauly suggest may be opumal.

Christensen and Pauly also plotted the FCl against the PP/R rauo and against mean path
length. The mean path length is the average number of eco-groups that a unit ot flow passes
through on its way from inflow to outflow, and is calculated as Throughput/(Z Export + £
Respiration), (Christensen 1995). Path length will be affected by diversity of flows and
cycling. Since these increase with increasing maturity, it is assumed that long path lengths are
assoctated with mature ecosystem. San Miguel Bay again talls within the range of the 41
ECOPATH models described in Christensen and Pauly (1993¢ Figures 8 and 9) . The mean
path length in San Miguel Bay is 2.89. This would be classified within either the tropical
shelves category or tropical estuaries of Christensen and Pauly. The tropical systems so far

examined, tended to have longer path lengths than the non-tropical ecosystems.

" System overhead is a calculated statistic in ECOPATH. It is the difference between two measures, the
ascendancy and capacity of an ccosystem. Ascendancy is a measure of the average mutual information in a
system, scaled by system throughput. The upper limit of ascendancy is the capacity. The overhead, the ditterence
between these two, is a measure of how much the ascendancy can increase. It is thus a measure of what the system
has in reserve, a measure of its ability to cope with change or stress. [tis a measure of stabiality (Chnistensen and
Pauly 1992a).
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The residence time of energy in the ecosystem is also a measure of maturity (Hannon 1979,
Herendeen 1989). [t is measured as the ratio between the total system biomass and the sum of
all respiratory tlows and export. In San Miguel Bay, the residence ime ts 0.035 years. This
places it at an intermediate level in the overall ranking, by residency ime of the 41 ECOPATH

models in Christensen and Pauly (1993c¢, Figure 15).

Chnistensen (1994, 1995) ranked the 41 models using a maturity index based on seven of
Odum'’s attributes. He then invesugated the behaviour of different goal functions with respect
to this maturity ranking, again using the 41 models. One of the goal tunctions used by
Christensen was ascendancy. Ascendancy is assumed to be a measure of the growth and
development of an ccosystem (Ulanowicz 1986). Growth is measured by the increase in the
cnergy throughput of an ccosystem while development 1s measured by the increase in
information content of the flows in an ccosystem. Ascendancy is calculated then as the
product of the energy throughput and the average mutual information (Christensen and Pauly
1992b, atter Ulanowicz and Norden 1990). Christensen found that there was no good relation
between ascendancy and maturity and concluded that only the growth part of the tunction was
reflected, due to a great variation in the system throughput between ecosystems. He suggests

that the computational aspect of ascendancy should be reconsidered.

However, Christensen (1995) found that another goal function, relative ascendancy was highly,
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but negatively correlated with maturity®'. Relative ascendancy is the ratio of ascendancy to
capacity (the upper limit of ascendancy) and is a dimensionless function. The relative
ascendancy in San Migucl Bay is 28.7. This places San Miguel Bay amongst the 12 most
mature models, ranked by Christensen on the basis of their relative ascendancy values®. The
other top 12 models included the Gulf of Thailand, Brunei Darrussalam, Campeche and

Yucatan, that 1s, other tropical shelf systems.

Compared to the 41 ECOPATH models ranked by Christensen (1994, 1995) and Christensen
and Pauly (1993c¢). the San Miguel Bay ecosystem 1s at an intermediate level to high level of
maturity. The results also indicate that the San Miguel Bay model 1s comparable to the other
model results, giving it some validation. However, there are also some inconsistencies which

are noted below.

“' This result s contrary to Ulanowicz's premisc that ascendancy increases with ccosystem matunity. Christensen

(1995) ofters a rationale “Bearing in mind that the complementary measure to the relative ascendancy s the
system overhead, and that the overheads are a measure of system stability (Rutledge et af. 1976)......this can be
interpreted to mean that the maturity ranking is strongly (positively) correlated wath ecosystem stability™. (see
also footnote 60)

* The relative ascendancy values for the 41 models were kindly provided by V. Christensen
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Some Inconsistencies in the ECOPATH Results

The transter efficiencies (TE) between trophic levels are high, ranging trom 16.9 1o 22.8
(Table 3.9)**. The classic value for TE is 10%, that is, one tenth of the energy that flows into a
trophic level 1s transterred to the next trophic level (Lindeman 1942). ECOPATH calculates
the TE as the ratio between the total exports from and predation on a given trophic level and
the energy throughput or consumption by that trophic level (Christensen and Pauly 1992a).
This detininon includes the fishery as predators of the ecosystem. Herein lies the cause ot the
high TEs. The tishery exerts a very high degree of tishing mortality at trophic fevels 3, 4 and 3
(Table 3.9). Fishing accounts for 40% of the TE at trophic level 3, 72.5% of the TE at trophic
level 4 and 87% of the TE at trophic level 5. The TE at trophic level 6 1s entirely accounted for
by mortality duc to fishing. High tishing mortality 1s also cited by Moreau er al. (1993) o0

explain the high transfer efficiencies found in Lake Victoria,

High fishing mortality does not explain the TE of 17.7 for trophic level 2. However, this value
1s comparable to the TEs at trophic level 2 for other tropical coastal systems such as Brunet
Darrussalam and several coastal ecosystems from Mexico. Itis higher than the Gulf of
Thatland TE however. Christensen and Pauly (1993¢) note that high GEs lead 10 high TEs,

since GE is the TE of the eco-groups . They also note that the high TEs found for several

“' TEs are calculated from the trophic aggregauon routine in ECOPATH. This routine aggregates the ecosystem
into discrete trophic levels and allocates the flows within the ecosystem between these trophic levels. The TEs
thus refer to the discrete trophic levels, not to the fractional trophic fevels in Figure 3.1. With discrete trophie
levels, the eco-groups are not assigned to any one trophic level as was the case with the fractional trophic levels.
Here, 1f 60% of the prey are detritus and phytoplankton and 40% are zooplankton, as in the case of the sergestids
(Table 3.7). then these are the relauve fractions of the flow through the group which are attributed to trophic
levels 2 and 3 respectively. The total flow at cach trophic level is thus the sum of the refative flows over the eco-
groups.
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Table 3.9 Transfer efficiencies, TE, and related indices between trophic levels in San Miguel
Bay.

Trophic Level I i v v Vi
Transfer Efticiency (%) 17.66 21.77 22.75 21.10 16.67
Outflows

Consumption by predators 104.44 13.63 0.85 0.02 0
(tkm"ycar'l )

Consgmption by fishery 3.30 9.10 2.25 0.16 0.004
(tkm"year" )

Sum ot all out flows 107.74 22.73 3.10 0.18 0.004

(lkm'zycar")

Inflowy
Throughpuv Consumption 609.99 104.44 13.63 0.85 0.024
% ol TE due to fishing 3.07 40.03 72.50 86.67 100

mortality
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tropical coastal shelf models may be a result of lack of independence in model construction.
Since these models were used as a basis for some of the input parameters of the San Miguel

Bay model, this reasoning may also help to explain the high TEs tound tor San Migucl Bay.

The TEs indicated that San Miguel Bay is an efficient ccosystem, with respect to the transter
of energy up the food web. The high level of tishing mortality contributes to this overall

cfticiency.

The production/biomass (P 'B) ratios are also high. Some of the P/Bs were derived trom the
mortality estimates in Chapter 2. [t was suggested that the high Zs may be due to tnaccuracy in
the estimation method, that they may be due to export or that they retlect high mortality due to
the fact that a large proportion of fish were juveniles. These explanations remain valid.
However, some of the P/B estimates were taken from the Gulf of Thailand which also has high
P/Bs (Table 3.2). It has been suggested by Margalef that high P/Bs are indicative of
ccosystems which are highly stressed (Rapport er af. 1983). [t stress is equated with hugh levels
of fishing mortality then both the Gult of Thailand and San Miguel Bay would be categorised
as stressed. The key question here is whether there is a significant export factor in San Miguel

Bay. This question is addressed below.

The biomass estimates from the trawl survey data (Chapter 2) were not large cnough to
support the fishery. In order to make the ECOPATH model balance, it was necessary to allow
the model to estimate biomass. The resultant biomass estimates diftered from the btomass

. - . -’
estimates from the trawl survey. The total fished biomass in the trawl survey was 2.72 tkm™.
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The biomass estimated by the ECOPATH model was 5.78 tkm™, about twice the trawl survey
estimate. This was estimated from a large predator biomass of 0.095 tkm™, 10 times the trawl
survey estimate ot 0.008 tkm ™. The ECOPATH total fished biomass estimate is within the
confidence limits of the trawl survey estimate (Table 2.4), although 1t was noted that the
biomass estimate from the trawl survey was rather imprecise, that is, its contidence limits were
wide. In addition, the trawl survey did not include the months of July and August. Data on
catch rates indicate that biomasses are very high during these summer months. Thus, if the
trawl survey had included data tor the entire 12 months, the biomass estimate would have been
greater than 2.72 tkm . The total ECOPATH fished biomass estimate is also comparable to the
total tished biomass estimates from other ECOPATH models. For example, the total tished
biomass in the Gulf of Thailand was 9.35 tkm™ (Pauly and Christensen 1993), Brunei
Darussalam 10.53 tkm™* (Silvestre eral. 1993) and in Malaysia was 4.02 tkm™ (Liew and Chan
1987). The San Miguel Bay estimate is at the lower end of this range. In terms of the total

fished biomass theretore, the ECOPATH estimate is acceptable.

However, the relative abundance of the eco-groups in the trawl survey and the ECOPATH
model are different (Figure 3.2). There are some serious discrepancies. The ditterences are
due 1o two factors. First, not every eco-group is equally available to the trawl survey. It is not
possible for a survey designed with only one type of gear to target all species equally.
Theretfore some species will be under or over represented in the trawl catch. Secondly,
ECOPATH uses catch estimates to estimate biomass. That is, ECOPATH calculates the

biomass required to support a given catch: the greater the catch, the greater the biomass



Legend for Figures 3.2, 3.4-3.6

ZP = Zooplankton,
Meiob = Meiobenthos,
Macrob = Macrobenthos,
Serg = Sergestids,

Pen = Penacids.

LC = Large Crustaceans,
DF = Demersal Feeders,
Leiog = Leiognathids,
Eng = Engraulids,

Pel = Pelagics,

Sci = Sciacnids,

MP = Medium Predators,

LZB = Large Zoobenthos Feeders,

LP = Large Predators,
Ph/P = Phytoplankton,
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Figure 3.2 Comparsion of (a) biomass estimates and (b) relative abundance from the
ECOPATH model and the San Miguel Bay 1992-1994 Trawl Survey.



186

estimate™. The catch estimates in San Miguel Bay are derived trom the landings of over 20
ditferent types of fishing gear, all targetting different groups. Relative catches are theretore
quite different from the relative abundance in the trawl survey and, consequently, the relative
abundance of the ECOPATH estimates of abundance are quite ditferent too. The large
crustaceans, for example, are hardly represented in the trawl survey, while they have a large
catch, mostly by the crab gillnet. Similarly, the large predators are poorly represented in the
trawl survey, but are caught in relatively large numbers by the set longline gear. Given these
kinds of differences, it seems unlikely that ECOPATH could reproduce the relative abundance

of a trawl survey from catch derived biomass estimates.

Sensitivity Analvsis

A sensitivity analysis of the input parameters was pertormed using a routine within
ECOPATH designed for this purpose. Each of the basic input parameters is varied by -50% to
+50% 1n steps of 10%. The impact of this on the other missing input parameters is estimated

as:

(Estimated parameter - Original parameter) / Original parameter.

The general result for all the eco-groups is illustrated in Figure 3.3. Here the sensitivity of the

model to the sciaenid parameters is shown. There are several things to note.

"‘ Reducing the catch of the sciacnids 0 0.5 tkm™* for example, reduces the biomass estimate trom 0.972 tkm” to
0.221 tkm™
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. The P/B and EE input parameters have the same impacts on the other parameters,

9

Reducing P/B and EE by 50% has a greater eftect than increasing them by 50%,

Changing the input parameters of most eco-groups, affects only that cco-groups,

(Y]

4. The model results are not very sensitive to the Q/B input parameters.

Thus most of the sensitivity in the model is the sensitivity of the biomass estimates to the P/B
and EE parameters. There are some exceptions. The phytoplankton biomass is sensitive to the
zooplankton P/B and EE paramecters. The meiobenthos biomass is extremely sensitive to its
P/B and EE rauo and Q/B ratio. The sergestids P/B and EE impact on the biomass of the
zooplankton and the EE of the phytoplankton. The sciacnids, depicted in Figure 3.3, have the
widest ranging eftfects. The biomass of the large crustaceans, meiobenthos, macrobenthos,
sergestids and penacids undergoes at least a 30% increase when the P/B or EE ot the sciaenids

is reduced by 50%.

In general then, the model is robust, although it would be improved by a better empirical base
tor the P'B and EE paramcters. This is especially pertinent given the discussion ot high P/B

- ns
ratios .

“* This further legitimates the procedure in the balancing of the model, where the model was allowed to estimate
the Q/B of the sciaenids rather than the P/B. Allowing the model to estimate Q/B, produced a lower /B and a
much higher sciacnid biomass.
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detatils see the text.

PB = Production/Biomass, QB = Consumption/Biomass, EE = Ecotrophic Efficiency
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Trophi¢c Impact Routine

ECOPATH has a routine that enables the impact of increasing the biomass ot one eco-group
on the biomass of the other ecogroups to be studied. Thus it begins to be possible to ask “what
tf 7" questions. The trophic impact routine originates in economic input/output theory.
Leontiet (1951) developed a method to examine the direct and indirect interactions in the
cconomy of the USA, using what has become known as the Leontief Matrix. The economic
theory was adapted to ecology by Hannon (1973) and Hannon and Joiris (1989). Ulanowicz
and Puccia (1990) used a similar approach and their methodology is incorporated into

ECOPATH (Christensen and Pauly 1993b).

The results of the trophic impact routine are given in Figure 3.4, All eco-groups respond
negatively to an increase in their own biomass, due to increased competition within the eco-
group for resources. The eco-groups with the greatest impact on other groups are the detritus,
phytoplankton, zooplankton and macrobenthos. The detritus has a positive impact on all
groups apart from the phytoplankton. The phytoplankton has a positive impact on the
zooplankton, scrgestids, letognathids, engraulids, pelagics, sciaentds, medium predators and
large predators. The zooplankton has also has a positive impact on the sergestids, letognathids,
engraulids, pelagics, sciacnids, medium predators and large predators, and a negative impact
on phytoplankton. The positive impact of the phytoplankton on these groups is probably duce to
its positive impact on the zooplankton. The macrobenthos has a positive impact on all groups

apart from the zooplankton, meiobenthos, sergestids and detritus.
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None of the other eco-groups have comparable impacts. This would suggest that the San
Miguel Bay ccosystem is largely controlied by the lower trophic levels. Considering that the
fishery has long since reduced the biomass of the top predators (Chapter 2), this result is
reasonable. It was noted in Figure 3.1, that many ot the eco-groups are clustered around
trophic level 3. An increase in the biomass of any of these groups, the leiognathids for
example, leads to an increase in the medium predators and the large predators. The biomass of
the other eco-groups at this trophic level, the demersal feeders, leiognathids, engraulids,
pelagics decreases. The sciacnids and the penacids also decrease. These groups probably
decrease through the combined etfects of predation by the large predators and the medium
predators and competition between trophic level 3 groups. An increase in the biomass of the
medium predators [eads to a decrease in most of the other ¢co-groups and a small increase in
the large predators. When the biomass of the large predators is increased, it produces small
decreases in all the tish groups and small increases in the three crustaceans groups. This

behaviour, and the behaviour noted above, resembles a trophic cascade (Carpenter er al. 1985).

The three crustacean groups, the sergestids, penacids and large crustaceans each decrease in
response to an crease in the biomass of the other two crustaceans. This indicates that there is
competitive interactions between these three groups. Only the engraulids, pelagics, sciacnids

and medium predators respond positively to an increase in any of the crustacean groups.

The trophic impact routine describes a fishery that is more affected by the lower trophic levels
than higher trophic levels. It has a large number of eco-groups at trophic level 3 which are in

competition with one another for resources. These include two to three crustacean groups
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which also compete with one another. The top predators in the system do impact on the
intermediate groups, releasing lower eco-groups tfrom predation pressure. Some trophic
cascade eftects are apparent. On top of this ecosystem, there s the fishery. The tishery always
Increases in response o an increase of any of the eco-groups, including those which are not
fished. The fishery benefits from the unfished groups because of the positive impact these
groups have on the higher trophic levels. An increase in the fishery has a negative impact on
all of the fished groups, except the sergestids and penacids which benefit trom the reduction in
predation and competition. The zooplankton and macrobenthos also increase for the same

reasons.

Introducing the Fishery into the ECOPATH Model as Large —Scale and

Small-Scale “Predators”

The trophic impact routine indicates that the fishery has a big impact on the ccosystem. The
fishery is composed of many gear types (see Chapter 2) which are specifically designed to
target certain fish or crustacean groups. Ditferent fishing gears would therefore be expected to
have difterent effects on the ecosystem. This is examined in more detail. Instead of including
the fishery in the ECOPATH model simply by including catches as export, the fishery 1s

broken down into gear groups and included as predators within the model structure.

The validity of this approach has been questioned (McGoodwin 1991). McGoodwin discusses

the equating of fishers as predators in ecological systems and concludes “Ecosystemic models
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which conceptualize humans as any other predator in a marine environment. ... .. assert or at
lcast imply erroncous parallels between human fishers and other marine predators by inhering
questionable assumptions about the nature of the relationships between the human tishers and
therr prey™ (1991:68). McGoodwin's premise is that humans and their marine prey have not
co-evolved as predators and prey within the marine ecosystem have, humans are not recycled
into the ecosystem, the link between human predator and marine prey does not include marine
prey predating on humans at a different life cycle stage, and fishers predate on the marine

environment tor more and different reasons than marine predators predate.

This approach is nonctheless justitied here because 1t is used 10 order to understand the etfects
of fishing on the ecosystem of San Miguel Bay. Itis not used to predict or manage the
behaviour of fishers. ECOPATH 1s a static model and the dynamie teedback cycles envisioned

by McGoodwin do not apply here.

Method

In order to include the fishery in the ECOPATH model as predators, certain assumptions are
made conceming the input parameters of the “fishery predators™ (Villy Christensen, pers.
comni.). First, their biomass is arbitarily designated to be e consumption is the catch and
production is the quantity of fish landed. Unassimilated food 1s equated with discards, and thus

flow to detritus, and respiration, the energy required by the system can be equated with fish

* Thus 1s valid since biomass simply opcrates as a multiplier in the lincar system of cquations.
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consumed aboard the vessel. The diet composition of the “fishery predators™ 1s equivalent to

their catch composition.

The harvest in Table 3.8 is thus now “consumed” by the “fishery predators™. There is no
export from the original eco-groups. Instead, all exports are exported via the “fishery
predators™. The total export from the ecosystem remains the same. In eftfect, a fishery is fishing
the “*fishery predators™. This is a ploy to fool the model; it does not aftect the computation of

flows. although it does add an extra trophic level to the system.

The fishery was modelled as “fishery predators™ in two ways. First, the fishery was included as
a large-scale predator and a small-scale predator (LS-SS predator model). The large-scale
predators include the large, medium and baby trawlers, and the small-scale predators include
all the other fishing gears (see Chapter 2). In order to examine the impact of the small-scale
sector in greater detatl, it was then subdivided into the gear groups shown in Table 3.10 (LS-
SSgears predator model). This model consisted of one large-scale predator and cight small-

scale predators. The input parameters for the “fishery predators™ are also shown in Table 3.10.
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Resulits

The results ot the LS-SS predator and LS-SSgears ECOPATH models for the biological eco-
groups are as described above®’. The results for the “fishery predators™ are shown in Table
3.10. The EE and GE are | since consumption and production are equivalent and there is no

respiration.

The trophic levels at which the small-scale fishing gears fish are variable. The gears which fish
at the highest trophic levels are the ordinary gillnet and the hunting gillnet The mini-trawler
and the fine meshed gears fish at the lowest trophic levels. The former target sciaenids and the
latter sergestids and penacids. The large-scale sector fishes at an intermediate trophic level. It
has a non-specific target catch. The small-scale sector collectively fishes at a lower trophic

level than the large-scale sector.

The “fishery predators™ have very low “omnivory indices™, indicating that they do not tish
across many trophic levels (¢, Table 3.8). This s particularly true for the crab gear which has
an omnivory index of 0.002 and catches almost 100% crabs. The hunting gillnet, mini-trawler
and ordinary gilinet also have low indices. Of the small-scale gears, the highest omnivory
index 1s incurred by the “other gear™. This makes sense since it is a composite group of gears,
which vary from handlines to beach seines to spear guns. The “other gillnets™ and the tine

meshed gear also have higher omnivory indices. The small-scale sector has a much higher

“” In some cases there are very slight ditferences. For example the EE is estimated in the fishery predator model
because all other parameters for the biological eco-groups are entered. The estimated EE tor some groups is 0.949
or 0.951 instead of 0.95. These difterences are due to rounding differences in the input parameters and the
calculations.
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Table 3.10 Input parameters and results for the two “fishery predator™ ECOPATH models, LS-
SS predator and LS-SSgears predator.

FISHING INPUT PARAMETERS RESULTS
GEAR
Trophic  Omnivory
Biomass P/B Q/B  Export Harvest  EE GE  Level Index
(thm™) (vear /) (_vear'/) (thm™  (thm*
vear’') vear”)

Other Gear I 068 068 0.68 0.68 l ! 4.20 0.164
Fixed Gear ! 1.23 .23 1.23 1.23 I 1 4.05 0.024
Crab Gear I 066 0.66 0.66 0.66 1 1 3.75 0.002
Fine Mesh I i.83 1.83 1.83 1.83 I 1 3.58 0.112
Gear
Other Gillnets ! 275275 275 275 [ i 4.00 0.116
Ordinary l 2.37 237 237 237 I I 4.31 (.088
Gillnet
Hunting ! 1.51 t.51 1.51 £.51 [ ] 4.33 0.040
Gillnet
Mini-Trawler I 1.56 1.56 .56 1.56 ! l 3.54 0.070
Large Scale ! 2.23 223 223 223 l ! 4.09 0.095
Small Scale ! 1259 12,59 1259 12.59 | 1 3.98 0.172

Other Gear = Set Longline, Handline, Fish Trap, Ring Net, Pull Net, Fish Weir, Beach Scine,

Spear Gun.

Fixed Gear = Lift Net, Fish Corral.

Crab Gear = Crab Gillnet, Crab Liftnet.

Fine Mesh Gear = Filter Net, Scissor Net.

Other Gillnets = Shrimp Gillnet, Bottom-Set Gillnet, Surface Gillnet, Shark Gillnet, *Other

Gillnets™.

Large Scale = Large Trawlers, Medium Trawlers, Baby Trawlers.

Small Scale = All small-scale gear, including Mini-Trawliers.
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omnivory index than the large-scale sector, thus signifying that it fishes at a wider, if lower,

range of trophic levels.

Thesce results could be anticipated from the fishery analysis presented in Chapter 2. More
interesting is the impact on the ccosystem of increasing fishing ettort. This can be simulated
using the trophic impact routine. Bearing in mind that this is a qualitative excrcise, it is
nonctheless possible to obtain a sense of the response of the eco-groups to an increase in
fishing. The results of the trophic impact analysis of the LS-SS predator model are shown in
Figure 3.5, and the results for the LS-SSgear predator model are given in Figure 3.6.

The two graphs in Figure 3.5 are drawn to the same scale. As would be expected, there are not
many posiiive responses to an increase in fishing by ceither sector. [tis immediately obvious
however, that the small-scale sector has a much greater impact than the large-scale sector. The
small-scale sector has a bigger impact on all the eco-groups except the leiognathids and the
engraulids. The sciaenids sutfer a large decrease when the small-scale sector is increased while
they increase shightly when the large-scale sector is increased. The small-scale sector also
indirectly impacts the non-fished groups, the zooplankton and macrobenthos, in the modet.
The latter increase in response to an increase in the small-scale sector. This manitestation is
likely to be a response to a decrease in the biomass of their predators. The small-scale sector

. . 68
also has a greater negative impact on the large-scale and small-scale sectors themselves™ .

* This result should be interpreted with caution. The fishery is not subject to the same kind of feed-back eycles
that the cco-groups incur (McGoodwin 1991).
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Figure 3.5 Results of the Trophic Impact Routine when (a) the small-scale sector and (b)
the large-scale sector are increased. The eco-groups on the x-axis are responding to the
increase. The impacts are relative but are comparable. See text for further details.
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The graphs in Figure 3.6 are also drawn to the same scale, although it is smaller scale than in
Figure 3.5. This is because the impacts of the small-scale gear groups individually are larger
than the tmpacts of the small-scale sector collectively. This may be because when the small-
scale sector as a whole is increased, the impacts of the ditterent gears bufter cach other. When
an individual gear s increased, its effect alone is felt. However, it may also not be valid to

make this comparison across models with a different number of eco-groups.

The individual small-scale gear (or more correctly, gear groupings) are more selective than the
large-scale or small-scale sectors. This can be seen in their impact on the model and in the
omnivory index. There is a ditferential response by the eco-groups to increased fishing by the
different small-scale gears. For example, the ordinary gillnet and, to a lesser extent the hunting
gillnet, target sciacnids and medium predators. These both decrease in response to increased
tishing ettort by the two gears. However, the eco-groups below them, with the exception of the
pelagics, all increase, even though some are “consumed™ by the ordinary gillnet and hunting
gillnet . This increase is due to a decrease in predation from the sciaenids and the medium

predators. The large zoobenthos teeders also increase.

The impact of the mini-trawler on the sergestids and the penaeids is negative. Since these are
the target species of this gear, this result conforms with expectations. However, several of the
other eco-groups increase. It is not immediately clear why these eco-groups should increase.
The mimi-trawler “consumes™ all of these groups, albeit in relauvely small quantities, with the
exception of the large predators. [t is possible that the demersal feeders and the leiognathids

increase because they are competitors with the sergestids and penacids which have decreased.



1
!

LC .

Other Gillnets

2 Pe) (o] < s o
~N 8 8 & & s § g ¥ & & § % &
] 3] 7] a (7] w - T
= < -
=
Ordinary Gilinet
Fel Pe) - - a
L €2 8 g §&§ ° 85 g 2 @ § £ 8 3 g
] o ) a @ w -4 a
=2 facd 1
=
Hunting Gillnet
% 8 8 g § 9 5 g g F & % 8§ % ¢
] D ) w -~ a
2 3 -
=
Mini-trawler
5 8 €8 g § ¢ 8 & &2 & 3§ & 8/ v &
Q Q W Y] w - o
= 2 —

Detritus

Detntus

Detntus

Detritus

[§]
(1)

Figure 3.6 Results of the Trophic Impact Routine when different small-scale gears are
increased. The eco-groups on the x-axis are responding to the increase. The impacts are
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Since the former increase, they provide more food for their predators. There is mixed support
for this hypotheses from the carlier trophic impact analysis shown in Figure 3.4. The impact of
an increase in the sergestids was a small increase in the leiognathids, demersal teeders and
sciacnids and a decrease in the pelagics and large zoobenthos feeders. The impact ot an
increase 1 the penacids was a larger decrease in the feiognathids, demersal feeders and large
zoobenthos feeders and a decrease in the pelagics and sciaenids. Reversing these impacts to
mimic a decrease in the sergestids and penaceids produced a very unclear picture. [t may not be
possible to understand the impact ot a reduction in more than one eco-group by examining the

impacts of individual eco-groups.

The crab gear target large crustaceans and their impact is clear. An increase tn fishing by crab
gear produces a large decrease in the large crustaceans. Other eco-groups increase. When the
large crustacean biomass was increased in Figure 3.4, these eco-groups all decreased. Thus
opposite impacts are seen when the bilomass of the large crustaceans are increased, or
decreased due to tishing. The increases in the biomass of the other eco-groups may be due to a

reduction in competition with the large crustaceans for resources.

The tine meshed gear “consumes™ a wide range of the tished eco-groups. The “diet™ is
dominated by the sergestids and, to a lesser extent, the engraulids. Other eco-groups are
“consumed” in small quantitics, and the large crustaceans, sciacnids and large zoobenthos

feeders are absent from the “diet”. The impact of the fine meshed gear on the model is mixed.
The sergestids and the engraulids decrease, the engraulids more than the sergestids. The

zooplankton increase, probably due to a reduction in predation by the sergestids and



engraulids. Some of the eco-groups which are fished, such as the demersal teeders and

leiognathids, increase in response to an increase in fishing.

The impact of the fixed gear is dominated by a large decrease in the Ieiognathids®™. The small
increase in the demersal feeders and sciacnids may be a response to a reduction in competition.
However, the fixed gear “consume™ all the fished eco-groups except the large predators and
the large crustaceans. So the mixed effects ot fishing, predation and competition are being

scen.

The “other™ gillnets “consume™ all the tished groups except the sergestids. They have a mixed
impact. The greatest impact 1s on the demersal feeders which decreasce. This response can be
aunbuted to the impact ot the bottom-set gillnet, the “diet” of which 1s dominated by demersal
feeders. The increases in the medium predators, letognathids, large crustaceans, sergestids and
macrobenthos may be due to a decrease in predation by or competition with the large predators
and demersal feeders. However, this small-scale gear group consists of many types of gillnets
and 1t is not possible to determine whether the impacts on the other eco-groups are duc to the

direct or indirect impact of the Other gillnets.

This 1s also the case for the “other™ gear. The large decrease in the large zoobenthos feeders
and the large predators is due to the effect of increasing the fishing effort of the set longline.

The leiognathids, the engraulids and the sciaenids increase. This may be due to a decrease in

“ It was noted in Chapter 2 that the large catch of leiognathids by the lift net may be an artifact of poor sampling
for this gear.
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predation by the large predators and the medium predators. The decrease in the pelagics and

medium predators is due to the direct impact of fishing.

Discussion

This analysis demonstrates the complexity ot the interactions that occur between the effects of
fishing mortality, predation mortality and competition. In some cases it is relatively
stratghtforward to discover these interrelated eftects, for example, the impact ot'the crab gear.
However, for most ot the other gears, the situation was more ditticult. This might be reduced if
the gear groups were broken down further. For some small-scale gears it was possible to link
the likely effects of competition and predation and tishing. For others, for example, the mini-
trawler the possible interactions of competition, predation and fishing were oo interwoven Lo
determine. An increase in one eco-group (A) produced an increase in eco-group (B), but an
increase in eco-group (C) produced a decrease in eco-group (B). If both (A ) and (B) increase,
and (C) also increases, does this mean that the impact of group (A) is stronger, or are there

other less obvious interactions occurring?

The trophic impact routine dramatically illustrates that the small-scale sector has a bigger and
more widely ranging impact on San Miguel Bay than the large-scale fishery. The large-scale
sector is non-selective and, although there are preferred catches, for example, penacids, it

catches a large range of species in its nets.
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When taken as a whole the small-scale sector also catches a large range of species. Some of
the individual gears catch as many difterent species as the large-scale sector, for example, the
mini-trawler and the ordinary gillnet (Chapter 2). However, there is a fundamental difterence.
Almost all of the small-scale gears specifically and eftectively target certain spectes or groups.
Small-scale gears are more versatile than large-scale gears. In ettect, the small-scale gears can
and do fish any species in San Miguel Bay, in any niche, at any trophic level, anywhere. While
the large-scale sector mass harvests non-sclectively, the small-scale sector selectively mass

harvests.

What this means is that there is no refuge in the Bay, When species “A™ decreases, the small-
scale sector has the versaulity to switch to species “B™ and so on. [t was noted in Chapter 2
that the small-scale sector has diversified since the carly 1980s. This diversification has
increased the potential of the small-scale gear to target fish. The huntuing gilinet, for example,
uses scaring devices to drive sciaenids into the net. Apparently this gear was not present in the

1980s and thus the sciacnids had to swim into the net in order to be caught.

The common, and perhaps entrenched, view s that the large-scale sector is bad and the small-
scale 1s good and benign and creates a livelihood for fishers. While the latter part of the
statement is not contested, the benigmity of the small-scale sector is. The small-scale sector in
San Miguel Bay has the ability to fish at all trophic levels and does (Table 3.10). In addition,
the small-scale sector imposes a greater fishing mortality than the large-scale sector on every
¢co-group, except the engraulids (Figure 3.7). The small-scale threat could be regarded as

clandestine. Recent management actions in San Miguel Bay have aimed at bannming the large-
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scale sector (San Miguel Bay Integrated Coastal Fisheries Management Plan (unpublished
manuscript). In effect large-scale etfort may have been reduced (Mike Pido pers. comm.)
However, this is not sutticient. The trophic impact results presented here support the

conclusion reached in Chapter 2. All sectors of the fishery must be assessed and managed.

Interpretation and Discussion

The ECOPATH models of the San Miguel! Bay fishery have increased knowledge about San
Miguel Bay. The results of the first model indicate that the ecosystem is relatively mature ™,
and thus relatively stable and able to respond to stress (Christensen 1995), that there are four
trophic levels (Figure 3.1), that many of the species are grouped around trophic level 3, that
there is likely to be strong competitive interactions between eco-groups at this level and that
56% of flows originate in the detritus. The trophic impact routine further indicated that
considerable competition and predation occurs, although the cco-groups showing the greatest
impact were those at the lower trophic levels. The results of the LS-SS predator and LS-
SSgears predator models are an insight into the combined etfects of fishing and biological

interactions. The results also demonstrate how the fishery has “fished down™ the food web.

0 . - . .
Relative to other models for which comparisons were possible.
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These results are based on the data input to ECOPATH. By comparative standards, the data
requirements of an ECOPATH model are small. However, as the first part of this Chapter
attests. the parameter requirements are still quite demanding. The parameters used in this
ECOPATH model have mixed origins and some were derived by, perhaps, somewhat
convoluted means. A few were estimated directly from empincal data (some P/Bs, most Q/Bs,
few diet compositions), some were estimated from empirical data and data from the literature
and some were derived entirely from the literature. A skeptic could be forgiven for asking
whether a model so constructed bears any resemblance to reality. This quasi-empincal
approach has been used in many of the ecosystem models (Christensen and Pauly (1993a) and
is recommended for ccosystems with insufticient data. As far as possible, the empincally
derived parameters were not altered in the balancing of the model, thus ensuning that the
model was fitted to the local data. In additon, the sensitivity analysis indicated that the most
sensitive parameter 1s the P/B ratio and the EE. The P/B estinates trom San Miguel Bay were
comparable with other ecosystems, particularly the Gult of Thailand. Certainly with respect to
the pattern of fishing that has occurred in San Miguel Bay over the last two decades, they are

feasible. The EE values were those recommended in Christensen and Pauly (1992a).

The time period of the San Miguel Bay ECOPATH model i1s [ year. It was noted in Chapter 2
that there are seasonal effects in the fishery. Arguably, the dynamics ot the ccosystem would
be better represented by two models, one for the months ot October to March, during the
Northeast monsoon, and one from April to September, which would include the Southeast
monsoon. Unfortunately there were insufficient data to estimate separate parameters tor these

two seasons. This was particularly so for the diet composition, most of which was drawn from
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comparable models in the literature. It is therefore assumed that the annual model describes the

Bay sufticiently.

Hvpotheses About the San Miguel Bay Fisherv and Resource

On the premise that the ECOPATH model is a usetul construct, several hypotheses can be
made about the tishery of San Miguel Bay. There is a fundamental query about San Migucl
Bay. In the 1979-1982 study of the Bay, the fishery was declared highly/over-exploited. More
than 10 years later. the fishery is stll highly/over-exploited. The total catch declined by 17%.
However, the fishery 1s sull viable, perhaps more viable than would have been predicted in
1982, This s despite the tact that many fish are caught before maturity (Chapter 2). So the

fundamental query 1s, “How is this resiliency possible?™.

The trophic impact analysis of the smail-scale sector showed that these gears exploit all
trophic levels, niches and eco-groups in San Miguel Bay using an array of tishing methods. It
was noted in Chapter 2 that there has been species succession, with "K' strategists being
replaced by “r™ strategists. The resilience of the fishery could simply be due to there still being
room for the fishery to be fished further down the food web. The small-scale sector 1s able to

respond to the changes caused in the resource through succession and continues to do so. The

question then becomes, “What is the end point?”,
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A complhimentary explanation may be found in the important role that detritus plays in the
ccosystem. In Figure 4.4, all eco-groups, except the phytoplankton, responded positively to an
increase in detritus, including the fishery. Could detritus be sustaining the tishery? The level
of detritus in San Miguel Bay may have increased. Siltation in San Miguel Bay, from the river
systems, loss of mangroves, and mining and quarrying activitices has increased over at least the
last few decades (Mendoza and Cinco 1993). The main intluence on the siftation ts the Bicol
River. [f it 1s assumed that the silt carries organic matter, then this would lead to an increase in
detritus. This steady increase in detritus may have promoted productivity in the fishery,
especially in those eco-groups which are sustained by the detritus flows, as suggested by Pauly
(1982a). However, Mendoza and Cinco (1995) also note a large list of negative effects of
siltation such as modification of bottom topography and clogging and abrasion ot gills. In
reality then, the positive impact of an increase in detritus may be moditied by the negative

physical eftects of siltation.

A more parsimonious explanation tor the continuance of the tishery at current levels, and one
that bears some consideration, is that the species in San Miguel Bay are continually
replenished by larvae from outside the Bay. That is, San Miguel Bay is not a closed system.
Pauly (1982b) suggested that San Miguel Bay acts as a nursery arca. Pauly cites several picces
of evidence to support this hypothesis, which include the lack of larvae in plankton trawls
during likely spawning periods (Weber 1976). Length data also indicated that larger fish are
caught outside the Bay than inside (Pauly 1982b). Pauly schematically suggested that mature
fish emigrate from the Bay, spawn outside the Bay, the larvae are carried into the Bay by tidal

currents and gyres, they migrate towards the shallow coastal or nursery arcas where the
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Juveniles mature. As the juveniles mature they move into deeper water until they eventually

lcave the Bay as adults (1982b, Figure 4).

There is also other evidence to support the emigration/immigration hypothesis. In the catch
data presented in Chapter 2, a large proportion of the sciaenids and engraulids, and to a lesser
extent the letognathids in the catch were below the fength of first maturity. If fish are caught
before they are mature, it is difficult to conceive how they could reproduce it there was no
import from outside the Bay™'. However, there were also mature tish caught, indicating that
not all mature fish emigrate trom the Bay, or that they do not immediately emigrate. It

emigration occurs, it could account for the high estimates of apparent Z in Chapter 2.

Omort (1975) suggests that there is immigration by sergestids since they swarm and go oft-
shore. Some penaeids also move offshore to spawn (Garcia 1988, Motoh 1981). Ticws and
Carces-Boya (1965) conjecture, on the basis that no spawning leiognathids are caught by the
fishery in Manila Bay, that mature leiognathids go otfshore o spawn. However, there is also
cvidence that some species do not migrate otfshore to spawn. [n the Ragay Gult (Philippines)
for example, berried females of Portunus pelagicus are found inside the Gulf. (Ingles and

Braum 1989).

Johannes (1978) discusses the reproductive strategies of tropical marine fish at some length.
He identifies five types of spawners, including migrating spawners. Carangids, sphyraenids,

serranids, luyanids and leiognathids, all fish species found in San Miguel Bay, are described as

" However, an alternative explanation for this is that since M is very high below L. the fishery is only taking
fish that would have dicd anyway.
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migrating spawners. Johannes further delineates a size category. Fish greater than 25¢m are
likely to migrate to spawn and those less than 25 cm are likely to spawn inshore. The L of
the engraulid and leiognathid species in San Miguel Bay is less than 25¢m. However, Johannes
emphatically states that he has not considered the tropical fish of predominantly sandy and

muddy continental shelves “because too little is known about their reproductivity™ (1978:65).

This leaves a question mark concerning the issues of immigration and emigration. It is more
likely than not that immigration and emigration occur, at least to some extent, for some
species. The presence or absence of imports to the Bay protoundly attects our thinking about
the fishery. It fish spawn outside the Bay, there is a continual supply of eggs into the Bay ™",
Thus the Bay is stocked from outside, allowing high production and catches. What are the
implications for the San Miguel Bay ECOPATH model? And what are the management

implications?

An essenual assumption ot any ECOPATH model is that there is greater similarity within the
defined system than between the defined system and an outside system. In other words, the
interactions within the system should add up to a greater flow than the interactions between the
system and the outside (Christensen and Pauly 1992a). The sum of all flows in San Miguel
Bay, that is, the throughput, is comparable to other systems. It could be argued, it emigration
occurs, that fishing mortality is so high inside San Miguel Bay that the fishery competes for
the flows to the outside. That is. the fishery catches the mature fish before they emigrate. Thus

export is retained within the model as fishing mortality, and there is no or little flow to the

" The area outside the Bay might thus be considered a refuge.



outside.

It1s not feasible to model larval import or immigration using ECOPATH. This is because
ECOPATH is a biomass model and import is modelled as negative export. Thus to model
import alone, a negative value would be input for the export. But the biomass of the larval
import would be very low, perhaps negligible. To model import and export, the ditterence
between the biomass of the import and export would have to be input. This would be

etfectively the same as entering export only.

On the premise, then, that fishing captures most mature tish betore they emigrate trom San
Migucl Bay (which 1s likely), that 1f any fish do “escape™ the sum of the interactions between
San Miguel Bay and the export s less than the sum of the interactions within San Miguel Bay,
and that import cannot be effectively modelled using ECOPATH, it is assumed that the models

described above are still useful and relevant, even if immigration and emigration do occur.

In summary, the ECOPATH models indicate that predation and competition in the biological
community arc important determinants within the dynamics ot the ecosystem. The results also
indicate that competition and predation interact with the effects of fishing mortality. Thus not
all species which are caught by a fishing gear necessarily decrease as a result of an increase in
fishing mortality. Different fishing gears have diftferent impacts on the fishery and these are

not simply a lincar consequence of the fishing activity.



It is not possible to investigate the effects of predation, competition and fishing mortality
further with ECOPATH. ECOPATH represents a static system. It is not dynamic and it is not
quantitative. The trophic impact routine can only indicate direction of change. It does not
indicate the degree of change necessary 10 produce a response, nor the degree of the response,
nor the time dynamics of the response. The trophic impact routine cannot predict how biomass
will change with time. These questions are investigated further using a fully dynamic
ccosystem model, ECOSIM (Walters er al. 1997) in Chapter 4. With ECOSIM it is possible to
quantitatively analyse the community dynamics and tishing dynamics in San Miguel Bay and
to explicitly address the interactions between them. The question of immigration and

emigration is returned to in Chapter 3.



Chapter 4

Dynamic Multispecies Modelling of San Miguel Bay

“With the nsing status of the Third World and rapid growth ot its tropical fisheries, the limitations of the classical
single species approach are becoming more apparent”
Sugihara ef al. 1984:132

Introduction

Tropical fisheries are reknown for their complexity and the multiplicity of species which co-
exist in these productive marine ecosystems. The problems involved in assessing and
managing these multispectes, multigear fisheries were introduced in Chapter 2, and an
cqutlibrium biomass ccosystem model, ECOPATH [I was used in Chapter 3 to gain an
understanding of the fishery of San Miguel Bay as a fishery of an ecosystem. However, a static
representation of an ecosystem does not allow the asking of “what 17" questions. For example,
what would happen in San Miguel Bay if the trawling sector were banned completely? How
many years would the ecosystem take to recover? ECOPATH was pushed to its limits to try to
answer these types of questions, but the equilibrium nature of the model restricted the answers
to mere indications of the likely direction of change. It was not possible to determine how
species interactions would behave through time and how these might effect outcomes for the
fishery. In order to address these types of “‘what if?” questions, a multispecies dynamic

modelling approach is necessary.
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Muluspectes approaches have been minimally applied in fisheries management, despite the
recognition by many that a multispecies approach to fisheries assessment is critical (Walters et
al 1997, Christensen 1996, Hilborn and Walters 1992, Daan and Sissenwine 1991, Kerr and
Ryder 1989, Pauly and Murphy 1982, Larkin and Gazey 1982, and Mercer 1982). There is
however, a range of multispecies approaches. They include: multispecies biomass models (eg,
Kirkwood 1982, May ¢f al. 1979); aggregate production models (cg, Ralston and Polovina
1982, Pope 1979); muluspecies yield per recrutt analysis (eg. Murawski ez al. 1991, Wilson et
al. 1991), and multuspecies VPA (eg, Pope 1991, Pope and Macer 1991, Sparre 1991) and

empirical methods (eg., Sainsbury 1991, 1988, Saila and Erzini 1987).

The aggregate production model, simply totals the biomass of all species, ignores interactions
between species and treats them as though they were a coherent whole. Ralston and Polovina
(1982) vary this by first using cluster analysis to identify species assemblages and then treating
cach assemblage as a whole. This approach requires only cateh and eftort data for the fishery.
The other multispecies methods listed above all have large parameter demands. This includes
the muluspectes biomass model which requires interaction terms between species: the more

species in the model, the greater the demands.

But multispecies modelling i1s a data hungry exercise. The sparse use of a multispecies
approach in fisheries science and management is due in large part to their data demands . One
of the few, if not the only multispecies VPA, is of the North Sea (Pope 1991): compared to

tropical fisheries, this is a relatively simple ecosystem. None ot the above models are

n . . .. . .
It1s also due to the economic and political consequences of multispecies assessment (May ef al. 1979), which
can confuse and confound an already complex management situation.
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applicable to the type of data avatlable from San Miguel Bay. There is no time series of catch
and effort data with which o fit production or biomass models and the data simply do not exist
tor the other methods. The direct empiricism of Sainsbury (1991, 1989), based upon the
principles of adaptive management, (Walters 1986) is a possible approach and is discussed n

Chapter S.

As carly as 1979, May ¢r al. demonstrated the potential effects of species interactions on yield
cstimates. They used direct interaction terms between species, and assumed a Lotka-Volterra
model of predation. However, the Lotka-Volterra model is not the only model of tlow control.
Indeed, there 1s no unitying paradigm of how cenergy flow between trophic levels of an
ccosystem is governed. Two theories, top-down control with trophic cascades (Carpenter ef al.
1985, Carpenter and Kitchell 1993) and bottom-up, donor control (Hall ¢t al. 1970, Hunter and
Price 1992), have dominated the ecological literature (Matson and Hunter 1992). However, the

notions of bottom-up and top-down control are not well-defined.

Operationally, a bottom-up regime i1s defined by a response to changes in productivity at the
lowest trophic levels. An increase in productivity at the bottom of the trophic system leads
an increase in the productivity and abundance at all higher trophic levels. Each trophic level is
food limited (Power 1992), not predator limited. This is an important concept in bottom-up
control. That is, an increase in the abundance of a predator species, does not lead to an increase
in the mortality rate on the prey. Predation is proportional to the biomass of the prey, flow is

controlled by prey abundance and the mortality rate is stable over time. An increasc in the



abundance of a top predator would not impact the rest of the ecosystem because the mortality

rate wotuld remain stabie.

The operational definition ot top-down control, i1s that an increase in the abundance of a top-
predator leads to the prediction of a trophic cascade. That is, an increase in the abundance at
trophic level 4, leads to an increase in the rate of predation mortality on trophic level 3, and
thus a reduction in its biomass. This produces a decreases in the predation by trophic level 3
on 2, and thus to an increase 1n the biomass of trophic fevel 2. And so on. Here, flow is
predator controlled. An increase in productivity at the bottom would lead only to an increase
in biomass at the top of the food chain. The biomass of lower levels would not increase
because the mortality rate incurred by them would increase duce to an increase in the abundance

their predators. Only their productivity would increase.

The terms top-down and bottom-up control, are used here in the sense described above (see
also Walters ¢ral. 1997). Much of the debate over top-down versus bottomi-up control has
occurred in the self-contained world of fresh water luke systems. In the marine world, the
picture is no less murky. Until recently, few marine studies contributed much turther to the
top-down, bottom-up debate. Those that did commonly supported the top-down control theory.
However, some recent work has shown evidence for bottom-up control in some systems, such

as benthic marine communities and rocky shores (Menge 1992).

The debate has moved on and it is recognised that top-down and bottom-up control are both

likely to act on ¢ecological communities (Neill, in press , Hunter and Price 1992, Matson and



Hunter 1992, Menge 1992, Powers 1992). Questions are being posed instead as to the nature
of the links between bottom-up and top-down influences. Hunter and Price (1992) propose
that the variation in tlow types observed in ecosystems is a consequence of heterogenceity of

communities, ecosystems and species interactions.

The nature, or type, of flow dynamics in San Miguel Bay, is unknown. San Miguel Bay isa
large muddy bay with a broad mixture of species, demersal and pelagic, vertebrate and
invertebrate. The species composition of the Bay has changed over the last few decades
(Chapter 2), and it is possible that the flow dynamics have also changed. To date though, no
empirical studies have been undertaken to examine this issue. The ECOPATH model in

Chapter 3 showed evidence for both tflow hypotheses.

Despite the relative paucity of data with which to make a multispecies analysis and assessment
ot San Miguel Bay, this has been made possible with the development of a new multispecics
model, ECOSIM (Walters ¢r al. 1997). ECOSIM was developed trom a simple mass-balance
trophic model. ECOSIM proposes mechanisms for top-down and bottom-up control theories
and it requires only a few more parameters than the ECOPATH model used in Chapter 3.
ECOSIM is used here to explore the community dynamics of San Miguel Bay, the interactions
between fishing, the ecosystem and species interactions and to examine certain “what if?”
questions. Throughout the analysis, simulations were made for both top-down and bouttom-up

assumptions and the results were contrasted.
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Methods

ECOSIM

ECOSIM (Walters eral. 1997) was developed from a mass-balance model. Walters (1996)
recognised that the linear equations which describe the trophic tluxes in mass-balance,
cquilibrium assessments of ecosystems (for example, ECOPATH I1) could be replaced by
dynamic equations once the model was balanced. When an equilibrium model 1s balanced (see
Chapter 3). the hincar equations can be re-expressed as differential equations equivalent 1o
changes in biomass through time. Perturbations to the equilibrium state are made by changing
the exploitation regime. Thus without any extra parameters, the equilibrium ccosystem model
i1s transformed into a dynamic ecosystem model and the impact ot changes in exploitatton can

be examined for cach component of the ecosystem.

The key step in the claboration of ECOSIM was the replacement of the static consumption
flows with functional relationships between consumption and biomass of predators and prey.

The basic ECOPATH II lincar equation is,

Bz.PB: —ZBJ.QBJ.DCJI -PB:.B:([ _EEJ)—RB! —EX: :0
/

where,
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B, = Biomass of (1), PB, = Production/Biomass ratio of (i), 0B, = Consumption/Biomass ratio
of (1), DC,, = Proportion of (1) in the diet of (j), (}-EE,) = other mortality of (i), £X, = Export of
(1).

This is equivalent to,

g‘Z, Qli ~FBi—M.Bi —ZJQ/( =)

where,

(2, = consumption of (1) by (j) and

g:zl Qu = Br.PB:
and, making the equation a differenual,

# =g D ¢y (B.B) = MuB. = FB. =) cu(B:,B))
244 J =1

1 =1

where,
c,(B.. B)) is a tunction used to predict consumption, @, from the biomass of the prey (/) and

the predators (f).

Initally, for simplicity, in the development of ECOSIM, the Lotka-Volterra mass action

cquation was used as the functional relationship, where



Cij(Bi,Bj) = ag'BL'Bj
and,
a, 1s the instantaneous mortality on the prey (B,) caused by one unit of predator biomass, (B,).

or, in ecological terms, the rate of etfective search.

The parameter 4, 1s determined by solving for a,, using the initial equilibrnium model
parameters. However, the Lotka-Volterra equation has only top-down control assumptions,
and 1t does not take spatial or behavioural limiting mechanisms into account. In reality, there s
likely only to be a certain amount of prey available to a predator at any given tme, due o
predator avoidance behaviour by prey . [n ECOSIM this ts modclled as “vulnerability to

predation™, and provides one specitic way to model bottom-up control of biomass flow.

[n this case, the funcuonal relationship is

dy VUBIB/

-‘?Vt] + (ll/B/

C'z/(Bl,B/) =

where,

v, = the maximum instantancous mortality rate that B, can exert on B,.

Two extra parameters, a,, and v,,, are required in addition to the initial equilibrium model
parameters. The maximum instantaneous mortality rate, v, is calculated from user input and

the equation then solved for a,,.
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With this functional relationship, ECOSIM is able to emulate the two cnergy tlow control
theories, top-down or bottom-up control. Top-down relationships are simulated by making v,
the “vulnerability factor™ large, meaning that a large part (or all) of the prey biomass ts
vulnerable to predation. Bottom-up, donor control is simulated by making the value ot v, very
low. This imits the amount of prey that are vulnerable to predation (thus keeping the mortality
rate close to stable). In ECOSIM, when bottom-up, donor control is simulated by making
vulnerability very low, the mortality rate ts largely independent of the abundance of the next
trophic level and tor top-down control. the mortality rate s strongly dependent on the

abundance of the next trophic level.

The user thus determines the nature of the flow relationships within the ecosystem, and can
experiment with the eftects of ditferent assumptions. When consumer biomass is low, the
relationship is reduced to a Lotka-Volterra mass action flow and when consumer bromass is

high, the relationship is donor control type.
[n addition to the main functional relationship for consumers, tunctional relationships were
developed tor the producers in the ecosystem and for consumption and production by the

detritus (see Walters ez al. 1997 for turther details).

The Delav-Differential Model

In the ECOSIM model described, each pool is composed of all age classes from juveniles to

adults. Early work with the model unveiled a considerable shortcoming of this approach. Top
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predators were seen to increase unrealistically in response to decreased fishing mortality.
These groups, first tully consumed the adult food groups, then were sustained by the
imvertebrate tood of the juveniles. The model had not accounted for the different diets of

Juventles and adults, that is, trophic ontogeny.

This was addressed by including the option to split pools into adults and juveniles (Walters ¢t
al. 1997). In the split pools, numbers of individuals are tracked in addition to biomass. The
adult pool receives numbers and biomass trom the juvenile pool and numbers of juveniles are
recruited trom the adults. Each juvenile:adult pair is represented by tive ditterential equations,
based on Beverton and Holt type equations. In essence the model 1s akin to the delay-
ditference cquations of Deriso(1980): the juvenile pool has a mean age and weight and the

Juventles grow to the age of matwnty when they become adults.

Three additional parameters are required for the “delay-ditferential™ model, Wy, the weight at
which juveniles becomes adults, T, the age at which juveniles become adults and K., the von
Beralanfty growth parameter. The advantages of the split pool model is that it allows for the

ctiects of both trophic ontogeny and cannibalism by adults on juveniles.

Running the Model

All that 1s required to run ECOSIM is the output from a balanced equilibrium mass balance
model such as ECOPATH Il (and the split pool parameters). The model has two main modes

ot operation, the “*Equilibrium Fishing Routine™ and the “Dynamic Run Routine™.
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The Equilibrium Fishing Routine.

Fishing mortality, F, is varied incrementally and the equilibrium biomass of cach pool in the
model is estimated tor each value of F. A Newton search method is used to find the equilibria
by scarching for zeros in the equations outlined above. F can be varied in three ways: on a
single pool, tor sclected fishing gears or over total F in the fishery. The cquilibrium catch tor
one pre-specified group is also calculated and both biomass and catch are plotted against F

(sce figure 4.2).

The Dynamic Run Routine.

The biomass ot cach pool in the ccosystem is estimated through time tn response o user
imposcd changes in the fishing pattern (see tigure 4.9). The user can change the fishing
mortality of an individual group or an individual gear or of all gears i the tishery. This is
done graphically. Biomass is calculated using a fourth order Runge-Kutta numerical

integration scheme.

Analvses

The community dynamics of San Miguel Bay and the impacts of fishing on the ccosystem
were examined in several ways using ECOSIM. Throughout, the results of the top-down and
bottom-up assumptions about energy flow are contrasted. Bottom-up control was simulated
using a vulnerability factor (vf) of 1.5, and top-down control by a v/'of 10. Intermediate values
were obtained using a v/ of 4, and extreme top-down values obtained using a vf'of 50. The

scale and legend for Figures 4.2 - 4.10 and 4.14 are given in Table 4.1,
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Impacts on Equilibrium Biomass of Changing Fishing Mortality Across All Fishing Gear

The Equilibrium Fishing Routine was used to investigate the gross effects of total fishing
mortality on the ecosystem and its response to change in F. Total tishing mortality (that is,
fishing mortality summed over all gears) was incrementally reduced and increased trom the
current value. [n addition to the top-down and bottom-up runs, two additional runs were made

for an intermediate assumption of flow control and an extreme top-down assumption.

The Equilibrium Yield Curves,_Species Interactions and Flow Dynamics

[n single species analyses, yield curves have played an important role in determining the status
of fisheries and in helping to direct management. Here, three types of yield curves are
compared: the single species vield curves tfrom Chapter 2; yield curves produced by the
Equilibrium Fishing Routine that include the eftects of fishing on the whole tishery and yield
curves produced by the Equilibrium Fishing Routine that only include the etfects of tishing on

one pool.

Yield curves which include the effects of fishing on the whole fishery (yield curve - plus
Jishing) are produced by the routine described above. The shape of the yield curve is
influenced by the fishing mortality to which the pool is subject, indirectly by the fishing
mortality that the other pools are subject to via species interactions, plus the assumptions
made about flow dynamics in the ecosystem. The tishing mortality excerted on all pools

changes simultancously. Yield curves which include only the eftect of tishing on one pool
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(vield curve - no fishing) are produced when one pool is sclected and fishing mortality varied
only on that pool. The shape of this yield curve is influenced by the specific fishing mortality
tor that pool and the assumptions made about tlow dynamics. The fishing mortality on all
other pools remains at the current fishing mortality rate. For the single species yield curves
from Chapter 2, the only process effecting the shape of the yield curve is the direct eftect of

fishing mortality on that species.

Multispecies Dynamics in the San Miguel Bav Ecosvstem

The flow diagram of the San Miguel Bay (Figure 3.1) portrayed a hicrarchically organised tood
web, ranging trom trophic level o 4. [t also showed that many of the pools were clustered
around trophic level 3, indicating likely competitive interactions as well as predation links
between trophic levels. The extent and strength of these interactions, and thus their dynamics,
could only be conjectured in Chapter 3. Here, it is possible to examine these interactions using
the biomass results of the single pool runs of the Equilibrium Fishing Routine above, under
both bottom-up and top-down assumptions. It is then possible to question and examine the

association of these interactions with the eftects of tishing.

The Effects of Fishing in San Miguel Bay

The impact of fishing was directly examined for every gear using the Dynamic Run Routine.
The fishing mortality of cach gear was reduced to zero over the first 2 years and the simulation

allowed to run for another 8 years (Figure 4.1), by which time most biomass transients had
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stabilised (in cases where they had not, the simulation was run for 20 years as a check). Their
impacts on the ecosystem was assessed in two ways, (i) the number of pools impacted by the
gear and the magnitude of that impact, and (i) the eftective change in total biomass in the

ccosyslem.

Consistency Checks

A routine within ECOSIM allows the user to check the effect of the above perturbations on the
consumptionybtomass ratios and the mean weights of the split pools. This is a means to check
the validity of results. Extreme values of either parameter would indicate that there is internal

inconsistency in the model.

The simulations were ran as described above with the exception of the Equilibrium Yield
Curves-no fishing. The effect on QB and mean weight of changing the biomass ot individual
pools wus checked using the Dynamic Runs routine. The fishing mortality on cach pool was
reduced 10 zero over the first 2 years of a 10 year simulation, as in the dynamic runs where

fishing eftort was reduced to zero. This method was used for efticiency and because it gives

the results as transicents through time as opposed to equilibrium values.
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Figure 4.2: Equilibrium simulation of changing total fishing mortality for bottom-up
and top down control. Thick red line indicates yield curve (for juvenile scieanids),
coloured lines, biomass, dotted black line, current fishing mortality. See text for more
details and Table 4.1 for legend and scale.
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The Input Parameters

The instial data used for the ECOSIM model was the output runtile from the ECOPATH
model used in Chapter 3. To examine the eftects of fishing by different gear types in the
fishery, an additional tile containing a matrix of the fishing mortality imposed on cach pool by
cach gear type was also necessary. The twenty six gear types listed in Table 2,14 were
combined into nineteen and included in the model. The large, medium and baby trawlers were
combined simply as large scale trawlers (in contrast to the mini-trawlers) and the ring net.
pullnet, stattonary udal weir, beach seine and spear gun were included as “others™. Fishing

mortality was calculated as catch (of pool a by gear x) over biomass (of pool a).

Splitting Pools into Adults and Juveniles

Early work with ECOSIM revealed that a “split pool™ approach would be required. Of the 16
groups described in the San Miguel Bay ccosystem, eight are fish groups where the differences
in dict of adults and juveniles of the same species might impose ditterential mortality effects
on trophic groups lower in the ccosystem. However, only three of these, the sciacnids, the
medium predators and the large predators are likely to show any significant trophic ontogeny.
Since the number of pools in the ECOPATH model is already quite large, only these three

groups were split in to adult and juventle pools.
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For the three split pools, cach of the ECOPATH input parameters had to be re-calculated for
both the adults and the juveniles, that is production/biomass, consumption/biomass, ecotrophic
cthiciency, exports/harvests, and diet. The new ECOPATH model was then rerun and
balanced. Since there were no explicit data available for the juveniles distinet from the adults,
some assumptions had to be made on the basis of the available data - full details are given in
Appendix 2. Finally a file containing the split pool parameters, W,, T and K tor cach ot the

split pools was required.

Results

[mpacts on Equilibrium Biomass of Changing Fishing Mortality Across All Fishing Gear

The overall impact on the San Miguel Bay fishery of simultancously increasing or decreasing
fishing pressure over all fishing gears is shown in Figure 4.2, The results clearly show that,
regardless of assumptions made about the control of energy tflow, the biomass ot almost ali
fished groups in the ecosystem is currently less than 50% of their biomass when no fishing
mortality is incurred. The most striking teature of both plots is the profusion of coloured
biomass lines on the lett hand side of the graph, indicating abundance and complexity
compared to the much simpler array on the right. The results predict that if fishing mortality
were further increased, the fish groups would be replaced by the crustacean groups. The

fishery would thus be reduced to essentially a crustacean fishery (a highly productive
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Table 4.1 Legend and Scale for Figures 4.2 - 4.10 and 4.14 - 4.15.

Ecosim Pool Equilibrium Graph Maximum Dvnamic Run Maximum
Zooplankton 4.0 10
Meciobenthos 40.0 l
Macrobenthos 40.0 1
Sergestidac 0.4 100
Penacidae 4.0 10
[ arge Crustuceans 4.0 10

4.0 10
Juvemte Medium Predators 4.0 10
Juvenile Large Predators 0.4 100
Demersal Feeders 4.0 10
Eerognathids 4.0 10
Engraubis 4.0 10
Pelagics 4.0 10
Sciaenids 4.0 10
Medium Predators 4.0 10
Large Zoobenthos Feeders 4.0 10
Large Predators 0.4 10
Phytoplankton 40.0 10
Detritus 40.0 10
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crustacean fishery in the case of the top-down assumption). These results once more emphasise
that San Miguel Bay is suftering from ecosystem overfishing. The results also show thata

reduction in fishing mortality would enable recovery of biomass across most groups.

Although the broad equilibrium response to fishing mortality is similar for the bottom-up and
top-down control assumptions, there are difterences. There are also difterences in the

responses of individual pools.

The top-down assumption produces more drastic changes in biomass than the bottom-up
assumption: rates of biomass change are taster and the range of fishing mortality over which
these changes occur, narrower. Thus biomass increases faster and higher, and decreases taster
and lower. For some groups. such as the large crustaceans, the sergestids, the penaeids and the
engraulids, this means that for low values of fishing mortality, their biomass is negligible. On
the other hand, at high fishing mortality, the three crustacean groups are very productive. They
suffer mintmal predation, since all higher groups are virtually fished out. Pauly (1979a)
predicts this increase in benthic invertebrates as a consequence of overfishing. This crustacean
biomass increase is also scen, although less dramatically, under the bottom-up control
assumption. Their response is ditferent however when fishing mortality is reduced. Here, these
crustacean groups remain at relatively high biomass levels even when the biomass of their
predators also increases in response to the reduction in fishing mortality.

Bottom-up control produces a more stable system that s more resilient to change. Generally,

when fishing mortality is reduced, the biomasses do not rise to the levels seen in the top-down
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simulation™”. However, the biomass of the leiognathids, the pelagics, the demersal feeders,
the engraulids and the large zoobenthos feeders persist over a greater range ot high fishing
mortaltty. This is because, under the bottom-up assumption, production at lower levels
controls abundance at higher levels. All of these groups feed on the crustacean pools which
increase in abundance as fishing mortality 1s increased. Thus the biomass of these groups
persist, despite increased fishing pressure. The lack of persistence of these pools under the top-
down control assumption 1s due to their intolerance to predation mortality and the increased
tishing mortality. The biomass curve of the pelagics and the demersal feeders has a small
sccond peak (top-down control) to the night of current F. These small praks could be duc to a

release from predation pressure by the predator pools.

Under both control scenarios, the biomass of the sciacnids, the medium predators and the adult
large predators is reduced to an extremely low level when fishing mortality 1s increased much
above the current fishing mortality. Conversely, when fishing mortality 1s reduced, therr
biomass increases quite rapidly. Surpristngly, the juvenile large predators do not tollow this

pattern. Their biomass persists at high levels of tishing morntalhity.

“ In the op-down cquilibrium fishing simulation, the biomass plots of the lerognathids, demersal feeders and
pelagics imually increase in response to decreased fishing mortality, but subsequently, as F s further decreased,
thetr biomass decreases. This would appear to be the result of predanon by the higher trophic groups which
continue to increase their biomass. However, trawl data (Wartel and Manacop 1950) indicate that the leiognathids
compriscd over 60% of the trawl biomass in the late 1940s (Table 2.6}, when fishing etfort was at a comparatively
low fevel. It seems unlikely then that at low fishing monrtality, the predators tn the ccosystem would tncrease to
such a high biomass as predicted by ECOSIM. Walters et af. (1997) note that the ECOSIM s unlikely to
reasonably predict the ecosystem behaviour when extreme values of F are used since the model parameters
oniginate in an equilibrium state assumption. The extreme resulis of the ECOSIM simulations should thus be
interpreted wiath caution.

" When the cquilibrium fishing simulation was run under the bottom-up control scenario, a runtime occurred.
This was duc to the sciaenids. The biomass of the juvenile sciaenids, after steadily increasing when F was
decreased, suddenly dropped at very fow F, crashing vertically whilst the adult sciacnids biomass exponentially
increased. Further explanation is given in the text below of this phenomenon. In Figure 4.2, an intermediate value
ol vf'=3 was used for the juvenile sciaenids, 1in order to conduct the bottom-up simulation.



The pools at the lowest trophic levels, the phytoplankton. zooplankton, meiobenthos.
macrobenthos and detritus are very stable when bottom-up control is simulated and respond to

predation by pools higher in the food web when top-down control is simulated.

For comparative purposes. two more simulations were made, one assuming that neither top-
down or bottom-up control predominates, but that in reality, there 1s an intermediate level of
control. The other simulation assumes much stronger top-down control. The intermediate
control simulatton produced results, Figure 4.3 (a) which are in tact a Kind of halt-way house
between those described above. The strong top-down simulaton, Figure 4.3(b), results ina
biomass plot which resembles Figure 4.2, but shows less stability. For example, the penacids
decrease almost to zero and then take-oftf at high levels of fishing mortality. Generally there ts

greater variation in biomass.

The results of this multispecies cquilibrium analvsis demonstrate that there ts not simply an
merease - all groups in the ccosystem when tishing mortality is decreased and a decrease in
all groups when fishing mortality 1s increased. In addition to the effects of fishing mortality,
the eftects of species interactions (predation and compettion) and the assumptions made about
flow dynamics are evident. The interplay of fishing mortality, specics interactions and flow

dynamics has profound implications for fisheries assessment and management.



Intermediat
Control

Biomass

Strong
Top-down
Control

Biomass

Figure 4.3: Equilibrium simulation of changing total fishing mortality for intermediate
control and strong top-down control. Thick red line indicates yield curve (for juvenile
scieanids), coloured lines, biomass, dotted black line, current fishing mortality.

See Table 4.1 for legend and scale.



Equilibrium Yield Curves, Specices Interactions and Flow Dvnamics

The interacuve effects of fishing mortality, species interactions and tlow dynamics are perhaps
cven more evident in the equilibrium yield curves. Yield curves were analysed with and
without the ettects of fishing on other pools in the ccosystem, in addition to the eftect of
multispecies interactions. Yield curves without the eftects of tfishing on other pools (yield
curve-no fishing) were produced by varying tishing mortality on only one pool. Yield curves
that include the ettects of fishing on other pools (vield curve-plus fishing) were produced by
varving fishing mortahity across the whole fishery. The equilibrium vield was calculated trom
the equihibrium biomass tor cach pool in Figure 4.2, The latter is the more realistic scenario in
a multispecies, multigear fishery. Although the vield curve-no fishing allows the analysis of
the effect of tishing mortality on one pool, it would not be possible in practice to selectively
fish on only one pool. Table 4.2 compares results of the multispecies equilibrium yield curves

with the single species curves (Chapter 2).

Some of the pools in the model exhibit significant ditferences in the shape of therr vield

curves, depending on whether fishing on other pools is included or not.

The (yield curve-no fishing) for the pelagics indicates a severely overfished fish group when
top-down flow dynamics are assumed (Figure 4.4b), as does the single species yield curve tor
Scomberomorus commerson (41% of pelagic trawl biomass). A bottom-up assumpuon results

in the conclusion that current fishing mortality is at around the optimum level . However, the

™ Here optumum fishing monality 1s interpreted as the area from the fett of the top of the yield curve to the top off
the curve. roughly comparable to the MEY and MSY points.
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yield curve-plus fishing produces quite different conclusions. For either tlow assumption, the
curve describes two peaks, one at a fishing mortality below the current fishing mortality and
one at a tishing mortality higher than current tishing mortality (tigure 4.4). The second peak
results from the small increase in biomass at higher tishing mortality described above. It the
optimum fishing mortality is associated with the highest peak, current tishing mortality is
below optimum fishing mortality for both flow assumptions. The implication of this is that it
fishing eftfort were increased across the fishery, there would be a greater return of pelagics. A
comparison of the pelagic catch between 1979-1982 and 1992-1994 (Chapter 2) indicates that
the level of catch has not changed. Both plots in Figure 4.4 have a relatively tlat area to the left
of the current fishing mortality. So, at a lower total fishing mortality, such as there was in
1979-1982, a sinular total catch of pelagics would be predicted. The demersal teeders and
engraulids have a simular response, although the latter does not show the double peak. The
catch of the latter was also higher in 1979-1982 than in 1992-1994. In summary, these three
pools are unlikely to be able to sustain turther mortality it the eftects of tishing mortality are
examined on them alone. However, it the effects of tishing on other pools in the ccosystem are

included in the analysis, they would be able to sustain turther fishing mortality.

Their revitalisation results from the decrease in their predators, and therefore a reduction in

predation mortality, caused by further fishing.

This 1s more dramatically shown by the crustacean pools (sergestid, penaeids and large
crustaceans). The yield curves for the penaceids are shown in Figure 4.5. For the vield curve-no

Jishing | current fishing mortality is cither below optimum fishing mortality (bottom-up) or



Bottom-up Top-down

Equilibrium Yield Curves-no fishing

Biomass

Equilibrium Yield Curves-plus fishing

C

Biomass

——

Fishing Mortalitv Fishing Montality

Figure 4.4. Equilibrium yield curves for the pelagics. In (a) and (b) fishing mortality

i1s varied on only the pelagics. In (c) and (d) total fishing mortality is varied as in

Figure 4.2. Thick red line indicates yield curve, coloured lines, biomass, dotted black line,
current fishing mortality. See Table 4.1 for legend and scale. For further details see text.
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Bottom-up Top-down
Equilibrium Yield Curves-no fishing
a : b

Biomass

Biomass

X >

Fishing Montality Fishing Mortality

Figure 4.5. Equilibrium yield curves for the penaeids. In (a) and (b) fishing mortality

is varied on only the penaeids. In (¢) and (d) total fishing mortality is varied as in

Figure 4.2. Thick red line indicates yield curve, coloured lines, biomass, dotted black line,
current fishing mortality. See Table 4.1 for legend and scale. For further details see text.
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at optimum fishing mortality (top-down). However, for the yield curves-plus fishing. current
fishing mortality produces a yicld tar below the potential optimal yield produced when fishing
mortality 1s increased and the other pools in the ecosystem are severely reduced by over-
fishing. Again this 1s the case regardless ot the flow assumption, although a much stronger

response 1s seen for the top down assumption.

Some pools exhibit the opposite behaviour. For example, the adult medium predators yield
curves-no fishing and the single species vield curve tor Trichiurus haumela (62° 6 medium
predators trawl biomass) indicate that current fishing mortality 1s at about optimum fishing
mortahity. The yield curves-plus fishing indicate that current tishing mortality is substantially
greater than the optimum tishing mortality (Figure 4.6). In the latter case, the optimum fishing
mortality occurs at a much lower tishing mortality. This 1s because, when tishing mortality 1s
reduced across the whole fishery, the biomass of many other groups also increases, including
prey spectes. The medium predators are by definttion predators and thus an increase in prey
abundance plus a decrease in fishing pressure enables a substantial increase in their biomass.
The opumum fishing mortality corresponds with hig