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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 Mi y e l  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 al1 other indications are that the fishery suffers from 

growth, recruitment and ecosystem overfkhing. Large scale effon has decreased, but srnaIl scale 

effon has intensified and diversified. The second approach was to mode1 the ecosystem using 

ECOPATH an equilibrium rnass-balance model. The model described a relatively mature and 

resilient ecosystem, dependent on detrital and benthic flows. Different fishing gean have 

differential impacts on the ecosystem and these are modified by the interactive effects of 

predation and cornpetition. 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 fishenes assessment and management. The uncenainties conceming 

the resource dynamics were explored using an adaptive management approach. Four ECOSIM 

models of the San Mi y e l  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 Isaming 

more about the uncertainty or distinçuishing between the different resource modrls. It 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 fishcnes arc most oftcn badly 
managcd (if at all) - ttic resourccs are genenlly ovcr-exploitcd and the 

fishcries overcapitaliscd ....... Cornpounding the problcm is the fact that, 
inspite of recent advances, the biological basis of tropical fisherics is only 

bcginning to be understood; indced the relative neglect of tropical fishcrics 
rcsearch in thc international literature appears vcry cl~arly whcn thc rclcvant 
joumals are surveycd. This problcm is fiirther complicatcd by the cnonnous 
divcrsity of Iife histories and adaptations arnong the organisms cxptoitcd, as 

well as the diversity of fishcrics, gear types and social conditions, which 
represent serious (although not ovenvhelming) constraints on rcsourccs 

asscssmcnts and fisheries managcmcnt." Pauly ( 1994: 15- 16) 

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 srnall-scale sector, and, in many cases, a competing large-scalc 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 exploi ted by srnaIl-scale fisheries (Pauly 1 997, 1 979a, Smith 1 983, Marr 1 982, 

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



different sectors bave lrd to over-exploitation and comprtition over resource use. At the same 

time, there has been little research intc the ecosystem impacts of fishing on these multispecies, 

multigear fisheries. 

The aim of this study is to use and explore a muitispecies, ecological approach to the 

assessment and management of multispecies, multigear fisheries. In al1 fisheries, both inter- 

specific interactions, and interactions between the fishery and the ecosystem occur. Without 

doubt, fishing causes change in the ecosystem, but i t  does not do this in isolation. The impact 

of fishing on one or more species, has impacts on other spccies in the ecosystom. Fishing has 

been described as having a top-down effect on the food web (Pauly 1979a, Larkin 1 W6), 

although fishing occurs at al1 trophic levels, and thus at al1 levels of the food web, Cluistensen 

( 1  996). Whrn examining the effects of fishing in a rnultispecies 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 manne ecosystems as "scientific 

shorthand for the contomponry appreciation that fishenes management must take greater note 

of the multispecies interactions in a comrnuniiy of fish specirs and their dependence on 

underlying ecosystem dynamics" ( 1996: 146- 147). The problems of managing mu1 tispecies 

fisheries on an ecological basis are still being addressed in the dcveloped world. Munwski 

( 199 1 ) amply demonstrated this in his description of issues and problems in the multispecies, 

multigear dernersal fisliery 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 



tisheries data, are poor, but the fisheries catch many species and are fislied 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 (1 996), Larkin ( 1996), Pauiy ( 1994), Murawski ( 1 99 1 ), Garcia 

(1  989), 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 govemments for instance have a laissez-fnire 

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 shrirnp 

fishery, where small-scale fishers rnay have caused the economic collapse of the large-scale 

sector vividly demonstrates that small-scale fisheries should not be ignored (Griffin and Grant 

198 1). 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 

Ianding sites, lack of tnined personnel, lack of funds, lack of access, iack 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, mu1 tigear 

fisheries in developing couniries concems tropical penaeid shrimp fisheries, a resource witli 

high value. Severai st:idies have been conducted to examine the optimal fleet configuration for 

these fisheries (e.g., SWIOPKNRO 1989, Willman and Garcia 1985, Jarrold and Everett 

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



as Mexico, West Africa, lndia and Southeast Asian countries, but since the I950s, industnal 

stuimp fleets expanded into these areas (Willman and Garcia 1985). Penarid slirimps are 

wlnerable to both gears at different stages of their life history. The small-scale fishers taqet 

the juveniles, the large-scale sec tor 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 concludr that a singplar solution is best, that is, that the 

optimal solution is one where the fishery consists of only one gear. For example, Medley el al. 

(199 1)  used optimisation theory to demonstrate that optimal exploitation of the multifleet 

yellowfin tuna fishery occurred when only one gear existed. Clark and Kirkwood's ( 1  979) bio- 

economic mode1 of the Gulf of Carpeniaria prawn fishery (Austnlia) also produced the result 

that the optimal fleet composition consists of only one of type of fishing gear. Howevrr, this 

was not considered to be an acceptable alternative since neither gear sector was likely to acccpt 

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 fishenes, fishing gears do no t al1 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. niese 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 tirne 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 (1 985) reported that conflict between shrirnpers and sports fishers and crab fisliers 

was caused by increased pressure by the shrimpers on whiting and sandcnbs. In West Africa, 

many small-scale fleets exploit the juveniles of other stocks, for examplr, Sardinella, which 

are exploited by large-scale sectors when mature (Troadec 1983). In Senegal in 1969, al1 trips 

made by large-scale shrimp trawlers were directed at shrirnps. In 1978, only 25% of trips were 

targeted specifically at shrimp - the rest of the trips were primarily directed at higli 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 dernersal stocks (Gulland and Garcia 1984, Pauly 1979a). In 

Nonhwest 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 1 994). 

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, pnwns and the 

hairtails (Trichiuridae) (Pauly 1979a). 

One multispecies approach to fisheries assessment is the study of technical in rnixed-species 

fisheries (as opposed to multispecies fisheries). A mixed-species yield per recruit approach is 

used, for example, Brander ( 1983), Murawski (1 984), Murawski et aL (1 99 1 ), Pikitch ( 1989). 

These studies are prernised 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 mode1 

biological interactions, that is multispecies interactions. Brander (1 983) modelled the 

technical interactions between the Nephrops norvegicus and cod fisheries of the Irish sea, and 

the biological interactions between cod and N. norvegicru. 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. iiorvegicus were sub-optimal when the 

biological interactions between the two species were taken into account. As Bnnder (1 983) 

suggested, the results "cal1 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 rnultispecies Virtual 

Population Analysis (Magnusson 1995, Sparre 199 1, see Larkin 1996, Hilborn and Walters 

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



large data requirements. Thsre are sevenl impressive volumes on multispecies mrthods and 

theory (Daan and Sissenwine 199 1, 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 rnultispecies resource. 

Researclt Objectives 

The overall objective of this thesis is to use ecological theory to inform fisheries assrssment 

and management. Its departure point is the knowledge that fishing takes place on an 

ecosystem, that fish do not live in isolation from other tish (and therefore tliey intrract), that 

there are interactions between the fishery and the ecosystem, and that different fishing gean 

bave different impacts. These interactions within the ecosystem and betwren the fishery and 

the ecosystem should be considered in fisheries management and assessment. A mass-balance, 

tropho-dynamic approach is used here to investigaie their impact on fisheries assessment and 

management. 

Spec i ficall y, 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 rnultigear fishery on a 

multispecies resource; 

to determine the effects of ecosystem considentions on fisheries assessment and 

management; 



To develop a systematic, integrated approach to the assessrnent of multispecies, 

multigear fisheries using relatively simple methods with wide applicability; 

to develop tractable sustainable management stntegies for multispecies, multigear 

fisheries; and 

to focus on developing counuies, where fishenes are frequently multispecies, 

rnultigear and data sparse. 

The last three aims are also intended to address another concem. Many of the fisherirs 

methods used to assess the multispecies fisheries of developing countries were drveloped for 

fisherirs in temperate, developed countnes, 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 fishrnes 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 drveloped 

in the West, use age to structure [heir models, not length. There is thus quite a drgree of 

incompatibility between methods and approaches used to assess fishenes 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 countnes. 

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 knowiedge about 

multispecies, multigear fisheries. 



The fishery of San Miguel Bay, Philippines was used as a case study for this work. It is a 

rnultispecies, multigear fishei-y under stress due to excess tishing pressure from both large and 

srnall-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 tnwlers operate 

regularly in San Miguel Bay, alongside a diverse range of small-scalr gean, including 

handlines, gillnets, and fish corrals. There is a history of resource cornpetition in the Bay 

dating from the 1940s, when there was already a trawl fishery for shrimp (Warfel and 

Manacop 1950). No regular annual fisheries statistics have Seen collected in San Mi y e l  Bay. 

A study of the fishery conducted in the early 1 980s concluded that the fishery was over- 

exploited and a series of management recornrnendations were made (Smith et 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 

(sponsorrd by the Department of Agriculture and the Asian Developrnent Bank) and as part of 

a larger five year coastal resource management study in the Philippines, to conduct a 17 month 

"Resource and Ecological Assessment of San Miguel Bay". 

This results of this intensive multi-disciplinary project have been pubiished as a CD -ROM 

(ICLARM 1995). This cornplements an earlier study from the 1980s which was also conducted 

by LCLARM, in collaboration with the Institute of Fisheries Developrnent and Research of the 



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 indeprndent analysis of the database from 

the 1992- 1994 ICLARM research projectl, 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 fil1 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 

applicabili ty 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 

monality 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 

assessrnent have bern criticised (see Hilbom 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 fisherirs management, it was not possible 

to includr 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 

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

1 In somc cascs, bccausc the initial analysis of the database occurred concurrcntly with ICLARM's analysis, thc 
same parameters wcre calculated from the data, for exarnpk, total catch and biomass. Whcre this occurrcd, the 
results from my analysis were used. 



spend pan, or ail, 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, si1 t, nutrients and pollution (from indus trial, agricul tural and domes tic 

sources) into the Bay. Mendoza el 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 et al. (1 995) 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 ( 1  982b) 

speculated that fish spawn outside of the Bay and that larvae are camrd 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 reponed to be in fair to good condition (Garces ei al. 

1995~).  

The biotic and abiotic inputs described above are clearly part of the ovenll ecosystem. 

However, whilst recognising that they will have a modifying effect on the Bay, it was not 

feasible to explicitly inciude thern in the mass balance, tropho-dynamic approach used here. 



Th esis Ou t h e  

The thesis begins with a description and assessment of the San Miguel Bay fishery (see Fi y r e  

1.1 ). This is a background chapter which sets the scene for the three subsequent chapters. In 

Chapter 3,  the ecosystem is rnodelled 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 5, 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 

assernbled, then the curent 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 frorn the trawl survey and catch survey are analysed 

using single species and Iength-based methodologies, including mortality estimation and yield- 

per-recmi t analysis. 
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Figure 1.1 Flow chart showing thesis chapter layout and content. 



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 modelied using a mass-balance model, ECOPATH (Christensen and Pauly 1 W h ) .  

ECOPATH is a rnass-balance description of trophic interactions. It  is used to detemine and 

drscribe the interactions between different components within the ecosysiem. In tliis way, the 

major energy flows and pathways in the ecosystern, upon which the fishery is based, ore 

identified. The state of development or maturity of the ecosystem is also examined using a 

series of indices outlined in Christensen and Pauly (1  993c) and Christensen (1  995, 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. Knowledp is increased. A second model was then built, incorporating the fishery, 

large-scale and small-scale, as predators within the modrl. In this way i t  was possible to 

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

In Chapter 4 the fishery of San Miguel Bay is modelled using ECOSIM, a dynamic 

multispecies mode1 (Walters et al. 1997). This model requires only a few more panmeters 

than ECOPATH, and is thus very appropriate for data poor fisheries. With ECOSIM i t 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. 



Funhrrmore, ECOSIM is used to simulate the two "views" of enerby flow control in 

ecosystems: top-down control (Carpenter and Kitchell 1993) and bottom-up control (Hall et al. 

1970, Hunier and Pnce 1992) are simulated and compared. 

There are two major uncertainties conceming the resource dynamics in San Mi y e l  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 empincal information generated from the resource in response to management 

is used to shape future management strategies. It 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 Cliapter 6, the preceding chapters are revisited in the light of the aims of this thcsis. Finally, 

the question is asked, "1s the ecological approach developed here, whereby ECOPATH and 

ECOSIM are used to mode1 multispecies fisherks and adaptive management used as a means 

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

This thesis may be read as a thorough assessrnent of a rnultispecies, multigear fishery from the 

Philippines. It  may also be read as part of an attempt to develop and use methodolopical 

approaches appropriate for multispecies, multigear fisheries in the developinp 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 

fishenrs assessrnent and management. 



Chapter 2 

The San Miguel Bay Fishery 

"We know that the assumption of a constant parameter system is 
never svictly fulfilled in reaf life. However, wc are often in a 

situation which forces us to mkc assumptions, which are known to 
be crude approximations to reality. It ofien happens that only by 
making such assumptions wc are able to carry out an analysis of 

avaitable data, and it is bettcr to do a cmdc anatysis than no analysis 
at dl." 

Sparre et al. 1989, p. 139 

Iittroductiori tu San M i ~ e i  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, taditionally exploited by small-scale fishers using 

a wide range of gear types. The Bay falls within the jurisdiction of two provinces, Camarinrs 

Norte and Camarines Sur. The two provinces have seven municipalities adjacent to the Bay, 

Basud and Mercedes in Camarines Norte and Cabusao, Caiabanga, Sipocot, Siruma and 

Tinarnbac in Camarines Sur. The most densely populated municipality is Calabanga and the 

least, Sinima. Around the coasts of these municipalities are 74 coastal or fishing barangays 

(villages). The population of the 74 banngays was reponed as 92, 7 16 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 srnall-scale fishers live at or 

below the national poverty level (Dalusung 1992). 



Figure 2.1 Map of San Mi y e l  Bay, Philippines showing bathymetry, sediments and key 
locales. (ICLARM 1 995) 



Since the 1970s and initially as a result of govemment credit programmes, trawlers have 

exploited the Bay, mainly for shrimp. The Bay is ideally suited for trawling: it is wide, 1 1 15 

km', shallow and 95% of the Bay has a soft-bottom (Garces et al. 1 995a). 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 tnwl survey, 

Warfel and Manacop (1950) suggested that San Miguel Bay, as one of the rnost productive 

trawling areas in the Philippines, could sustainably support four or five tnwlers. By the latr 

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 

systrmaticlilly 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 srnall-scale fisliers 

and large-scale tnwl fishers who compete for the same, limited resource. This was noted in 

other areas of the Philippines as early as the 1950s. Rasalan ( 1  95753) reponed that, in the 

opinion of the fishers, "the extensive operations of the otter trawl do not only destroy the eggs, 

larvae, food and the spawninç ground of fishes, but also fish corrals and otlier fishing gear 

which are set at the sea bottom to catch demersal species". At this time, the annual catch 

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

During the late 1970s and early 1 980s, 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 



Mines 1982). The small-scalc gears include an a m y  of passive çillnets, such as drift, bottom, 

and shnmp gillnets, some usinp motonsed boats (bancas); fixed gears such as fish corrals, 

filter nets, fish weirs and stationary lifi nets; simple active gcan 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" trawlen (Vakily 1982). Large trawlers are 

19 to 25 meters long, varying in capacity between 27 and 1 17 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 lrngth about 12 meters. Mini tnwlers are powered by a 10- 16 horsepower engine, 

they are about 5 rneters lcng 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 1953). 

In the Philippines, fishing vessels are divided into commercial vessels and municipal vessels 

(in this thesis, the tems  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, includr 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 i t  was arbitrarily instituted for taxation 

and licensing purposes (Pauly l982a). The unfominate consequence of this arbitrariness is that 

small commercial trawl ing 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 "rnini-trawlers", which rnainly exploit sergestid 

shrimp, and the small or "baby" trawlers, which target penaeid shnmp and demersal fish. This 



classification impacts the fishery re ylations, which have different niles for commercial 

fishing and municipal trawling. 

The Fisheries Act of L975 (or PD 704) encompasses al1 fisheries replations in the Philippines 

(Luna 1992). The Bureau of Fisheries and Aquatic Resources (BFAR) have responsibility for 

commercial fisheries whilst municipal or  small-scale fisheries are under the jurisdiction of the 

municipality. Al1 vessels must be licensed, although this is more to earn revenue for the 

govemment than to control fishing. In fact, according to Luna (1  992), the whole Fisheries Act 

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

The Fisheries Act placed a 7 km or 7 fathom ban on al1 commercial vessels. This rneant that 

commercial trawlers, for example, could not fish within either 7 km of the shoreline or in 

waters less than 7 fathoms deep. Howrver, there were alternative rules for municipal tnwlers, 

that is, trawlers less then 3 gross tons, the baby and mini-trawlers. These vessels were dlowed 

to tish in waters as shallow as 4 fathoms, if given permission by the municipality and approval 

by the Department of Agriculture secretary (Luna 1992). In 199 1 the New Local Govcmrnent 

code was instituted and this increased the jurisdictional responsibili ty of the municipali ties. 

Principally, The Code extended the municipal boundaries to 15 km from the shoreline. This 

placed San Mi y e l  Bay in its entirety within the jurisdiction of the municipal authorities, and 

thus the decision on whether to allow tmvling 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 Lnstitute of Fisheries 

Development and Research of the University of the Philippines conducted a study of the 



fisheries of San Miye l  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 rnany 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 recornrnended the creation of a San MiLwel Bay Fisheries 

Authority, an authoritative body to manage the entire Bay (Smith et 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 (1 987) conducted a follow up snidy. They reported tliat tlic numbcr of 

trawlers Iiad incrrased 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 al1 trawling 

activities had grown to a clarnour. 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 Miye l  Bay was conducted by ICLARM 

from 1992 to 1994. ICLARM was contncted by The Fisheries Sector Programme (FSP) of the 

Philippines (sponsored by the Depanment of Agriculture and the Asian Developrnent Bank) as 



part of a larger 5 year coastal resource management study in the Philippines, to conduct a 17 

month "Resource and Ecological Assessrnent of San Mi y e l  ~ a ~ ' " .  

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 tnwl surveys 

and no annual census of boats or fishers. Thus, most methodological approaches comrnonly 

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 f i t  the model. 

For the above reasons, the assessrnent 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" (lCLARM 1995a) has been published containing the rcsults of this 
rcscarch. 



The Data 

The data for the assessrnent of the fishenes of San Mi y e l  Bay came from three surveys 

conducted by the Capture Fisheries Assessrnent component of the ICLARM study (Silvestre et 

al. 1995, Cinco ef al. 1995). 

Trawl survey Dala 

The trawl survey was conducted from July 1992 to June 1993 (Cinco er al. 1995). A one Iiour 

drag, during daylight, was made monthly at each of nine stations, distributed around San 

Miye l  Bay (Figure 2.2). The vesse1 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 rn headline and 0.9 cm cod-end mesh size, was typical of the trawl gear used in San 

Miguel Bay. 

Fishety survey Da la 

The fishing gear inventory was conducted from January 1993 to June 1993. It covered d l  74 

fishing barangays in San Miye l  Bay and thus the seven municipalities. Information on 

ownership of gear and seasonality of gear use were obtained from the local banngay officiais, 

who are up-to-date on who is fishing, with what, and where. 



Figure 2.2 Map showing the tnwl stations used during the 1992- 1994 tnwl survey o f  Srin 
Mi y e l  Bay. (Cinco et al. 1995). 



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 Sabanp 

(Calabanga), Castillo (Cabusao) and Padawan (Mercedes) and the small-scalc sector at five 

landings sites in four municipalities, Castillo (Cabusao), Sabang and Sibobo (Calabanga), 

Filarca (Tinambac) and Padawan (Mercedes). The landing of the large scale sector were 

monitored once a week and the landings of the srnall-scale sector every other day. In both 

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

The comparative data frorn the 1 979- L 982 ICLARM study were taken frorn published repons3. 

Alralyses of Trawl Survey Data 

The Speçics 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. 

Thcsc are availnble on the San Miguel Bay CD-ROM (see footnote 1). or as n scries of hard copy technical 
rcports published by ICLARM (1995b). 



The abundance of each species present was expressed as the relative contribution of the CPUE 

of that species to the total CPUE over the IO month survey. Once the total specirs present 

wrre collated, they were grouped into families. 

Estirnatinc Densitv 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 procedurr in Sparre et al. (1989) and Cinco et al. 

(1995), the monthly density (tlkm2) 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). 

Biomass = Density * A 

where X i  = escapement factor 

Xz = 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 atternpt to include these uncertainties in 

the biomass estimate, Monte Carlo simulation (Crystal Bal1 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 sarnples are taken from 

the input panmeter distributions and the mode1 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 XI, X2 and L. 

The escapement factor, X i ,  refers to the proportion of fish in the path of the trawl net that are 

actualiy captured and retained in the net. Undenvater film footage of trawl nets in opention 

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 XI  in the literaturz range from a recornmended 0.5 for trawlen in 

southeast Asia (Saeger et al. 1 980) to 1 .O Dickson (1 974). Differentiating between tliese 

values is dificult (Sparre et al. 1989). Indeed, Hilbom and Walters note that 'the bortom line 

is always "What proportion of fish in the area swept were capiured'" (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 .O was used. Since there are no means 



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 X2, the proportion of the headline length that descnbes 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 pear is rigged by fishars. 

This likely variation was represented by a trianylar probability distribution, with a minimum 

value of 0.4, a maximum value of 0.6 and the "'compromise" value of O S  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 vanability in the distance travelled caused by environmental factors 

such as weather, tides, bottom topography and depth, a 10% error factor was introduced to the 

estimate. This was represented by a uniform probability distribution with a range of 4.94 to 

6.01 and 5.49 as the midpoint. 

The area of San Mi y r l  Bay is 1,115 km (Garces et al. 1995a) with a tnwlable area of 95%. 

However, since the 1979- 1982 study, and other earlier studies (see Pauly l982a) used a value 

of 840 km' as the area of San Mi y e l  Bay, tliis latter value was also used for comparative 

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

The differcnce in these two estimaces is due to different boundary definitions of San Mique1 Bay. The estimate 
of 1 1 15 km' is derived from a boundary dnwn furthcr north than the estimate of 840 km-. The latter was dnwn 
from Pambuan Point in Camarincs Norte, eastwards to Siruma Island and then the mainland of Siruma in 
Camarincs Sur (Mines et al. 1982, Figurc 1). The former w u  i s w n  from Grove Point in Camarincs Norte cast 
to Butauanan Island and southeast to Quinabuscan Point in Carnarines Sur (Garces et al. 1995a), scc Figurc 2.1. 



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

1982a). 

Lon~itudinal Comparison of Species Com~osi t ions  from Trawl survcv Data 

The theory of "fishing down an ecosystem" is now well known. When a fishery first develops, 

the Iaqer, more valuable fÏsh are targeted. As time proceeds and stocks dwindlr, the fisliery 

switches it attention to the next most valuable species and fishes this until anothcr switch is 

forced and so on. In this way, a fishery tends to be fislied at different trophic Ievels at different 

stages in the history of the fishery. This fishing pnctise becomes problrrnatic when fishing 

pressure increases to the point where al1 extant trophic levels are targeted simultaneously and 

there is no reprieve for declining fish groups. Usually this point is not reached unlrss large- 

scale irawling activities, often for prawns, compete with the traditional small-scale sector for 

resources. The effect of this mass harvesting of trash fish and juvcnile 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 p n e n l  pattern of change 

which includrd the loss of slow growing fish such as rays, huge declines in small drmersals 

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 



might suffer from "ecosystem overfishing" which is defined as "what takes place in an 

ecosystrm 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 cornparison was made with the species composition data from the 1992- 1994 

tnwl survey, the trawl data from 1979- 1982 (Vakily 1 982) and the tnwl 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 açree with Pauly's 

general pattern, and to determine whether San Mi y e l  Bay is ecosystem overtished. 

Scasonal Analvsis of the Trawl Survev Data 

San Miguel Bay is subject to seasonal environmental conditions. Most significant is the 

northeast monsoon which occurs from October to March (Villanoy el al. 1995). Dunng 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 begiming of the rainy smson, a ~ . d  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 whicli 

occurs between June and September (Villanoy et al. 1995). This has much less effect than the 

northeast monsoon because the Bay is protected by the Bicot Peninsula. May to August is the 



hottest period of the year, with temperatures in the 32OC 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 tnwlers. A systematic trawl survey 

was not conducted. 

Estimation of Mortalitv 

The instantaneous rate of total mortality, 2, was estimated using three length based methods, 

the Lengih Convened Catch Curve, Beverton and Holt's method (1956), the Poweli-Wethenll 

Plot (Gayanilo et al. 1996). A fourth method which estimated Z from the sum of fishing 

monaiity and natural mortality was also used. 



Estiniation of Gr-oivth Parameters 

The three length based methods al1 req wth parameters, Lm, the pire the gro\ asyptotic length in 

the von BertalanfQ growth function and K, the von BertalanfQ growth constant. These ware 

estimated using the ELEFAN 1 progam contained within the FAO-ICLARM Stock 

Assessrnent Tools software package, FiSAT (Gayanilo et al. 1996). Growth curves are fitted 

by ELEFAN 1 through a time senes of length frequency data, using the von Brrtalanffy 

Growth Function. The goodness of fit of  the curves is assessed by the number of peaks and 

trouglis in the length frequency data that the growth curve passes through. Several options are 

available in ELEFAN I for estimating the growth parameters. Once representative values of 

Lm and K are described for a given senes of length frequency data, the effects of tnwl 

selectivity are used to correct the length frequency distribution. Lm and K are then re-estimated 

using the new distribution. Inclusion of the smaller size classes enables a more accurate 

estimate of Lm and K (Pauly 1987). 

Values of Lm and K were also extncted from the literanire for comparative purposes. 

FishBase (FishBase 1993, a global fish database with data on growtli rates of different fish 

species, was used for this purpose. For each species analysed using the above method, mean 

Loo 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 199 1). The equation relating 4' 

to Loo and K: 



0' and Loo are normally distributed and K has a log normal distribution. In order to estimate 

the average K from a series of L a  and K values, $' is calculated for each combination and the 

mean of the 6 and Lm values taken. The above formula for 4' is then solved for K, to find the 

mean K. 

These "generic" values of Loo 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 

panmeter definition was confused (for exarnple, no clear definition of K). Tandog et al. 

( 1988) who also used this approach for Philippine fisheç, concluded that values of $' are 

noxmally and narrowly distributed within a species. 

Mortctlitv Estimation usina the Lertafh-Cotzver*ted Carch Curve 

Lengh-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 19 13, who also incorponted growth rate 

information (Ricker 1975). However, the modem form is based on age data and derived from 

the catch equation: 



C(tl ,t2) = N(t) F/Z - (1 -exp(-Ytz-tl)) 

where, 

C(t ,tz) = catch frorn time tl to time t ~ ,  

N(t) = numbers at tirne t, 

F = instantaneous fishing mortality rate 

Z= instantaneous total mortali ty rate 

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

linearised catch curve". 

where, 

N(tJ = nurnber at age of recniitment 

Z(t,) = instantaneous total mortality rate at age of recniitment. 

The first term on the right had side, "ln(N(t,)-FlZ)+Z(t,)" can be consolidated as a constant, 

leaving "-Z(tl)+ln(l -exp(-Z(t2-tl))". The second part of this term is non-linear unless the time 

interval is constant. However, the time to grow from one lrngth interval to the next is not 

constant in fish and in order to make this non-linear t e m  linear, an additional assumption is 

made. For small values of "x", that is xcl ,  , the following holds true: 



and therefore where Z(tz-ti) is small, it  follows that: 

Substituting this into the general lineansed catch curve, substituting delta "t" for (tz-11) and 

incorporating InZ into the constant gives: 

where "c" is the constant and ''-2" is the dope of the descending right a m  of the curve. 

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

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

where, 

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

L a  = asymptotic length at infinite age. 



Subsriruting this into equation (4) produces the Length Converted Catch Curve rquation 

below. 

where, 

Li = length at time 1, 

L2 = length at time 2, 

At = t(Ll)-t(L2) = I/K * In[(Lao-Li)/(Loo-Lz)J 

Lao = asymptotic lençth at infinite age. 

The catch of fish of length L i  to L2 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(Li)+i(L2))/2. The slope of 

the descending right limb gives the estimate of 2. 

In 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 al1 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. In this case the 

trawl samples, taken over a period of 1 O inonths, were pooled to produce the sample for 

analysis. This should enable the second assumption to be met. The third and fourtli 

assumptions are usually met if the descending limb appean straight (Paul y et al. 1980). In the 

case of San Miguel Bay, the mean size of fish are suffciently small and fishing pressure has 

been sufficiently intense to virtually yarantee that none of the tish included in the sample 



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 die assumptions described for the Length Converted Catch 

Curve. 

Mortalirv Estinzatiorz usina Beverton and Holt 's Mean Len pth Method 

The Bevenon and Holt Mode1 (Bevenon and Holt 1956) uses mean length, Lm and K to 

estimate Z. This method is robust under conditions of variable recruitment (Wetherall et al. 

1987). 

where, 

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

L, = the length for which al1 fish that length and longer in the catch are under full 

exploitation, 

- 
L = mean length of fish in the sample from L, to Lm. 



Moi-talitv Est iritat ion crsina the Powell- Wetherall Plot 

Another method which uses mean length information, is the Powell-Wethenll Plot (Gayanilo 

et ai. 1996). It requires the whole sample to be pooled and assumes that this pooled sarnplr 

represents the equilibrium state. It is a çraphical method where the mean length of fish above 

L,, minus L, ( -L,) is plotted against L,. The equation on which this method is based is: 

where, 

- 
L = (Lm + L,) / ( 1 + (Z/K) 

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

Lm = -a/b, or, a = -b * Loo 

The slope of the line gives an estimate of Z K  and the intersrct with the x-axis, Lm. 

Under equilibrium conditions, fishing mortality, F, is equal to the quotient of the catch and 

biornass. Total rnortalitj, Z, 1s 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 



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 Lm and K. 

The mortalities estirnated above provide a snapshot of the current status of some of the main 

fish species in San Miguel Bay, but they do noi give information on how tliesr rnonality rates 

relate to the optimal rates of fishing, nor how much change in yield can b r  expected as a result 

of adjusting tishing monality. This is obiained using a Irngth-based yield-per-recruit analysis. 

The anal ysis was carried out using the relative yiald-per-recniit model contained within the 

FiSAT software (Gayanilo et ai. 1996). This mode1 is based on a modified version of the 

Bevenon and Holt yield-per-recruit model (Pauly and Soriano 1986). The required input 

parameters are a selection curve, the asymptotic length, Lm, the von Bertalanffy growth 

panmeter, K and natural monality, M. The çrowth and mortality panmeters werç calculated in 

the Monality Section above. 

The selection curve should ideally be estimated from empirical data collected during the trawl 

survey5. However, this type of data was not collected. Instead a routine within FiSAT, was 

used to estimate the selection curve. The routine fint estimates the probability of capture from 

the Length Converted Catch Curve (see above). The mode1 uses the Z and the M estimates to 

In order to estimate the selectivity of a uawl net, a fine meshea net is used to covcr the cod-cnd and ihus catch 
any fish which escape the cod-end of the trawl nct. 



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 nurnber of fish 

present with selectiviiy 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 tirne (t- 1 ), time (t) and time (t+ 1). The method assumes that the 

estimate of Z is accurate and that the smallest fish caught are hl ly  recruited to the fisliery 

(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-prr-recruit analyses were conducted for the species in San Miguel Bay for which there 

were sufficient data. Current exploitation ntes were compared to the optimal rates grnented 

by the yield-pre-recruit analysis. Current ntes were calculated as F(=Z-M)/Z, where Z is the 

resultant overall mortality calculated above and M is calculated frorn the empincal formula of 

Pauly ( 1 98Ob). 



A~iaiyses of Fishery Data 

Estimatino 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. Althougli 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 

Ianding sites dispersed ail dong its coastline. Despite the detailed study conducted by 

ICLARM, i t  was not possible to numerically account for ail effort and ail landings at ail 

landing sites. Instead, both are estimated from samples. 

For each gear type, Silvestre et al. ( 1995) calculated the total number of gear in each 

municipaiity from the information gathered in the Fishing Gear Inventory. They tlien summcd 

these totais 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 openting per year and the average number of trips made per year, that is: 

Effort,, = number of units of gear * mean annual number of trips 



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

mu1 tiplied by the average annual effort of that gear. that is: 

Annual catch per gear = CPUE (kgltnp)*effort (No. of trips)*No. Vessels (gear) 

CPUE per gear, was calculated from the surn of al1 landings made per gear over the survey 

prriod, divided by the total nurnber of trips made per gear. 

The total catch is simply the sum over al1 gears, that is: 

Total annual catch = 1,- annual catch per gear 

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

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

uncertainties, Monte Carlo simulation (Crystal Bal1 Inc., Denver, Colorado) was used to 

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

Error distributions were entered for al1 three parameters, that is, CPUE, Effort and 

VesseldGear. Two approaches were used: 

1. a I O  % uniform probability distribution was used for al1 of the panmeters 



2. a 20% uniforrn probability distribution \vas used for the CPUE parameters whilst a 10 % 

uniforrn probability distribution was used for the other two panneters. 

In order to compare the 1992- 1994 catch data to the 1979- 1982 catch, the 1979- 1982 catch 

estirnate was also subjected to Monte Car10 simulation and analysis. 

Distribution of Catch, Effort and CPUE in the Fisherv 

Once the catch and the effon were estimated, sevrnl  aspects of the distribution of catch, effon 

and CPUE in the fishery were examined. Informative cornparisons with sirnilar data from the 

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

Disfi-ihution of carch. effon and CPUE across geais 

In this section, the distribution of the total catch, effon and CPUE across diffsrent gears was 

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

Conipnrative Analvsis o f  Species Composilion fionz Landines Daia 

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 cornparisons were 

made with the earlier data. Where possible, the changing patterns of use of fishing gear since 

1979- 1982 were also deterrnined. 



Sixcies Conrposirio>i and Distribulio~z of the Cofch bv Fishinp Gear a td  Seas011 

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 airn is to gain an 

understanding of the seasonal nature and operation of the fishery. 

Status of the Maior Species in San Mieucl Bay 

The CPUEs of each of the top ten species ware comparrd across the major gears that catch 

thern and compared to the 1979- 1982 figures. The modal or rnean lengths of the fish in the 

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

Resrr lts 

Aiialyses of Trawl Survey Data 

The Spccies Coniposition of San Miguel Bav 

In total, 55 valid trawls were made during the tnwl survey over a period of I O  months 

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

(Cinco et al 1995) in practise there was considerable variabiiity; the modal trawling time was 



30-40 minutes (3 1 out of 55 hauls) with rnean 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 

tnwl survey. However, despite this large degree of diversity, the leiognathid, Leiognalkrrs 

spkndens was easily recognised as the most abundant species (Table 2.1). It comprised 16.5% 

of the total. Another leiognathid, Seculor ruconiw was the second most abundant species and 

accounted for 1 1.1% of the total abundance. In fact, over 60% of the total CPLJE was produced 

by only i O of the 98 species recorded in the trawl survey, as shown in Table 2.1. Three 

leiognathids are included in these 1 O 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 Zroup, callzd here the Benthic Invertebrates. I t  is clear from thrse 

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 ( 1  992- 1994 Trawl Survey data). 

Species 

Leiognathm splendens 
Secutor ruconius 
Trichiurus haum ela 
Penaeid Shrimps* 
Otolirhes t-uber 
Scornberornorus cornnzersorr 
Stolephotw cornmersonii 
Nem iprerus japonicus 
Drepane prrnctata 

CPUE % 
Leiogiathidae 16.5 16.5 
Leiognathidae 11.1 27.6 
Tric hiuridae 7.4 3 5 .O 
Penaeidae 4.9 39.9 
Sciaenidae 4.4 44.3 
Scombridae 4.3 48.6 
Engraulidae 3.7 52.4 
Nem ip teridae 3 .O 55.4 
Ephippidae 3 .O 58.4 
Leiognathidae 2.8 6 1.2 

* The Penaeid species are gouped 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). 

Farn iIy 

Leiognathidae 
Trichiuridae 
Sciaenidae 
Engraulidae 
Penaeidae 
Scombridae 
Tetraodon tidae 
Benthic Invertebrates* 
Nemip teridae 
Ephippidae 

% of total Acorr~iulative 96 
CPUE 
35.2 35.2 

7 -4 42.6 
6.8 49.4 
6.4 55.8 
4.9 60.7 
4.4 65.1 
4.0 69.1 
3.9 73 .O 
3 .O 76.0 
3 .O 79.0 

* Benthic Invertebntes include Bivalves, Shellfish, Brittlestars, Jellyfish and 
Nudi branchs. 



Estiniating Densitv and Biomass frorn the Trawl survev Data 

The monthly catch rates and the results of the density and tnwlable biomass estimation 

without Monte Carlo simulation are given in Table 2.3. Using the most likely parameters, the 

mean annual density is 1.56 tlkm2. There is considerable variation in the monthly estimates 

from which this annual figure is estimated. Mean monthly density estimates range from 0.55 

t/km2 in May to 3.34 t/krn2 in October. 

The Monte Carlo simulation produced a mean density estimate of 2-72 t/km2, with a 95% 

certainty of 1.2 1 to 8.67 tlkm2, 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,l 15 km? The 95% certainty range was 1 ,  35 1 to 9,653 t with a standard deviation of 

3,303. The corresponding mean biornass for an area of 840 km2 was 2 ,28  1 t. Cinco et al. 

( 1995) estimated a density of 1.96 tlkm2 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 nnge of 

the estirnate produced here and can be reproduced by using a value of 0.6 for either X I  or X2, 

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

The results are very sensitive to the input parameters. The greatest sensitivity was to the value 

of X i  (the escapement factor) (93.6% of variation), then to the value of X2 (the effective width 

of the swept area) (3.5%) and the least sensitivity is to L, the distance tnvelled 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 Estirnates for San 
Miguel Bay, September 1992 to June 1993 

September 
October 
November 
December 
January 
February 
March 
April 
May 
June 
MEAN 

Area o f  Sarl Mi~rrel Bav 
Catch Rate Densitu 1 1 1 5kmL 840krd 

f w r )  ft/hm2j Biornass (t) 
69.64 2.82 3 142.9 2367.7 
82.63 3 -34 3 729.5 2809.6 
47.02 1.90 2121.9 1598.6 
18.89 0.76 852.7 642.4 
30.5 1 1.24 1377.1 1 03 7.4 
27.03 1 .O9 1219.9 9 19.0 
3 1.58 1.28 1 1 073.6 
14.94 0.60 674.4 508.0 
13-48 0.55 608.3 455.3 
49.34 2.00 2226.8 1677.6 
38.5 1 1.56 1 737.8 1309.2 

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

Stutis tic Demi& Bio nrass 
(t/km 2, ~ = 1 1 1 5 k n r ~  A=840 knr' 

Mean 
Standard Deviation 
Lower 95% Limit 
Upper 95% Limit 
Range W Width 

2.72 3,027 2,28 1 
2.96 3,3 04 2,489 
1.21 1,35 1 1,019 
8.67 9,653 7,290 
51.2 57,092 43,011 



the results were most sensitive, X i ,  is also the panmeter which had the widest input range and 

the panmeter for which therr is Ieast certainty. Indeed, given that the standard drviations 

produced by the Monte Car10 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 t/km2 from the 1979- 1982 study was also estimated using the 

swept area rnethod (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 bas 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 I  would remain the same. 

Pauly ( l982a) collated a table of histoncal traw1 surveys conducted in San Miguel Bay and 

calculatrd 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 mont11 of July. The 

survry consisted of five dngs of approximately 1 hour duration using a 30 m, 400 HP trawler 

with a 1 O cm meshed cod end. Allowing for differences in gear and mesh sizes, Pauly 

rstimated a density of 10.6 tkrn2and stock biomass of 8,900 tonnes, figures he dcscribed as 

conservative. Although these figures should only be used as an indicator of Iikely drnsity 

(since the survey was limited to one month and there were differences in the gears used) the 

1948 estimates do fa11 outside the confidence limits of the 1992- 1994 density and biomass 

estimates. This indicates that the density and biomass in San Miguel Bay have decreasrd since 



1945. Using the mean density estimate of 2.72 tlkm' 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 (1 982a ) nnged from 5.2 

t/km2 in 1957-55 to 3.49 t/km2 in 1977. These values faIl 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 bzen a 

downward trend in density with time. However, given the uncertainty of density estimation 

using the swept area method shown above, the inconsistent sampling rnethodology between 

surveys and the sparsity of seasonal coverage for the 1960s and 1970s surveys, i t  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 inaccuncy of the swept area method for density estimation, another, less direct 

mrans 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, 

especiall y schooling fish, there is no direct relationship brtween CPUE and abundancc 

(Hilbom and Walters 1 992), that is, CPUE does not accurately tnck abundance. A dramatic 

decline in abundance c m  occur while CPUE remains stable (Pitcher 1997, Mackinson et al. in 

press). A decline in CPUE is a clear signal that abundance bas decreased. 



The CPUE of the 1948 trawl survey was 636 Iblhr (Warfel and Manacop 1959), that is, 289 

km. This is considerably higher than the largest CPUE of 82.63 km 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 psnod froni March 

1979 to Febmary 1980 and 36.17 k g h  for March 1980 to Febmary 198 1.  Thcse fi y r e s  are 

both in close agreement with the 1992- 1994 mean CPUE of 38.5 1 kdhr. These results 

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

Lonoitudinal Cornparison of Saecies Com~ositions from Trawl Survev Data 

A more telling analysis of changes in biomass over time can be had by examining the changes 

in speciss composition over tirne. The seminal work of Pauly (1979a) on the Gulf of Thailand 

and Andaman Sea fisheries demonstrated that changes in the species composition of a fishrry 

can reflect changes in an ecosystem causrd by fishing, potentially Ieading to ecosystrm 

overfishing. 

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

1995) and the 1979- 1982 trawl data is made in Tables 2.5 and 2.6. The original species 



recorded in the 1947 survey are used, plus those families which have substantially increased 

since 1947. 

The relative abundance of the leiopathids was twice as high in San Miguel Bay in 1947 as in 

1992- 1994 (Table 2.5).  Furthemore, the catch rate has substantially decreased from 173 kdhr 

in 1947 to 13.4 kg.& in 1992- 1994. These results correspond with Pauly's (1 9794 conclusions 

about the species changes that occurred in the Gulf of Thailand as a result of a tnwl fishery, 

that is, that the bulk of small prey fish diminish at a much greater Pace (han the other species 

in the ecosystem. In San Miguel Bay, the pristidae6, sharks and nys, Pomadasydae, 

Sphyraenidae, Ephippidae and Ariidae have al1 also rnarkedly decreased in relative abundance 

andor 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 incrcased since 1947 (although the CPUE of the Scombridae bas 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 

trawi fishing. These include 'Y' stntegists such as flat fish and benthivores. There are many 

species present in the 1992-1 994 trawl survey that faIl into this category, including the Benthic 

Invertebrates, Psettodidae, crabs and Tetraodontidae. Many of these were not recorded in 

either the 1947 or the 1979- t 982 surveys. It is not clear whether these species 

6 The Pristidac in the 1947 trawl survey consisted of one spccimen wcighing 400 pounds. Sincc it was the only 
sawfish caught during the 5 dngs conducted in the survey, the abundance o f  sawfish may bc lcss than suggcstcd 
by the figure in Tablc 2.8 



Table 2.5 Cornparison of Species Composition of Trawl Survey data from 1947, 1979- 1982 

and 1992- 1994. 

Species Cornposi&ior 1 Directiort 
% of Change 

Leiognathidae 
Pristidae 
Sharks and Rays 
Pomadasyidae 
Sphynenidae 
Sciaenidae 
Ephippidae 
Ari idae 
S ynodon tidae 
Mullidae 
Scombridae 
Carangidae 
Trichiuridae 
Enpraul idae 
Penaeidae 
Mugilidae 
Squids 
Clupeidae 
O t hers 
SUM 

Sources for historical data: Warfel and Manacop (1 950), Vakily (1 982). 



Table 2.6 Cornparison of Catch Rate from Tnwl Survey data from 1947, 1979-1 982 and 

Leiopathidae 
Pristidae 
Sharks and Rays 
Pomadasyidae 
Sphynenidae 
Sciaenidae 
Ephippidae 
Ariidae 
S ynodontidae 
Mullidae 
Scombridae 
Carangidae 
Trichiuridae 
E ngrau i idae 
Penaeidae 
M ugilidae 
Squids 
Clupeidae 
O t hers 
SUM 

Catch Rate 
kghr 

Change of 
D N-ection 

Historical data sources: Warfel and Manacop (1950), Vakily ( 1  982) 



were not recorded because they were not present in the previous surveys or because they wrre 

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). Cenainly 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 1979-1 982 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 

1 992- 1 994 study, or indeed in 1 947. Thus, there is a likely bias in the specirs composition of 

the 1979- 1982 trawl data. With this in rnind, 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 otliers 

species which were not recorded in the 1947 survey7, such as the Penaeidae, Engraulidar, 

Clupeidae and squids, have decreased since 1 979- 1982. This suggests that tliose specirs wliicii 

succeeded the traditional species outlined above are now themselves being succecded. This 

mixed picture which may be due to differences in sampling mrthodology niher tlian rra1 

di fferences. 

7 Thcsc spccics may have been present in thc Bay, but not caught in thc 1947 trawl survcy bccausc of thc largc 
mcsh s i x  uscd in thc trawl net. 



The Sciaenidae are wonh a separate note. The relative biomass of the Sciaenidae increased 

from 0.9% in 1947 to 1 0.8- 12.2 % in 1979- 1982, then drcreased by almost 50% to 6.8% in 

1992- 1994. However, the catch rate of 2.7 k g h  in 1992- 1994 is approxirnately equal to the 

catch rate of 2.68 km in 1947. The catch rate in 1979- 1982 was higher, at 3.73-3.9 1 kghr. 

As noted above many species are recorded in the 1992-1994 trawl survey8 which were not 

previously recorded. Does this mean that there is a greater diversity in 1992- 1994 than thçre 

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 liighest abundance in 1992- 1994 and 

the highcst catch rate in 1947 (Tables 2.5 and 2.6). So, although there has been an ovenll 

reduction in CPUE since 1947, the abundance of the "Others" groups bas 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). 

Scasotial Anahsis of the Trawt Survev 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 et al. 1995). However, despitr 

R This is also scen in the landings survcy. 
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Figure 2.3 Seasonal variation in the CPUE of the major groups in the 1992- 1994 Trawl 
Survey. 



the rnissing data, there are clear trends through the year (Figure 2.3). 

The total CPUE is high in September and October, but begins a decline (begiming of the 

northeast rnonsoon) 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 nse to meet the Srptember high. The trawl CPUE data from 1979- 1982 (figure 3 in 

Vakily 1982) follows a similar pattem and supports this assumption. In September/October the 

CPUE decreased until NovernberlDecember when it began to increase. In this case there is a 

CPUE high plateau from Febmary/March until SeptembedOctober. 

The trend described above is determined by the leiognathids, and, to a lesser extent, the 

"Others" group. (Figure 2.3). The seasonal pattem for the other top ten Families is more 

variable. The Sciaenidae CPUE is low durinç March to June and variable between Scptember 

and February. The Penaeidae CPUE peaks in October and then steadily declines through to 

April, May and June when it is very low. The Engnulidae CPUE peaks in January and Junc. 

The Trichiuridae CPUE basically increases from September to December (with a dip in 

November) and rernains high until March when it decreases to a iow rate in Junr. In contnst to 

the other groups represented in Fi y r e  2.3, the Trichiuridae are most abundant during the 

nonheast monsoon. The carangidae, the Scombridae, the Gobiidae and the Benthic 

Invertebntes 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 resulis indicate that for most of the 



more abundant species in San Miguel Bay, CPUE decreases dunng the nonhcast monsoon and 

rise to a higher level dunng the summer months. 

Estimation of Mortalitv 

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, 

Leiog/tathrrs spiendens, L. bindrrs, Secir~or. ruconirrs, Sconiberotnoncs cornnierson, Otolidies 

ruber and Trichi~rnrs hauniela. 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. 

The length frequency analysis gave a range of combinations of Lm and K for Leiog,totiius 

spleridens. Using the surface scan option, a "banana" of correlated La, and K values, with high 

goodness of fit resulted, stretching from an La, of 13 - 16 cm and K values frorn 1.5- 1 .O yeai'. 

These are in agreement with values in the literature. The average values from the litenture 

were approximately Lm = 14 cm and K = 1 .O year". Further analysis of the data using the 

automatic search routine and the K-scan produced estimates of Lao = 13.2 cm and K = 1.45 

y e a ~ ' .  Both combinations of growth panmeters were used to refine the estimates by allowing 

for selectivity producing, for each combination two further estimates of Lm and K plus the 



avenge values from the literature. Table 2.7 below lists the Lao and K estimates. Z estimates 

from the pooled original length- frequency sample were then calculated from the gro wth 

panmetee and 95% confidence limits generated. 

Using the Beverton and Holt mean length method it was not possible to definitively judgc 

which of two points were the cut-off length above which al1 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 Convened Catch 

Curve, although using the slightly higher L, of 6.5 cm producrs 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 catchhiomass estimate of Z is considenbly lower than the Z estimates just described: M 

= 2.6 1 year-' and F = 2.60 y e a ~ ' .  The Wetherall et al. method did not produce realistic values 

of L a  and is thus not included with the results. Since the Length Convened Catch Curve and 

the Beverton and Holt's rnethods give sirnilx results, the avenge of these, Z = 1 1.3 year", was 

assumed to be a representative, if high, estimate of total mortality for L. splen&/zs. 



Table 2.7 Results of the length frequency analysis and mortality estimation for Leiogtiathus 
splendens 

Mean Estirnate of Z 

Gt-O tvth Parameters 

L, = 6.5 cm L, = 6.0 cm 
Z Lower Upper Z Z 

(yeafl) CI CI (year-" (year-l ' 

Length Con verted Catch Beverton and HoZr (1 956) 
Cr t me 

Table 2.8 Results of the length frequency analysis and mortality estimation of Sectttor 
i-uconius. 

Lm K 
(cm) (year-' ) 
5 -4 1.25 

Gro tvtlz 
Parameters 

L, 4 . 5  cm L, 4 . 5  cm 
Z Lower Upper Z Z 

(year-') CI CI (yeafi ) (year" ) 
7.83 6.75 8.91 6.44 6.78 

Leiigth Converted Catch Beverton and Powell 
Cu rve Holt (1 956) Wetliet-al1 

Plot 

Table 2.9 Results of the length frequency analysis and mortality estimation of Leiogizatlzrrs 
bindrts 

Gro wth 1 Length Con verted Catch Beverrot~ and Holt (1 956) 
Parameters 1 Cwve 

Lao K 
(cm) (year-') 
12.2 1.2 

L, =3.5 c m  L, 4 . 5  cm 
Z Lower Upper Z Z 

(year") CI CI ( ~ e a f  ' ) (year- ' ) 
7.96 6.56 9.37 7.39 8.4 



The length frequency analysis indicated that the growth parameten of S. rricotiius lie in the 

range of La, = 8.3 - 8.9 cm and K = 1 .O - 1.3 yeaf'. Funher analysis produced the optimal 

combination of Lm = 8.3 cm and K = 1.3 year'l, and, after allowing for selectivity, Lm = 8.4 

cm and K = 1.25 y e a ~ ' .  The latter is in close agreement with the average growth panmeter 

values for S. mconius in the literature, L-8.4 cm and K= 1.4 1 year-'. The Length Converted 

Catch Curve gives a Z estimate of 7.83 yeai i .  

The Bevrrton and Holt method gives a lower estimate of Z then the estimate by Length 

Converted Catch Curve and indeed does not fa11 within the confidence bounds (Table 2.8). 

Howzver the Z estimate of 6.78 year-' produced by the Powell-Wethenll plot does lies wi thin 

the bounds of the confidence limits of the Length Converted Catch Curve estimate. Al1 threr 

estirnates could be said to be comparable, in the range of 6.5 - 7.8 yea i i .  The catch / biomass 

Z estimate of 3.29 year*' is much lower than this. This is because the estirnated fishing 

mortality of 0.14 p f '  is low, due to the small catch recorded in the landing survey9. For this 

reason, the results from this method were not included in the Table 2.8. The overall total 

mortality derived for S. nrconius was 2=7.02 year-l, the average of the first three estimates. 

9 This is something of an anomaly since S. rriconius is well rcprescntcd in thc tmwl survcy. Cornparcd to the high 
Z cstima tes frorn the othcr 3 mcthods, a highcr catch would be cxpected. 



The analysis of the Leiognathus bindus length frequency data produced an estimate of Z = 7.93 

year". It was not possible to discnminate any one set of growth parameters from the 

lengthlfrequency data alone, although a "banana" of values werr identified using the surface 

scan routine. The average values from the litenture were included however in the optimal 

nnge of panmeter combinations and an Lm = 12.2 cm and K = 1.2 year" were used for the 

Length Converted Catch Curve and the Bevenon 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-'. Ncither 

of the two other methods produced credible results. The catch,biomass method pave no rrsult 

because the recorded catch of L. bindus in the Bay is minimal. The Powell-Wethenll Plot 

producrd a liigher La, of 14.9 cm, but it was not possible to estirnate K. 

There wrre very few data for Scombet*o~>to~-us cownerso~i (123 observations over the 1 O 

month prriod, with some months having as few as two records). However, the average growth 

parameters values from the litenture fitted the length frequency data well. These generic 

values were used as the growth parameters for S. coiwnerson for the monality 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 



outside the confidence limits of the Length Converted Catch Curve. However, the Brverton 

and Holt total mortality estirnate of 9.64 y e a ~ '  is high. It is dependent on the maximum length 

in the sample used, Lm,. The longer length çroups are poorly represented in this sample and 

were not included in the analysis. Reducing L, to the longest well represented length group, 

(TL = 24 cm) produces a high estimate of 2. The rnortality estimate for S. cotwiersoti is thus 

very uncertain. The length frequency data give widely different results when different methods 

are used. 

It  was not possible to discriminate a set of growth parameters with the length frequency data 

from the m w l  survey. Growth panmeters from the 1979- 1952 study of San Miguel Bay 

(Navaluna 1982). were fitted to the Otofithes tuber length frequency data. However, the fi t  

was not good and the Lm of 35.5 cm seemed to be too low. In the 1979- 1982 lrtngth 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-tO) of 2 years. 

Other values for Lm and K were taken from the litenture and avengrs calculated as drscribrd 

above. A combination of Lm of 44.8 cm and K=0.40 year-' gave the best f i t  to the data, after 

allowing for selectivity. The K-scan indicated that there was a reasonable estimate of K, given 

Loo. Scaming the data for other fits of Lm and K did not improve the fit so  the avenges from 

the 1itera:ure were used for monality estimation. 



Table 2.10 Results o f  the length frequency analysis and monality estimation of 
Sconz beronz orus conmerson. 

Gro wrh 
Param erer -s 

Table 2.1 1 Results o f  the lengtli frequency analysis and mortality estimation of Otolirltes 
ruber. 

Bever-ton and 
Length Converted Carch Curve Holt (1956) 

1 L, =18 cm 

Gro wth Bevertorz and 
Paranteters / Length Coriverred Catch Cuive Holt (1956, 

Loo K 
(cm) (year-') 
160 0.2 

Z Lower CI Upper CI Z 
(yeaf') 

5 -27 2.97 7.56 9 .O4 

Table 2.1 2 Rrsul ts of the length frequency analysis and mortality estimation of Trichi~ous 
lznunzela. 

Loo K 
(cm) (year" ) 
44.5 0.398 

Z Lower CI Upper CI Z 
(year") (year" ) 

4.27 3.69 4.85 4.5 

Gr-O wth 
Paran~eters 

Leizgth Corzverted Catch Cuwe Bevet-ton a d  Z=M+ F 
Holt (1 956) 



The Length Convened Catch Curve and the Bevenon and Holt method were the only two 

methods whicli produced credible results for the 0. niber data and these are give in Table 

2.1 1. 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 rasonable estimate. The Powell- 

Wetherall Plot produced unrealistic values for Loo, and i t  was not possible to determine K from 

these values. The ovenll estirnate 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 1 982). 

The analysis of the length frequency data of T. hau»iela did not enable discrimination of any 

one set of panmetrr values. Growth parameter values for T. Iianuiela 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'l. 

However, although variable, the estimatas from the literature fell into thret categories: tliose 

where the La; was less than the Lmax of T. liawnela - these were not used; two sets of data 

from Manila Bay, the Philippines, with low Lm and high K and six estimates with high Lm and 

low K from other geognphic areas. Their 4' 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. haurnelu 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. 



No results were obtained with the Powell-Wetherall Plot because it was not possible to select 

any single K-value for a given Lm. 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 Convened 

Catch Curve. The catch I biomass method gave estimates very similar to one another. These 

results are also similar to the Length Convened Catch Curve and Beverton and Holt results for 

the slow growing, larger growth parameter set. 

The results using the growth panmeters which were no t from the Philippines produce more 

consistent results than thosr from Manila Bay. However, since both Manila Bay and San 

Miguel Bay are shallow, heavily exploited bays in the same geogapliical area, the Manila Bay 

parameters were assurned to be representative of T. haurnela in San Miguel Bay. The Manila 

Bay growth panmeters produce lower Z estimates. These were checked against available 

estimates of Z in the literanire and were comparable. The mean Z is 2.5 year -'. 

Yicld per Recruit Analvsis 

Yield-per-recniit analyses were can-ied out for the six species above. Where therr was more 

han  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. 



Leiognathus splendens 

0.016 T 

Leiognathus bindus 

Otolithes ruber 

Scombermorus cornmerson 

Figure 2.4 Length-based yield-per-recruit curves, showing yield-per-recruit against 
exploitation. The fine vertical iine represents the optimal exploitation rate and the thick 
Iine is the current exploitation rate. 



The calculated monality 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 197 1) or below 0.5 (Pauly 

1984). Actual exploitation rates range from 0.66 (T. liann~ela) to 0.92 (S. conitnerson). The 

sole species studied which is not overexploi ted is Secutor nrcotiius, which is currently 

exploited at the optima1 rate. Since these species make up a large pan of the catch, this 

indicates that much of the fishery is overexploited. The exploitation nies of 0. nrber; L. 

splendetis, L. biildus and S. comne~-soii are al1 more than 50% greater than the optimal rate. 

The results confirm the earlier results that there could be çmt increases in yield if fishing 

mortality were reducrd, particularly for the leiognathids and O. ruber, principal components of 

the trawl survey and catchi0. 

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

analysis are now examined in detail. 

1 O The conclusions drawn from the monality and yicld-pcr-rccruit analyses arc vcry similar to thosc of Cinco and 
Silvcstrc (1995). Thcy conducted a similar analysis although they managcd to obtain results for a total of 15 
species, although in less detail thcn presented here. 



Estiniating Catch and Effort 

Effo r-t 

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 al1 substantially decreased, bot11 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 effon has increased in the fishery. 

Since total effort (in ternis of total number of trips) has increased and largescale effon has 

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

I I  Thcsc rcsults contnst with the findings of Smith and Salon (1987) who conductcd a survcy of kcy informrints in 
San Miguel Bay in the mid-1980s. Thcy reported that cffort by the medium and baby trawlcrs had incrcascd by 
50% sincc 198 1 .  Thcy also reportcd that the numbcr of gillnetters had incrcascd, panicularly the numbcr of non- 
motoriscd gillnetters. 



Table 2.13 List of Fishing Gear in San Miguel Bay and a cornparison of Gear Number and 
Effort in 1979- 1982 and l992- 1994. 

Gear Type 

Large Tnwl 
Medium TnwI 
Baby Trawl 
Mini Trawl 
Shrimp Gillnet 
Surface Gillnet 
Bottom-set 
Gillnet 
Shark Gillnet 

Crab Gillnet 
Ordinary Gillnet 
Hunting Gillnet 
Other Gillnet 
Stationary Lift 
Net 
Crab Lift Net 
Set Longline 
Handline 
FiIter Net 
Fish Corral 

Scissor Net 

Fish Trap 
Ring Net 
Pullnet 
Fish Weir 
Stationary Tidal 
Weir 
Beach Seine 
Spear Gun 
TOTAL 

Palata w 

Palu bug/ 
Pa t undag 
Parnating/ 
Panciaracol 
Pangasag 
Panke 
Tinr bog 

Binrol 
Kiîang 
Ban wit 

Table compiled from Pauly et. al (1982), Silvestre and Cinco (1992 ) and Silvestre el. al 
(1  995). 



Figure 2.5 Comparison of effort between 1979- 1982 and 1992- 19% for 20 types of fishing gcar in San 
Miguel Bay. Effort is estimated from the numbcr of trips made by cadi gear type pcr ycar timcs thc 
numbcr of units of cach gear type (Silvestre et ai. 1995). 
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small-scale sector of the fishery. This is seen in the increase in gillnet gears, c n b  gear, filter 

nets and "others" gears. 

In addition, it is also apparent th at there is an increase in the diversity of small-scale gears. Ln 

panicular, 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 categones. However, the hunting gillnet was not 

previously described (Pauly et ai. 1982, Silvestre et ni. 1995). 

The estimated annual catch for 1992- 1994 was 15, 87 1 tonnes. This is 3,262 tonnes lower 

than the 1979- 1982 ti y r e  of 19,133 tonnes (Pauly and Mines 1982), and 984 tomes lowcr 

than the estimate of 16,855 tonnes by Silvestre et ai. (1995) ". These figures indicate that the 

total catch in San Miguel Bay has decreased since 1979- 1982. 

The results of the Monte Carlo catch analysis using Crystal Bal1 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 rnean catch. Similarly, the 95% 

" The diffcrence betwecn this cstimate of 15,871 and that of Silvestre et ai. (1995) is duc to diffcrcnt CPUE 
valucs, panicularly for the baby trawlers: despite various data manipulations, it was not possible to rcconcilc 
thcse 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 Loiver Upper Srairdard Range 
L intit Linrit De viatior 1 Widtlz 

10% uniform 
probability 15,872 15,022 16,806 452.1 2,994 
distribution 

20% uniform 
probûbili ty 15,836 14,556 17,267 69 1.7 4,405 
distribution CPUE 

1 0% uni forrn 
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 



certainty bounds of the 1979- 1982 catch estimatr (1 0% uniform distribution for al1 

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 increasinp the variation in the CPUE 

probability distribution to 20%. This had the effect of widening the range of estimatrs. In this 

case, the 95% certainty ranges just overlapped, but as above, the mean catch estimates for the 

two tirne penods still lie outwith the other's 95% certainty range. 

The Monte Carlo analysis does not reveal how much uncenainty there is in the estimate of 

catch: it demonstrates the impact that including uncertainty has on the estimate. The 

uncertainty of the CPUE panmeter 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 to June 1993. However, not al1 of the gears, nor al1 of the specified landing sites, 

were systematically covered over the whole of this period. Some months were only representrd 

by one or two sarnples (see below). However, although increasing the uncertainty of this 

parameter does increase the range of possible values for the catch estimates, i t  is clear that 

there has been a decrease in total catch since the early 1980s (see also Silvestre et al. 1995). 



The Distribution of Catch, CPUE and Effort Across Gears 

The distribution of the catch in the fishrry 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 v e y  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 (paiike ), the shark gillnet (parnatitzg), the crab lift net (bitiroi) and the lift net 

(bukarot). 

Some considenble changes have occurred in the distribution of catch since the early 1980s. 

For instance, the catch of the trawling sector has decreased for al1 gears. In the case of the large 

and medium trawlers, the catch declined dnrnatically io less than 20% of the 1979- 1952 

estirnate, whilst the catch of the baby trawlers and the rnini-tnwlsrs declined to about 50% of 

thrir 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 (Figpre 2.7) indicares 

that there was little change in CPUE for the large trawlers and that it increased for the medium 

trawiersI3. In 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. 

l3 The CPUE cstimatc is bascd on one samplc per month from July to April, excluding Novcmbcr and January. 
The cstimated catches for July to Scptembcr wcrc highcr than thosc in the subsequent months by a factor of 10. 
Sincc the wholc year was not represented in the sample, and one sampte was takcn pcr month, both the CPüE 
figurc and the catch figure for thc medium mwlers should be ueatcd as quite uncertain. A CPUE cstimatc bascd 
on the samples from Octobcr to April produce a CPUE of 6 15 kg pcr trip, a figurc more in line with that from 
I98O/8 1. 



Figure 2.6 Cornparison of Caicli betwccn 1979- 1982 and 1992- 1994 for 20 types of fisliiiig gcar in San Miguel Bay. Catch is 
estimaicd froni the CPUE and effort. The error bars represent the 95% conlidcnce litniis on the estiiiiates. Sec tcxt for furtlier dctails. 
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The total catch by tlir gillnet sector increased. This was not due io an increascr in ttic çatcti of 

the ordinsry gillnct @utzke). the niain type of gillnct used in S m  kligucl Bay. In 1979- IcW thc 

ordinriry yillnet rçprcsentcd 66% of the gi tlnct catch; in 1991- 1 994 i t rcprescw 37%. Thcrc 

lias bcen an absolute reduction in the catch and CPUE of the ordinciry gillnct. dcspitc an 

incrcasc in overall cffon sincc 1979- 1982'". The incrase in total gilinçt catch notcd is lrirgcly 

dur to the use of gcars wliicli were not recordcd in 1979- 1982. For cxciinplc. thcrc 1s a large 

catch by thr tiunting gillnet (rir>ihog). thc shrirnp gilliict (fui t )  ciiid othrr giilncts. Tlic çatcli of 

ihs git liicts rccordcd in 1970- I OS2 al1 dccrcriscd by 1992- I99J. with the c.~ccptim of tllc crab 

gilliict (L>at~g~i.ci<ig) aiid thc stiark gilhct (pinlafirig). Ths inçrcrisr i i i  the catch by thc crrib 

gillnct is  duc to an iricrsasc i r i  c f i n  arid an incrcrisc in CPUE.  Shark gillnct cffon dccrcascd 

sligtitly. but an incrcasc i r i  C P U E  nppcnrs to have snablcd an iiicrcasc ici ariiiual catch. Ttiç 

catch of (lie bottotii-scl gitliict ~ > d r < h o g )  and surhcc gi1lnc.t (pdcirrrit-) dccrcüsd: howsvrr. 

ctfon \vas also sc~~crcly rsduccd (Tiiblc 1.13) arid CPUE in hçt iiicrtxiscd (Figure 2.7). 

Tlierc arc tiircc main iypcs of tixcd gcar i i i  San iM igust Ikiy. tlic l i ti rict (l~ttkmr). thc tish 

corriil ( s m ~ k d )  and tlic filtcr rict r hi mu.^.). AS 110tcd above. thc filter 11ct d f o n  113s i [ ~ ç r c ~ s c J  

siiicc 1979- 1982. wtiilsi tisli corral and l i f i  iict c f h n  hiive botli dccrcmxi by about 3 3 ? i  Thc 

catch ot'itic lift nct lias also incrcascd. bui ~h i s  figure is bascd 011 only oiic sliiiiplc. CPUE of 

thc filtcr nci and the IÏsh corrd botli dccrcascd: an increüsr in effort by thr foriiicr produccd an 

ovcrall incrcasc in the liltcr nct catcli, but ttic catch of thc fish corral decrcased. 

14 Thcrc IS howcvcr. an ovcrlnp in thc 95% ccnriiriiy ni igcs Ior thc two tirnc pcriods. 



Largo Moaturn Baby 
Trawl Trawl Trawl 

Figure 3.7 C'ornpririsori ut'CPUE bciwccii 197'1- I 9 S Z  arid I992-IO04 10r 20 rypcs of tistiiiig 
gc3r in San Miyuçl Bay. CPUE is estiinatçd froin iIiç catch and effort recordcd i i i  tlic iandings 
sumcy. Sec tex1 for futtflcr dctails. 



Thc crab l i  ti net (hirilon catch remained rclarivcly constant bctwc.cn 1979- 1982 and 1992- 

IO94 Effort  iiiçrcascd by 300% and CPUE dsctcascd. The catch of tlic set loiiglinc ( k N n ~ g )  

inçrcascd froin 15 tonnes in 1979- 11187 to 5 14 Ionncs in  1902- 1 0114. Eflon incrcascd by soms 

300% and CPUE incrcascd froni 2 kg pcr trip to I 4 kg per trip. At the sainc iirnc. [tic çatç li of 

ihc handline (Barn-ir) decreascd to 25% of its 1970- IOSZ valuc. effort dccrcascd by JO% and 

C'PUE dccrcascd by 50%. Tlic push nct (kdicor. Irirh-hd) catch iricreciscd by ovcr 1 00" j''. 

The fisli irrip (hirho) catch dcçrcascd by 401'0. itic sffon incrcriscd and the CPU E dccrcasçd. 

klowcvcr. 3s uith the lift net. these caiçh and CPUE csiirnaics :ire bassd on one s:~nipIc. 

I i i  suni ihcn. iIic gciicral trend in tIic distributioii of catch in San bligucl Bay. siricc 1079- 10511. 

lias bccn 3 dccrçasc in thc sharc of the [otd c;iiçh by tlie laryc-scalc sect~)r and ari incrcasc by 

iIic sitiall-scalc srctor. This is shown niorc clcarly in Tnblc 2.1 5 .  Tlic gil lncticrs al iiiost 

doiiblcd ihcir sliarc of tIic catch whilst ths large scalc sccior. or triiwlsrs' s t i m  dccrcassd by 

riiorc than 50% If  the niini-irawlcrs arc includcd in ilic 1 q c  S C ~ C  sccw,  tlic dc~rcasc  r m a i ~ i s  

as grcai. \kritli the c~ccpt101i of ihs mini-trawlcrs. tlis catch sliarc of :dl siiiall scalc gcrirs. 3s 

groupcd bclow. lias incrcascd. 

Ms~iiwhilc ilic CPUE. and in rnriny criscs cft'ort, of ibc g a r s  rccordcd in tlis 1979- 11)Y2 siudy 

lias Jcçrcasd, whilst gcar diversification appears io have Icd to incrcascd CPUE for sonic 

non-tnwl ge3rs in the srnali-scak srctor. 

I Tlic catch cstiinritc wris bascd on only onc srirnplc iiowcvcr. 



Table 2.15 Catch distribution by Gear Group in 1979- 1981 and IW1- 1'194. 

Tablc 2-16 Thc isn most abundani spccics in thc Toiai Caicli of San Migucl Bay 1097- 11194. 

M ini Trawlsrs 
C3illnt.r~ 
Fixcd Gmr 
Linc G e x  
Othcrs 
Totals 

S'eciec. 
S C ~ - ~ C S  iid .F/J l.if>J/Y 

Orofirlz~~s r-uh~~r- 
Pcnasid Shrirnp' 
-1'r;is h lis ti 
LcJi0gti<J lll 11s LI({ I I  14 / I L S  

~Pldt*ojdJ~:va nr.c.se//l 
I>ot.ri(lii(.v pdt~gk.i~.v 
T t - l d ~  I L U I I S  I J L M I J  d t r  

S[olcpirot-irs co l~ irn~*rwt i i i  

4,779 2.1 65 25 .O 13.6 
4,855 6,639 25.4 4 1.8 
1,416 2,135 7.4 13.4 

225 57 1 1.2 3 -6 
020 1,605 4. S 10.1 

19,095 15.87 1 1 O0 100 

* Tlie Pcnlicid spccics arc groupcd togctlicr, hllowing tlic proçcdure iiscd in thc 
1979- 1982 study. 

* *  Thc Tr~sh  Fis11 arc unidctititicd. 

Tablc 1.17 Tlic tcii iiiost riburidani friiiiilics in tlic Total Catch of Süii Migusl Bay 1992- 1994. 

Sciacnidx 
Scrgestid Shrimp 
Penacid Shrimp 
Lciognatliidac 
Engrau l idac 
Tmsh Fisli* 
Portunidac 
Trichiuridac 
Mugi l idac 
Canngidac 

3332.7 21.5 2 1.5 
2736.5 17.6 39. I 
1466s 9.4 48.5 
1352.5 9.3 57.9 
1089.1 7.0 64.9 
99 1.8 6.4 7 1.3 
7 74.5 5 .O 76.3 
664.6 4.3 50.3 
574.0 3.7 84.2 
484.3 3.1 57.3 

+ The trash fish arc unidcntitied. 



Coriiparativc Analvsis o f  Catch Conipasition 

Thc specics composition of tlir total catch in San Migusl Bay is siniilar to tlic spccics 

compositiori of the tnwl survey datri. Tablc 2.16 lists the t rn  most übundant spccics. which 

comprise 7 5 O / ~  of the total catch and in Table 7.17. ths tcn most abundant hinilies. comprising 

S7% of thc catch are listcd. Ths sciacnids and the scrgcstids arc tlic most abundant of al1 

groups in the catch. cach acçouniing for approxiniatcly 20% of ilic total catrti. The 

Iciognathids. trichi urids. sngrdul ids and penaeids arc again soriiç of the riiost abuiidaiit 

Tlic niai ri di lfi.rcnccs bctwscri thc irwil aiid saiçh coitiposition arc duc io spccics wtiicti arc 

iiot sclcctcd by tlic t r u v l  gu r .  Thc sçrgcstid shrinip Iiliw the grwtcst a b u ~ ~ d a ~ ~ ç c '  o h n y  siiiglc 

spccics rcprcscntd in tlic catch. Thc crab. Porlirnirs p h g i ~ w .  is thc sis th  tiiost abundaiit 

spccics. Thc scrgcstids Iiowçvcr. w r c  not rcprcscntcd t r i  tIie trriwl sunvcy and P. ~ L ~ ~ I ~ ~ L - L L V  

;iccouritc'd Ior Icss thari 1 %  of the total abuiidancc. Tticrc \vas no "iras11 tisli" çlitcgory in tIic 

trawl suri-cy. sincc ail lisli wcrc idrnti t icdo. 

Tlic catch cmiposition is sirtiilrir to tIic 1079- 1982 catch conipositioii. Thc catch tigiircs lioiii 

1970- 1083 and 1902- 1994 arc coniparcd in Figurc 2.8. The c r i t c p r k  uscd for tlic 1070- I LIS? 

data wcrs uscd for casc of coinparison. The main drcrcases in catch occur in tlic scrgcsiids. thc 

cngrdulids. the clupcids. ibc niugilids, thc squids, the lriogiiathids and tlic 

I I t  Thcrc 1s rinothcr curious di1Tcrc.n~~. Lciugnuri~u.s IiinJus wris quitc aburidmt 111 thc tr,iwl s u n c y  but orily a t w y  
riiinutc qurintity wris rccordcd in thc landin&$ survey. L. cyuulrcs wris very pooriy rcprcscntcd in thc tr-wl sunrcy  
(Icss than 1 of thc Iciognrithid abundanec) and yct is apprircniIy criught in largc quant i t  ics. Thcsc  di tikrcnccs 
niriy bc duc to misidcntitlcrition. 



Figure 1 . S  Coiiipririson of tliç cntcli çoinpositioii in 1979-1982 and 1992-I994 



sciaenids. X few groups such as the cnbs, cannyids. tricliiurids, sharks and rays, and Ariidac 

incrcascd in ;ibund;incc. 

The iniscellaneous/otlisr group in Figure 2.8 dccrcased by around f 0% of the 1979- 1981 catch 

Icvcl. Howcvcr, tIic niiscellancousiotlisr groups in the 1 979- IOSI and 1902- 1994 data are iioi 

iicçsssaril y the saine. In thc 1 979- 1 OS? sun*cy. many spccics wcrc not idcnti tied. but si niply 

Iiibclcd as "inisccllancous". Pauly ( 1982a) notcd that thc Irirgc s i x  of tlic catcgory of 

niisccllririeous spccies in the 1979- 1952 study niride i t  vir~urilly iinpossiblc to do spccics-by- 

spccics asscssincnts. Hc rcc«ninicndcd h i  i i i  futurc studics ri grcciicr 31 tcn~pt s hould bc niadc 

io ictcritify tiic unidentiticd spccics. This lias bccn Iargcly açhicvcd i i i  tfic 1992- IW-I study. 

Uccausc ol' ttiis. riinny spcçiçs appccir in tlic 1001- 1 994 data t l i u  werc not rccordcd in tIic 

1979- I!lS? J3t3. In Figurc 2.8.  tlic 1992 - 1094 r~ii~~cIIâ~~c~us~c)tlicr p i l p  is coinpriscd of 

spccics prcscnt in IWI- IW-1 wliicli wsrc not rccordcd in 1970- 19S2 plus "triisti îisli"". 

prcdators sudi as ccls aiid i . < i r ~ ~  cdcar-ij;.t-. i3ccausc thesc spcçirs w r c  nor rccordcd iri  tlic 

froni thc historical triiwl s u n c y  daia. Iiowcvcr. This data indicated tliat the abundancc of soiiic 

groups. such as the Sphyracnidac. thc Synodontidüs and the Mullidac hris dccrcascd sincc 

1947 (Table 3.6). The abundancc of othcrs. sucti as  thr Sillaginidac, ilis ccls and tlic 

Tctraodontidac may have iricrwscd. Thc latter iliree groups now çoiistitutc a sigriificaiit 

17 Trrish fisii includc four catcgorics: assoncd tisli. iiiixcd spccics, tish iiicril  and tmsh tish. Ali o h r  spccics ~vr'rc 
idcni~t?cci in tlic survcy, rit Icrisi to the gcncric Icvcl. 



proportion of t h s  total catch with Irindings of 200 t, 144 t and 54 t respectivtAy. Thcsr: groups 

may thus Iiavr incrcrised. Altcrnaiively. the incrcasc in catch of thcsc groups could bc 

cxplaincd by ihe b c t  that these spccies are iiow soiiglit and mrirkcird. wlicreas thcy wcrc not 

prwiously. 

Ii was notcd abovc tlist the large-scalc sliarc o f  thc iotd ccitcli hss dcçrc;iscd siriçc 1 979- 1 957. 

On a spcciss or group by group basis. ilic sarnc story is told. Tablc 2.1 Y sliows ilis distribuiiori 

of  catch b c ~ c c r i  ihc Iiirgc. cind sriiall-scrilc seciors. Rcgiirdlcss o f  wlicihcr tlic toial çaidi lix 

cadi spsçics or group in iIic rablc inçrcassd ur dccrcriscd, tIis srnall-sçak secior sliarc 

incrcascd. wiih oiic csccption. Oiily tlic catch of tiir curangids. tvhiçli  inçrcascd i r i  boili 

ssciors. insrcascd pn)ponioiiaicly niorc in iIic Irirgc-scnlc scutm-. Tlic smail-scalc catch ol'tlic 

pcnacids i ricrcascd by Y 3%. the Iciognrithids iu 66?& Oroiirlrcs ruh~jt- to 9S? 1. ilic otlicr 

sciacnids to <)O0& the Sconibridx to 7S0b riiid [tic sliarks and rays to 74" o .  Tlic sniall-scrilc. 

shrirc of ilic ~lisçcl1~ncous~c)ilit'r spcçics d s o  iiicrciscd. 

The largc-scalc scctor lands 17.4% of the total catch and is Icss selcctivc than most of tïic 

sniall-scals gcars. The rncdium trawl and baby trawl catch around 70 spccics of tïsh. 

clasmobriinclis and crustaccans. Of tlicsc. 6% and l11?/o respcctivçly ;ire trasli tisli. 
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Tablr 2 .  I S Distribution of spccics bctween the large-scale Scctor and tlic Srnall-Scale Sector. 

Sergcsiid Shrimp 
Pcnarid Shrimp 
Crabs 
Squids 
Clupcidriç 
Engrriu l idac 
Carangidac 
Lciognat hidac 
Mugilidae 
O. r-~/bt)t- 

Sciacnidac 
Tridiiuridw 
Ari idac 
Poinadasy i Jac 
Scombridac 
Slirirks 2nd Rays 
hlisc. SPI,. 

199394 
LS ss 

O 100.0 
17.0 83.0 
6.8 93.2 

73.5 37.5 
20.6 70.4 
43.4 56.6 
35.2 64.5 
3 66.3 
17.0 83.0 
2.2 '173 

10.2 S0.S 
2 7 . 4  72.6 

7 . 0  Of. I 
O 100.0 

21.3 7S.7 
'5 0 74.1 - - .  
3S.9  61.1 

LS = Laryc-Scrilc Sector (Lrirgc. blcdiuiii and Briby *rra\vls plus tlic Ring Nct) 
SS = Siiiall-Scrilr Gcars(lil l oilicr gsars) 



Collectivc.ly, ttiis is about the saint. as tlis amount of trash fish landsd by the critirr small-scalc 

scctor. but in ilie small-scalc sector. tlic tnsh tlsh oiily account for 4'/0 of thcir total caicli. Tlic 

baby trriwl landing of trüsh fisli is also an incrcase from 1979- 1982 wticn IO0% of laiidings 

w r c  trash tish. 

Tlie top tcn spccics/groups landcd by tlic tnwlcrs account for YO'?&SS ot'tIic saich and 

includc niany of thc hmilics listsd in Table 2.17. As i i i  the 1079-1082 survcy. ille niriin çroups 

cauglit arc [rash fisli. Iriognriihids aiid ciiyraulids. Fiyurc 7.0 compares rlic CPUE bctwccn 

1 0 79- 1 9S7  and I 992- 1004 for itis haby ir~wlcrs. Thc iup tsn spcçiw'groups (ioni ilir 1002- 

1991 data ore shown plus any spccicsjgroups which wcrc iniporirint in ihc 1979- I OS2 data. TIic 

CPL'E oftiic Iciognritliids. engraulids. sciriciiids. iiiiigilids. clupcids and squid :il1 ticcrcascd. 

Oiily i1ic iriisli lisli. tIic iriçliiurids. ilic cwriiigids aiid sliarks aiid mys iiicrcasccl. *TIicrc w;ls 

' 1  CS U.V.  liitlc clianyc. in tlic CPUE ofthe pcnricids and the crab. Por-/urritspclrrg' 

Tlis irrtwl ycars opcrdic itirougliout [tic y c x  Tticrc is sc.asoiiri1 wriatiori i i i  ilic caidi 

coitiposiiioii and ihç  CPUE. Tlic Iciognathids. cngrriulicls. carürigids aiid clupcids arc iiiost 

abundant in tlic trawl çritcli diiriii y Jul y. Au p s t  aiid Scpicinbcr. itic pcriod of [tic. Soiitli~vcst 

moiisoon. During ilicsc montlis. the iota1 CPUE of the baby irüwlcr is 311 ordcr of riiagniiuclc 

higlier [han during [lis rcst of thc year'x. Tlic grcatcsi divcrsiiy in ibs catch of tlic baby inwlcr 

was from Dccrmbcr to February, alihoiigh this could be diis to a highcr iiumbcr of samplcs. 

During ilicsc riionths. ttic tnsli fisli make up the yrcatest coniponcnt of the criich (3?"!-4 1 %). 

! m hlontlis includcd in rhc Irindings sunPcy :or ttic ba by trawlcr wcrc: August, Scprciti ber, Octobcr, Dccciiibcr 
( 1992)rind Januriry. Fcbmriry, March and Junc ( 1993). Lmdings data t'or J u l ~  to Octobcr and Dcccrnbcr ( 1992). 
Fcbninry. hlrircti and April ( 1993) wtrc collcclcd t'or rhc mcdiurri tnwl. and July and August 1992 for thc Irirgc 
trriwl. 



Figure 2.9 CPUE of ihc top spcçiss and yroups in tlic Briby T r ~ u l  catch froin 1979- IOSI and 
9 -  I O  Tlic sliarks and rays are combincd hllowing ihc proccdurc uscd in thc 1970- 
1082 d;it;i. 

Cornoche-4 Chnmn D a n s d s o  Tr=h Fish 
1979- 1982 Min Trawl ml992- 1994 Minc-trawl(pamasayan) 1 1992- 1994 Mim-trawl(pamalaw) 

Figure 2 .  IO CPUE of iIie top species and groups in ihc Mini Tnwl caich tioin 1979- IOS2 
and 1992- 1994. The two types of Mini Tnwler, thc Pamalaw, which targsis Scrgcstid 
Shrimps and the Pamasayan. which targrts Penacid Shrimps arc showii for thc 1992- 199.1 
data. 



The medium triwl catcti was also more divcrsc during thesc montlis, althougli ilic srirnplc s i x  

did not change 

Ttic mini-trawlcrs land rnaiiily scrgcstid aiid pcnaeid sfiriinps and hcy  riccount h r  riliiiost 14% 

of the total catcti. TIicrc is ii strong srasonal aspcçt to thc opcration of iiiis ycar. Two di fkrerit 

opcrations ol'ific tniiii-tnwlcr csist. tIis patudï iw whiç  h targcts itic scrgcst id siwiiiip lioiii 

Octobcr to May (duriiip thc months of [tic Nonlicüst klonsoon) riiid tIic p(~rtrcr.soi~mi wtiicti 

targcts pciiacid sliririip diiring April io ~ctober" ' .  Pcnacids çoiiiprisc 51 ' ) ,  of ttic catch ot'iliz 

p m i . u ~ y ~ l .  Yu o f h c  catch arc trash tisti. aiid 67 spccics arc criuyht iii iotcil. Ttic pmtïikii i .  is 

ii littlc inore sclsctivr. I t catches 45 S P C C I C . ~  iii 10131. 77'" of wliicti arc scrgcsiid siiririip and 

7 1) /' 1 ,  O. trasli tlsti. 

I 'J Tlic i n i r i i - t n w l c r ~ ) u t ~ ~ u i ~ ~ ~ t ~  and / I ~ ~ I ~ L I S U ~ W R  dil'fcr in thc ciritcrial aiid nicsli sizc uscd i t i  tiic trriwi rici (Tulriy ritid 
Srnith 1 9 X 2 ) .  11 appcrirs thrit the catch rind ct'fort of thc two hmis wcrc coinbincd in ttic 1979- 19s: survcy. For 
curiiprintivc purposcs. thcir catch rind ctfon arc cotnbincd hetc too. Thc cfîbrt striiistics (Syt~.csirc cet ttl. lW5) 
rcfcr only to the niini-tmwlcrs collcctivcly. Thcir cffort wris difircntiritcd licrc on tlic basis of tlic r~iinibcr of 
riionths o f opcratiori. Thc puntulubr. is the rnini-tnw!cr niain mode of opcmtiiiu:~ for 7: 12 niontlis uid thc 
p u m m i ~ u n  thc m i n  rnodc of o p n t i o n  for 51 12 riionths. 



- Sergôstids (Pamalaw ) - -Penasds (Parnalaw ) 
- - Penaetds (Pamasayan) 

Figurc 2.11 CPUE pcr mont11 for the sslcçtcd spscies in thc Miiii T r ~ w l s r  criich o f  
1'192- 1994. 



Both itic iiiini-trriwler prmaiaw and p u ~ ~ r ~ . s u ~ ~ n / t  werc sani plcd froni Auyust 1992 to Junc 1 993. 

Thr CPUE from ihese data confirn that the rnini tnwl patmlorv opcr~ te  durinp tlic pcriod of 

the ycar whcn tlic sergestid CPUE is Iiighest (Figure 2.1 I ). tliat is. during thc Nortliclist 

Moiisoon. Howevcr. the 1979- 1081 CPUE valus of 1 17 kg'trip wris not acliievcd in ariy riionth 

in 1992- 1994. The otlier spccics!groups caugtit by this gear arc. incidental and thcir CPUE is 

louw froni October to May than during thc rcst of thc ycar. The CPUE of tlic pciiacids is itiorc 

variable. 1 t pcriks i r i  thc m ini-tnwlcr pattm.s~*nrr catch in Mardi and in tlic pom~iimv catcli in 

Scptcnibsr. Thrrc is no ç l cx  indication 11131 thc CPUE or abundrince of tlic pciiricids is Iiighcr 

during April to Oçtobcr. tlic pcriod tvhcn tiicy arc iaryctcd by tlic inini- t~~wlcr  p(i~~urs(~r<iir. 

In icnns of oiügiii tiidc of cüicli aiid cffon, gillncts arc thr doniinarit scctor o t' tlic tislicry. T1ic.y 

arc divcrsc in tlicir operation and land 42% of the iota1 çiitcli. Table 2.13  lists ciylit types ut' 

gillrict. biii tlic cicturil iota1 is higlicr. sincc soitic arc çoiiibincd. Uct\rccii tliciii 311. tlicy calch 

viniially all spcçics in [tic sriiçh and opcntc al1 ycar. 

Ttic ordinary gilliir[. thc Iiunting gilliict and the slirirnp gilliict al1 catch sçiricnitls. cngrriulids 

and pciirieids. idcntiticd in thc lis[ of t l~c  top icn spccirs/groups in [tic total S m  Miguel Bay 

catch. For cûch geor. Otolirh~.r ruber is tlic most abundrint iii the catch. Thc sliriiiip gilliict is 

tlic inost sslcctive. Only six specics arc rccorded in its catch. The ordiiiary gillnct catctics 9 3  



0 Ordinary Gillnet 1979- 1982 

I Ordinary Gillnet 1992- 1 994 

Huniing Giilne! 1 992- 1994 

Shr~rnp Gillnei 1992- 1994 

Figure 1.12 CPUE of the top spccies and groups in the Ordinary Gillnet catch from 1979- 
1982 and 1992- 1994. Also shown are the Huniing Gillnrt and Shrimp Gillnet CPUE for 
1992- 1994. 



spscies and tlie Iiunting gillnet 68 spcciss. This highly diverse catch is comparable to tlic 

trawlcr catch. The top ten species!groups in the ordinary gillnct cütcli acçount for 94%~ of tlic 

catch and the top ten specics in thc Iiunting gillnet catch açcouiit h r  97%. The CPUE of thcsc 

top tcn spcciss/groups arc s h o w  in Figurc 2.12, togcther wi t h  the shriinp gilliict data. Tlicy 

arc çoniparcd io tlic 1979- 1082 CPL'E Cor tlic ordinary gilinct. 

I t  was notcd abovc thrit tlic CPUE of ilic ordinary gillrirt has dcçreascd sincc 1979- 1982. This 

was duc to a dccrcasc in the CPUE of ttic sciacnids. tlic clupcids and the rnugilids. Somc 

groups incrcascd. sucli as thc ~richiurids. ttic Ariidri~ and the pcnricids. Othcrs. for rxüiiiplc. 

Si l l qo  sihatriri wcrc not recordcd in the 19 79- I 9 S 2  data, but mriy Iirivs bccn iiicludd in the 

inisccllrincoiis group. 

Thc ordinciry yillnct is uscd ttirouyliout the ycür. thougli c f h n  is highcr duriiig tlic iiiontlis of 

Oçtobsr to Marçh. Figurc 7.13 shows the iota1 iriorittily CPUE and ttis rtiontlily CPL'E of the 

sçiricriids and Trie-lziio-lrs l i c r i r i n c h .  7'lic C P U E  of tlic sciricnids is rclritiwiy stable. cspcçially 

tioiti Deccnibcr to Aprd. Tlicrc arc tuo pcriks i i i  tlic toial riioiitlil y CPUE. Oiic is criuscd by tlic 

sciaciiids i i i  Octobcr aiid tiic otlicr by a large incrcüsc iri  tlic CPCE of Trie-liiio-ils h<irruiul<i in 

~ a r c l i ?  Witliout die 1:ittcr. tlir monthly C'PUE of tlic ordinary gilliist would bc rclativcly t h .  

I n  dr~iost cvrry inonth. ihc scicicnids are ttis inos1 abuntlant spccics in ihc çaicli. l-iowwcr. the 

averige sciasnid CPUE of 1979- 1982 was 36 kdtrip and tliis value is no[ rerichcd during any 

inonth i n  1992- 1994 data. Thr highest sciacnid CPL'E is 1 5 kghrip in 

.'O This dari comcs from ihc landings liorn 10 vcs.wIs. nioiitiy trikcn towrirds tlic cnd of blrirdi. Ttic clitcli ol'tiru 
vcsscls, rccordcd on thc samc &y. riccounts for 83% of thc hilarch catch. 



Aug Sep Oct Nov Oec )an Feb Mar Apr May Jun 

- CPUE + Sciaenidae -0- Trrchiurus hciumela 

Fi yurc 2.13 CPU E per nioriili Ior sc.lcçtcd species and groiips in ilic Ordinary Gi llnc.1 çriicli 

of 1992-1 994. 



Jui Aug Sep Ocr Nov Dec Jan Feb Mar Apr hlay Jun 

Figurc 2.14 CPUE pcr inontli for sclzcted spccics and groups in the kluiiting Gillnct ccitcli 
of 1992- 1994. 



May. Indrcd the total CPUE excredcd thc 1979-1987 sciacnid CPUE value only once. duc to 

the large catch of Triclriiui~s Iraurnela in Mlircli. 

Thc hunting gillnct also opsntes al1 ycar round. Thc CPUE of the sciüenids is bot11 Iiiylicr and 

niorc variable i h n  for thc ordinary gillnci (Figurc 2.14). Hcrc tlic Iiiglicst CPUE is rcüclicd in  

' 1  Mardi, alinosi rclichiny the 1979- 1982 avcragc viiluc- . Thc CPUE of TI-iclirirt-ils Iuiiit~relo 

inçrcasss during March and April. Othsnviss thc toial CPUE is shapsd by thc sciriciiid CPUE. 

I t  is possiblc thai ihc Iiunting yillnci was adaptcd in rcsponsc io Jccliiiing çatclics of tlic 

sciricriids. 

Thc niüiii use o t' ilic slirinip y i llnci ocçurs from Dsccinbcr tu Mardi. iiltliougti JO-SOOL of 

rcspondciits i r i  iIic Fisliiii y I iivciiiory ülso use tlic gcrir during thc othcr iiiontl~s. Thc Iündiiigs 

i T 

of tlic shriiiip gi l l i i s i  wcrc saiiiplçd du ring Dcccriibcr. Fcbruary . Xlarch and blay-'. Al t tiouyli 

dcscribcd as a shriiiip yillnci. iri Dcçsnibcr arid Fcbruriry ovçr 70% of tlic çaicti wcrc sciaciiids. 

iiiostly Ololirlrcs 1-irh~nt-. In ciddiiioii. itie toial CPLjE of [tic scixnids is riliiiosi iwicc ttiat ol' ilic 

pciiricids. Ttic CPL'E ot'tlic scirirnids dccliricd Ïrorii Dccciiibcr iu May. \vliilc the CPL'E of tlic 

pcnlisids \vas bc.iwc.cn 2-3 kgi'trip for al1 moiiihs saiiiplcd cnçcpt .Llarçli wlicii ii pctikcd to I O  

kp'trip. Tlic ioinl CPUE of iiis peiixids and itic cngr~uiids is Iiighcr rlim for itic ordiniiry 

gillnci or ihc Iiunting gillnct (Figurc 2.12). This i s  becriusc of the Iitgti CPUEs rcçordd i i i  ihc 

Mardi saniplc. 

2 l 

, * 
t Iowcvcr. ihis vriluc crinic frotn onc unipic only. 

" Sa~iipling wris rritticr sprirsc.. with four sriniplcs in Dcccnibcr and onc smiplc. in t h  oiticr riiuiiili~. 



The surfricc gillnct and the bottom-set gillnct havc surprkingly similar catch coinpositions. 

Both gcars catcli 67 spccies in total. The mugilids account for 76% of tlic siirhcc yillnct catch 

and 67% of the bottom-set gillnct catch. Thc top ttm spccissigroups in iIic catch accaunt for 

97.596 and 99.5% respeciivcly. Other spccics in iiic top ten caught by botti p a r s  includc 

Trichiunis Iuiutm~la. cngnulids. clupsids, pcniicids. sciacnids. aiid trrish tkli. Tlic CPl j  Es of 

thcsc years arc cornparcd to tiic 1979- I OS? values in Fiyurc 2.15. Xlihough tlic catch and 

rffort of these gcürs have decreased. the CPUE of thc mugilids incrcascd by around JO% for 

boili. Tlic boiioni-set gillnct inugilids CPUE is iwicc tiic CPUE of ihc mugilids çauglit by tlic 

s u r l k c  gillnct. A grcaicr divcrsiiy of spcçics is recordcd by both ycars in 1 907-  1994 tIim in 

1970- 1982. 

Tlic surliçc gilinct arid bottoni-set gillnct arc basiccilly uscd ycrir rouiid. cilthoiigli clfort by tlic 

bottorn-sci gillnct is conccritrritcd during iiic montlis of May to Sçptcnibcr. l'lic I;indiriçs w r c  

oiily sainplrd owr  6 riionttis tliougli. and iIic bottoiii-sct gillnct \vas not saniplcd tioiii Ju l  y w 

S o t  siiibcr. pan oi' iIic pcriod of i ts main usc. Thcrc is a dcçlinc i i i  tlic total CPU E of ilic 

surfacc gillnct h r i i  Dcccrnbsr to May. and aii incrcasc in tlic CPUE of [lie rays lioiii Mardi io 

May. Tlis CPUE oTilic otiicr spcciss~*groups in thc catcli is variable tvitli 110 clcar paticni. Tlic 

rnonihly CPUE pattcrn of the boitom-set yilliict is dornin;itsd by a iriryc pcak in tlic iiiiigilid 

catch in ~ ~ r i l : ' .  Unfonunatcly thcrc is iio data for Mardi, aiid tIic CPUE hlls rapidly rtgriin in 

May. Thcrc is iIius considcrablc variability in ttic CPUE of ihc mugilids cauglii by the boitoni- 

sct gillncr. During January and Febmary. the sngnulids and tlic sciacnids coriiprisc ttic yrcatcst 

pan of the catcli. But this is tlis "off-scasoii" for the bottom-srt gillncts. 

? i Four vcsscls. on h u r  scprintc days spclnning ihc wholc nionth, landcd ihc catch wliicti cciuscd tlii.; Irirgc CPUI.. 





Tlie catch and CPUE of thc Iast two gillncts to bc discussed, tlic crab gillnet and tlic shark 

gillnst incrcased from 1979- 19s' to IW2- 1994. For thc crüb gillnct. tliis was duc to an iilmost 

1 00% incrcasr in thc CPU E of the ponunid crab. Porrritci<s pc10gic.u.~. which accounts h r  

96.5% of thc total catcli? Althougti soine crab gillnets arc in opmition (il1 year. niost opcrritr: 

frorn M a y  to Octobttr-Dcccniber. Unfortunritely. thc 5 rnonths duriiig wliicli this gc3r wcrc 

samplsd wcrc Frbruriry to June and so only 7 niontlis of its main opcrcition are covcrcd. This 

Jocs providc contrast Iiowrvcr. From Fsbmary io May ttic CPUE ranges from 0.3 kgltrip to 

8.6 kgArip. Thc Junc CPUE is 43.3 kgtrip. trikçii from 311 avcragc of 29 samplcs2'. The catcli. 

cffort and CPU E of tIiis gcrir Iiavc incrcassd sincc 1 979-  I OX7.  iidicatitig t l i ;~ t  tliis Ilas br'cri oric 

of ttic 1;.w arcas of cspaiision in tlic tislicry. 

: 4 III ihc 1979- l9X2 data, tlic crdbs wcrc not diffcrcntiatcd. Priuly ( lqS2ri) notes tlirit  tiic Sali bliguci Bay crribs 
wcrc riamcd : V c p m ~ s  ~ C ~ ~ U ~ I C U S  (=Pwrunu.s pc.iugcu.~) by Urndi ( 1937). I t  is  rissurlied hcrc 1tirii thc cr~bs ir i  tlic 
1979- 1982 caich arc prcdoininrintly P. pc4ugicrcs. 
'' Thc iniplicotion is howcvcr. that the avengr: nnnual CPUE of thc crib pillnct would bc hiylicr if i t  werc 
catculriicd froni I Z  inonths ofCPUE d m  i n s t d  of thc 5 rnonths ofdata prcscnted hcrc. Corisc.qucntly, tlic cmb 
gillnci catch rnay tx highcr thrin prcscntcd in F i p m  2.6. This ccisc could also bc rnlidc for scvcrril oihcr gcars. Thc 
contidciicc Iiniits in Figurc 2.6 3rc intcndcd to rcprcscnt this uiiccnriinty. 



The tixcd gears. tlic tïltcr net, tisli coml  and l i  ft net. land 13.4% of the total çcitcii (Tabls 

2.1 5). Thcy d l  opcratc throughout thc ycar, although twicc tlic nurnbcr of fi 1 tcr nets arc uscd 

duririg January and February tiian in thc other montlis. Thç tiltsr net is ri tins-rncslicd gcar ( 1-2 

çni,  Silvcstrc et al. 1995) and 42.% of its catch is ths sergestid slirimp. Thc ciigrudids. 

psncicids and tnsh fisti acçount for anoilicr 45.59: of tlic critcli. Tliiny thrcc spccics/groiips arc 

rsçordcd in ttie catch in toial. 7'lic top tcn spccic.s/groups in tlic filtrr net catch inçludc ciglit of 

tlic top icn spcciss/groups iii  ilic total catch o f  San Migiicl Bay. In Figure 1.16. iIis CPUE for 

tlic top ~ C I I  ~pcc ics 'g r~ i~ps  is coniparcd t« thc 1 979-  1 OS2 C W  E values. Most liavc dscrcascd. 

sspccialiy thc ciigrrrulids and ihc Iciiignatliids. Thç sxccptions arc th r  ssrgcstid sliriiiip aiid tlic 

pciiiicid shriiiip. wliicli iriçrcascd. Nots ttiat wlien tlic scrgcstid CPCi E [vas cxainincd h r  tlic 

niini-trriwlcr abovc. thc scrgcstid CPUE Iiad dccrcascd. 

Ttic total niuiitlil y CPCE is sticipcd 1argc.l y by tiic scrgcstid CPU E (Figure 2.1 7). Ttic CPL'E of 

tlic scrgcstids tluçturitsd bci\rvscii 5 and I O  kwtrip frotii Dccciiibcr ta S1q. Tlic CIWE of the 

sngraulids pcak in Dsccrribcr and tlicii d s ~ r c ; ~ s s  to zero ~t~rougli bl.1;1rçl1. Apri 1 aiiJ May. I I I  

Dccrnibcr and Fcbruary, tlir total CPUE is Iiighsr tlim t!ic 1079- Pl87 avcr;gs CPUE. In 

Novcnibcr. i t is niuch lowcr. 

Tlic catch of the Iish comI is more diverse tliat the tiltcr net. Howevcr, ilic fisli corrd catch. 

cflort and C P U E  dccrcrised bctwccn 1079- 1982 and 1992- 1994. Thsre arc Y6 spccics rcçordcd 

in the critcli and thc top ten sptxics/groups account for 80%. Wlirn compnrçd to 
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the CPUE of [tic 1979- 1982 catch in Figure 1.18, the most notable chanse is in the iras11 fish. 

wliicb dccreasc: from 12 kdtrip to 1.4 kghip. This drcrcasc and thc dccrcasc in the crab. 

çlupcid and sciacnid CPUE ticcount for thc large dcçreasc in total CPUE sincc 1979- 19S3. The 

CPUE of the carangids. prnaeids. engnulids. Iciognathids. Tricl~iui-us linrrmc~lo and mugilids 

incrcascd. 

Tlicrc is considerablc varicibility in the rnontlily CPUE of tlic tish corral (Figurc 2.19). About 

28 tish coml fislicrs in  thc Fishing Gcnr Invcntory use tkisir gcrir al1 ycrir arouiid. ~-iowcwr. 

riround tlircc times this numbcr arc in usc in any oiic morith. Tlic iwo pcaks in total CPUE 

wcur in Novcrnbcr and June. but tlierc arc rio data fùr thc niontlis bctwccri JLIIIC m d  

~ovsiiibcr'~'. Ttic parteni of gcar usagc docs not rcflcct iIicsc two pcaks. Ttic pcaks arc. criuscd 

by ihc çarringids. Iciogiiatliids arid sciacnids in Noociiibcr and [lie caranyids aiid pcnricicls i r i  

Junc. Tlic sciarnids and lciogiiatbids pscik a p i n  bci\vcçii bllircli and M a y  and the CPUE of a11 

spcciesigroups is varia blc. 

Tlic l i  fi nct is rilso uscd ;il1 ycar aroiirid by aliiiost 311 opcrriiors. Tlic c f h n  of tliis gcrir 

dccrcassd coiisidcrribl y since 1970- IOSZ. Un fonuiiatcly. only oiic landing sriniplc wris takcii 

for ihc lifi nct during the Ilindinç sun*cy. lis coinpositioii conirasis stilirply witti tIic 1979- 1087 

catch composition. In 1979- 1 !W. 8099 of the catch wcrc cngrüulids and 8% clupcids. In 1992- 

1993. 88% of the catch rire lriognatliids. 7% cnpnulids and 5% clupcids. Givcn tlic scrisonaliiy 

of tliç catch sccii in the gcars ribovc, little coiifidencc can bc placcd in ttic 1907- 

"' The simiplc s i x  Tor Octobcr io Februnry was 1. 2 in April. 3 in Mnrch and May and 4 in Junc. 



Figurc 7. 1 S CPUE o f  thc iop spscies and groups in  thc Fish Corral cliiçli froin 1979- 1982 
and 1 992- i 994. 

Nc* m.... I r -  C-h L 41. A II h b-., 

Tora1 CPUE Carangids 
Jun 

LC, Penaeid Shrirnp 
+ Sciaenids + Engraulids --- Leiog nathrds 
+ Tnchturus haurne4 

Figure 3.19 CPUE pcr inontli for selected spccies and groups in the Fish Coml catch of 
1092- 1994. 



1991 data bcing reprcscntative of the annual l iR  nct catcli. Tht: lin nct is cstiniatcd, o n  tlic 

basis of its CPUE and effort. to land 50% of thc t ixrd gcar annual catch". 

Tlir sst longlinc acçounts for 3 - 2  "/. of the toial catch and tlic haiidliric riccounts for 0.4% of tlic 

total catch. r\ltliougli a srnall pcrcentags of tIic total catcli. ihcsc pars .  priniculxly tlic 

longli~ic, catch tlic larçcr alid oldcr fish in San Migusl Bay. 

TIic set loiiglinc is iiscd riIl ycar cirouiid. Tlisrc i s  CIWE driiri for tlic iiioiitlis of Dccciiibcr tu 

Juns (Fiyurs 2.10). Again tlicrs is çonsidcrriblc iiioiith to iiioiiili variability. In  Jmiiary m d  

Fcbruary. virtually only esls arc cauyht and iliis is tlic only group utiich is çaugtit in cwry 

riionth samplcd. Canngids arc only caught from March io Juns .  Froni Mnrcli io Junc tlic catcli 

is niore divcrsc. 

: In a panllcl sumey. dr'rigncd to rnoiiitor fishing opcnrioiis and conduçied by ths socio-econoitiic coiiiponsni of 
tlic ICLARM projeci. tlic lit1 nct was sainplcd frotn January to Junc 1993 and iis spccics coiiipusirion consistçd 
riiostl y o f  cngrriulids, ris in thc 1 979- 1982 suncy (Pridilla rr ul. 1995). 



Dec Fe b Mar hlay 

- Total CPUE + Carangids U Rays 
-X- Eels -Sharks - -  La tes calcar~fer 

Figure 2.20 CPUE per month for sclscted sprcics and groups in tlis Sei Longlinc caich 
of 1992- 1994. 



Tlic bandiinc is also uscd year round. Surprisingly. for it is a simple and chcap gcar to opcrntc, 

the usc of this gcar hüs declined sincc 1979- 1982. It  declincd both in total nuinbcr of gcar and 

thc iiurnbcrs of trips made pcr gear (Table 1.1 3). Its catch in 1 097- 1994 consists of the sillago. 

Sillogo silianru. (67%). thc tctnodontid. Logocepllnlz<s (24%) and Gobiidac(SOG). This 

coiiiposi [ion is derived from only one sümplc. Thcrs is no compantivc data from 1 970-  1 9S2 

bccausc thc catch then was not idsniiticd into iis componcnts. 

0ilic.r g a r s  iricludc thc ç r ~ b  liti net. lish tmp, pus11 iict (or scissor net ). ris wsll as iIir stritioiiary 

tidal wcir. berich scinc. spcar gun. pullnrt and ring net. Thcsr gears land IO0," of tlic toial catcli. 

Tlic nuilibcr of pus11 ncts dcçrcascd sinçc 1979- 1 W;! but tlic catcli incrcascd. As iiotcd abovc 

iliis c a ~ h  cs t i i i~ tc  W ~ S  bascd on only one samplc, whicli consisicd cntircly of scrgcstids. Thcrc 

arc I i~wwcr ,  tlircc types of push nct. One opcratcs (ioni January to July, onr o p c r ~ s  riIl ycar. 

but iiiaiiil y h m  Scptcinbcr to Fcbruary and tlir tliird opcrüicd riIl ycnr. Coiiibincd. tlic pusli 

ncts laiid 7% oftlic 10131 caich in San ,Vigucl Bay. 

Thc driia for tlir crab l i f ~  net and fisli trrip arc siniilarly scaiit. Tlic crab lift iict upcrriics ;dl yccir. 

T x o  landings wcrc samplcd and tlic catch consists of the port unid crab, Scyflu S L W ~ I .  In 

1979- 1983 the catcli was also composcd of 100% crabs althougli i t  is not spccilicd wiictlicr tlic 

c r ~ b s  werc Sc:i-lla spccics or Por.iiurt(.s spscics. The tish tnp  is also uscd al1 yc:ir. but \ r i t h  iiiorc 

d o n  during Aprii to Septeinber. Its catcli was samplcd in Marcli aiid was çoiiiposd of iiiostly 

of [tic rübbii fish, Sigmus jovus and th<: siiapper, Ltrija~rics n<sselli. Thcrc arc no daia for tlic 



caich composition from 1979- 1952. The tlsh t n p  is thc only gcar tliai catches ciiher the 

lutjanids or tlic sigrtnids. 

Thcre is no inforniaiion on the catch disiribution or seasonal changes in ciiicli for the ot1ic.r 

ç c m  lisird abovs. Togcihcr. they riccount for l.SO% of ilic total catch. 

T11cr~ is no rcçord of discmls in the fislicry. I r  is vcry likt.1 y. 3s suggsstcd by Piluly ( I 094) 111at 

tlirrc cire no discards or by-catch bccriusc dl catch is uscd. bc ii as tliblc. iisli or fisliitical. 

tishfccd or tisli sauce. As Pauly notcs "niost Iisli çatigtit in Souihcnst Asia arc Irindsd. cven 

wlicii trikeii inciclcniiilly with shrirnp (Piiuly I094:<)9). 

Staius o f  thc Maior S ~ ~ c i c s  in Srin kliriucl Rliv 

For cadi of the top icn Iriniilies/groups listed in Tablç 2.1 7 an asscssriicrit is iiiadc of tlicir 

niaiurity. For iIiosc spc~ ics  wiih rio wüilable Icngth at miliurity data. Ictiçtli at iiiaturity is 

ccilculatcd frorii ihr L s  using nii cmpirical r~lritioiishi~'~. Ttieir scasonal abiiiidliricc is cilsu 

dsscribcd, but this is oficn confouiidsd by the lack of adequritc C O V C ~ ~ ~ C .  of al1 scasons. Whcrc 

possible. the rscruitnicnt pattcm'U is cornparcd to the seasoncil abundancr. 

'X Tlic c.~iipiricrrl rclationship was cdculriicd (rom thc' S ~ C C J C S  for ~ I i i c ' l l  t t w c  u'crc data on Lx and L,,,,. I t  \r-rih 

dcicnrirncd t h t  Lx: *ris txtwc.cn 1.5 and 2 tinics L,,,,. 111 ordcr io indicatr 311 appro~iri~aic r~trit~c)nirIlip bct~vccn 
iiicrin Icngtli in thc catch and L,,,,, ii wris risunxd thrit L,,, = 0.5 Lx.  
2, The rccruitmcnt pmcm is drtcnnincd froin the t n w l  survcy data lcngiti frcqucncy datri. FiStlT (Gayaiiilc, tWr d. 
1996) softwm was u-wd. FiSAT hs ri routinc which csiitnritcs thc likcly nutribcr of rccruiimc~i[ pcriks tiorii ri 
Icngth frcquciicy urnplc. It is an cipproximatc routine and should bc uscd ris ri guidc only. 



Tlic rcsulis oftlic nionaliiy analysis and ihs yicld-pcr-rcçruit üniilysis froni thc irawl sunrcy 

data a11 indicritcd that O. rdwr is a higlily exploitcd spccies. Iis rclativc âbutidancc in  tlic 

fishcd biornass and ihr trawl sunvcy CPUE Iiiis dccrcascd sincc 19794082. The iiiciin gcürs 

whicli cüiçli sciücnids rire tlic ordina. gillnct (4  1 % ) .  tlic huniiny gillrici (36?&). tlic shriiiip 

gillnct ( IJ%) and, io ri Icssrr extcni in l 992- 1994 h i i n  in  1979- I OS?. rhc baby trawl (4%). Thc 

coiiibiricd sciacriid criicli of tlicsc gcars lias dsçrcascd siricc IL?7i)- 1981 micl tlic CPUE of 

sciaciiids by crich yrür has rilso dcçrcriscd. In addition. an rinrilysis of thc Icrigtti coiiipositicin of 

ihc sci;icriids ( O. t - i r l x ~ t . )  iii tlic catch of  tlissc çcars rcvcals tliat tlic tr~wlcrs. iiiiiii-irawlcr. 

bottoiii-sci gilliict aiid filirr nct ciitcli 311 of tticir catch ol '0 .  t-rtlwr wcll b c l ~ ~ w  [lis Isiiyili o f  

niaturity (Figurc 2 . 2  1 ). Tlic n i d c l  Iciigtii 01'0. rirhïr i i i  the çatdi of thc Iiuntirig yillnct. 

ordinary gillnct and siiririip gillnct. is not niuçli grcatrr itiaii thc Icngrli ai iiiriturity. Lciigiti ai 

riirituriiy \vas cnlculaicd korii the cinpircial rclatioiiship bci\vccii l x  aiid L,,,,, in b!rilhc\vs 

( 1090). Also s h o w  is tlic L,,,, cstinilitcd by Alniatu- ( 1003). This is higlicr ~Iiari tliat c:ilciilri~sd 

iioiii Xlailic\i.s. and if çorrcci. \vould iinply that vinually al1 O. t - irh~~r- arc ciiiiglit bclou the 

Icngth rit niaturity. 

Thcrc is no clear sclisonal phasc of abundancc of tlic sciricnids i r i  Figurc 2 . 2 2 .  Tlic CPL'E i'roni 

tlic irriwl survey. the ordinary gilliict and the hunting gillnet t r x k  cach otlier wcll. Tlicrc iiiay 

bc iwo pcaks in abundance. onc in Fcbruaryiblarcli and tlic other in Scptcmbcr~Ociobcr. whicli 

coincidr wiili ilie cnd and bcginning of tlic Nonhcast Monsoon. 



= Maximum langth in the catch - - - Length at maturity calculated from gfpjj? 
= Modal length in the catch LinfILrnat in Mathews (1  990) and 

Linf=44.8 cm. --- Length at maturity (Almatar 1993) 

Figurc 2.7 1 Modal lengths of 0tolirk.s ruber in the catch. 

Jan Feb Mar Apr May Jun Jul AUQ Sep Oct Nov Dec - Trawl Suwey Ordinary Gillnet Shrirnp Gillner 

- -- F ish Corral V Hunting Gdlnet -X- &by Trawl 

Figure 2.32 Monihly CPUE of the sciacnids by the main gears that catch ihem. 



The rccruitnwnt pattern froin the trüwl survcy lcngth frequency data prcdicts only one 

rccruitmcnt perik. 

Thcse rcsul ts arc in accordancc witli the tindings of Navsluna ( l9Y 2 ) .  What is surprising is 

thrit ihc catch of sciüenids is as Iiirgc as i t  is. morc ihan I O ysars aftcr Navalunri coiicliidcd 11iai 

O~ofNlres t-riher was both ovcr-cxploited and thüt riicsli sircs should bc inçrcriscd. Fisliiiig 

inortality lias not dccrcriscd nor nicsh sircs incrcascd sinçr lO7s)- 1982. 

Siiicc h c  scrgcstids arc no[ çaught by tmrl gear othcr than the miiii-inwlcr. tiicir asscssiiicnt 

is bassd on inforiiiatiori froiii [tic catch aridysis. TIic rcsul ts indiwic tliat thcsc sliriitips arc 

suffcring yrcritcr fishiiig prcssurc t l i l i i i  in 197il- I9SL Tlic inriin g u r s  catctiing tlic scrgcstids 

arc tlic itiini-trriivlcrs, the filtcr nct and the scissor net. Tiic total catch of clic scrgcstids lias 

dcçrcascd si ricc 1 979- 1 9SI and so lias iIic ssrgcsiid CP LE of tlic iiiiiii-trriwlcr wliicli catcliss 

aliiiost SU'' 0 of I ~ C  ~ 3 1  scrgcstid catch. Thc CPUE of tlic fi ltcr tict aiid scissor iici iiicrc;iscJ. 

:ilthougli the lattcr was poorl y sani plcd. Sinçs tlic miiii-trnwlsr catc hcs tlic grc:itcsi pan of thc 

scrgcstid catch aiid its landiiigs ~ w r c  saniplcd throughout ttic ciiiirc ycar, tlic CPUE oftliis g c x  

is s inore rcliablc indifator of change. Ths seasonal ily of this spccics was dcscribcd above tix 

ihc mini-tnwler partraluw (scc Figurc 2.1 I .), whcrc the pcak in abundliiicc occurrcd duriny tlic 

pcriod of ilie Nonlieast Monsoon. 



Tlic risscssment results for thc pcncisids al1 indicair that thc pcnacids stocks arc doing wcll. 

Thcir abundancc in ihc trawl survey has sliglitly decreased but [tic CPUE lias rcninincd ai 

riround i h s  1979- 1982 Icvcl. Sevcml pccirs catch considcrdblc. quriniitiss of [tic pciixids: 111s 

mini-trriwlcr ( 2  7°/0), slirimp gillnci ( 1 Y*/&). othrr gi llncis ( 1 6%). baby t r w l  ( 1 j0%). ilic ordinriry 

gillnct ( 10041). The filter nct and Tish corrd also catch snirillcr quantitics of sciasiiids. In al1 

çascs. thc CPUE of the pcncicids has iiicrcased. or rcinaincd stable. sincc 1 979- 19~2 '" .  dcspiic 

iiicrcriscd c f i m  by mriny of [tic ycars. This conir~sis wiih iIic rcsulis of Pciuly's asscssnicnt 

( Paul y I OS73) of ihe pcniicids wliicli indicaicd tlirii die yicl J-psr-rccniii o f  [tic pciicicids would 

dccrcasc i T fislii iig itionril iiy w s  incrcciscd. 

l'lic moiitlily CPC;Es of the various gsars lisicd abovs shed littlc liglit on ilic scasondiiy of 

abundiincc of [lie pcriacids. Thc trcnds sliowii in Figurc 2-23 iiidicritc tliai thers iiiiglit bc pcak 

in abundrince cirouiid Mardi alid ünotlicr in ScpicrnbcriOctobçr. Thc riiini-trriwlcr ptrtumJyru 

CPL'E dcscribss a singlc pciik Iiowcvcr. 

A lthougli ihe relaiivc abundancc of thc lciognathids in tlic trawl siirvsy lias noi cliangcd sincc 

1979- 1982 and ihc CPUE lias incrcascd. othsr indicaiors suggssi [liai ihis group is bsing 

ovcrcxploiicd. Monality cstimriics wcrc madc for the ihrsc main spccics in the group. hl1 

\O Thc CPUE of thc othcr gillncts 1s no[ iricludcd bccriusc i t  is a conlpositc group ot'gillricts. 



Jan Feb Mar Apr May Jun Jul Aug Sep Oci Nov Dec - Trawi Survey Mini Trawler - Parnasay an -43- Mini Trawier - Pam alaw 

Shrimp Gdlnet + Ordtnary Gitinet --O-- Fitter Nei - -x - 6aby Trawi 

Figurs 7.23 Monthly CPUE of the pcnasids by ihc niain gcars ihat catch thciii. 



wrrc vcry higii. Thr yield-per-recruit analysis indicatcd that the currciit rats of exploitation is 

rnuçh greatcr tlian the optimum rate for two of thc thrre specics. The Iciognathids arc cauglit 

by thc lili net (61%) and baby tnw1 (30%) and rncdiuni trawl(.I%). Howevcr. as cxplriined 

abovs. the lift net catch estimate is higtily uncertain. For ihis rcason. thc Iciogiirithid catch of 

tlic fish corral ( 1 O h )  and the tiltcr net ( l */O) werc nlso exarnincd. Tlic toial I~'iogi~athid c:itch 

dcçrcassd and tlic CPUE of the baby t r a v l  and filter nct dccreascd. Tlic lift nct and tisli corrd 

CPUE increascd. 

Thc inodal Icngth of L. splc~ttdtws and S. t-tic-otriirs in  iIic t r ~ w l  catch 1s aruiind O u n  : i d  5 c m  

rcspcçrivsly iii Figurc 2 - 2 4  Also slia\rii is thc Iciigth of'inaiurity for L. spioidcirs  mJ S. 

~ - I I L . O I ~ ~ I L T .  Clcürly, niuçh o f  thç Iciognciihid c;itcti is Irindcd beforc i t  rericlics iiiriturity. Tticrc is 

no Iciiytli iriloniirition for tiic caicti of the lift nct. I lowcvcr. sincc i t  is a tiiic-iiicslicd gcar. i t  is 

a h .  ris witli ihc tiltcr net. likcly iu catch uridc.rsizcd fish. As i i i  ilic u s e  ufthc scixnids. ttic 

Iiigh proportion ofjuwnilcs in  [tic catch is troubling. liotvcvrr i t  is possible. sincc gc.ncrrilly. 

juvciiile nritural iiion<ility is tiiçti, that ilic tisliery is catcliing juvciiilcs ttiat \voiilJ dic iiiiyw:iy, 

froiii natucil iiionclliiy. 

Tlic trciids in  nioiitlily C P U E  sliown i n  Figure 2.25 indicatc iliüt ilicre is a Irirgc pcak i i i  

abundance froni Aupust to Novembrr. Thr August part of the peak is causai by ilic incdiuiii 

trawlsrs. There is also a smallcr psak in March. Thc scpantc rrcmitiiic.iit pattcnis for tlic tlircc 

spccics prcdict two peaks in recniitmcnt for L. splcrrri~rrs 2nd L. h i t i h s  atid oiic pcak h r  S. 

t-uconiics. Thc monthly C P U E  of L spleti&r.s and S. nicotiilis shows two pcaks. oiie in  
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= Maximum length in Ihe catch = Mean tength in the catch 

= Modal length in the catch œ o m 9  Length at maturity (Cabanban 1991 ) - ---  Length at maturity (Arora 1952) 

Figure 2.24 Modal lengths of leioganthids in the catch, (a) Leiogtiarhus splendens. and 
(b)  Skcuror ruconius . Thc mean is used where the mode cannot be calculatèd. 
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Figurc 2-25 klonihly CPUE of the lciognathids by thc tnain gcars that catch thcrii. 



Octobsr/Novcmbc.r and onr in March, whilt: thcre is only onc disccrniblc pcak in CPUE for L. 

hirrdics in April. 

Tlic relativc abundaiice and CPUE of the cngriulids in tlic i r ~ w l  suncy hris dccrcascd sincc 

1979- 1982. Thc total catch lias dso dccrcasiscd and thc CPUE o f  ttis niairi g a r s  that catch 

cngriiulids has dtxrcascd. .A rang<: of gcars catch cngr~ulids. Alniosi JO?; arc çüuyht by ihc 

briby irawl. 20% by thc filtcr iict. Ih% by thc siiriinp gillnst. 6')" by ttic lift nct. 5% by itir 

rticdiuiii t r w l  and - iOb  by tlic ordinary gillnst. 

II I  Fi yurc 2 - 2 0  tlic riioda 1 Icngth of Srukcphonrs cortirtrcr.sotrii in [lis catch of thc irriu.1. ti lier nci 

and ordirnry gilliict is coniparcd to tlic Icngtti of iriaturity. A s  in [tic cases dcscribcd ribovc. tlic 

rnodal Iciigtlis. and iIierclorc niucti. if iioi a11 of tlic çaicli ot'soiiic g a r s .  is çaugiit bclorc 

riirituriiy. Paul y ( I < N a )  rcponrd tIi(it tlic cd-crids of t r w l  iicts u w c  sovcrcd wiili a hic- 

rncslisd iici of S niiii sirctcticd nissti. Leiigtti rit first capturc wris csiirtiriicd ru bc 7-3  ç11i. wcll 

bclow ttic Iciiçtli rit riiaturity. 

Thc monthly CPUE of somc of the gcars which catch cngraulids arc sliown in Figiirc 2.27. Tlic 

data indicatc ihat ihere mriy bc a peak in abundancc during iIic surnnier. tIic pcriod of ilis 

Southwest Monsoon, and ont. i i i  Dccciiibt.r/January, tlic period of ilic Nortli\vcst Monsooii. 
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= Maximum length in the catch - - O  Length at maturity (Tiews et al. 1971 ) 
'Y/@' &,a = Modal length in the catch 

Figurc 2.26 Modal lcngths o f  the cngnulid Stofophrrour conirn~~rsomÏ in the catch. 

Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec 

T r a w l  Survey + Filter Net + Ordinary Gillnet * Medium trawl -X- Baby Trawl 

Figure 2.27 Monthly CPUE o f  the engnulids by the main gars that catch them. 



I t  W ~ S  riotd abovc that the main gcar tliat catches Pol-rirrtu.rpclrg.icr is tlic c u b  gillnci whicli 

catches 80% of tlic total catch. Thc baby trmd. niini-inwlcr. and scvcral of [tic gillncts takc 

incidcntal catc tics. The catch and CPUE hwc  incrcascd sincc 1 979- 1 982. In ttic 1 979- 1 982 

study. i t was rcponcd that crab fishers had cornplainrd ihrrt tlicir çriiches Iirid bccn dcçrcasing 

(Pauly I9Sh).  Howevcr. thc availablc. data for 1992- 1994 indicaie tliat ihis spccics is not ovcr- 

cxploitcd and indced rnay Iiavc incrcascd in abundancc sincc 1970-1 083. 

Tf-ic-liiro.il.q Itwr~ielti is anoihcr spcçics wliicti is not çurrcntiy s u f t r i n g  Iioiii ovcr-csploitation. 

l ts abundriricc and CPUE in ihc trawl suwcy has incrsiiscd sincc 1 979- IW2. Rclritivc to ilic 

othcr spccirs for whicii rnortrility \vas csiiinritcd. iis rnonriliiy is low. Tlic yicld-psr-rrcniii 

cunps pliicrs [tic currcnt nitc of tishing rnortaliiy ai around thc opti~iiuiii Icvsl. Tlic iotül catch 

o t' Î,-ic-lrir~r-i~v h ( i u m * i ~ i  lias incrcascd and ihc CPUE of gcars wliic ti exploit ii. tlis ordiriary 

gillnct (50% of the catch of TI-ichiio-11s l ~ r r u ~ w l n ) .  tIic baby trwd (27'!h), and ttts Iiuntiiig 

gillnci ( 1 7OL) lins iricrcciscd. In addition. as stiown in Figurc 2 . 2 8 ,  tliesc gcars ciitcti mature 

fish. 

Ths rnonthly CPUEs from thc trawl survcy and fisliing gwrs arc s h o w  in Figure 2.29. Tticrc 

is a dctiniic pcriod of liigh abundancc wtiicli nngcs frorii Oçtober/Novciiibcr tiirougli io 
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= Maximum length in the catch - Length at maturity (Banerji and 
g./ygy" .,Ld$A = Modal length in the catch 

Krishnan 1973) 
- - - _ Length at maturity (Nakamura and 

= Mean length in the catch Parin 1993) 

Figurc 7.18 Modal Iengihs of  Tricliiurus haumch in the catch. Thc mcan is uscd wlierc 
thc niodc could not bc cdcul;itçd. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oc1 Nov 0ec 

- Trawl Survey -O- Hunting Gillnet Filter Net 

- - - i - Fish Corral Ordinary Gilfnec - X  Baby Trawl 

Figurc 2.39 Monthly CPUE o f  Tiichiuru haunieh by the main gears that catch them. 



MarcMApri 1, the ptxiod of the Northeasst Monsoon. Thc rccrui tiiiznt pattern frotn tlic tnwl 

sumsy length frequency data has onc strong pcak, lasting 6-7 niontlis. 

Thc CPUE of thc mugilids increassd in ihc two gcars that cadi catch ovcr 30'1,; of thc iotril 

catch of tlic mugilids. Howcvcr. al1 data indicatc ihai ilic mugi lids arc ovcrtïslicd. Tticir 

abundancc and CPUE in ihc tnwl sunJcy dccrcascd. Thc toial catch dccrcasrd and i h s  bnby 

trawl and ordinary gi llnct CPUE of mugilids dccrcriscd. 1i is possibis tlirii iIic bottom-set 

gillnci and surthcc giiliiçl fislicrs Iicivc discovcrcd nicans io improvc ihcir catclics. hi ridditioii. 

sincs ths ç&n of ihcsc two gcars lias dtxrcascd sincc 1 079- 1 082. tiicrc wi I l  ICSS c~~npctit ioii  

amoiiçst rciiiainiii y tishcrs. In Fipurc 1.30. tlic iiiodal Icngili of mugilids in t tic c r i ~ l i  arc 

shown. Tlic lcnçth ai niriturity is calculritcd tioiii thc Lm iising the cinpirical rclritioiisliip 

dcscribcd iibovc. Altliougii the L,T,,i is ttius only a hyptticiicnl v:iluc. i t  is iiot likcly to bc 

luucr ilian shoum in Figurc 2.30, yci thc modal Icngiti in thc caicli is 1oivc.r. Ttic iiioiitlily 

CPLrE Jriiri ;ire ioo sparscly distributcd througli ihc yciir to givc any scrisc of scrisoiiril 

abundaricc. 

Tlic çamrigids arc a large group. with over Il specics occurring in San Migucl Bay. As ;i 

fami ly the abundancc of tlic Caranyidac in the trawl survcy lias rcrnaincd sinblc aiid the CPUE 

lias incrcascd slighiiy. Thc ioial catch and catch CPUE have also incrcascd. Tlic sct longlinc 



Trawl Bottom- Ordinary Filter Net Mini 
Survey Set Gillnel Gtlinei Trawkw 

= Maximum length in the catch , . - . Length at maturity 
$p?gJ$g 
5A,$>;"i' ,,~,.&d = Modal length in the catch 

Figure 2.30 Modal lengths of Mugilidaç in the catch. Length a1 Maturity is calculated from 
an crnpirical formula - sec text for funher details. 

Mini 
Trawler 

= Maximum length in the catch - . . . Length at maturity 

= Modal length in the catch 

Figure 2.3 1 Modal lcngths of the canngid. Akprs dejedaha in the catch. Length ai 
Maturitv is calculated from an empirical f'omulü - sce text for further details. 



lands J??/o of the carangids, thc ring net" 19%, thc baby trawl 13% and thc t k l i  corn1 1 O"%. 

Thc modal lengih in thc catch in shown in Figurc 2.3 1 .  Lm,, w3s calculated ris dcsçribcd ribovc. 

For ..(fepe~ djeclnha. ttic only carangid for wliicli there werc data on tlis Icngtli çoniposition of 

iiic catch. most of ttic catch is above thc cstimritcd Icngth of rnaiurity. As in the casc of tiic 

inugilids. tlic monthly CPUE dairi of ihc çanngids arc ioo splirsrly distributcd ilirougli tlic ycar 

to givc any ssnsc of scasonal abundaiice. 

Tlic baby irriwlcrs land 47% uf  thc t m h  fisli (scc ftwinotc 14). the niini-triwlcrs 33'0, tlic 

liltcr net 9% and tlio hunting gillnct 5% of the trasti tisli. Tlic rnoiiilily CPUE d m  indiclitc 

tliat tlicrc inight bc a higlicr catch r ~ t c  of imsh fisli frorii Novcrnbcr iu !idarçlvApril. I lowcvcr. 

ths data arc toc) scaiit to niakc ;i tinncr statcmcrit on thc se;isonal distributioii uf ttic tr~sli  tisti. 

The iup familiss listcd in  Table 2.17 arc also sortis of ihc most valucibls in tIic catçliss of San 

Migucl Bay. In particular, ihc ex-vcsscl pricc of the Irirgcr çnistacr:iii spcciss. ths pciiacids aiid 

[lie ponunids arc the hiyhcst in ihc toid catch, wliicli ihc cxcepiion of tlir Scrrrinidiie. Tlic 

latter nrs priccd ai betwc.cn 200 and 240 pesos/kg3" wtiile th<: penaeids n i a k  an avcragr pricc: 

of bctwecn 42 and 86 pesoskg and thc portunids bciwcsn 14 and 1 12 pcsosikg (Padilla cr a/.  

1905). Tlic sciasnids have an averige cx-vesscl price of beiwecn 13 and 46 pcsos;kg. tlic 

1; Thcrc arc data 1Or two Irinciings hr thc ring net in thc Catch data liom San Miguct Bay tioiti July. 
1: At thc cutrcnt, 1997 forcign cxchsingc rate. US% 1 = 26 pcsos: 240 pcsos is cquivsilcnt to S9.23. 



carangids 33 to 60 pesoskg and thc mugilids 27 pcsos/kg. Thc leiognnthids, cngrriulids, 

tricliiurids and scrgrstids are al1 less valuable. The speciss listcd above that wcrc not rcçorded 

iii  ilic 1 979- 1982 catch. suçh as (lie Mullidac and the Synodontidac.. are soinr of tlic lowcsi 

valus spccies. 

Ciivcn ihc ;isscsscd st;itus of San Migucl Bay in itic snrly I9SOs. ii is IirirJ to çoiiçcivç i l i ~  tlic 

tishcry cou1 J tiavc irnprovsd ir i  tliç inicncning yscirs. s inçc nonc of ilic rcçoiiiinciidaiioiis of 

the 1979- 1982 survsy wcrr cnaçtsd. In 1081. a 5 ysar ban on ilic opsrntion ol'çimiiiicrçial 

tisliing boats did comrncnçc. ycr i t  ripparcnily only afkçicd li siiiall nunibcr of çortitiicrcicil 

opmtors (Luna 1 992). and Iiad l i i t k  or no el'fcçi. Ml tlic cvidcricr suggcsis ihat. for iiiost 

spccics, the stcttus of [lie fislisry hüs u.orscried. A scrics ofancilyscs w r c  prcseiiied abovs. and 

csscntially 311 confirm tliat ihc 13ay is liiglily ovcrcsploitcd. Sincc tlicrc is rio tiiiic ssrics of 

clitcli and sf fon dala for Süii Miguel Bay. tnuch of tliis analysis \vas bascd on Icnyili data liorii 

the irriwl sun-cy and çompar~tivc nndysis witli data tiorri tlic 1979- 19s) survcy. In [lie liiitcr, 

coiiiplirisoiis were rnadc bc.twrcn the cornposition of tlic tniwl survcy. tlic catch. CPUE pcr 

gcar arid ctTort changes. 

In tlisir erticrging tishcrics classic. i-lilbom and Walicrs ( 1992) drvow a chaptcr to Iciigtli- 

bascd nicthods in fishsrics asscssmcnt. Thcy do not hidc thc fact tliat thcy arc not cntliusiasts 

of 111s approaçh. and indccd point to niany of its difticulties and unccrtriintic.~. Thrir principal 



point is tiiat obtaining a reprc.sr:ntaiÏvc. samplc, covering al1 sizcs and aycs in the population, is 

confoundsd by year sslcctivity and fish bshaviour. including tisli inovcmcnt. gcar rivoidlinçc 

2nd distribuiional cliangcs rclatcd to ontogeiiic migration. Many of tlicse çonçems Iiavc bcsii 

addrcsssd by it.sc.arclit.rs. wlio Iiavc cxarnincd the sensitivity of lcngtli-bascd rncthods to soiiic 

of tlicsc problcnis (scc papcrs in  Pauly and Morgan ( I9Y7) for cxamplc). 

In the Saii Migucl Bay sunaey, t l x  Ray was samplsd by irawl survsy. Siricc thc rasi nicijority of 

tlic Bay is  sand aiid sandy-mud. fcw arcas wcrç iriaçccssiblc to trawlcrs. Tlic trwl suncy ~ i s  

distributcd iIiroiighout tlic ycar (wiili tlic cscspiions m c d  ribovc) and tIin)uyliout tlic Bay (scc 

Figurc 2 . 2 ) .  III  the anlilysis ol'thc Iciigtli data. tliç FiSAT progniii was u s d  io cillow h r  

sclcctirity by ttic trawl gccir. Oiily data liorii tlir ira4 survcy wcrc u s d  to ssiiiiiatc growtli 

piirriiiictcrs aiid iiiorialitics. In additioii. growth parritrieters wcrs on ly  cstimritcd for ilic spccics 

tor wtiic ti tlicrc urcrc jisi b lc ~iiodcs tlia t could bc tr;icked ovcr sct~cr;~l 1110ii1hs. 1 t L V ~ S  assumcd 

thai tllcrc W ~ S  no nct nioverticrit of tisli i i i  or out ol'thc Bay, in accordancc witli iiic sicady-stritc 

rissumptions of the Icnytli-bascd nictliods uscd? Thr iinpliçritioii of tliis rissuniptioii is 

disçusscd bclow. Tlicsc nicasurcs werc taksn to rnsurc. as far 3s possihlc. a rcprcsciiiiiiivc 

slimplc. 

I i i  order to csiimritr: mor~litirrs and yicld-pcr-recruii. ihr growtli paranistcrs wcrc tirsi 

cstimritcd using ELEFAN 1. Tlic ELEFAN 1 nicthod was uscd bccausc i t  is ivcll tricd aiid 

tcsicd (Pauly 1987. Hni~ipioii and Majowski 1987, Majowski LV (il. IO8 7, Rosciibcrg aiid 

11 In fatt in 311 Iikclihwd, cinigraiion and iitiniigntion occur in San h1iguc.l Bay. Piiuly t I9HZb) lias dcscribcd 11ic 
iiurscry rolc of San Migucl Bay. I Iowcvcr, i t  is qucsiionriblc, ris a conscqucncc of ihc obsctvcd 1c.vc.l of' tishiiig 
prcssurc in San Migucl Bay. ~~hc i l i cr  many of ihc adult tish cscqw thc Bay bcforc tlicy arc captured. Thc qucsiioti 
of iitiitiigrstion and crnigntion is rcturncd tu ii i  Chsiptcrs 3 and 5. 



Bcddinyton 1987). i t  uses (i tinic scrics of data, it has routincs which allow for tlis eTfccts of 

sclcctivity to bc accountcd for and thc results can bc uscd dircctly in the inoriality rstiniaiion 

usi~ig the FiSAT software. In a scnsitivity analysis of ELEFAN 1. Rosenberg and Bcddington 

( 1987) found ELEFAN 1 io bc sensitive to variation in Icngili at agr: (assurned constant i i i  

ELEFAN 1). In addition. ELEFAN 1 consistcntly undsrcstiniatcd the growtli parmieter K. 

unlcss thc truc valut. of K was known to within 2 0 - 3 ? 6  of its truc valuc. Hampton and 

Mûjowski (1987) concluded ihat L s  was ovcr-cstimaisd and K undcrcstiinatcd whcn tishing is 

s i x  scI~'ctivc. HOWCVC'~ ,  bot11 01'thcse simulation trials werc conductcd ori crirlicr vcrsions ot' 

ELEFAN 1. and ttic program lias since bccii iniprovcd (Pliuly 1 OS7. GayriniIo rtr d. I L)L)6). In 

aiiy case. thc rütional ofusing the ycncric valucs of L x  :ind K (cstiniatrd frorii ilic litcrritiirc) as 

guidcs in thc andysis was to ovcrçoinc suçli biascs and to moid tlic problcrii of ttic corrclritiori 

bctwccn L J ~  and K. Of ihc largc numbcr of spcçizs for wliiçli thsrc w r c  Iei~gtl~ licquc~icy dam. 

growth parmictrrs wcre only sstirnatcd for six. bccnusc i t  u ~ s  iiot possible to discriiiiiiiritc a 

growtti curw Iioiii tlic data for tht. othcr spcçics. Wliilst iioi wisliirig to cippcir too çoiitidcni 

about the g r~wth  p3r~tnctcrs cstim;~tcd abovc, tticrc is 

sufticiciit ccrtiiinty tiiai tiisy arc i i i  tlic riglit "blill prirk". 

Thc Isngth-bascd data and growih panmctcrs werc uscd io cstiniatc iiiortali [y and yiclrl-pcr- 

rccruit. Mortaliiirs wcre cstimatcd usiny thc Length Convertcd Catch Cuwc. Bwcnoii aiid 

Holt's Mean Length Method. the Powcil-Wcthrnll Plot. and the rclationship bstwceii tishing 

monality. catch and bioriiass. Thc tirs[ two rnctliods w r c  considcrably rnorc succcsslùl tlirin 

the lattcr two met hods. Four nietliods wcrc uscd bccausc of thc uriccrtai nt ics ;issociatcd \cri th 



Icngth-bascd inrthods to estimatc rnortality. Al1 are bascd on [lie cquilibrium assumptioii and 

acconipanying sssumptions. 

Hampton and iMajowski ( 1987) found thrit Z was gcnenlly ovcrcsiiniaicd by ihr Lcngih 

Convcrtcd Cliicli Cime Mctliod and ihrti the grcatcr iIic variation i i i  growrli. the grciitcr tlic 

posiiivc bias. In addition. variation in çohon sircngili. whicti is sssunicd çonsi;iiii. cari cause 

bias. In ihc catch curvc analysis abovc. the samplcs werc poolcd in ordcr io sinooih out 

rccniitmciii pulses and ihus bcticr siniuiaic cquilibriurii coiidiiions (Pauly IL1X7). 

Rcçruitiiisiit variation also causes bias in i1ic B ~ v ~ n o i i  aiid Cloli Mcari Lcngtli Mciliod ( Ralsioii 

1089). A rcçruiimcnt surgc çiiuscs a risgativç b i u  and vice-versa. As ;lbovc. poding sariiplcs. 

irikcri wfcr 3 pcriod of riiiic, rrduçcs ihc bias. I t  is rilso scnsiiivc io tlic inpui pliraiiictcrs. L r .  

Lc, [tic Isngth 31  first capturc. and ilic diffcrciiçc bciwccn nicm Icngh and L z .  or L,. Tlic 

scrisitiviiy to L, \vas s h o w  abovc in tlic rnortality csiioilitioii Ior Lïiogt ic irhi~~ .vp/~wt/~ws. X Li 

o f 6 3  mi  produccd a Z csiinntc of 12.8 ycar" whilr a L, of 6 cni gave a Z csiiiii:iic of 10.2 

ycar'J. Ii is lio\vcvtx. quiic robusi agrtiiisi variation i r i  iridividual IciiçtIi ai ayc sincc i t  iiscs tlic 

iiiean Icnyili (Laurrc and Mesnil IOS7). Walicrs and Hilhom suggcsi t1i;ii "uiily iIic iiiost iiriivc 

biologist would usc this meihod wirli any coiitidsiicr" ( 1 OW425). Iis use Iicrc is jiisti licd sincc 

i t  was used in conjunciion wiili other nicihods. Thc Z esiiniaics froni ilic Bcvcnon and Holt 

meihod wcrc oftrn in agrcsnient witli the esiirnaie from ihc Lengih Convertcd Caicli Curvc. 

The Powell-Wetherall Plot wüs unsucccssful and only produccd one usclùl Z cstiniritc. Tlic 

cstimriiioti of M from Pauly's equriiion produced redistic valucs, but [lis estiinaics OFF 



gencnlly rcsultcd in total monality estimatcs wliicli wcre cithcr rnucli grcatcr or iiiucli lowsr 

than thc Length Converted Catch Curve or the Bevcnon arid Holt cstirnaics. Givcn tlic 

unccnainty surrounding thc biolnass cstimritc (scr: abovc), this rrsul t is not too surprising. 

Thrit Icrigth-bascd methods arc more cipproxirnatc than age-bascd mcthods Icavcs littlc room 

for dispute. Many authors bcyin tlicir tcxts with an adrnonition about tlicsc riictli«ds. wtiilc 

rccognisinp that for many tishcrirs. panicularly in the tropics. thc only option to riot usiiig 

Icngth-bascd mcthods would be to usc no n~sthods at dl, ;rnd to wait for bcstsr data. Tlic sanic 

argurnciit is uscd hcrc. Ttic hopc, in sstimiiting murtality. [vas iiot io grt piri-point ligiircs. but 

io obtain a ssnsc of ths  likcly rnoncility that is imposcd on San Migucl Uay tislics. 

This \vas ricliicvcd for six irnponant spccics in San Migucl Bay. Thcir Icvcls of itionality cari 

br: uscd as an indicator o t' inonnlity Icvcls i n  tlic tishcry gcncrd l y. The y icld-pcr-rcçruit 

aiid ysis con finncd ihai i hcsc spçcics. wi th thc cxccpt ion i f S ~ i t r u r  ~ - ~ a m i l l . s  alid T r - i l ~ ~ ~ i ~ - I L Y  

/~<ii / i?~~'ft l  arc tiighly ovcrexploircd. 

Thc cstiniriicd rtiortditirs arc vcry Iiigli. Tlicrc arc i i t  Iciist Iour c?cplancitiuns tbr tticsc Iiigli 

nmnali tics. 

Thc mortalitirs are ovcr-cstirnatcd for the reasons discusssd above, tlilit is tlic scnsitivity of 

the mstliods. (For cxamplc. thc Lcngili Convcnrd Catch Cuwc and Bcvcrton and Holt 

rnciliods gave Z cstiniatss of bctween I O  and 12 for L c i o g n a h s  spict~.,i<lc~ri.s wliils  th^ 

Z=F+M rncrhod estimatcd Z to btr half of this vrilu~.). 

Thc Zs are high bcçause of emigntion from thc Bay. 



3.  The Zs arc high bccause the samplcs arc largely juvcnilc and i1it.y havc Iiiplicr iiiond ity 

tlim adul ts. 

4. Tlir Zs rctlcct ilic actud nionriliiics. Such higli Zs are knowri in oilicr tropical systciiis. For 

examplc. thc mortditics rstirnatcd by Tandog-Edralin et tri. ( 1988) h r  Iicavily and 

moderritcly tished arcüs of the Philippines have a similar rmgc. 

In essencc the actulil valucs of Z arc lcss iniponant than ilicir nngc. Thc rclcvant nicssrigc 1s 

thc rccognitiuri that thc txicnt of ovcr-tïshiiiy OF San Miguel Bay iias not iniprovrd sincc 1979- 

1982. Thc rcsults froin thc andysis of tiic trriwl suri-cy datri md ihr  catch survcy da13 

coiiclusivcly givc ilic sams rcsuit. 

Thc tislicry rinalusis above sliouecd [liai whils e l f o n  hiid dccrcased i i i  tiis l~rgc-sc~1c scctor. 

boh di vcrsity ;iiid c~fort incrcriscd iii the siiiall-scalc sccior. Yst. Sundcrliii ( I 995 ) rcports thnt 

thc nurnbcr of sniall-scds tisliers has rcrnaincd cfkctivsly uncliangcd sincc 1079- I O S 2 .  Ai thai 

tirtic. ihc total of'5,600 tishcrs liad yrown ~ipidly sincc 1939 (Uailey 19Sl). I i i  1902- lW4. 

[Iicrc arc: J.SOO full-iiiiic fislicrs and 500 pan-tiiiic tïslicrsi'. ri sliplit dccrc;isc Iioiii itic 1 979-  

1983 figures. Furtlicnnorc. ültliough thc population of !ishing villaycs 113s grown. iIie 

proponioii of tisliing houscholds dccrcascd (ioin 51% to 45% of [tic iota1 iiuinbcr of 

houscholds. Tlicrc w;is a grsatcr depcndcnce in tishi ng liouscliolds on non- tisliiiig i ncomc and 

incoine t'rom fcmalcs and childrcn (Sundcrlin 1994). Thcse socio-cconomic factors indicatr: 

ihnt tlic incrcasc in srnail-scalr cffon and divcrsity is an cffon by fishcrs io mriiniüin incoiiics. 

not ;in c f h n  to cit1ic.r incrcasc inconies or to iricrcast. the numbcr of iïslicrs. Sundcrlin also 

14 Sundcrlin dctincs full-iirnc !?shcrs ris thosc who gci ri11 or nios: of thcir iiicoiiic tioin tisliing aiid part-tinic 
tkhers as thosc who gct a11 or most of thcir iriconic tiom a non-fisliing sourcc. (Sunddin 1995). 



reports thrit 2/3 of small-scale fishers intcrvirwed, complained ihat tlieir catches had dccrcascd 

over thc prcvious two ycars, 36% ssaid i t  wris the srirnc and IP!!& said tliat i t  was bcitcr. Givcii 

tliai ilic toial s rna l l - s~âI~  catch has iiicr~ascd slightly and the total number of small-scalc 

tislicrs decreased, on civerags thcre should bc. at Iwst no clianyc: in catcli. 

The tishing populaiion has stagiiatcd. thc toi31 catch lias dccrmscd and the asscsscd stüius o f  

the Iishcr-y hiis worscnsd sincc i i i  1979- 1982. Howcvcr. Padiila ul. (1995) report itirir 

ccoiioniiç rcnis arc st il1 nicide in the fislicry. Püdilla rr r d .  exrimincd tlic ccononiiç pcrhmancc  

of cight gcars. iiic largc. baby aiid niini iruwls. thç l iR nct. tilicr iici. fis11 corral. piislirirt and 

g i l  lnci". I'licy concludcd thai purc profits w r c  iiicrdç by tlic niini-trriwlcr, tkti corral. filtcr net. 

gil liicts riiid puslinet. wliilc [lis baby trawlcrs and I i t i  iicts inadc ncgatiw purc pro tÏ ts ( a  loss). 

In ioiril, tiicy csiimaicd thai thc i01a1 Ï;IIUC of rcnts wcre cquivalcni 10 [llcir valuc i r i  1979- lW2. 

In gcricrd itic Icvcl of inwstriicni rcquird to siart in thc fishrry dçcrccrscd hciwxri 1 979-  1 9S7 

and lW!- IOOJ. 011s cnccption \vas ihc Pusli Net. TIic rcilitirc iriçrcrisc i i i  thc siart-iip costs for 

tliis g c x  could csplaiii why iIic iiuiiibcr of Pusli Nets have dccrcascd si ilcc 1 970-  1 9S7 (l'riblc 

2.13). Tlic largc inçrcasc in tlis numbcr of Iilicr nets could bc rclritcd ta thçir rclririvsly low 

silin-up çosts coinparcd io ihc otlicr tixcd gcars, irawl g a r s  aiid yillncis. III addition. ilic stan- 

up cosis of gillncts. ille number of whicti has substaiiiially incrcascd sincc 1079- IW2. 

dccrsascd rclative 10 tlic sian-up costs of the t r w l  grars, l i f t  nct and fisli cornl. 

Tlic dcclinc in tlic Irirgs-scalc trawling sector may be for econoniic rcasons. Püdilla ~ j r  d. 

showcd iliat. over a pcriod of 6 nionths, thç large-scale sccior madc a sligtit positivs iiiçc>i~ic, 



but w k n  opponunity costs were taken into considention. this sector sufkrcd a loss. Howcver, 

Plidilla et nl. uscd catch and effon figures which are di firent from thosc collc.ctcd in tlis 

Ilindiiigs survcy dcscribcd abovc. Thcy used catcli and effort figures tliat wcrc collcctcd i i i  a 

socio-cconomic sunrey and monitoring of tïshing operations. a survey rliat wns carricd out i i i  

pariillel t« tIic landings and tnwl suweys. From this suwcy. inlbnnstion wris collcctd on 

catch. opsrriting cxpcnses, crsw rcmuncr~tion and tlic dynümics of fisliiiig units ovcr a pcriod 

of 6 months from January 1993 io J u n s  1993 ( Pridilla and Daiusung I 995). 

Padilla CI of- calculaicd [lis catcli coiriposition and CPUE Tor thc ciglii p a r s  nionitorsd in thc 

socio-cconomic suncy. Thcsç tigurcs do not correspond wci1 witli tlic rcsults frotii thu 

landings sunpcy. For c?rriniplc. tlic ÇPUE of iIir gilliicts çrilrulatcd by Padilla cf r d .  u x  0 . S  

k p  trip. whcrcris ilic civerage C CPUE for tlic gi llnsts abovs was 1 5 .Y kg trip. Ttic discrcprinçy 

bctwccii the CPUEs for ilic babp tnwl bcwccn thc two suncys was also vcry large. Padillü cr 

cri .  çonçludcd tliat thc baby trriwl [nade ri ncyritivc purc protii. 

In Table 2 .  IO. tlic net iiiçoins i s  calculatcd t'or six ol'tlic cight gcars using tlic CPL'E and catch 

Iigurcs çalculatcd from the Irindinys sunpcy abovs, and [lie cçoiioiiiiç ligiircs i r i  Pridillli LV ol. 

I I  Pridillri t.r ut. (1995) combincd dl gillneis iiito onc catc'gory. 



Toblc 3.19 Cornparison of tlir Nci Incomc derivcd froin thc catch figures in Pridilla et. al 
( 1 995) and tlic catch tigures calculated from the Landings Survcy abovc. 

Fish Corral 
Fi fier Nct 
ikl ini-Traw1t.r 
Baby Tnwl 
Largc Tnwl 
Gillnct (combincd) 



( 1995i.'" Thc nci incornr figures from Padilla CI  al. ( 1995) rire also giveii for cornparison. 

Tlicy arc quitc di fkrent. Only ttic rcsiilts for the filicr net arc comparable. Thc di ffcrcnçcs sccn 

for ihc oilicr gcars arc causcd by the different catcli raics and herics catches. 

On the basis of tIic data pressiited in this thcsis. i t  csnnot bs concludcd that tlic irriwl ywrs arc 

uiicçonornic. Wlicn itic catcli figures cstimated in tliis work arc uscd in tlic ccononiic anrilysis. 

the nci inçoinc is muçh grcaicr thrin the net inçomc cstimaicd by Padilla er ul . .  This is d s o  tlic 

case tOr the o h r  gcars lisicd in Table 2.19 with the ç'tccptioii of thc Mi çorrril. Thcrcfure. a11 

gsars niusl ~iiakc pure profit. cxccpt thc tish corral. wtiiçli niay makc ri ncyativc purs profit. 

I i i  suiiiiiinry. i i  could bc said that ihc tisiiery of San Migucl Bay is in a staic of l~ii.vscz-/iriw 

anrirchy. Mriiiriyciticrit rcyulriiiuns cxist, but i i i  pnciisr intcrnal aiid iiitoniirit sourccs rcgullitc. 

iIic Icwl and typc of ~ftbn. Thc main managenieni rncasurcs h w c  bccri riicsh s i x  ririd taiwliriy 

rsstrictions. but ncitlicr of thcsc have hiid mucli çfkct. The rcsults of ttis cinalysis of ilic iiiwii 

Icngtli i n  ilic catch of various gcrirs iittrsrs io thc hnncr.  Ttiat trriwliiig rcgu1;itioiis arc nui (is 

cffcctiw as  thcy stiould bc is rcwynised by Lunci ( 1091). iMikc Pido (pcrs. coitirii.) aiid 

pcrsonril obscntation of fishcrs* complaints. 

Howrvcr. despits dire warnings rit ihc: bcginning of the l9YOs. ttir fislicry still opcrnics. i t  still 

sustains about thc samc numbcr of fishçrs and i t  still gencrrite profits i n  niost scctors of the 

tishcry exaniind. Tlicrc is also greatcr equiiy in the fishsry. The distribution of [lie catch and 

Ul The nct incoinc for thc lift nct and the scissor nct wcrc not rc-calculritcd kcausc t i w  data fronl the Iriiidirigs 
survcy arc briscd on onc .wn~plc and thcrcforc highly unccrtriin. ln ihc casc of thcsc two gcrirs, thc catch data in 
Padilla tJt ul. ( 1995) is more complcic. 



profits lias chmgcd with thc small-scale scctor now iaking a largcr. and more equitriblr: sliars. 

Many of the spccics arc over- fished. but otlicr spscics are succrcding. for exaniplc, tlic 

ponunid cmbs and tIic triçhiurids. The rcsults indicatc thrit. as in tlic Gulf of Tliailrind. tliis 

fishcry is being tishsd down and is Following thc clrissic pattern. dcscribcd by Pouly ( li)79a). 

Othcr than a severt. réduçiioii in etTon by al1 scçcors or coniplctc closiirc of tliç tishcry. i t is 

difficult. on the basis of this rinalysis and the Iaçk of adhcrciicc to tIic iiirinaycnicnt rcyuliitions. 

to niakc spccitic rccornmciid~tions. Tlic incrcrisr: in thc tinc-mcshsd gcars suc!] as tlis tiltcr net. 

and t hc dcvclopriiciii o l' the hunting gillnci. an active gcar. arc indications thcit. despl tc tlic 

rçduçiion in tr~wling cflim. tliis tisliçry is going dowi a onc-wy  sircct. 



C hap ter 3 

An Ecosystem Mode1 of San Miguel Bay 

"Tlic 3pprosich WC proposc is thus to usc staic and r ~ t c  
cstirnntcs for sitiglc spccics in ri multispccics contcxt. tc, 

cicscribc riquatic ccosysicms in ngorous quantitritivc tcnns, 
during thc (arbitnry) pcriod to ivhich ificir s t m  aiid mtc 

cstimatcs apply." 
Christcnscn and Paul y ( 1 Wh:?) 

Sui Mliyucl l h y  hris bccii dcscribcd ris a iropical multispccics tishcry witli a divcrsc sinall- 

sciilc scctor aiid ri Iargç-scals scctor. Thc lattcr has dominlitcd thc fislicry. until  rcceiitly. Tlic 

i3ay Iiris bccii diriçnoscd a s  scriously ovcrtislicd. but therç is l i  ttlc real iiisigtit into Iiow to 

:iiiiclii)ratc tliis siturition. otlicr thaii to rcducc ail iïshiiig aiid protiibit trawliiip. Tlic riuiiibcr of 

triiwlcrs opcrating i r i  ihc Bay has alrcridy dcçlincd by around 50% sinçc 1970-IOSI, yct thcrc 

is no noticsabls irnpro\~r.nirrit in the rislicry rcsourcr as a conscquciicc. Tlic situation is 

çoinplcx bscriusc tlic inultispcçics resourcc is sclcçtivcly aiid non-sclcctivcly cxploiicd by a 

Iargc iiumber of divcrsc fisliing gcars. 

Little scological detriil about the ccosystcin on which tlic fislicry is based is availriblc. yct donc  

thc impact of ille different gear scciors. Tlicrc arc maiiy spccicics in thc ccosysiciii, and sonic. 

probably many. arc ovcr-cxploitcd. Pauly ( 1 % l a )  spcculatcd on the naturs of likcly 

interactions between some of ihc spccics in San Mipucl Bay. He notcd that ths  pcnacids cire 

prdütsd upon and are in compctition with a numbçr of tish sprcics. Sincs the psnacids 



command one of thç highcst cx-vcsscl prices in thc catch (Padilla ct al. 1995), thcsc 

rslationships arc important. Trawlins has ctTcctivcly reduccd the bioinass of inany of tlic 

conipctitors and prodators of the pcnacids. thus promoting tlic Iiuge surgc in pcnxids sccn in 

San Miçucl Bay. and in othtx fishcriss in Souihcast Asici (Pauly 19Yla. Popc 1079). Tlic 

leiognathids. for cxamplc. werc and. althouyli tliey Iiavc dcclincd. arc tlic iiiost abundant 

spccics in S m  Miguel Bay. Thcy arc also coinpetitors witb tlic pcnricids. Arguribly. tlic 

pcnacids h w c  "protiui" by t tic decl inc of tlic Isiognathids. Other c hangcs tliüt hüvc occiirrcd 

in ihc spccics çornpositiaii of S m  h4igi~cI Bay sincc tlic latc 1940s and tliç mrly 1080s wcrc 

notcd in Cliaptsr 2. Dircctly arid indirectly thcsc ctiarigcs arc duc 10 c~p io i t â t i~ i i  of tlic tishcry. 

Wlicii asscssing aiid niai~riging a niiiltispsçics f ishcs suçh as San $1 igucl Bay i t  usould bc 

iinwisc nui to considcr sucti cçol«gical iritcnctioris. Unid rcçsiitly ttiougli. rio c ~ ~ l o g i ~ d  or 

inuliispcçics iiicK1cllinç of Srin M igucl Bay Iiad bccn conduçtcd. Ttic ciritri tioni thc 1997- 1 ilïll 

ICLARM s u n q  is uscd Iicrc to constnici a siinplc. lincar mass-balancc niodcl of' San hligucl 

Bay usiiiy ECOPATH" (Cliristcnscii and Pauly 1907<i. I W b .  sec lilso Prilon~arcs cr r d .  I LNCa 

1 !i 
) ECOPATI-1 lias bcsn applicd widsly to ailuritic systcins (sec coiitributions in Cliristcnssn 

and Pauly 1993ri). I t  Iiris bccn uscd to dcscribs and cxaiiiiiic ilic cnsrgy tlows i n  ccosysiciiis 

( c g .  Jarrc-Triçhiiiaiin CI (11. 111 Prcss. Cliristciiscn 1994. 1995) and as r, diagnostic tool (c-g. 

Pauly and Cliristcnscn 1 995. 1 996). 

\ 7 ECOPATi1 is avrithblc as a DOS vcrs~on, ECOPATH I I  (Chrisicnscn and Priuly 1902ri) arid iri a ricw Wiiido~vs 
version. ECOPrITl { 3.0 (ICLARM 1995~) .  Whcn ihis work was undtrtakcii. only thc DOS k.crsion ut' ECOPATI I 
\va..; rivnilablc. Whcii ECOPATI I 3.0 bccrirnc rivailrtblc rcsults wcre clicckcd and clribontioiis oii mcthod iiiridc - 
WC bclow. 
\ l4 Palonirircs cr ( I I .  ( I995a) madc a firsl rittcmpt at an ECOPATI i. inodcl of San Migucl Bay. I iowu~tr. tlicy rsltcd 
driiosi cxclusivcly on thc data and stmcturc of thc ECOPATII m d c l  fur Brunci Darussalain (Siivcstrc cor d. 
1995). 



ECOPATH is a niriss-balancc description of trophic iiitr.rictions. I t  is usecl hcrc to mode1 San 

Migucl Bay and to dcierminc and dcscribr the intcnctions bctwern diffcrcnt componciiis 

within [tic ccosystcm. In this way. thc inajor cncrgy tlows and patliways in  the ccosystcni. 

upon whicii ihe tislicry is bascd, arc idclitifird. Tlic siatc of dcvclopiiicnt or iriaiuriiy of tiic 

rcosystcni is ülso csarnineci usiiig a scrits of indiccs outliiicd in Cliristcnscn and Paul y ( ! W3c 

aiid Cliristcnscn ( 1995). In addition. ihe key arcas whrrc information is poor arc d s «  

idciiii ticd. ECOPATH is ri mcans to collütr da13 about systcm in a cohcrent fonii, cnribling a 

bcticr understanding of tlic cniirr systsrii. Kiiowlcdgr. is inçrcascd. 

'Tliai ttic çlianycs in spc.çit.s conipositiun noicd iii Sari Migiicl Bay rirc duc to thc dircct ancl 

iiidircct cifi.çts of Iishing b t x s  litilc qucsiioiiing'v. Thc trriwli~ig scctor of Sari Migusl Uiiy. 

aiid lhc ~ ~ i ~ â l I - ~ c a l c  scctor 3rc equd1y likcly candida~c.~ for riltcring thc ccusystciii o t'the Bay. 

In ordcr io dircctly iiiodcl thc clti.çts of fisliiiig, itic Iislicry \vas iiiçliidcd iri tlic ECOP:\TH 

rnodcl as a "top prcdator". Tlic tishcry was modrllcd as a Iq,psçalc prcdaior aiid a siiiall- 

S C ~ C  prdator. and 3s ri largc-scalc prcdator and a scrics of di ffcrcnt siiiall-scaic prcdators. 

\'J En~.irorinicniril clkcts such ris thc dçstruction of incingrovc habi~ri~s ( V q y  cl 01. 19953.b). siltatiori (Mciidozri 
and Ciriso 1995). and pollutiori (Mcndom ~v ul. 1995b) arc aiso coritributing factors. 



Meth ods 

ECOPATH 

ECOPATH is a inass-balancc model. devr.lopcd by Christcnsen and Pauly ( l99la.b) h m  carlicr 

work by Polovina ( 1984). The basic premisc of thc modcl is thai, ovcr thc timc pcriod for uh ich  

the iiiodel is rclwünt, toial production is squivalcnt to total loss. ihat is sicady-striic4'. Thrit is. for 

cach group "1" in the modcl: 

Production by ( i )  - al1 prcdation on ( i )  - non-prcdatiori losscs of ( i )  - cxport of ( i )  = 0. 

or. 

BI P/U,-EJ Uj * Q:Bj * DCjl - l'!BI ' BI ( 1 - EE,)  - EX, = O 

IV hue, 

U,  = bioiiisss of ( i ). P.'B, = productionhilbio;iiciss of ( i ) ,  EE,  = cçotropliic cffiçicncy of ( i ) .  (thai 

is tliç proportion of ths production that is cxponcd or consumcd by tIic prcdators in tlic systcin. 

Ii should bc dose to 1 for most groups4')l Q/B, = consurnption bioniass nt io of(i).  DC,,,= 

40 ECOPATI I is not rcstricicd to ihc stcridy-stm. Thc uscr can cnicr a bioriiass accumuirttioii wnl, althougfl thc 
riidcl inust niciintain ri mas-balancc. 
r I In a mdcl thai containcd more dctail ori the contribution of vcgctation to tlic cçosystcni. a prtiiiary produccr 
such as rccds rnay coniributc grcatly to priniciry contribution. bui not bc corisunicd in thc ccosystctn. Thc EE 
would ~hus bc clo-sc to 0. and dctritus xcuniulation would occur 3s il rcsuI1. 



fraction of prcy ( i )  in the average diet of predator Cj), and EX, = export of ( i ) ,  (Christenscn aiid 

Pauly 1 W h ) .  

Ths rcosystcm is modelled using a set of simultnncous lincar squations derived frorn tlic 

abovc relationship. Each group in the iiiodcl is rcprcsentcd by one brilançed equation. 

13,,PiBnEEn - L3;Q/B,DC1,, - UzQ/B2DC2,, ......... BnQ/UnDC ,.,, - EX, = i) 

This sysicm of linrar cquaiions is solved using matrix algcbr~. The aitrxtivcncss of iIic niriss- 

balancc ECOPATH approcicli is thai i t  is not neccssary to know al1 the panrnctcrs for ail tlis 

groups rcprcsciitcd in tIic rcosystrin. For each group in [lie modcl tiicrc rire six input 

paramctcrs. The cxport and ihc dict coriiposition of cach proup must bc ciiiercd. Of the Ioiir 

othcr parrimetm. B. WU. QiB and EE, ihrcs niust bc cnicrcd for cadi group'". Sinçc the liiisar 

squaiions rcprescnl a balanced system, tliey can bc solvcd for ilic unknown paraiiictcrs. 

Thc stcndy-staie assumptioii of the modcl is justitird in the following wriy. ECOPATH lias no 

h e  dimension. The timc pcriod reprrsentrd by riie inodcl is dcicnnincd by [tic user. In ibis way. 



it is assumcd that therr is no net difftrençe betwecn production and loss, ovcr thc timc pcriod for 

\+*hich thc mode1 is rclcvant (Christcnscn and Pauly 1093b). In ttic cnsc of San Migucl Bay. tlic 

timc ptxiod is 1 ycar. 

Thcrc arc thrrc kcy steps to inodclling wiih ECOPATH. 

I . .4ggrc~gnrr rhc rorui rtirr>rh~jr oj'sp~cies irt the c.~-o.vjxrcrn irrro r - ~ ~ p r - o s e r i t ~ ~ i  g r - o i p ~  Tlicsr 

groups should rctlcçt similaritics in habitat. s i x  and dirt and iniportancc in ihc fishcry. 

Cliooss 3 rcprcsentativc spccies for sach group. or t a k ~  thc nican of 3 riun~bcr of rcprcscntativc 

spccics. 

2. Cc~lc.iritir~~ r/iep<rr-cirrtcBfoic. RB.  Q/B. hioniuss. EEurid dicf for e<rc-lr groirp. In sxploiicd 

ccosysiciiis, ihc catch is rnodcllcd as an exporr froni ihe sysicin and ilis annwl çriicti pcr group 

inust bc. cntcrcd. TIic unirs for thc cnergy rclatcd pardmeters arc in t km '. Tlic :ireci of San 

Mipucl Bay is trikcn as 1 l I 5 km: (Garces el al. 1 W5b). 

3. Uul~i~ice  rltc I W ~ L J ~ .  1 t is Iiighl y unli kely 11131 ail ECOPATH niodcl will bs pcrkstly 

balanccd wticii itic piirnincws arc tÏ rst csiiiiiiited. Balancing an ECOPATH niodcl rcquircs 

criougli knowlcdgc aboui tIic eçosysicin to inakc rwsoririblc adjiistiticnts io ilic original 

plirrinictcrs in ordcr for thc modcl run and bîlüncc. 

r: Undcr crnain conditions. thc rnodcl will cstimritc niorc than ont. unknown pcinmctcr fur group(i) i l '  al1 ttic 
pmrncicrs arc known f o r  thc otlwr groups. Scc Christcnscn and Pauly ( 19923) for funlicr dciriils. 



ECOPATH produccs a range of diagnostic statistics. Thrsc include g r o s  efficicncy (GE), 

4 3 whicli is çalçulated as the ratio of its production to consunipiion, for eacli yroup. respiration . 

nionality çocffiçiciits. a niatrix of prcdation inonlility cocfticicnts. tropliic Icvels. trmsfcr 

elticiencics and a varicty of cycle and pathway infornirition. Sonie of this output can bc rcadily 

uscd to clicck thc validi ty of 3 modcl. For exampis tlic EE should not bc grcatcr than l : GE 

sliould bs bctwccn 0.1 aiid 0.3; tlicrc c m  not bc ncgaiivc tlows to dctritus and tlic 

rcspir~rion/hioniriss ration (rc.sp/biorii) sliould br. lcss than I O0 (Chrisisrisen and Pauly 1902. 

V. Cliristcnscn. pers.comrn ). 

hiore tlian 100 spccics of fisti and crustaccri wcre recordcd in San Miyucl 13ay durinç iIic IO9I- 

1 90.1 tmwl aiid Irinding survcys ( Appcndix 1 ). In ordsr to iiiriks the ECOPATH iiiodcl iraçtriblc. 

this çoniplesity Iiad to bc rcduccd. by aggrcgatirig thc spccics into groiips. Follotring ihc 

y uidcliiit.~ in Sugiliarri c.1 d. ( 1 9S4). thssc spcçics wrr  riggrcgatcd into cco-groups. iiçcordirig io 

siitiilariiics in habitat. body s i x .  dict and CO-occurcnçc in tishing gcar. ECOPATH iii»dc.ls iri 

Cliristsnsrn and Pauly ( 1 993a)  wcrc ülso consul [cd for coinpardtivc purposcs. 

Elcvcn cco-groups rcsu lted from rhe aggrcgation, t h e  of which arc cnistacsan proups (Table 3.1 ). 

The division of somr of ihc groups wris straigliifonvd, brcausc. of tticir Iiigli rclativc abundancc 

in the trawl survcy and their importance in the caicli. Thc sergestids and penxids. loi sxamplc. 

4 1 Rcspintion is crilculritcd in thc Ecopatfi mode1 and is tlic difircncr: bctwc.cn rissiniilaicd food and production. I t  
corresponds to thc biotogicsil dcfinitioii ~Trcspint ion.  If ricturil data arc avriilriblc, tlic iiiodc.1 crin bc [uncd tc, this 
data (Christcnscn and Pauly 1993b). 



Tablc 3.1 Grouping of specics found in San Miguel Bay for Ecopath Modcl. 

Grorrp 
Scrgcstid Shrimp 
Pcnricid Shriinp 

Portunid Cnbs 
Siomrrtopods 

.4 lwduncc~  
S.24 

Clupcidric 
Dussuniicri;i 
Crinngidric 
Ctiiroccntridric. 
Scom bridric Lol igo 



wcre clear groups. as were the leiognathids, cngnulids and the sciaenids. 

Tlic Iiirgc crustaceans group is coinprised mostly of thc ponuiiid çrribs P o m o ~ i i . ~  prltyicirs and 

Scylfa s<rt-rcira . but also includcs stoniatopods. P. p~'fugic~~s is 1110st abuiidant and is takcn as ihc 

rcprescntative spccics for tlic large crustaccans. 

Thc dcmcrsal fecdcrs is morc diverse group. rcprcsenting 10 hmi lics. and alriiost 1 7% of tlic 

tr;iwlablc bioinass. The most abundant familits includc thc i i ~ l l i & ~ .  Tctrmdontidac, 

h'crniptsridac and Apogonidac. Othrrs includs thc Muglidas. Gobiidac and Sigonidric. 

Tiic pclügics arc anothrr rnixcd group. and aççount for ovrr SO; of tIic trawlablc biomüss"". This 

groups includcs tlic Clupcidx. Canngidac, Scornbridac and Squids (Loligo sp. ) Ttic Iaticr ~vrrc 

includcd i i i  rlic pclrigics. bllowing Pauly ( 1985) and Sil\*cstrc LV ol, ( 1 W-3 ). Pauly ( 1 W 5 )  

coinparcd thc growtli pcrfonnancc of squid to bst gruwing sçonibrids. 

Thc incdiuiii prcdritors accouiit for ovcr 1 I O &  of ths  irawlablc bioiiiriss riiid iiicliidc 13 thiilics. 

Tlic ri~ost abundrint arc ihc Triçhiuridas which coniprisc owr 60% ot'tlic total yroup bioniriss and 

the Synodoniidae wtiiçh cornprisc. I 1 % of tiir biomass. Otlicr hnii lies includc ilic Sphyrücnidac. 

Muracnidac. Muranacsocidac and Pscttotidac. Ii also includes, rit niuch lowcr lcvels, ihc 

iraditional predators of S m  Migucl Bay. iIic Ariidac and Scmnidac. 

44 Sincc p~lrigic fish arc not thc inriin wgct of dsrncrslil tnwls, ihis figurc probably undcrcstiriiritcs ihc x t u a l  
rclriiivc. abundancc of thc pclrigics. 



The large zoobcnthos fccders are coniprised of various spccies of nys and ilir Ephippidac. Tticy 

represent 2% of the traivlable biomass. Thc large prcdators account for 0.3 Oh of clic bioniass. Tticy 

consist of the sliark. Ca,~lint*ims t~wfartoprerus and the Crntropoinid, L n m  cwlcrzri/i.r. 

In addition to the abovc groups. there arc fivc oihsr cco-groups in tlic ECOPATH modcl. Tlicsc 

arc the phytoplankton. zooplankton. mciobenthos. macrobcnthos and dctritus. 

E.vrirrtcrriort of  ' flw Pt~odirc~iori Bionia.~.~ rurio, P23 

Tlic production biomass cation (PiU) is cstiniated i i i  two ways. Thc h t  uses tlic assuinpiion 

that the n i i o  of annual production to mcün biociiriss (PiI.3) is cqulil to iiic annucil iiistantriiicous 

ratc of total nional iiy. Z. undcr cquil i briuni conditions and assuiiii ny thc von Bcrtciliin ffy 

growth funçtion (Aiicn l W  1 ). For [tic rço-groups for wliicli i t  was not possible to cstiinatc Z, a 

sccond mcthod to csiirnaic PIU \vas usrd. Values of Pd3 wcrc taken froni canipar~iivc tropical 

shrillow niririns ccosystcins dcscribcd in ihc liicraturc, using tiic rivai lablc Z cstiitiatcs as 3 

guide. 

Therc arc threc cstiinatcs of Z for tlie Iciogncithids (scr Tablcs 2.7-2.9). Christciiscn and Priuly 

( 1992.i) rccomrnend using a weiglitrd mean to calculatc combincd paritrnctcrs. This produccci 

a WB of 9.47 ycar". There is only one Z esiimate for the sciaenids. for Otolirlier t-uhcr: Sincc 



this spccies represcnts 65% of thc trawlable biornass of the sciaenids, it was takcii as 

reprcsentativc, giving a PIB of 4.39 year-'. The medium prcdators arc rcpresented by the Z 

cstimatr of 2.5 ycar" for Triclliums Iiou1,relo . The rcsults of thc Z estimation for thc pslagiçs 

werc inconclusive (Table 2. I O )  and ranged from 1 .O1 to 5.26 to 9.64 ycar'l . Thcir WB value 

is sstimated bclow. 

As a first stcp. thc P/B cstiniatcs for itic Isiogncttliids. the sciasnids. tlic rnsdiuin prcdators and 

the pclagics wcrc çoniparcd to cstirn;itcs of PIU for othcr ccosystcnis dcscribcd in Cliristcnscn 

and Pauly ( 1 W 3 a )  and Pauly and Christcnscn ( 1993). Cornparisons wrrc inadr bct~vccii thc 

San Miguci Bay cstimatcs and cstimritçs Iiotri thc individual cçosystctns, [tic nicriii of tlic 

various shclf and lagoon scosystrins and ths riicari of al1 ccosystciiis. The set of cstirnritcs thai 

coinparcd bcst witli thc San ~Migucl Bay ligures u w c  ihosc froiii ihc Gulf of Ttiriilrind. 

Alihougli witli an arca of300,OOO kni' (Pauly 1970a) ilic Gulf ofTliailaiid is iiiuçli Iargcr tticii 

San MigucI Bay. thc cornparison wirh San Xligucl Bay is reasonablc.. In addition to tlicir 

similürity in gcoymphic location. botti wtrr bodies have becn intsnsivdy tislicd for scvcrül 

dccadcs and havc a similar huna (Pauly 19793, Pauly and Mincs 1092). TIic coriipririson of 

rstimatcs, and the final P/B valucs arc givcn in Tablc 3.2. 

Soriic of the yroups in the Gulf of Thriiland rnodcl d i fkr  froni tlic San Migucl Bay cm-groups. 

The Gulfof Tliailand intcrmc<!iatc prcdators include both the San Miguel Bay rncdiurii 

prcdators and thc sciarnicis. The latter arc both cornparcd with thc intermcdiatc. prsdator 
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Table 3.2 PiB ratios Iioin the Gulf o f  Thriiland comprired to the cstin~riies lioin San h.ligur.1 Bay. 

- 

Phytoplankton 
Zoop lan kion 
Benthos 
Molluscs 
M icrocnistace;ins 
Large Crus~?crans 

Smlill pclagics 
LOI igo 
Mcdiuni Pclagics 
1ntt.rmcdirit~ Prt.d;t[ors 

Largs ZB Fccdcn 
Laryc Pr& tors 

ZB = Zoobenthos 

Phytoplankion 
ZooplanLion 
bkiobenthos 

Macrobenthos 
Scrgest ids 

Penxids  
Large Crustaceans 
Dcmcrs;il Ft.sders 

Lcioy nathids 
Engraulids 

blcdiuin Prcda tors 
Sciacnids 

Largc ZB Fccdcn 
Larcc Prcdators 

Daia Ior thç Gulf ofThailand honi Pauly arid Christenscn ( 1993) 



cstirniitc. The pelagics from San Miguel Bay includt: small prlayics. the Lo 

medium pelagics. Thcse are treaied separately in the Gulf of Tliailaiid data. 
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ligo and ilir 

so [tic San Migucl 

Bay cstiniatc was compared wiih raçh of the Gulf of Ttiailand P/U estimates and tlic wcighted 

rncan of the estimates. Tlic San Migucl Bay pelagics PiB valucs were coniparablc io al1 thc 

other modcl P/B estimates, bcçause thcy covcr such a large range. 

On thc basis of the Gui f of Ttiailand WB figures. ttic WB of the dcmtxsül fcedcrs is 6 y c d .  

the Iargc Zoobsnthos fecders. 1.3 ycar'' and the largc prcdators. 2 year-'. t~owcvcr. dur to sornc 

diffcrciiccs in thc way thai the spscics from San Migucl Bay aiid itic Gulf of Thailand wcrc 

groupcd. the derivation of thc othcr PiU values requircs furthcr cxplaniition. 

Tlic Gulf of Thailand microcrustriceri includc scrycstids and in the ribsrnce o1'oilic.r 

- 1 infornirition. tIic microçrustsccri P!B of 62 ycür wss wkeri io rcprcscnt ihc scrgcsiids of San 

Miguel Bay. 

Tlic largc crustaccrins group of S m  Migucl Bay is cotnpossd mostly ol'poniiiiid crabs wl~creas 

t h s  large crusixsa of tlic Gulf of Thailünd includcs lobstcrs and stiriinps in addition io crabs. 

Thc PiU cstirnaic froni Campcc hc Bank, Gu1 f of Mexico ( Arrcguin-Sriiiclicz rt L J / .  1 W h ) .  a 

tropical arca also siniillir io San Miguel Bay. of 2.8 year'l for portuiiid çrabs wris uscd to 

rcpresrnt thc largc cmstacea of San Migucl Bay. 

Thcre is no P/B estirnate for the penaeids from the Gulf of Thailand bccaiise ilicy arc inçludsd 

in thc Ixyc cnistûcca. However. tlicrc are two P/B estirnatcs for penacids in Christsnscn aiid 



Pauly ( 19933) from Canipecht: Bank. Gulfof Mexico (Arreguin-Sinchez et al. 1 W3a) and thc 

sourliwcstcm Gulf of blcsico (Arreguin-Sinchez et al. 1993b).Thc merin of ihcsc two 

cstimritcs, 6.48 year-'. was iaken as the P/B of the penaeids in San Miguel Bay. 

Thc engraulids werc not iiiodcllcd ris a sepante group in ihc Gulf of Tliailand data and thsrc 

wert. no PPB cstimatcs in ihc othcr riviiilribk data. In this c:isc, thc Gulf of Thailand small 

pelagics PIB of 6 year" \vas uscd. This was considcrcd valid sincc the cngraulids arc small 

pelagiçs and tIicy lire owrtislicd in San ;Miguel Bay with exploitation ratios grcntcr tlirin 0.5 

(Cliaptcr 7. Pauly I W h ) .  

Since thcrc \vas 110 rcliablc cmpiriçîl ssiimlitc of Z for thc pclagics. tlicir PiB uas dso 

cstimatcd froni thc Gulf of Thailand data. The Ciulfof Thailand P/B valucs for tlic srnaII 

pslrigics and Loligo boili hl1 wiihin thr r,ingc o f Z  estiiiiatcs. Thc wcigliicd rivcragc oftlissc, 

5.15 year-'. was tiikcn ris tliç rcprcsciiiritivc I?'B vriluc Ior [lis Saii bligucl Bay pclrigiçs. 

I Thc PiB valus of 100 year" Ior ilic phyiopliinkion and the zooplrinkton WB of 67 ycrir' w r c  

trikcn tiorn Silvcstrc C I  ( I I .  ( 1993). Thc Gulf of Thriiland Pd3 csiimtr h r  the bciitlios could not 

bc uscd directly sincc the bcnthos in ihc San kligusl Bay model is dividcd into nicio and 

inacro bcnilios. The WB estimate of 10 ycrir-' for thc mciobenthos was iakcn froin the on 

estimnte availrible. froin Cclestun Lagoon in tlic Southcm Gulf of Mcxiço (Cliivez et al. 

1993). Thc macrobcnthos of San Migucl Bay is composcd of 80.5% anndid worms, 3 . S O h  

molluscs (Garces ct al. 1995b) and 15.7O/0 of orhcr mattcr, tcrrncd h m .  licicrobcritlios. Tlic 

mncrobrnthos P/B was calculatcd from the wcighted mean of the P/Bs for cach of ihcsc 



coiiipoiicnts from the GUI f of Thsi land ecosystern Tlic rcsiiliant wiglircd mcan PIB was 6.8 

year ' .  vcry similrir io thr benthos csiimatc of 6.85 for [lie Gulf  of Tliailand. 

Tlic consumption biomriss ratio is thc quantity of food consumcd by ttis bii~rnass of lis11 i i i  thc 

population. within ri givcn tirne psriod. I t  is estimritcd hcrc in two ways. Whcrc possible i t  is 

dcriwd fiwn [tic cinpirical (ormuln dcscribcd bclow. For the othcr cco-çroups. coniprirritivc. Vil3 

cstini;itcs wcrc 1akc.11 frum thc litcraturc, ris drscribcd tor thc Pd3 çstiiti;itcs. 

Pdoiniircs aiid P;iuly ( l OSL)) dcri ÏCJ an crnpiriçril hrniula to csiinirits QiB. çsprcsscd ris ri d;iily 

riitc. Tlic :iiiniicil timii of ihc cqiiriiion. g iwn  iii Ctirisiciiscn and Pauly ( 1091) is: 

whcrc, 

W-c = asyinptotiç wcight ( g )  

Tc = m a n  habitai tcinpcrâturc ( O C) 

Ar = Aspcct ratio = (Iicight of caudal fin)?lsurface a x a  of caudal fin 

Hd = food type (Ozcarni vorous, 1 = herbivores+dr.iri iivorcs). 



The novelty of this approacli is the connection bstwecii the relidily measurablr physiçal 

proportions of the tail. and fish encrgetics. The Palonirires and Pauly ( 1989) equütion was 

derivcd froin a rcgression analysis of 33 Q/B estimates. Priuly ( 1989) coritimicd tlicsc rcsults 

using a data set of 75 QIB estimatcs. The regression mode1 explairicd 75?& of the variation in 

the data set and Ar. the aspect ratio. explaincd 50% of the total variance. Equation ( 2 )  provides 

a simple empirical formula to cstimate Q/B. and rcquircs only four., rasy-to-cstiriiats 

parameters. 

The Q/B values uscd by the abovc authors in thcir rcgrcssion rtndyscs wcrc cstimatcd lioni an 

agc-struçiurcd i~iodsl. intcyratcd ovcr thc lik spm of ihc group (Pauly 1986). l t  rcquircs six 

paranicters iitcluding rstimatrs of p w t h  rate and monality. iii addition io W r  and otlicr 

constants. i-lowvcr. both Prilomarcs and Pauly ( 1989) and Priuly ( i 989). uscd naturd 

nioncil iiy. M. io riiodcl the abundaricc of various agc groups ( D. Priuly. pos.  co~~rn t . ) .  Equritioii 

( 2 )  is ilius. strict1 y spcaking. only applicable ta un tishcd systcrns. where Z=M. The Iishsry 

anrilysis prescritcd in Cliaptrr :! çlcarly dccnoiistr~tcd [liai San Migucl I3riy is wry hr froin an 

uiitislicd systrin, and Iiciicr QIB cstiniriics dcrivcd froni cquritioii ( 7 )  will tcnd to 

undcrcsti mate QIU'". 

This crcatcs a problem bccausc therc is  no alternative to usiny cquation (7)  to ciiipiricdly 

cstimate Q/B. Thcre art: insufficieiit data to calculair QI13 from tlic inicgral squation for inors 

thün four spccics. and thus avoid thc M=Z assumption. Instcad. a thrcc-step nictliod \vas 

4'  Sincc. if DM.  thcrc will bc. rclativcly rnorc young lisli in thc popularion coi~sutiiiny iiiorc by unit \vciglit thrin a 
population dominritcd by old fish. 



drvelopcd to adjust Equation ( 2 )  to includr: thc cffects of fishing rnortality and thus countcr the 

M=Z assuinption. 

1 . Q/B was first cstirnatcd for the four spcciss using the intcrgration rnodcl of Pauly ( 1 Wb)? 

Ths growih and niortality results frotn tlic Icngth-frcquency anrilysis (Chptcr  2 )  aiid 

Icngtli-wright paramctrrs calculated from tlic Icngth-wciylit data from thc trawl survcy 

2 .  Q i U  was estimaicd from cquation ( 2 ) .  Thc msnii habitat tcmpcritiirç in Sari Xligucl Uriy 

during 1 99 1 - 1 991 wris 29 OC ( Mendoza et al. 1 9 9 5 3 ) .  Tiic aspect ratios wcrc kindl y 

providcd by Mr. Francisco Torres Jr.. ICLARM. Values of  W= wcrc crilçula~cd h m  the 

trawl s u n q  data. For somc spccics. vrilucs or mcm valucs frorn tlic litcraturc wcrc uscd. 

In alniosi al1 cases. thcsc werc values froni Philippine tishçrics. 

3. Tlic two tiirins of Q;i3 cstiinatc wcrc coinparcd for the four spscics. Ths nican ratio 

bct\vc.cn tticiii wris uscd ris a nisiiig hctor for thc Q/B sstimates of thc. otlisr fisliscf rco- 

Est imatrs of Q/B froni the integral equaiion were niade for Leiogruh.r .spie~.,rde~is. L. h i i ihs .  

Otolitiws i-ulxv- and Triciriunrs Iirrirmela, representing thc leiogna tl~ids, SC iar nids. and mcdi uni 

Jt* Q/B wris cstinisitcd using thc ICLARM sotiuïm program MAXIMS (Jarrc tv «l. 1990). 
4 1 Scc dso Cinco and Diaz 1995 



predators respect ively4'. Q/B rstimatcs using Equation (2 )  werc niade for al 1 tishcd groups 

apart from tlir Iargc zoobenthos fcedcrs and the large prcdütors. The results arc stiown in Tnblc 

3.3. 

II I  Tablc 3.3 ilie rcsults of tlie QiB cstiniates from thc two mcthods are çoriiparcd for thc four 

spccies. Thc niçan ratio betwscn tlicrn is 1.63. 

In ordcr to obtairi tlic Q43 cstiincitcs for flic rcst ol'tiis cco-groups in the San kligucl Bay 

ECOPATH iiiodcl. coinp<irdbk 4.13 d u c s  in thc litcraturc wcrc coiisultcd. As for thc Pd3 

cst iniatcs, the QiB çstiniatcs dcrived abovc4' wsrc compcircd to Q/B cstiiiirirss froin various 

tropical marins ccosysicnis in Christcnseii and Pauly ( 1993a) and Priuly aiid Cliristciiscn 

( 1 993 ). Tticrc wüs no anc ccosystcm to whicli al 1 thc San Migurl Bay QiB cstimaics wrrs 

coinparable. For this rsason, cacti çco-group \vas considsrcd seplirriic.ly and uhcrc. possible. 

cstiniatcs tioiii soutiicast Asim coastal arcas werc uscd. Thc rcsults arc dctailcd i r i  Table 3.5. 

Tlic Brunci Darussalani (Si lvcstre I 993) Q/B estiiiiatc of 2YO ycar" wris uscd Ior the 

zooplankion. Thc rnciobcnihos Q/B estiinatc (50 yc.ar-') was triken frorii Cclcstuii Lngooii. 

Mcxiço (Chlvez c d .  1993). the same source as ihc PiB cstimriic. Thr inacrobcnthos QiB of 

4P The klaxirns progrriiii rcquircs six paninctcrs, W z ,  K. tfic VGBF growrli parainctcr. "b" I ~ I C  cxponcnt ot'thc 
Icngth/weigtit rclationship. 2. total niortrility. W,, the srnrillcst wcjght in tlic population ritid W,,,,, thc nirixiiiiuiii 
wci ylit in thc populriiiori and 0. a constant. W, was rissunicd to bc O. 1 and W,,,,. thc vriluc rcroiniiicndcd by rtic 
prograin (D. Pauly pers. coinm.). P wris crilculatcd by first inaking tlic m d c l  l i t  thc data to thc Priloiiirircs and 
Priuly ( 1989) cstiinritcs of Q/B M instcrid of Z. This was an itcrritivc proccss. 
4') Tlic Q:B csrirnritcs from Equation (2)  wcrc uscd for thc cornparison. 



Table 3.3 Input prirarnctcrs and QIB cstimatrs from ( 1 ) Pauly's Intcgral Equrition and ( 2 )  
Paloiiiares and Pauly's Empirical Eqwtion. 

- - - 

Dcnicrsal 
Fccdcrs 
Lsioynaihids 

Engrau l ids 

Pclagics 

Sciacnids 

Mcdiuni 
Predri tors 

Ratios. Valucs providsd by Mr. Francisco Torrcs Jr., 

f'rirririictcr c;ilculatrcl (rom Icngr h ticqucncy ririd Iciigih w i g h t  dlii;i t-rom rhc 1997- 1 Y04 Irribc l hurbcy UI' S i n  hl igucl  
B;iy (>cc Chripter 2) .  

" ~ ~ l c u l . i i ç d  fronl L r and Içngi h -wc i  yht rc l~ i ionship.  uring L. r art& or lçrigth-ivc~gli i  pürartwcrs irot i i  i hc Iircrat ure. 
t - r  ~n avcragc of balucs honi thc f)hilipptncs. Arniitda and Silvcsirc ( l YXO), Corpur te r .  d l (  1935). Sil\catrc ( 1L)SO). 

Suiibi lay ( 199 1 ) and Frcdcrizon ( 1993 1. 
Fredcriron ( 1993) Philippines 
' Murty ( 1983). India 
' Inglcs and Piiuly ( I<>Y-I) Philippines 
' L an akcriigc o r  rhreç cstirnatcs from thc Philippines, Srinibilay ( 199 1 1, Corpus ter. cri ( l W 5 )  and P d i l l i i  ( 199 1 1. 

~ i n c o  ( 1 ~ X Z )  
' Corpus cet. a1 ( 1985 ) 
' Cinco ( 1982) 

L r  an r ivcngc of \ aliics k o n i  .\.tenon ( l98O) India. Wahyuono and Budihardjo ( 19SS) Indoiicsia. B;iwrizccr ( I OS7) 
Kuwrii i  and Dwiponggo e t .  a1 ( l9X6) Indoncsiri. 
' Bawazccr ( 1987) 
m 

1-r lin iivcrdgç o f  t w o  csiimriics frotn Manila Bay, thc Philippines, l ' içws cJr. al ( 1972b). lnglcs riid I'rruly ( 19SJ 1. 



Tliblc 3.4 Results of the Pauly ( 1986) Q/B cstiinntion rnethod cornparrd to ttic Pdoinares and 
Pauly ( 1989) regrrssion rquation. 

- ------ 

Q/B/,wm Puuly Q/B frot~t I)Ulot~~ut~~~.s R d o  ~ C I I W C I J  IIW 
(1 986) integrul und Puil&? ( 1 9S9/ [u.o Q/B LJ.S[~I)IUIL'S 

Mcan Ratio 1 - - 1.63 

Table 3.5 Thc tinnl Q / U  rstimaics çorrcctçd for lishing m«nnlity. 

Zooplankton 
Meioben tlios 
iM3~rob~[ithos 
Sergçstid Shriinp 
Pcnacid Shriinp 
Lxgç Crustacsans 
Dcnicrsül Fccdcrs 
Lsiogiiüthids 

Lciogtl~'Illl.'~ S p l L V l  dois 
Lc~iogt~uthirs hitidtr.~ 

Engrüulids 
Pclagics 
Sciacnids 
Mcciium Prcdritors 
Large Zoobcnthos Fesdsrs 
Large Prsdritors 

Valucs in italics arc thosc that are changed in the final analysis. 
This is tIic wcightcd mean of the two leiognathid spccies. 
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25.9 year'l is tlir weiglitrd ninin of the Q/B estimates for amelid womis, molluscs and "other" 

bcnthos frrom tlic Gulf of Thailand and Brunei Dsruss;ii;irn. 

There wns no QIB estirnate for thc sergcstid sliriinp froiii tlie Gu1 f of Thailand so ilic cstimrite 

of 3 1 O ycar-l Ior the srncill crustaxa groups liorn tlir Brunci Darussalani cçosystsiii (Si lvcstrc 

1993 ) was uscd. TIic Q/B estimate of 8.5 ycar" for thc large crustaceans group was trikcn froin 

thc Carnpcchc Bank. Gulf of Mcxico (Arreguin-Sinçlicz cr rd.  1993a). the sainc sourcc as the 

P/B cstimaic. TIiç penricid slirinip Q i B  was also tükcn Iioiii tlic C~inipcçiic Rank ccusystcm. 

Thc Gulfof Thailand Q/B cstirnatcs wcrç uscd for tlic Iargc zoobcnilios kcdcrs aiid the Iargc 

prcdators. 

Q/B was cst iiiiatcd abovr. for t hr: pclagics rcprcscntativc. -4 / L ~ ~ J . s  d;~~l<rhü using tlie ciiipirica 1 

fomiulri. Howevcr. .4. cljLhha rcprcscnts only 2596 of  thc pclrigic bioiiiüss. In ordcr io obtnin 

a mors rcprcsciitritivc Q;B csiimatc tor thc prlagics group. litcrrtturc vnlucs wsrc rilso 

5 0 
consultcd. Tlw folloiring QJ3 vducs \vers assumcd for thrcc othcr nicmbcrs of ihs pclayics. , 

Loliço. Q / U = l j  ycar". (Pauly aiid Christrnsen 1993); sniall pslapics (Clupsids and 

Dussuitiierids), Q/B= 1 7.9 ycar" ; (Pauly aiid Christensçn 1 993 ) and othrr Canngids, Iiican 

QIW9.2  Year-' (Arrcguin-Sinchez 1993b, Mendoza 1993). The wcightcd nimn QiB of thcss 

\raluc.s and the Q/B of A.  djt.duha is 17.9 ycar". 

- - - - -  - - 

'O Alrhough 4 1 % of the plagics bioniass is 2o1tiberomoru.s cminiersuri. only juvcnilcs arc hund iii thc Bay (L,,,, 
rcponed in tliis study was 37 cni (TL). Pauly (l982b)). Since QiB is <hc nican comuniption bioiiwss riiio ovcr tlic 
l i  fc o f  a flsh. S. euninierson cannot bc. uscd to rcprcscnt thc group. 



The initial and thal QiB estiniaicrs arc lisicd in Table 3.5. Botli ihc cnipirically derivcrd and rhc 

liicnturr drrivcd values wcrc niscd by 1.63 to allow for ihe effects of fisliing. 

The bioniass of caçli cco-yroup is cstiniaisd (iom ihc biomriss sstiiiiaic in Cliciptcr 2 .  Tlic 

çrilculation ot'biomass is niadr on the basis of ihs rdaiivc abuiidancc of cadi cm-groiip i n  ihs 

trawkiblc bioniass (Table 3.1 ). H o w v s r .  biornüss c w l d  only bc calculliicd for iliosc. gruups 

wtiiçli appsnr in iIir [rawl sunsy .  For ilic oihcr groups. cncspi thc dciriius. no csiiniaic \vas 

rnadc. 

Tlic dctriius bioinass wlis csiiniaied usiiig an enipirical rclaiionship dcrivcd by Pauly c.2 (11. 

( 1993). 11 relaies detriius biomass to primary productiviiy and euplioiiç Jcpiti. 



D = detritus standing stock &Cm-' (gnrns of Carbon per square mctre)). PP = priniary 

productivity ( g C d  year"). E = eupliotic dcpth (m). 

Thr f i t  of ihe regrcssion cquation to the data is not very good. but ris suggestcd by Pauly of.. 

i t  "migh t be considercd sufticicnt in cascs whcrc no oiher in forniaiion is rivailübld* ( l903 : I 3). 

Ricafrcntr-Remoto and Mendoza ( 1 995) made thrsc cstimatcs of prinury production in San 

Miguel Bay using the 'light-drirk bottlc tcctiniquc'. nutricrtt data and clilorophyll 'a' data. 

Tticir rcsulis wcrc quitr vririiiblc. Thc rcsults using thc riuiricnt data griw an ;ivcr;,gc rinnuril 

c 1 valuc of 39 1 gCiti : ycar '. which is coinparablc to valucs in tlic litcriiturc. This \?rilue was 

assuincd to rrprescnt the rivcngc annual primary production in San Mi y ucl Bay. 

T l i ~  cuplioiic dcptli is calculaicd Iioni thc I3ccr-13ougcr Law whcrc. 

and, 

1 ( 1 ) = 1 OO?,; irradirincc (at the surface), I(2) = 106 irridirincc (ai the ruplioiiç dcpih). D ( I ) = 

dcpth at surfacc (Om), D(2) = euphotiç drpth, k = liglit attrriuation co-efficient. 

'k '  is calculütsd from ihc relationship k= 1 .WDs  (Walkcr 1980), wlierc Ds is tlis seçclii dcpth. 

An average secclii depth of 2.4 m was estimatcd from Figurc 3 in Mendoza ci 0,'. ( 1095a). Tlic 

! I The '*ligl~[-dark bottlc recluiiquc" produced an avcngc rinnual PP of 2833.I-l g ~ n ~ . '  ycar.'. and rliç clilurophyll 
'ri* m c i h d  an avcngc annual PP of 162.57 y ~ m . '  year". 



range \vas O - 10 ni. Solving the Becr-Bouger Law for D(2) produces an average annual 

cuphotic dcpth of 1.93 m. 

Siibstituting thc prirnary production rraIuc of 39 1 gCrd ymr ' .  and the cuplioiic dcptti of I .OZ 

rn into cquniion (3) produccd a dctritus biomnss of I -98 gCrnL'. This translates into 1 9.8 [km--' 

using a conversion factor of log wct wcight = 1 gC (as suggestcd by Chrisicnscn and Pauly 

1 092;i:20). 

Tlir catch of cach cço-group u a s  ç d ~ i ~ l ~ i c d  from ihr catch tigurrs in Cliliptcr 2 and cxprcsscd 

as ikin '. iriking tIic arca ol' San Mig~icl Bay as 1 1 I jkni' (Tablc 3.6). 

Tlic cçoiropliic cfticiciicy is a nicasurc of productiviiy tliat is iiot "othsr nioncility". 1ii  othcr 

words. ccotropliic cfficicncy is ~ h c  proponion of iIic production that is esponsd or consuiiird 

by prrdators in  tlic c.cosystsrii. I t  hris no uniis and is di tlicult to mcasurc (Christriisc.ii and 

Pauly 1 09Za). Ecotrophic efficiencics of 0.95 arc. cornmonly uscd as approxi inations 

(Chrisicnscn and Pauly 19923, 1993, Polovina 1984). This proccdurc was adoptcd licrc. 

Input values for thc paramctcrs P /B, Q/B. biomass. export and cçotrophic efticirncy arc yivcii 
in Table 3.6. 



Table 3.6 Input panmeters Ior the ECOPATH modcl of San Miguel Bay. 

Phytoplankton 
Zooplankton 
Mciobcn thos 
Macrobcnthos 
Sçrgestid Shrimp 
Penasid Shrimp 
Largc Crustaccans 
Dt.mt.rsrt1 Fccdcrs 
Lciognathids 
Engnul ids 
Pelagics 
Sciacnids 
blediurn Prcdators 
Large Zoobenthos Fccdcrs 
Large Prcdaiors 
Dctritus 



Empirical data Srom dict studics conductcd in San Migucl Bay cxist for fivc of the 15 cco- 

groups rcpresentcd in the ECOPATH modcl. For the othcr cco-groups. information froni ihc 

literature was uscd io estimatc dirt coinposi tioii. Thc main source of information wcrc dici 

compositions liom other ECOPATH modcls in  Clirisiciiscn and Priuly ( 1093ü). aliliougli othcr 

sourccs wcre also used. Of the ECOPATH rnodels in the litcraturc, two arc dcrivcd frolii 

similx liabitais to San Migucl Bay. ihat is ihc niodcls for tiic Gulf of Tliriilrind (Pauly 

and Christcnscn 1993) aiid 13runc.i Drirusscilnni (Si l vcsirc cf ni.. 1 993). Thc 1riitc.r is bascd on ari 

carlisr modcl from Malaysia (Lirw and Chan 1987). All itircc modcls arc from a siiiiilar 

Iatitudc and longitude to San bligucl Iiüy and arc rrlso shüllow. Wticrc. possible. tlic dici 

coniposiiions from ihcse iwo niodcls wrrc uscd to rxprcscnt ihc disi oftlic cço-yroiips in Sui  

Migucl Bay. Tlic rcsuliant dict matrix is sliown in Tablc 3.7. and ihc. dciails of tIis Jcriviiiioii 

for cach group arc givm bclow. Dict coniposiiion is  merisurcd by wc.içhi5'. 

The Gulf of Thai land and Brunri Dlirrussalarn modcls hrid similar zooplrinktun disis 

comprising phytoplankion (70% and 65% respectivcly), 30% and 25% dctritus and, in Brunci 

'2 MacDotialJ and G x c n  ( i983) Jiscuss thrcc rncthods by which stomach contents crin bc niccisurcd. */b 

occurrcncc of h d  itcrns. nunicricd abundancc of food itcms and the wciglit or voluinc of food itcriis. Tlicir 
arialysis dsmonstntcd thai the thrcr: nicrisurcs arc highly corrclatcd on thc first principal cotnpcincnt o f a  PCA. 
indicating that thcn' is sornc rcdundancy. This rcsul~s indicatcs ihat i t  is not ncccwry  to iakc a11 thrcc 
n~c'asurcrii~nts in ordcr to riccuntcly nicasurc stomach contcnt. Howcvcr, thc thrcc riicasurcs do nicasurc Jiffcrcnt 
things. Pcrcciit occurrcncc mcclsurcs the variability in prcdator dicts. Numcrical abundancc yivcs in fornirit ion on 
[tic dcrisity dcpcndcnt prcy cating bchaviour of prcdcitors and can ihcrcforc givs insight into fccding bchaviour. 
Tlic wcight or volume of food itcms mcuurcs the nutritional value of a prcy spccics. 



Darussalani. 10% zooplankton. Sincc therc was no basis for choosing î n y  onc sct of vülucs, 

the values were avrrûged over the two systems. 

Thr only dict composition data fouiid for niciobcntlios arc froin a Iagooii in Vçrriçmz. Mrsico 

(Cruz-Agurro 1993). In the abscriçç of oihcr data. ihcsc V;IIUL'S w r c  uscd For tlic riiciobcnihos 

in San Migucl Bay. 

i b l ~  c-1-0 hcr lrlr os 

Thc n~acrobciiilios in Ssii M igue1 Bay is doniinaicd by riniiclid womis ( Y  0.5%). Tiis utlicr 

coniponsnts are 3 .Y90 niolluscs and 1 5.790 "othcrs" (Garces et 01. 1 O%). Data on diçt 

conipositioii for annclicl worms and mollusçs wcrr takrn froni otlicr ECOPhTtl iiiodcls 

( Arrcguiii-Sinchcz et al. ( 1 9933). Arrcguiri-S3nchc.z ct r i / .  ( 1 993 b) Cliivcz el rd. ( 1 993) and 

Vrga-Cendejas cr ni. ( 1993)) sincc the two modcls notcd abovc did no[ have seplirats data on 

ilicse groups. Daia Ior the "otlicrs" wrrc assunicd to bc rcprc.scntc.d by tlir tictcrobciiilios 

proups in tlic Gulf of Tliailand and Brunei Darussrilam. For cach group, tIic Iivcragc. dict 

composition across inodcls was calculatcd. t\ wcighted avcngc. bascd on tlic rclativc 

abundancc o f  cach group in thc macrobenthos. was iakcii as the final rcprcscntativc dict 

corn position for thc macrobcnihos. 



Scrgsstids arc smrill pelagic crustriceans. esscntially zooplankton (Omori 1975) . Clowcvcr. 

thcrc is no infornation on thcir dictary prcfcrcnces. In al1 likclihood tlicy will fecd on small 

Iicrbivorous zooplankton. pliytoplankton and detritus. Tlius tlic scrgcstid shrimp dict is a 

"gucsstiniaic" of 40% zooplankton. 50% pliytoplankton and IO% dctritus. 

Ticws ( 1 076) providcs inhrmation on thc dict of Iour pcnricid spccics in San Mipucl I3iiy (P. 

s~~~r i i . s~~~i l~r r i~ . s~  P. r~iergtrcmiv. P. cu~rrrli~~idot~rs and .Ifcr~xpwor*~is ~ ~ i o r i o ~ . ~ ~ ~ - i r s  ). L'nlonunntcl y 

i l i t x  data wcrc rccordcd as 91 ocçurrcnçc in the stoinactis aiid cannot bc u s d  Jircctly siiicc 

tlic Jict conipositiori is merisurcd i r i  wciglit. Ihwcvcr. tiicy u n  bc uscd as n guidc \vlicii 

using quüntitativc dala froni othcr systcnis. Dain lioin six ECOPXTH iiiodcls wcrc uscd 

( Abnrcii-Arcrias and Vrilcro-Paclicco ( 1993). Arrcguin-Sinclicz rJr ( i f .  ( 1 Wh), Arrcgiiiii- 

Srinçlic.~ cr d. ( 1993 b) Cliivcz sr ul. ( 1993). Cruz- Agusro ( 1993 ) and Vcp-Ccndcjns rr cri. 

( 1093)) aiid tfic rtican dict coinposiiioii conipard io Ticus ul. ' s  tipiircs. Tlic rcsuliiint dict 

composition is givcn in Tablc 3.7 Thc samc food groups appcarcd in both data scis. dthough 

in Tiew o d ' s  data, tlierc was lcss emptiasis on the dctritus and more on mciobcnthos. This 

could bc duc to thc different methods of mt.risurt.mcnt. 



Large G-tisracraris 

Tlic largc cnistacea arc çomposcd alrnost cntircl y of thc swimining crab Pot-riu~irs pclngicirs. 

Dict data froni two Mexican systems for c n b s  of the Cu2i i t1c .c~~~~ sp. wsrc ussd (Arrcguin- 

S5nclicz cr ni. ( 19933). Arrcguin-Sanchez cf  al. ( 1993b)). plus the Iargc crustaccri data froni 

Bmnci Darussalam and the Gulf of Thailand. The resultrint mcan data werr cornparcd to soinr 

data liom Edgar ( 1900) and Wassenbcrg and Hill ( 1987) wlio dcscribc tlic dici of P. pciris. ~ I C ' I ~ S  

as consist ing main1 y of bsnth ic invcrtcbriles sucli as bivalves. pol ycliristss and crustaccans. 

The dict i n  Table 3 .7  rctlccts this prcfcrcncc. 

This group is coiiiposcd of 20 tish fanii1ic.s. 50% of wliiçli arc the bl ullidac. Ncniiptcridric. 

Tstmodoiiiidac, Gobiidac and Apogoriidac. In ordcr to accouiii for tliis divcrsiiy aiid tlic t ' x i  

thai thers \US n o  dircçt Jict informaiioii from San Migucl Bay for any of tlicsc spccics, dict 

ilifonnation for siniilar groupings of dcmcrsal fcrdcrs lioiii itic Gu1 f of Tliailand and Bruiici 

D;iniss;il;ini ECOP ATH rnodcls w r c  uscd in combination with dict data for soitic of the 

individual families from othcr ECOPATH models ( Abarca-Arenas and Valsro-Pac hcco 

( 1903). Arreguin-Sincliez el ni. ( 19933). Arreguin-Sanchcz tJf al. ( 1993b) Cliivcz er al. 

( 1993). Cmz- Agucro ( 1993). Mendoza ( 1993) and Vega-Ccndcjas CC ni. ( 1093)). Thc rcsultaiii 

dict composiiioii sliown in Table 3.7 is based o n  the weightcd niem dici of tlic diffcreiit 

krni lics of denimal fecders. 



Table 3.7 Diet composition for the ECOPATH model. Figurcs in bnckers wcre changcd 
during the balancing process, figures in bold arc the new valucs. 

Scrgcstid 
Slirimp 
Pcnaeid 
Shrimp 
Largr 
Crustaccms 
Dcmcrs;tl 
Fccdcrs 
Lciognathids 
Engnulids 
Pclligiçs 
Sciacnids 
Mcdiuri~ 
Prchtors 
Largc 
Zoobcn t hos 
Fecdcrs 
Largc 
Prcdators 
Pli yioplrinktoii 

Detri tus 

0.04 
O. 1 0.05 0.10 

0.13 
0.05 0.30 (0.30) 

0.38 
(O. 1 51 
0.04 

(0.05) 
0.04 
( -1  

0.0 1 

ZP = Zooplnnkton. Msiob = Mciobenthos. Mlicrob = Macrobenthos. Scrg = Scrgcstids. 
Pcn = Penaeids. LC = Large Crustaccans. DF = Demcrsal Fccdcrs, Leiog = Lciognnthids. 

Soinc valucs arc roundcd io two tigurcs. thus not a11 columns add up to 1 .  



Table 3.7 (cont.) Diei Composition for the ECOPATH model. Figurcs in bnckeis wcrc 
changcd during the balancing process, figures in bold arc ihr ncw values. 

Zooplan kton 

Mciobenthos 
Macroben thos 

Scrgcst id 
Shrirnp 
Pcnaci J 
Stirirnp 
Largc 
Crus taceans 
Dcmcrsal 
Fecdcrs 
Lciognaihi Js 

Engraul ids 

Mcdium 
Prcdators 
Largc 
Zciobcnihos 
Fccdt.rs 
Large 
Prcdators 
Phy ioplan kton 

Detri tus 

(O. 10) 
0.09 

(O.  1 O )  
- 

(O. 19) 0.9 (O.  1 O)  
0.14 0.04 
O. 15 

(O. 1 1 ) 
0.18 
0.10 

(O. 15) 
0.13 
(O. 10) 
0.14 
(O. 15) 
0. 16 

(O. 15) 
0.20 

(O. 1 5 )  
O.2O 
(O. 1 O )  
O .  13 

Eng = Engnulids, P d =  Pclagics. Sci = Sciücnids. MP = Medium Prcdarors. LZB = Largc 
Zoobenthos Fceders, LP = Large Prcdaiors. 



Data fioin Piilornares el al. ( l995b) indicatc tliat crustaccrins formcd 46% of thc diet of 

Leiogtrnrirics bifidus. but no other food items wcrtt identificd. Tlierc is data on thc diet 

composition of Iciognatliids from Ticws el al. ( 19723) which is iiicasurcd in 91 ocçiirrcncc. 

Thest. data for L. .spi~.,id~>is. L. hirzdrrs. S. rucoriirrs aiid S. irzsiciialor wcrc coniparcd to dict 

data for Iciognathids from the Gulf of Thailand and tIic Uninci Darusscilüm ECOPATH 

modcls. Thc dict data rcçordcd by Tiruvs cPr al. arc qualitativcly coniparriblc to ilic dict data in 

thc two ECOPtITH rnodcls. The rclativc proportions of the ECOPATH niodcls wcrr uscd mJ 

thr rrsuliant dist is yivcn in Tahlc 3.7. 

Tlicrc arc SOIIIC. data on the dict conipositi~ns of S ~ o l ~ y I t u t - ~ ~ s  ~*ot?lr>t~~r.so~~rzii and S. imlicxs 

korn San Miguel Bay (Paloinarcs cf al. 1995b) wliiçh indicütss tliat crustriccrriiis aiid platikroii 

arc. an  iiiiponiiiit part ol'thsir dici. Howcvsr. tlicsc data arc not dctailcd cnouyh to quanti@ tlic 

dici of the ciigraulicls. Dici data wcrc takcn îioni Abarca-Arciias and Valcro-Paclicco ( 1 W 3  ) 

and Arrcguiii-Slinçhcz cDr al. ( 1093b). About 40% ofilic disi wcrc crustaccrins wliicli lits with 

thc San Migucl Bay data. 



Thc pclagics rcprcscnt six Faniilics. Since tlirre wcrc no  cnipirical dici data. data for tlic 

clupcids, çrinngids. scombrids and loligo were takcii from scvcral ECOPATCl modcls 

( Arreguin-Sinchcz et al. ( 1993ri). Arreguin-Sinchcz et al. ( 1993b). Cruz-Apucro ( l9W) and 

Mcndoza ( 1993)). A wciglitcd iivcragc was ukcn of tIiçsc groups plus rin "otlirrs" groups 

rcprcscnting the rcst of thc pclagics. Data for thc "othcrs" group wcrc iiikcn froiii tlic pclügiçs 

in  the GuII'of Tliailarid and tlic E3ru1ic.i Darussalrirn ECOPATH modcls. 

Tlic iiiost iniportant Suod item in tIic diçi  of Oiolirh~.~ r t r l ) c s r -  is çrustrircms. folloinxi by 

"uthcr". thcn fish (Palomlircs ct [JI. 1995b). This cornparcs w l l  whh tlic tisli and crustaccrin 

coniponciits of ~ h c  dict cornposi tion of sciacnids Iioni Vcnczuslii (blcridoza 1 993 ). I t  wris 

assuriied tliat thc Vciiczuclan scix~iid dict is rcprcs~.nta~iw of the San Miguel Bay sciaciiid 

dict. 

Tlie nicdiurn predators arc anotlicr diverse group. dthough ovcr 60% of tlic bioniriss is niadc 

up of TI-icliiio-us liairm4i (Tablc 3.1 ). tlowcver, tlicrc wcrc no einpirical disi data Sor any of 

ilir Families rcprcseritéd by the medium predators. Instead. dict data for the Synodoiitidas niid 

t h  Ariidae wcrc taken froni ECOPATH modcls ( Arrcguin-Sinclisz et (41. ( 1903b). Cmz- 



Agucro ( l993). Mciidoza ( 1993)). The medium prcdators diet was thcn trikcn as the wsigliicd 

m a n  of thssc data plus the medium predntor data from the Gulf of Tliaiiaiid and ihc Brunei 

Drirussalrini ECOPATH modcls. 

In ttic abscncc of otticr data. r h ~  dieis of thc large zoobcnthos fcc.dcrs and irirgc prcdriiors wcrc 

taken as the üvcrripc of ilic dirt coniposiiions dcscribcd in the Gulf of Ttiailand and the Brunci 

Dariiss;ilm ECOPATf I modcls. 

1 t is rt.çogriiscd that soiiic of thc pamriicicrs that Iiriïs bccn dctcniiiiicd for thc ECOPATH 

iiiodcl arc vcry ripproniinatc. Siill tIic npproach iaksii ticrc is justifid for ttircc rcasons. First, 

tlocnig CI 111. ( IOS7:33 1 ), writiiig on tIic usc c f  indirect riipid asscssincni and [tic use of 

coinpardtivc stuclies, C O I I C ~ U ~ C  thai c~i~iparat ivc studics u n  "Ic;~d 1 0  bettcr tI1~0retic31 inodcls 

and understanding of ttic systcms by suggesting structural rciriiioiiships wliicli rcquirc 

cxplanation". Sccondl y, Sugihara cr r d .  ( 105.1: 1 3 9 )  sugycsi tliar "it is possible ttiai coarsc 

alloiticiric sstiniates ofgrowihiniortality panmetcrs may be inore appropriate for certain 

(large-scale) modcls thm arc data obtaincd dirccily frorn individuais". Tlicy arc suggcsiing ttirii 

coarsc. but reprcsciitative rneasurcs of paraniciers for aggrcgritcd groups may bc more sui table 

ttian prcçiseiy defincd parameters for single specics. This approricti was adoptcd hcrc for tfic 

inorc hc.terogcnc.ous cco- y roups. Thirdl y. if approximats por~nictcr vrilurs wsrc iioi cstiinatsLt 



or takcn froiii ihc literature, i t  would not bç possible to evcii atternpt an ecosystcni modcl of 

San Miguel Bay. Thus. instcad of probiny and inodclling, lcaming and gciining knowicdgr. 

wit l i  rissuiiiptions in full viçw. no knowledgc would bc griincd nor ncw liypothcscs formulritcd. 

Tlic tiiial parrinictcrs whiçh w r c  uscd in tlic tirsi nin of tlic ECOPATH modcl arc givcn in 

Table 3.6 abovc. 

I i  was notsd ihat ECOPATH iiiodcls rarçly. ifcvçr. balancc wlicn tirsi run wiiti dcrivcd 

pciranictcrs. This \vas indccd i h s  crise tisrc. Thc initial problcrii witli the San bligucl Bay 

ECOPATH iiiodsl çoriccnicd ihc bioniriss cstiniiitcs. Tlic riiodcl wns tirsi run iising tlic 

bioinciss çstiiii;itcs tioiii tlic trwd suncy and ttic P43 and QiB estirnatcs. ECOPAT1 i 

rcçalçulritcs tfis EE ulicn the othcr thrçc. paramsiers arc cntcrcd. Somc rcsultcirit EEs wcrc 

abovc 1. mi tlius ilicrc w r s  d s o  ncptivc t low to ttic dctritus. GEs ribovc 0.3. aiid soriis 

rcspirationbioniciss ratios wsrc too high. Esscntially. the biornass \vas too low to suppon tlic 

cliichcs bsing rcrnovcd h m  ihc ecosystsm. 

This problcm was fint addrcsscd by cntcring thc EE estirnatcs for al1 groups apart lion1 tlic 

deiritus. large prcdritors, medium prcdators and large zoobciitlios fceders and cillowing tlic 

~nodci to cstimatc biomass. This approacli was more successful and corrccicd cnany of thc 

problcnis notcd übovc. One conscqusncc. is itiat the cstiinaicd total tislicd bioniass is now ttircc 



to four timcs highcr than tlic bioinass cstimated from the trdwl survcy in Cliapter 2. Thc 

approach was refincd to the point whçre only tlie biomass of the largc prcdators was entercd. 

Tlirougli an itcration method. the large prdritors biomass was rcduccd as riiucti ris possible in 

ordcr to minimise the total fishcd bioniass. Total bioniass is reduccd wticn the bioriiass of tlic 

top prcdator is rcduçcd because ECOPATH is a top-down rnodcling inetliod and al1 tlows rire 

scalcd to thc biomüss Ievels at thc top of thc Food wcb. Christcnscn and Pauly (mirneo. Marinc 

Ecosystrm Managsment: An ode io Oduin) used ihis rncthod to siinulatc climax ccosystciiis by 

inçrcrisirig the bioniiiss of iop prrdntors. tlicrcby rausiny iricrciiscs in bioniriss :if 10wc.r Icvels 

of thc food wrb'j. 

Ttic titting crituici noicd cibovc wcrc used to consirin tlir inodcl. This cntoilcd s c ~ . c ~ i l  ininor 

changes in the input pcirrinictcrs. including tlis diei mairix. Tlic Pi13 ratios of itic Iciogiiüttiids 

and riicdium prcdritors wcrc dcçrcriscd in ordcr to rcducc ihcir GEs  bclow 0.3. Boih ncw vcilurs 

rcrnain \vitliin t hc contidciicc l iiniis of the Lcngili Corivcncd C a d i  Curvc csiiniarcs of Z in 

p r  . Tlic PX3 of the pelagics \vas inçrcascd iri ordcr to itiçrtxsc tlic GE cibuw 0.2. This 

\vas ç~nsidcrcd rcasonablc sincc the Z estiiiiriiç in Clicipier 2 \vas tiighly unçcnriin. atid ihc 

\-rilue of 5-45 yenfi in Tablc 3.6 is a çomposiic. valuc. 

Tlic QiBs of ttie seryestids was dccrcascd by alriiost 50% in ordcr to rcducc tlicir 

rcspimtiodbiomass ratio below 100. This value approxiinntcs thc Q/B valuc of thc 

5 \ Thc riuthors found that whcn cliriicix ccosystcms wcrc siinutritcd, thc ccosystcin took on tiiany of the propcnics 
rcdicicd by Oduni's thcory ofccosysicm dcvclopincnt ( 1969), paniculrirly thc rctcnt~on and recycliiig of dctritus. 
For the leiognailiids. ihc ncw P/B value of 7.5 ycar.l is within the confidcncc liinits or thc Lcngth Coiivcned 

Catch CUNC csti~natc of Z for Securor nlconills and Lc~iognarlius bindus. i-iowcvcr, it only t'rills within ilic 
conjïdcncc liniits of  one of thc Z cstimritcs for L. splc.nJtws (Triblc 2.7). 



zooplankton of 250 ycar-l. The latter was reduced to the samc valuc as the sergestids, sincc 

boili arc zooplanktivores5'. The Q/B of tlic sciacnids was also chaiigcd. III this clisc, Q/B was 

ctianged bccriusc the valuc of GE was ioo high. G E  was sct io 0.77. ihc PiB and EE values 

wcre entercd and thc rnodcl allowcd to cstimatc Q/B? This produccd 3 Q i B  cstirnatc of 16.3 

year- ' . 

S m d l  changcs to tlic diet of thc pclagics. medium prcdators and largc predators wcrc rnadc 

bçcriusc ihcir prcdation monaliiy on sonie of the l o w r  cço-yroups \vas too Iiiyh. Chüngcs w r e  

( ?  also made io the largc crustacuns d i r i  . Thc ncw dict coinposition in s h o w  ( i n  bold) in 

Table 3.7.  

Thc balaiiciiig of ihc modsl \vas psrfoniicd niriiiually. itcriiivcly cliiiiiyirig pliruiictcrs in ordcr 

to bcttcr fit  thc rnodcl. Thc Iatcst wrsion of ECOPATH. ECOPATtI 3.0 co1it;iiris ;i rciutiric 

which cillows the uscr to input a range of ~a lucs  and ascri bc probribiliiy rmgcs to tliciri. 

ECOPATH 3.0 thcn tiis tIir parmirtus using various criirria of bcst f i t  (ICLARhl 1995) .  Tlic 

abow prirrirnstcrs wcrc testcd using ihis routinc, but csscntially. tlicsc parrimciçrs rire tlic "bcst 

fi P .  

S! Thc propo~ion of food intrikc which 1s not assiniilritcd wris also incrcriscd from tlic dc'hult V ~ I U L '  of 0.2 tu 0.4, 
fbr thcx two cco-groups. tbllowing Christcnscn (1994) and Christcrtscn and Pauly ( 1992a). in ordcr io rcduçc ihc 
rcsp/biornass ratio. 
Ch Thc rnodc.1 wris mridc to cs~irnatc QIB. instcad of P!B, bccause thc Iattcr was considcrcd a niorc robust 
prininctcr sincc i t  was dirçctly cstimritcd from fcngth-frcqucncy chta in Cbptcr  2. 
'7 Thc changcs to thc Iargc crustaccrins dict wcn' madc in rcsponsc io the tcsting of ri prototype ECOSN riiodcl 
(SW Chaptcr 4). and on thc brisis of dict infornirition in Wasscnbcrg and t l i l l  ( 1987). 
5 n Slightly Ji ffcrcni fiis wcrc produccd. but includcd panrnctcrs which rcsul tcd in GEs abovc 0.3 ;incf 
rcspiration/biomass ntios abovc 100. 



Sanie Basic Rcsults 

Somc of tlic ECOPATH rrsults arc shown in Table 3.8. Figure 3.1 is a box mode1 whicli 

sliows thc relation of the eco-groups to one anoihrr, their tropliic position'Y and the nature and 

strcrigth ot'thc flows bctwecn thcm. Thc cçosystein so dcscribcd is ons which is more 

dcpcndcnt on its detri tus-ben thic componcnis t Inn ths pslrigic componrnts of t tic. sçosystcm. 

Of thç total tlow in thc ccosysisin. 569.b originatcs from thc dctritus and 44% from primriry 

producm. 

Tlie scosystciii spans inorc than four trophic Icvcls. Thc largc prcdriiors occupy ri trophic Ievcl 

o f 4  l and tlic tislicry opcratss ai an avenyc tropliic Icvcl of J .O.  Ttius thc largc prsdaiors 

occupy a higlicr tropliic levcl tlian thc îïshery. blost of thc cco-groups howwcr occur nt a 

tropliic Icvcl of bctween 2.5 aiid 3.5. Of thcss. tlic cngraulids and pclagics arc iiiainly 

dcpcndcnt on [lis pclrigic striinds of the food wcb. Thc otlicrs. the sciricnids, Iciognrihids. 

denicrsal fceders, !xgs zoobcnihos fccdew. large cnistacerins and psnarids rrly oii ttic dctritiis 

food cliciiiis. Givcn ilic large numbcr of groups occurring ai a similrir tropliic Icvcl. thcrr. is 

likcl y to bc sirong compet iiivc intcnctions bciwecn groups. in riddi tion to prcdator/prsy 

rclaiionships. 

5 '3 ECOPATH calculatcs trophic lcvcls in two ways (Chrisiciiscn and Pauly 1992ri). In Figurc 3.1. fractionri1 
trophic Icvcls arc uwd. Thus, thc trophic lcvcl of cach cco-group is calcullitcd as tlic wcigl~tcd rivcrrigc of its 
prcy's trophic Icvcl. Produccrs and dctritus arc assigncd a trophic lcvcl of 1 .  ECOPAT! I dso calculcitcs discrc~c 
truphic lcvcls for thc cntirc systcm using an aggrcgritiori routine - sce notc 63 hlow.  



Table 3.8 Selccied results from the San Miguel Bay ECOPATH modcl. 

1 .  ZP 

2 .  Mciob 

3.  Mricrob 

4. Serg 

5 .  Pcn 

6. LC 

7.  DF 

8. Lçiogs 

9. Eny 

10. Pcl 

I l .  Sci 

12. iMP 

13. LZU 

I-1. LP 

15. Ph.T 

16. Dcrritus 

O. 75 7 

3.3 73 

7. 7S6 

o.'? 1 5 

1.286 

1 . m  

o. 336 

o. 34s 

o. 3 9 

o. ?Y(, 

O. 9 72 

O. 65 1 

O. 25 

0.095 

1 2. S2S 

19.8 

ZP = Zooplrinkton. Mçiob = hleiobcnihos. Macrob = Macrobciiihos. Scry = Scrgcstids. Pcii = 
Pcnricids. LC = Larp Crustaccans. DF = Dcrnçrwl Fcçdçrs. Lciog = Lciognatliids. Eng = 
Engrriulids. Pcl = Pclagics. Sçi = Sciricnids. M P  = Medium PrcJ;iiors. LZU = Lrirgc Zoobcnihos 
Fccdcrs. L P  = Largc Pndaion. PhlP = Phytoplankton. 





The oninivory index in Table 3 .P is a nieasure of the variability in the trophic levcl at whiçh 

tIic sco-groups kcd (Chrisiensen and Pauly 19YZa). A value of O indicatcs conip1c.t~ 

spcçialisaiion in prey sclection. Highcr values indicatc lrss sptxific fccding habits. The 

sciacnids and rhc large zoobenthos fcedrrs have low omnivory indexes. Tlic penaeids. largc 

crustaceans and demersal fecdcrs Iiavr the highcst vrilucs. This niakes scnsc For tiic formcr arc 

rccogniscd as gcnsralists and thc drincrsd feedçrs cco-group is composcd of a large nurnbcr of 

spccics. Howcvcr. the omnivory indcx docs not capture wcll. ifat d l .  the variability of prcy 

withiri trophic Icvcls. For examplc, the prcy of thc l a r p  prcdritors i~iciudcs ( i n  alrnost 

cqud proponioiis) dcincrsal tecders. Iciognathids. cngraulids, pcIq$s. sciricnids alid iiicdiuiti 

predators plus somc nixrobcnthos. Howcvcr. tlic cngr~ulids have a slightly tiiglicr oinnivory 

iridcx. yct ihcy kcd on fcwcr cco-groups. but ovcr a grcatcr nurnbcr of iropliic Icvsls. 

Indices o f  Maturit)': 1s San kt igucl Buv a Naturc  Ecasvstcni'? 

Thcrc arc swcral iticasurcs thai indicais tlis Icvcl ol'iiiaiurity of an rçosystcin. Tlicsc nicasurcs 

arc adaptcd froni the niaruriiy indcx olOduiii ( 1969) and systrnis tlicory dcvclopcd by 

Ulanowicz ( 1 W b ) .  Christciiscn ( 1995. 1994) and Christcnscn and Pauly ( 1 9 9 3 ~ )  dcscribc these 

nieasurcs and relate them io 3 1 ECOPATH modcls. Christcnscn ( 1995) sliowcd that for most 

of thcse mcasurts. thc articulation of thc rnodcl (the numbcr of boscs) docs not inattcr. whcn 

the models include ai lsast 8- 12 boxes. Thus cornparisons betwccn modcls wiili difkrcrit 

numbcrs of boxes can bc made. Thrir analyses can bc uscfully applicd io dit San Migucl Bay 



ECOPATH rcsults. An attçmpt ts made hcre then, to compare. wlicrc possible, thcsc mcasurcs 

h r  thc 4 1 ECOPATH modcls with the San Migucl Bay moucl. 

As ccosystcms maturc, they sliould bçcomc more dcpcndcnt on dctritül tlows tlian ori tlours 

from primary produccrs Odum ( 1969). 56% ot'thc total tlow in S m  Miguel Bay ortginiites in 

dit. dctritus. 

Tlit: rdtio of rlic total prima- production io total rcspintion (PPIR) is 2.35. Odum ( 197 1 ) 

proposcd tliat in iinniaturc systcriis. primriry production would bc iiiuch grcritcr ttirin 

respiraiion whilc i i i  iiiaturc systcnis. the ratio would approasli 1. Clirisicnscn and Piiuly Iound 

[liai for ihc 4 1 ECOPATH iriodcls. iIic modal FPiR valuc aras bciwccn 0.8 and 1.6. Thcy 

coiiipared tiiis to ttir work o f  Lcuis ( 198 1 ) wlio found the inodcl valils to bc. bctwccii 1 -6 and 

3.1. Tlic S m  M igusl Bay valuc is çoniprinblc to laticr PPlR vnlucs. 

Tlic ratio of tlic iota1 sysisni produçiivity to toial systcni bioiiiass ( P I E )  is high ii i  dsvclopiiig 

sysicins and low in iiiaturc systciiis (klargalsf 1968). Thc Sm Miguel Bay valur of 78.7 hlls 

witliiii ihs lowcr r a n g  of thosc in Christrnscii and Pnuly ( I993c). 

Christcriscn and Pauly concludsd that cycliiig in ecosystcrns is rrlatsd io mriturity. as proposcd 

by Odum ( 1969). Cycling is quantified in ECOPATH using tlir Finn Cycling Index (FCI, Finii 

1 976), expressing ihc pcrcentage of the total tliroughput which is actuall y rccyclcd. Tlic iota1 

ihroughput is the suin of al1 tlows, that is, coiisumption, cxports, rcspiratory tlows and tlows to 

thc detritus. Thc FCI in San Miguel Bay is 7.5%. Wlicn FCI was ploticd against systcin 



overhead'", Christensen and Pauly found that ccosystcms witli very low cycling. sucti as 

upwclling systcnis have low systcin overhcad. Systcni ovcrhcad is positivcly rclatcd to thc 

stability of the cuosysteni. 1 t was suggrstcd by Christcnscn and Pauly ttiat ccosystcins wiili 

vrry high FCI niay bc less stable bccausc thsy nccd to niaintain a piittcm of intricatc tlows. 

Howcver. Vüsconccllcs cr al. ( I r >  pt-cD.~x). cornparcd tlic responsc of 18 systcms to perturbation. 

and çoncluded that FCI is positivcly rclated to systcin maturity. 'Tlis San Miguel Bay FCI arid 

systcni overhead ( 7  1 .Y%) p l x c  i t  31 an in[emcdia[c Icvcl (Figurc 6. Cliristcnssii and Priuly 

1093c) which Christenscn and Paul y suggcst niay bc optinial. 

Christcnscn and Paul y d s o  plottcd thc FCi againsi the PP: R ratio and a g i  ilst irlcaii pa1h 

Icngth. Thc iiicün paili Icngth is ilic avcragc nuiribcr of cco-groiips thai ri i i i i i t  of tlow passcs 

ilirougli on iis way froni intlow to oiitllow. and is calçiilatcd as Tlirougtiputi(Z Expon + X 

Rcspirritioii). (Cliristcnscn 1995 ). Paih Iciigtli wi 11 bc ri fkçicd by diversi ty of t1ou.s iiiid 

cyçliiig. Sincc itiesc incrcass with incrcasing marurity. ii is assunicd chat long patli Icngtlis arc 

associard with maturc ccosystcni. San Migucl Bay again fdls witliin the raripc or tlic 4 I 

ECOPATH inodrls dcsçribcd in Christcnscii ancl Pauly ( IW3c Figurcs S iuid O )  . Ttic tiicaii 

patli Icnyth in San Miyucl Bay is 2.89. This upould bc clrissi ficd within ritlicr ttis tropical 

shelves catcgory or tropical csiuaries of Christcnsrii and Pauly. The tropical systciiis si, br 

cxaniincd. tendcd io have longer patli Isngihs thrin thc non-tropical ccosystsiiis. 

id Systciii ovcrticzid is 3 cri1cul;ltcd statistic in ECOPATi I .  I t  is  tic ditfi.rcncc bctwccn t~vo  iiicasurcs, itic 
riscciidrtncy and czipaciiy of an ccosystoni. Asccndzincy is a riicasurc ot'thc rivcrrigc nlutua1 inhrniatiori in 3 

systcni, scalcd by systcm throughput. Thc uppcr l iiiiit  of risccndancy is tho cripacity. The ovcrticnd. [tic di lfCrcncc 
bcrwc.cn ilicsc two, is ri mcrisurc of how niuch thc risccndmcy crin incrcrisc. I t  is thus ri nicrisurc ot'wtirit h c  systciii 
hris in rcscmc. 3 mcilsurc of its ability to copc with chringc or stress. i t  is 3 nicrisurc of sisibility (Christcnscn ancl 
Pauly 19921). 



Thc resisidciice tirne of energy in the ecosystcm is also a measure of maturi ty (Hannon 1 979. 

Herendecn 1989). It  is measured as the ratio betwecii the total systrin biornüss and tlie sum of 

d l  respiratory flows and cxport. In San Miguel Bay. the residençc tiinc is 0.035 ycrirs. This 

places ii at an intcrmrdiate levrl in tlic ovenl 1 nnking.  by residsnçy iinie of thc 4 I ECOPATH 

rnodcls in Cliristenscn and Pauly ( 1 9 9 3 ~ .  Figurc 15). 

Clirisienscn ( 1994, 1995) r;inkc.d the 4 1 n~odsls using a niaturity index bnscd o n  scvcn of 

Oduni's aitributcs. Clc thcn invesiigriisd tlis bchaviour of difircnt goal funçtioiis wiili rcspcçt 

IO tliis inaturity rankiiig. again usiny tlic 4 I niodcls. Onc of tlic goal funciions uscd by 

Christenscn w u  asccndancy. Asccndançy is assuincd to bc a incasure of thc growli and 

dc.vclopniciit o fan  ccosystriii (Ulmowicz I 986 j. Growth is rncasurcd by ilic iiicrclisc i i i  [lie 

cncrgy iiirouyiipui of an ccosystcin wlii lç dcvcloprricnt 1s mcristircd by ths increasc i i i  

irifomatioii contcrit of the flows in 311 ccosystcin. Asc~iidari~y is ç;~I~uIatcJ  ilicn as tlic 

produci of the ciicrgy iliroughput and ihc avcnyc niutucil inhniiatiori (Cliristenscn and Pauly 

1 clVZb. aRcr Ulanowicz and Norden 1990). Cliristcriscii hund tliai ilicrc wris rio good rclriiion 

bct\vccn asccndmcy and rnaturity and concludsd ihat only tlic growili pan of tlic ftinctiori was 

rcflcctcd. duc to ri grcrii variation in thc sysieiii tliroughpur bciwr.cn ccosystcms. kir. siiggcsts 

th3t the coinputcitioiial aspect of asccnd3iicy should bc rcconsidcrcd. 

kfowcvcr. Christcnscn ( 1995) found rhat anothcr goal function. rclativs ascsndüncy w u  liighly. 



but negatively correlated with maturityh'. Relative ascendancy is the n t io  of ascendancy to 

capacity (the uppcr limi t of ascendancy) and is a dimcnsionlsss function. The relativc 

riscendancy in San Migucl Bay is 28.7. This places San Miguel Bay amongst the 12 most 

mature modcls. nnked by Christenscn on thç büsis of ihcir rrlativc asceiidancy valucsb'. The 

othrr top 12 models includcd the Gulf of Thailand, Brunei Danussalarn. Campcchr aiid 

Yucritan. thrit is. otlicr tropical shelf systcms. 

Coriiparcd t« thc 4 1 ECOPATH i~iodcls nnkcd by Chrisiçnsen ( 1904. I V95  ) and Christcnscn 

and Priuly ( l903c). the San Miguel Bay çcosystcm is ai an intcnnrdilitc Isvcl to Iiigh Icvcl of 

inaturity. Tlic rcsulis also indicatc that thc San Miguel Bay niodcl is cornparablc to thc otlicr 

iiiodcl rcsdts. gi viny i i  somc vrilidritim. Howevcr. ihcrc arc rilso somc iiiconsistcncics wtiic h 

arc noicd b c l o ~ . .  

li l This rcsult ts contnry io Ulanrrwicz's prcmisc thrit a-sccndrincy incrcascs with ccosystc~ii niaturity. Christcnscri 
( 1995) ofkrs 3 r~tionalc "Ucaring in inind thrit thc complcmcnt;iry mcasurc to thc rdritivc asccndriiicy 1s the 
systcrni uvcrhcrid. and thrit ihc ovcrherids arc ri mcrisurc of systcin stability (Rutlcdgr: ri! ul. 1976) ...... this crin bc 
intcrprctcd to riicrin thrit thc mrtturity nnking is strongly (positivcly) corrclritcd witli ccosystcrii stribiliiy". {scc 
dso footnoic 60) 
h-' Thc rclativr. asccnd3ncy values for ihc 4 1 modcls wcrc kindly providcd by V. Christciacn 



Sariic Iiiconsistcncics in thc ECOPATi-1 Results 

TIir trriiisfcr efticiencics (TE) bstwecn irophic Ic.vc.ls arc tiigli. ranging froin 16.0 to 22.8  

(Tablc 3.9)"'. Tlit. classic value for TE is IO%, tliat is. onc icnth of ihc ciicrgy thiii tlows into a 

iropliic Icvcl is irünsfcrrcd io the ncxi troptiiç Isïcl (Lindcmrin 1042). ECOPATH calculatcs 

the TE ris ~ h c  ratio bctwcen ilic totril exports from and prcdrition o n  ;i givcn tropliic Icvcl and 

thc cncrgy throughput or consuniplion by ihac trophic lcvsl (Christcnscn aiid Priiily IOO2a). 

This dctinition iiicludrs ihc  tishcry as prcdators of ihc ecosystcni. f-lcrciii lics [tic. cause of* ttic 

tiigli TES. Thr fislicry c x c n s  a wry  tiiçh dcgrcc o f  tisliing niortrility rit iropliiç iwrls 3. J m d  5 

(Tablc 3.9). Fisliing açcounts for 409'0 ufthc TE at tropliic Icvd 3. 72.5% of 111s TE ai irophic 

IcwI 4 riiid S7"b of'thc: TE l i t  trophic Icvcl 5. Thc TE ai iropliic Icvcl 6 is c~i[ircly :~cwuntcd for 

by inonality duc io fistiing. fligh tishing niimality 1s d s o  ciird by Moreau c r  al. ( IW3)  io 

csplain i tic tiigh trnnskr c fticicncics found in Lakr Victoria. 

Hiyli M i n g  iiiortality docs not cspliiiii the TE of 17.7 lor troptiic Icvcl 2 .  I-lowcvsr. ~liis value 

is conipiirablc io ihc TES ;ii tropliic Icvcl 7 for oihcr tropicril c ~ ~ s t r i l  systcriis sucli :is Druiici 

Darrussülrini 31id scwral cc)ast;~I C . C U S ~ S ~ ~ I I ~ S  (iom Mexico. I t  is tiighcr than itic Giili'oi' 

Ttiai laiid TE tiowcvcr. Cliristcriscii and Paul y ( I W 3 c )  notc ihai Iiigli CiEs Icad io tiiyh TES. 

siiicc G E  is ihs TE of thc cco-groups . Tlicy d s o  notc ihat tlic Iiigli TES found for scvcrril 

r i  \ TES arc crilciilritcd Sroin ihc trophic ripyrcgation rouiinc in ECOPATII. This routinc riggrcgntcb tlic ~ C O S ~ S ~ C I I I  

into discrctc trophic Icvcls and r i l l~atcs  thc tlows wiifiin tlic ccosystcrii bc;wccn thcsc tropliic Icttcls. Thc TES 
tlius rckr to tlic discrctc tropfiic Ii*vcls. not io thc hctional trophic Icvcts rn Figurc 3.1.  Wiili disc'rctc trophic 
Iwcls, 111~' CCO-groups arc not assigncd to ony oric trophic IcvcI 3s was thc C ~ S C  with ihc h c t i ~ n a l  trophrc Icvcls. 
t lm, rt'00':'" of'tl~c prcy arc d c t r ~ t u ~  and phytoplrinkion and 40% arc zooplankton, as iii tlic case of thc scrgtxids 
(Tablc 3.7). ihcn thcsc arc tlic rclmvc hctions of the tlow through thc yroup which arc attribuicd to trophic 
Icvcls 2 and 3 rcspcctivcly. The total tlow ai tach trophic Icvcl is thus tfic sum of thc rchtivc t1ou.s ovcr thc cco- 
g r o u p  



Table 3.9 Transfer efficiencies. TE, and rrlated indices betwcen trophic levels in San Miguel 
Bay. 

Tnnskr Elficiency (%) 

Consumpiion by prcdaiors 
(tkm''year*' ) 
Consumpiion by tishery 
( tkm-'year" ) 
Sum of dl out tlows 
(tkm'$ear") 

Oi; ol'TE duc co Iishiny 
inortdiiy 

/ I  I I I  IV v C'l 



tropical coastal shdf  niodels niay be a rcsult of lack of indcpcndencc in nioJcI coristructioii. 

Siricc tlicst. inodels werc uscd 3s a basis for sonie of the input pannictcrs of the S m  Migucl 

Bay modcl, ihis rrasoning niay also Iiclp to cxplain ttic high TES h u n d  for San Miguel Bay. 

Ttir TES indicatcd thai San Migusl Bay is nn cfticient ccosystcni. with rcspsct to the trrinsfcr 

of cncrgy up the food web. Thc higli lcvcl of tktiing mortal iiy çontributcs to tiiis ovrrall 

ct?icicncy. 

Thc produçtion!bi»inass ( P  R )  ntias arc also Iiigli. Somc of ilic PJ3s wcrc Jcrivcd froiti ilic 

rtionality sstimaics in Chapicr 2 .  I t  \vas suggcsicd that tlic Iiiyh Zs riiay bc duc to inxcurücy in 

tlic sstinlaiion riictliod. tliat tliry iriay bc duc iu sxport or thai tlicy rctlwt tiigti nionality duc  io 

thc 1:xt tliat a Iargc proportion of lish wcre juvsiiilcs. Thcsc cxpllinriiioris reniairi valid. 

I-lowcvsr. sonic of tlic Pd3 cstimatcs wcrc rakcn froni tlic Gulf of Tliriilriiid wtiicli alsu lias high 

PiUs (Table 3.1). I t  has bccn suggcstcd by blargalcf t l i l i  higli P i ' k  arc indicative of 

ccosystciiis wtiicli arc liighly sircsscd (Rappw~ el uf. IOSj). If strcss is eqiicltcd witti liigli Icvsls 

of tisliiiiy iiiortrility thcri botli tlic Gul t'of Thailand and San M igucl Bay woulcl bc criicyoriscd 

ris sirssssd. T1ic kcy question hcrc is wliriher tlicrc is a sigrii!içaiii cspon factor in  Sa11 MiçucI 

Bay. This question is addrcsscd bclow. 

Thr biomriss cstiniatcs froin the trawl surwy data (Chaptcr 2 )  werc not lnrgc mough to 

support ttic fisliery. In ordcr to make the ECOPATH model balance, i t wüs neccssary io al low 

the rnodcl to estimate bioriiass. Tlit. rcsultant bio~nass tstiniatcs diffcrcd frrorn tlic biomass 

cstirnatcs from the trawl survey. Thc total fishrd biomriss in tIic t r u v l  survcy was 2.72 tkm". 



Thc biomass estirnateci by the ECOPATH mode1 was 5.75 tkni", about twicc the tnwl suwcy 

cstiinriic. This was çstimatcd from a largc prcdaior bioniass of 0.005 km-', I O  tiincs the trwl 

i 

survcy cstimatc of 0.008 [km? Tlis ECOPATH total tislicd biomass estimai<: is witliin thc 

confidencc limits of the trriwl surwy estimatc (Table 1.4). altliough it  was notcd thlit thc 

biornass cstimaie from the trawl survey was nther imprccisc, tliat is. its contidcricc lirniis wcrc 

widc. In addition, the trawl suwey did not inçludr ihc moriihs of July and August. Dniü on 

catch mies indicatc that biomasses arc vcry high during thssc sumnicr montlis. Tlius. if ihc 

trwl survry had includcd data for the sniirc I Z  riionths. the biomriss cstiniatc would Iiaw bccii 

i 

grcaler thati 2.72 !km'-. Tlic total EC'OPtlTCI fished biomass sstiinritc is also çonipmblc to the 

total tïshcd biutiiriss csti mates frorn otiicr ECOPATH niodcls. For cxriinplc. thc toiril tis1ic.J 

biomass in the Gulfof Thailand was 9.35 [km" (Priuly and Cliristcnscn 1993). Unins i  

Drirussalani 10.53 k m - '  (Silvestre ~~r d. 1993) and in Malaysia \vas 4.01 tkni" (Licw iirid Clilin 

1987). Ttic San Migucl Bay estiniiits is ai thc l o w r  crid of this rangs. I I I  tcrrris of tlic total 

Iishcd biornass tlicrclorc. ttic ECOPATH cstimatc is acccpiabls. 

klowcvcr, tlic rslaiiw abundancc of tlie sço-yruups in the trriwl suncy and thr ECOPATH 

mode1 arc difkrcnt (Figure 3.7). Thcrc arc sonie scrious discrcprincics. Ttie difircnccs arc 

dur io two tictors. Firsi. noi cvcry cco-group is cqually availlible to tlic triul suwcy. I i  is iiot 

possible for a sunrcy designrd witli only onc type of gecir to iargct all specics cquiilly. 

Thereforc somc speciss will bc undcr or over reprrsented in thc trwl catcli. Sccondly. 

ECOPATH uses catch cstiniatcs to estirnate bioniass. That is, ECOP.4TH c;ilculaics the 

biomass rcquircd io support a givcn catch: thc grcriter the catcli, tlie grcatcr thc biortiriss 



Lcgcnd for Figures 3.2. 3.4-3.6 

ZP = Zooplankton. 
bleiob = Meiobenthos. 
Macrob = Mxrobcnthos. 
Scrg = Scrgcstids. 
Pcn = Pcnacicis. 
LC = Large Cmstaccnns. 
DF = Dt.tnt.rs;tl Feeders. 
Leiog = Leiognaihids, 
Eny = Engnulids. 
Pcl = Pclagics. 
Sci = Sci;icnids, 
MP = Mcdiiiiii P rcdritors. 
LZB = Large Zoobcnrhos Feçdcrs. 
LP = Largc Prcdators. 
PhiP  = Phyioplankton. 





t A c.stirnatc . Tlic catch rstimatrs in San Miguel Bay arc dcrivcd from tlic Iandiiigs of ovsr 20 

di ffcrrni typcs of fishing gear, al1 targetting di fkrent groups. Relat ivc critclies arc t licrc fore 

quite different from ttic relativc abundancs in the trawl survey and, consequcntly, [tic rclativs 

abundancr of the ECOPATH estimates of abundancc arc quitr diffcrent too. Tlic large 

crustaccans, for ~.xamplc. rire hardly reprrsentrd in the trawl survcy. wliile thsy have a large 

catch. inostly by the crrib gillnct. Sirnilarly, tlie large predators arc: poorly rcprrscntcd in the 

trawl survey, but arc. caught in relatively large nuinbcrs by the ssi longlinc gcar. Givcn tlicsc 

kinds of di ffercnccs. i t  seems unli kel y tli(it ECOPATH could rsproducc t hc rclativc abundancc 

of (i trawl sumcy liom catch Jcrivcd bioniiiss cstiniaics. 

Sensitivitv Analusis 

X scnsitivity rinrilysis of thc input paramciers was p e r h m i d  using a routine witliin 

ECOPATH dssigricd Ior tliis purposr. Eacli of the basic iiiput paramctcrs is varisil by -50% to 

+50* 0 iii sicps of 1 0%. Thc impact of this on t1ic oihcr missiiig input parariictus is csiiriiaird 

ils : 

(Estimnted prinmçter - Original panmeter) i Original pannxtcr.  

The gcnrral rcsult for al1 thc cco-groups is illustratcd in Figurc 3.3. Hcrc thc sctisitivity of ilic 

rnodsl t« tlic sciacnid parameters is shown. Therc arc scvenl ttiings to note. 

rd Rcduciiif ihc caich of the sciacnids io 0.5 tkni.' for cxûiiiplc, reduccs thc biotiinss csciiiiorc lion> 0.972 tkiii.' io 

0.221 tkni" 



I . Tlic P/B and EE inpui paramcters have ttitr sarnc impacts on the other paninetm. 

2. Rsducinç PiB and EE by 50% has a grcatcr cffeci than increrising ttiein by 50?/0. 

3 - Clicinging ihc input pürarnetcrs of mosi eco-groups. affcc ts on1 y thrit cço-groups. 

1. Thc m d c l  rcsults arc not very scnsitivc to thc Q/B inpui parametm. 

Tlius most of ttic sensitivity in the ~nodrl is thc scnsitivity of the biomriss cstirnaies io the P/B 

and EE pannieters. Tticre arc soine cxccptions. Thc phytoplankton bioinriss is scnsiiivc to tlic 

zooplankron P!B and E E  pnranictsrs. Ttic msiobcnihos biomass is  cxtreincly scnsitivc to iis 

PiU arid EE ratio and Q / H  r~ t io .  Tlic sergcstids P!U and EE inipriçt on the bioinass of ttic 

zoopllinktoii and thc EE of ihs phytoplankton. Tlic sciacnids. Jcpicicd in Figurc 3.3. Iiavc [tic 

widsst ranginç cffccis. Thr biomriss of thc largc cnistaccans. meiobcntlios, rnncrobciitlios. 

srrgcstids and pcnricids undcryocs rit Icast a 50% incrcasc ulicii tlic Pd3 or EE ol'thc sçiacnids 

is rcdiiccd by 501;. 

III  gcncral tlicn. tlic niodrl is robusi, althougli i t  would bc iiiiprowd by a bcticr criipiriçnl blisc 

b r  the Pl B aiid E E parrinicim. This is cspccially pcrtincnt givcn tlic discussion of higli P!U 

ratiosf". 

O? This tùnhcr Icgitimatcs thc proccdurc in tlic balanciny of rhc niodcl. whcrc [tic riiodcl wris rillo\t~cd to c~irri;itc 
thc Q/B of thc sciricnids mther tlian ihc. PlB. Allowing tlic niodcl to cstirnritrr QiB, produccd ri Iowcr P:'B and a 
riiuch highcr sciricnid biomriss. 



*A change in input parameter 

- t l - l l Q 8 9 8  - + l l Q B I I B  - 11 QB 15 EE 

Figure 3.3 Sensitivity Anaiysis for the Sciacnids. Each of thc input panmeters is varicd 
from -50% to +50% and its impacts on the unknowii panmstcrs plotted. For funhcr 
details scè the tcxt. 

PB = Produciion/Biomass, QB = ConsuinptiodB ioinass. EE = Ecotropliic E fficisnc y 



Trophic Impact Routine 

ECOPATH lias ri routine that cnables thc impact of increasing the bioinass of onc cço-group 

on the biomass of thc other ecogroups to bc studicd. Thus i t  bcgicis to bc possiblc io ask "wliat 

if ?" qursiions. The tropliic impact routine originatcs in econoinic inpuiiouipui thcory. 

Lcoiiticf ( 195 1 ) dcvelopcd a mcthod to examine thc dircct and indirect iiitcrrictions in ilic 

cconomy of thc USA. using what has becorne known as the Lcontief Matrix. Thc ccoiiomiç 

thcory was adapted to ccology by Hannon ( 1973) and Hannori and Joiris ( 1989). Lilrinowicz 

rind Puçria ( 1990) ussd <i sirnilar ripproacli and thcir nicthodology is incorporritcd iiito 

ECOPATH (Christcnscn rind Priuly I993b ). 

Ths rcsuirs of ilic trophic impact routine arc yiven in Figure 3.4. A11 txo-groups rcspoiid 

iicga'iwly tu an inçrwsc in ttisir own biomass. due to incrwscd çompetitioii witliiii ths sco- 

proup for resources. Thc cco-groups with the grraiesi impact on othcr groups arc [lie cictritus. 

pliyioplaiiktoii. zoop lankton aiid niacrobcritlios. The ciciritus hris a posi t i w  iinpaçt oii al l 

groups aparî froin ihc phytoplnnkton. Tlic phytoplankton lias a positivc iiiipact on ilic 

zooplankroii. scrgcsiids. Iciogririihids. cngraulids. pclagiçs. scincnids. mcdiuni prcdators aiid 

Inrgc prcdators. Thc zooplrinkton Iias d s o  Iias a positivc impact on tlic sergcstids. Isiogiia~liids. 

engrdu1 ids. pclagics. sciacnids, nicdium predaiors and large prcdritors. and a nsgativc inipciçt 

an phytoplankton. The positivc impact of the phytoplankton on thcss groups is probably dur: to 

its positivc impact on tlic zooplankton. The macrobcnthos has a posiiive iiiipact on ail groups 

apart from thr zooplankton, niciobenthos, sergestids and detritus. 



Zwplankton 

Large Crustaceans 

Figurs 3.4 Rssulis of ihc Tropliiç Iinpact Routine. Thc cco-groups or1 ihc x-iisis arc 
rcspondiiig io an increasc in biomass o f  the named group. The impacts arc rclritivc but arc 
comparablc bctwccn groups. See text for funhcr dctnils. 



Demersai Feeders 

Medium Predalors 

Figurc 3.4 (cont ) Rcsults of thu Trophic Inipact Routinc. Tlic eco-groups on rlir x-rixis arc 
rrsponding to an increasc in bioniass of the nlimed group. Thc impacts are relüiivs but arc 
comparable bctween groups. Sce tcxi for furtlicr detai 1s. 



Large Zoobenthos Feeders 

Large Predaiors 

Figurc 3.4 (çont.) Rssults of thc Trophic Impact Routinc. The eco-groiips on the x-mis arc 
responding to an incrcasc in biomass of thc named group. Thc impacts arc relative but are 
comparable bstwern groups. Sec text for funhcr deiails. 



Nonc of the otlicr eco-groups have comparable impacts. Tliis would suggcst that thc San 

Miguel Bay ecosysieni is largely controlld by the lower trophic levcls. Considering tliat the 

tislicry lias long siiicc rcduccd the biornass of the top prcdators (Chaptcr 2) .  tiiis rcsult is 

rcnsonablc. 1t was notcd in Figure 3.1. that many of tlic eço-groups arc clustercd around 

trophic Icvcl 3. An increase in the biomass of any of thesc groiips. the Iciognatliids for 

cxainplc. lcads to an incrcasc in thc nicdiiim prcdlitors and tlic Iürgc prcrlators. The bioniass of 

tlic otlicr cco-groups ai this tropliic Icvcl. ihc drmcrsal fccdcrs. Iciognathids. engraulids. 

pclagics dscrcascs. Thc sciacnids and ttic pcnacids rilso dccrcase. Thcsc yroups probiibly 

dccrcasc tiirough ihc conibincd sffccts of prcdatiori by tlic lrirgc prcdritors :iiiJ ilic iiicdiuni 

prcdiitors and çoriipctition bctwccri tropliic Icvcl 3 groups. A i i  iiicrcasc in tlic bioriiriss o f  ilic 

incdiuiii prcdiiiors lads  to a Jcçrwsc in inost of' thc otlisr cço-groups aiid a snidl incrcasc in 

tfic large prcdiitors. W1ic.n the bioiiiliss of thc largr prcdators is incrcascd. i t  producss siiiall 

iiccrcascs in ri1 1 tlic tïsli yroups and srna11 incrcascs in ihc tlircc crustaccaris groiips. Tliis 

bcliaviour. and thc bcliaviour notcd übovc. rrscniblss a iroptiic casçlidc (Carprritcr c r  cd. 1985). 

Tlic ihrcr crusiricean groups. tlic scrgcstids. psnacids and Iargr crustaccrins cricli dcçrcrisc in 

rcsp~nsc 10 lin iiiçrcasc iii the biornüss o f  tlic otlicr two çrustüccans. This iiidicüics tliat rticrc is 

conipctitivc intcrxtions bctwccii tlicsc tlirce groups. Only tlir rngrriiilids. pclagiss. sciaciiids 

and riicdium prcdritors rcspond positively to an increass in any of the crustaccrin yroups. 

Tlic trophic impact routine dcscribes a fishrry tliat is more affcçtcd by the lowcr tropliic Icvcls 

than higlirr trophic Icvels. 1 t has a largc nunibcr of eco-groups ai trophic Icvçl 3 which are in 

compctition with one another for rcsourcss. These includs two to tliree crusicicean groups 



whicli ülso comprte with onc another. Thc top predators in the systcm do impact on tlic 

intcrmcdiatc groups. relrasin y lower eco-groups frorn prcdütion pressure. Soriic troptiic 

cascade effccts are apparent. On top of this ecosystrrn. thut. is thc tishcry. Thc tkhcry alwriys 

incrcases in rcsponsc to an increasc of any of thc eco-groups. includiny tliosr whicli arc not 

tishcd. Thc tishcry bcncfits from the unfishcd groups bccausc of ihc positive iinpact thcsc 

groups have on ttic higher trophic Icvcls. An incrcasc. in the tishcry has a ncgativc iinpact on 

al1 of ihc tishsd groups. except the scrgcstids and pcnarids wliicli bcncfit from tlic rcduçtion in 

prcdrition and compctition. Thc zooplrinkton and rii;içrobrntlios also incrcrtsc for thc samc 

rwsons. 

Tlic tropliiç iiiipact rouiiiic indicritrs tliat ttic tishcry lias a big impact on  ttic csosystciii. The 

tishcry is çoniposcd of many gcar typcs (sec Chapicr 2)  wliiçli arc spccilically dcsigiicd ic, 

iargct ccnaiii tïsh or crustriccan groups. Diffcrcnt tistiing gurs  would ttirrcforc bc cspcstcti to 

Iiavc di ftkcnt cffccts on tiic eçosystm. This is exriiiiincd in more detail. Instcad of iriçludiiig 

ttir tislicry in tlic ECOPATH modcl simply by including catches os cxpon. the fistirry is 

broken down iiito gcar groups and includcd as prcdators within ttic modcl structure. 

Tlic validity of tliis approach has bscn questioncd (McGoodwiii 199 1). McGooduiii discussrs 

the equating of fishers as predators in ccological systcnis and concl udcs "Ecosys teiiiic niodcls 



whicli conceptualizc humans as any othcr predator in a marine cnvironrnc.nt.. . . . .asscrt or at 

Icast imply rrroncous pardlels bstwecn human fishcrs and other niarine prcdritors by inlicring 

quesiionablc assumptions about the naturc of the rclriiionships betwecn the Iiuman tishcrs and 

thcir prey" ( 199 1 :6S). McGoodwin's prcmisc is thrit humans and thcir marine prey have iiot 

co-evolvcd as prcdators and prey within the marine ççosystcm Iiaw, hunians art. iiot rccycled 

into ths  ccosystein, the link bctwscn human prcdlitor and mnrinc prey dors not inc 

prey prcdating on I~iiiiiüris a i  a di tkrcnt lifc cycle stagc. and tïshcrs predatr on ilic 

crivironiricnt for niorc and di f i rent  reasoiis than marinc prcdators prçdriic. 

This ripproiicli is noiirthrlçss ~usiifird Iicrc brçausc it  is uscd in  order to undcrstcirid tlic cfkcts 

of tisfiiiig on ilic rcosystcni or San Migucl Ihy. I t  i s  iiot uscd to prçdici or niariagc iIic 

bcliaviour of tislicrs. ECOPATH is a stntic niodel and thc dynaiiiic fccdback cyçlcs cin-isioiicd 

by blcGocdwin do not apply Iicrc. 

l n  ordcr to includc the fishcry in thc ECOPATH riiodsl as prcdritors, crnain assurnptioiis arc 

madc conccmiriy thc input paramciers of thc "tishcry predlitors" (Villy C1iristriisc.n. pus. 

cornni.). First. ihcir biornass is nrbitarily dcsignatcd to bc Io'. consunipiion is thc catch and 

production is the quantity o f  tX i  landcd. Unassimilated food is equlitcd wiili discards. and tlius 

tlow to dctritus. and respiration. tliç ciicrgy rcquircd by tlic sysicin cati bc cquatcd with tisli 

I*> This is valid sincc biomass simply opcmtcs sis a niultiplicr in the lincar systcrii o f  cquations. 



consumcd aboard thc vrssel. The diet composition of ihr "fishcry prcdators" is cquivaleiit [O 

thcir catch composition. 

The harvcst in Table 3.8 is thus now "consumed" by the "fislicry prcdriiors". Thcrc is no 

expon from thc original cco-groups. Instead. a11 exports arc cxponcd via ihc "fislicry 

prcdators". The total cspon from ttic cçosystein rcrnüins ttic samr. In cffcçt. a tislicry is fisliing 

ihe "tishery predators". This is a ploy to fool the rnodel: i t  does no[ affcct thc conipuiaiion of 

Ilows. alihough i t  does add an cxtm trophic lcvcl io thr sysicni. 

Thc fislicry was modeilcd as "lishcry prcdriiors" in iwo wriys. First. iIic lishcry was inclidcd as 

a largc-scalc prcdaior :in J 3 snial 1-sçalc prcdator ( LS-SS pr~dciror niodcl ). Thc Irirgc-sçalc 

prcdators incl udc ihc large. iticdiurn and baby i n w  lm. and ihc sr~iall-scal c prcdators iiicludc 

i i I I  thc oihcr tishing gcars (scc Chapiçr 2 ) .  In ordcr io cxaininc thc iinpaçi of [tic snirill-sçrilc 

scçtor in grcatcr dctail. i t  \vas tIicn subdividcd iiiro thc grar sroups shown in Tablc 3.10 (LS- 

SSgcrrri~ prcdaior n1odc.1). This modcl consisicd O C  onc Iargc-scdc prsdriior arid ciglii siiiall- 

scrilc. prcdators. Thc inpur pannicrcrs for [tic "tislicry prcdriiors" arc also sliowii i n  Table 3.10. 



Rcsults 

Tlic rcsults of the LS-SS prcdator and LS-SSg.eu,s ECOPATH models for tiic biological cco- 

groups arc as describcd abovc". Thc rcsulis for thc "tïshcry prsdators" arc sliown in Tablc 

3.10. Thc EE and GE arc. I since consuinption and production are cquivalcnt and tlicrc is no 

respiration. 

The trophic Icvcls at wliicli the smrill-sçrilc tkliing gcars fisli arc variable. Tlic gcars wliicli fisli 

31 tlic higIicsi tropliic Icvcls rire ihc ordiriciry gillnst ;inJ tlis Iiuntirig gilliict The iiiini-trriwlcr 

and ihc  tint mcshcd gsiirs îïsh 3 t  thc Iowrst tropliic Icvcls. Tlic torrncr tiiryc.1 sciricnids aiid the 

Irittsr scrgcstids and pçnricids. Ths large-scak scctor tislics at cin inicriiicdiiitc trophic Icvci. It 

has: il non-spccitic tcirgct catch. The sinall-sccils scctor collcçtivcly fislies ai a lowcr tropliic 

Icvcl tliaii ihc Iiiryc-scalc secior. 

The "tislicry prcdators" Iiove vcry low "oiiinivory iiidiccs". indiui ing tlirit ihcy du not tïsli 

sçross riiciny tropliic Icvcls (cf. Tablc 3 3 ) .  This is pririiçdarly truc for tlic çrab gcar wliicli tiris 

a i  oiiiriivory indcs of 0.002 ririci ~iltclics alniost 100% crabs. The Iiuiitiiig gilliict. niini-irat4c.r 

and ardinliry gillnct d s o  have low indices. Of tlic snid 1-scrilc ycars. tlic liiyticst oiiiriiwry 

indcx is iiicurrcd by the "othcr gear". This makes scnsc since ii is 3 composiic group of gcürs. 

which vary from tiandlines to beacli scinss 10 spear guns. The "othcr pillncts" and thr tinc 

rnçslicd gcar ülso Iiave higlicr omnivory indices. Tlic small-sciilc scctor hüs a niuch hiylicr 

(1' 

Iri soinc cases thcrc arc vcry sligiit diffcrcnccs. For cxriniplc [tic EE is cstiiiiatccl in thc fisticry prcdritor riiocicl 
kcausc a11 othcr paninciers for thc biological  CO-groups 3rc cnicrcd. Thc cstiinritcd EE for soriic groups is 0.949 
or 0.95 1 instcrid ot'O.95. Thcsc diftkrsnccs arc duc to rounding dift;.rcncr.s in thc input paraiiictcrs and ihc 
catculations. 



Table 3.10 Input paramrten and resuits for the two "tishcry prcdlitor" ECOPATH models. LS- 
SS pturlaror and LS-SS~L.~KF pt-edarot-. 

Othcr Gcar 
Fiscd Gcrir 
Crab Gcar 
Finc lMcsh 
Gcar 
Othcr Gillncts 
Ordinriry 
Gillnct 
1 luniing 
Gillnt.1 
blir~i-Tr;wIcr 
Lxgc Sçalc 
SrnaI1 S c d c  

INPUT P.4 R4 ME TERS RESUL TS 

Othcr G s x  = Sci Longlinc. 11andlinc. Fisii Trrip. Ring Net. Pull Net. Fish Weir. L3cac.h Scinc. 
Spcrir Gun. 
Fixcd Cicx = Li ti Nct, Fish C'oml. 
Crab Gcar = Crab Gillnct, C r ~ b  Liiinct. 
Finc .Mcsh Gcar = Filtcr Net, Scissor k t .  
Oilicr Giilncts = Shrinip Gillnct. Botioin-Sct Gilliiet. Surlàcc Gillnci. Shxk (iillnci. "Othcr 
Gillricts". 
Largc Scdc  = Lrirgc Trawlers. Mcdiuin Trawlcrs. Bahy Tnwlçrs. 
Siiiall Scrilc = Al1 sriiall-scalc gcrir. inçluding Mini-Trawlsrs. 



omnivory index tlian the large-scalr secior, ihus signi fying that i t  fislies 1it a widcr. if  lowrr, 

range of troptiic Icvcls. 

Thcsc rcsults could bc anticipated from the tisticry analysis prsscntcd in Chaptcr 2. hdore 

intercsting is the impact on ihr txosystcm of increasiny fisliing stfi~rt. Tliis can bc siriiuliited 

usiiig tlic trophic impact routinc. Bur ing  in mind that this is a qualitativs cxcrcisc, i t  is 

iionctliclcss possible to obtriin a scnsc of thc rcspoiise of the cm-groups to an incrcasc iii  

tïshing. The rcsults of tlic tropliiç iinprict aridysis of tlic L S - . S S ~ ~ L & ~ ~  niodsl arc stiowii in 

Figure 3.5. anci ths rcsults for ttic LS-SSg~wr predator iiiodsl arc giwn in Ftyurc 3.6. 

Ths i\vo grriplis in Figurc -3 .S arc d m v n  ro thc sanie scalc. A s  \v»uld bc c.upcctcd. tlicrc arc noi 

mriny posirivc rcsponscs to an ii~crtxsc in tisliiiig by sithcr ssctor. I t  is  imrndiaisly obvious 

Iiowcvcr, ihiit 11ic smil l l -SC~C scctor 113s 3 I I I U C ~ ~  grcatcr 1111pxt tlian tlis Iaryc-scrilc scctor. Ttic 

sniall-sçalc scctor hiis a biggcr irnprict on al1 thc cço-yroups cxccpt [lie Icioynaihids and ilic 

cngraulids. Ttic sciacnids suffcr ri largc drçrcasc wlicn ttie ~ i ~ ~ a i l - ~ c a l c  scctor is incrcascd wliilc 

t l i q  iiiçrrasc sligtiil y \v ticii tlic largc-scalc secior is inçrcascd. Tlic sinal 1-scdc scçtor Aso 

iiidircçily iiiipricts thc nuii-fishcd groups. thc zooplrinktoii and macrobcntlios. in ilic iiiodcl. 

Ttic latter incrcasc. in rcsponsc to an incrsasc in the sniall-scnlc secior. Tliis inlinifcstation is 

l iksl y to bc a rrsponst: to a decrccisc in the biomass of tlicir prcdators. Tlir siiiall-scalc ssçtor 

also lias a grcatcr ncgativt: impact on the large-scale and small-scalc sectors t l ieinsrl~cs~'~. 

(dl This rcsult should bc intcrprctcd with caution. Tlic tishcry is not subjecr io thc mile kitid of !?cd-back cyclcs 
thrtt thc cco-groups incur (hlcGoodwin 199 1). 



Small Scale Sector 

Large Scale Sector 

Figurc 3.5 Rrsults of the Trophic Impact Routine whcn (a)  thc sinall-sccilc scctur aiid (b )  
the largc-scalc scctor arc increased. The cco-groups on the x - m i s  are rssponding to tlic 
increass. The impacts arc relative but arc companblc. Soc texi for furthrr details. 



The grciphs in Figure 3.6 rire also drawn to the same scale, altliouyh i t  is smaller scalr chan in 

Figurc 3.5. This is bccausc the impacts of tlic small-scalc gcar groups individually arc largcrr 

[han tlit. impacts of the smdl-scalc sector çolicctivciy. This may br becausc whcn tlic sniall- 

scalr sector as 3 wholc is increased. the impacts of the difkrent gcars buffcr cadi oihcr. When 

an individual gcar is incrrascd, its effcct donc  is klt .  Howevsr. i r  may also no[ bc vülid to 

niakc this coniplirison across rnodcls with a diffcrciii nurnbcr of eco-groups. 

Tlic individual srnall-scrilr gcrir (or morc correctly. gcar groupings) arc niorc sclcctiw ilian iIic 

largc-scalc or siiiall-scrilc sectors. This can bc sccn in tIicir iinpact oii the iiiodcl ririd i n  tlic 

omiiivory indçn. Tlicrc is a di tti.rcniiril rcsponsc by ttic cço-groups io iricrcasrd lisliing by thc 

di f i rent  small-sçalc gcars. For cnamplc. the ordinary gillnct and, to a Icsscr cniciit tlic hunting 

gillnei. targrr sciacnids aiid msdiurii prcdators. Tlicsr: boili dccrelisc in rcsponsc to inci-cascd 

tisliing efin by tlic iwu gcrirs. Ho\vcvsr, the cço-groups below tlicin. wiih tlic cxçcpiioii of tlic 

pclagics, riIl incrcrisc. cvcn thougli soinc arc "consumcd" by the ordinnry gillnc.1 and hunting 

gillnct . Tliis incrcrisc is duc to a dscreasc in prcdatioii froin {lie sçiricnids aiid ihc rticdium 

prsdritors. Thc largc zoobcnthos fcrdcrs also increlisc. 

Tlir impact of the mini-tnwlcr on the sergsstids and thc pciiacids is negativc. Sincc tlissr: arc 

[tic t q e t  spccics of this gcar. this rcsult confonns witli cxpcctations. Howcwr, ssvcr~l  of tlic 

oihcr cco-groups increasc. I t  is not irnnicdiately clcar wliy these eco-groups should iricrcasc. 

The niini-inwlcr "consunies" all of thrsc groups. albcit in rclntivcly sniall quaniitics. witli tlic 

exception of the large prcdators. Ii is possible diai the dcmcrsal fccdcrs and thc Ieiogiiatliids 

iiicreasr bccausc thcy are cornpetitors with the scrgcstids and penacids wliicli Iiavc dccrcliscd. 



Other Gillnets 

Ordinary Gillnet 

Hunting Gillnet 

Figure 3.6 Results o f  the Trophic Impact Routinc wlicn diffcrciit smrill-scalc gsiirs Lire 
incrcüsed. The eco-groups on the x-axis are rcsponding to the iiicreass. Ths impacts arc 
rdativc but arc comparable. Sce text for funhcr details. 



Fixed Gear 

Fine Mesh Gear 

Crab Gear 

Other Gear 

Figure 3.6 (cont.) Rcsults of the Trophic Impact Routine whcn diffcrcnt smrill-scdc gcars 
arc incrcüscd. The rco-yroups on thç x-mis are responding to ths iiicrccisc. Tlie impacts arc 
rclativs but are comparable. Scc text for funher deiails. 



Sincr the fomicr inçrcase. they providc more food for thrir prcdators. Thcrr is rnixcd support 

for this Iiypothescs from the carlier irophic impact analysis shown in Figure 3.4. The impact of 

an inçrcasc in the scrgcstids \vas il smal l iiicrcasc in thc lsiognathids. dcrnersal fccdcrs and 

sciaenids and a decreasc in tIic pelagics and large zoobsnihos fccdcrs. The impact of an 

iricrcrisc i i i  the pcnacids was a larycr dccrcase in the Iciopthids. dcmcrsal fccdcrs and Iargc 

zoobcnthos fccdcrs and a dccrcasc in thc pclagiçs and sçiricnids. Rsvcrsing tlissc impacts io 

inimiç a dscrcasc in itie sergcsiids and pcnacids produccd ri vcry uiiclcar piçturc. I t  niny noi bc 

possible ro understand thc impact of a rcduçiion in niore ihan oiic eco-group by cxaiiiinirig [tic 

impacts of individual çco-groups. 

Tlic crab y c x  targct large crusiaçsiins uid tticir iriipaçt is clcar. A n  inçrcüsc in  tishiiig by çrob 

gcar pr~duccs a Irirgc dccrcasc in rlic large crustacsans. Oilicr cco-groups incrcuc. Wticn ihc 

Iarys crustacean bioiiiciss t u s  incrcascd in Figure 3.4. ilicsc cco-groi~ps al1 dcçrcascd. Tlius 

opposiic irripacts are sccn wlicn itic bioiiiass of itic largc cnistaccnns arc inçrcriscd. or 

dccrcascd duc io tisliing. Tlic iiicrcrises in thc biotnass oTilic oilizr ccu-yroups niriy bc duc t« a 

rcduct ion in coiiipciiiioii wi t t i  [tic largc crustaccrins for rcsourçss. 

Tlic tiiic riicslicd çcar "cotisuincs" ri \riJc mngc of ttic tislisd cco-groups. Tlic "dict" is 

dominaied by the scrgestids and. to a lesser cxicnt, thc engnulids. Otlicr sco-groups arc 

"consumed" in sniall quaiiiitics, and the large mistacsans. sciasnids and large zoobcnth~s 

fccdcrs arc absent frorn the "dict". Tlic impact of ihc finc mcshed gcar on ilic ~nodcl is rnixcd. 

Tlic scrgcstids arid thc cngraulids dccrcase. the cngraul ids morc than [fis scrgcst ids. Thc 

zooplankton incrcasc. probübly duc to a reduction in prsdation by the sergestids and 



cngnulids. Somr of [hi: sco-groups which arc fished. such as tlic dc.nicrsal fccdcrs and 

lciognathids. incrcasc in rcsponsc to an incrcasc. in fishing. 

Thc impact of  the fiscd year is dorninatcd by a large dccrertse in the ~cio~natliids'"'. Tlic sniall 

incrcasc in ihc. dcnitxsal fccdcrs and sciacnids niay bs ;i rcsponsc to a rcduciioii in compcti tion. 

Howsvcr, tlic fixcd gear "coiisunic" dl iiic fishcd ccu-groiips cxccpt the large prcdlitors and 

[lie large cnisiaccans. S« the niixcd cffcçts of fishing. prcdrition and compctition arc. bciny 

sccii. 

Thc "otlicr" gillncts "consuiiic" (iII tlic fished groups cxçcpi ihc. scrgcsiids. Thcy Iiriw a iuixcd 

iiiipast. Tlir grsatest h p m  is on the dcnwsa1 fccdcrs whiçli dccrcasc. This rc.spi)nsc can bc 

attributcd io thc irnprtct of iIic botiorii-sct gillnet. the "dict" of uhicli is doniiiiaicd by dcmcrsal 

fcedcrs. Thc incrcriscs i i i  ilic insdi uni prsdators. Iciognritliids. large crustacciris. scrycstids and 

inacrobcntlios niay be duc io a decrcasc in prcdation by or coinpetit ion with iiir Irirgc prcdators 

and dciricrsal kcdsrs. 1-lowcvcr. rhis snirill-scalc gcar groiip cuiisists ol'niany iypcs of gillncts 

and i t  is iiot possible to dc.ic.riniiic wlictlicr iiic impacts oii the otlicr cco-groups arc duc to tlic 

dircct or indirect iriipaci o f  tlic Othsr gillncts. 

This is also the crise for thc "othcr" gear. Thc largc dccrcasc in tlic iargc zoobcntlios fecdcrs 

and tlic large prdators is due to the cffect of increasing the Fishing sffon of thc sst longiinc. 

Tlic Ieiognathids, ttic cngnulids aiid the sciaenids incrcasc. Tliis mriy bc duc to a dccrcasc in 

IV') It  wns nutcd in Chriptcr 2 thrit thc large c ~ c h  of Ic'iognathids by thc l i f i  nct rnriy hc. riri riniticr oi'poor sriiiipling 
hr this gcrir. 



prcdation by the large predators and the medium predators. Tlic decreasc in the pclayics and 

nicdiurn predators is due to tlic direct iinpaci of fishiny. 

Discussion 

This rindysis dcmonstratcs thc cornplcxity of the interactions tliat oççur bctwcsn tlic cffccts of 

tisliing monality. predrition mondity and conipctition. In soms cases i t  is rclativsly 

strriightlonvard tu discover thcsc iritcrrc1atc.tl cffccts. h r  cxamplc. ihc impact of tlic crab gecir. 

Howvçr.  for rnosi ol' the 0 t h ~ ~  gciirs. thc s i t u a t i ~ ~ ~  was mort diftiçult. This ~t~iglit bc reduccd if 

tlic gcar groups wcrc brokcn down Iùnlicr. For sonic siiirill-scdc gcars i t  u x  possiblc to link 

~lic likcly ctkçts of çornpctition and prcdrition and fisliiiig. For othcrs, for cxanipls. tIiç mini- 

traulcr the possible intcraciions of conipctition. prcdation riiid fisliing u w c  too iiiicnvovcn io 

Jcteniiinc. An incrcasc i r i  onc cço-group ( A )  producrd an inçrcasc in  cco-group (B) .  but an 

incrcrisc in cço-group (C) produccd a drçrcasc i i i  cço-group (B).  i f  botti ( A )  and (Ii) iriçrcasc. 

and (C) ais» iiiçrcascs. docs this tnciiii t h  ihc impact of group (.-1) is sironger. or arc tlicrc 

oi ticr lcss obvious intcrnçt ions occurritig'? 

Tlic tropliic impact routine drarnatically illusrntes that thr small-scalc scctor lias a bigger and 

more widrly ranging impact on San Miguel Bay than thc large-scale fishcry. Thc large-scalc 

scctor is non-seleciive and. riltliough therc arc prcfcrred catchts. for cxamplc. pcnacids. i t  

cliiches a Iargc rangc of spccies in its ncts. 



1Vlien takcii as a wliole thc smrill-scalc scctor also catches a large nrigr: of spccies. Somc of 

ihc individual gsars catch as many diffcrcnt spscies as the largr-scalc scctor. for cxainple, tlic 

mini-irüwlcr and the ordinary gilliict (Chaptsr 2). Howcvsr. ihcrc is a fundlinicntal dit'fcrcncc. 

Almost al1 of the small-scalt. gcars spccifically and effcctivdy targct certain spccies or groups. 

SrnitIl-scalc years arc inors vcrsritils than Iargs-sçalc g c m .  In etïect. the snirill-sçalc gcars c m  

and do tish iiny spcçics in San Migucl Bay. in any nichc. üt any iropliic Icvcl. anywhrre. Wliilc 

iIic large-scds scctor niass h l i n ~ s t s  non-sclcctivcly. ihc small-scdc scctor sc.lcctivcly rtiliss 

tiancsts. 

Whrit iliis rncans is that ihcre is no rcfugc in tIic Bay. Whcn spçcics "A" dccrcascs. ilic sinall- 

scalc scctor hns the vcrsatility to switct~ 1 0  spcc i~s  "U" and su 011. 1 t W:IS no14 in  Chaptcr 2 

tliat iiic siiiall-scalc sccior has di\-crsiticd sincs thc carly l OSOS. This divcrsi ticaiion hns 

i~icrcriscd ilic potcritiril of ilic sniall-scals gcar to targçt tisli. Thc liuniing gillnci. Ior cxaiiiplc. 

uscs scaring deviccs to driw sci;~c~iids into IIIC rict. Appxrntly this g u r  was no[ prcscnt in ilic 

1080s and ihus thc sciricriids had to swiin inio [lie nct i r i  ortlsr to bc ciiugtii. 

Ttic çoiiiriiori. and pcrtirips cntrsiicticd. vicw is thrit ihc largc-ssrilc scctor is bad ;inJ iIiç smrill- 

sçiilc is good and bsnign and crcatcs a livclihood for tishcrs. \Vhilc ilie Irittsr part ofitic 

statsiiicnt is not contcstcd, tlis benignity of tlic smoll-sçcile scctor is. The sinaIl-sçalc scctor in 

San Miguel Bay has tIie ability to fish at al1 trophic levcls and docs (Triblc 3.10). I i i  additioii. 

[tic smiill-scak sector imposcs a grcattx fisliing mortality than ihc largc-scalc scctor on cvcry 

sco-group. cxcept thc cngraulids (Fipurc 3.7). The small-scüle thrcat could bc rcyardcd (1s 

clmdsstine. Recent management actions in San Miguel Bay havc ainicd ai banning tIic largc- 



scalr. stxtor (San M igue1 Bay Integraicd Coastal Fishrries Management Plan ( unpublishcd 

inanuscri pi). In rfkct large-scalc effort niay have b w i  rcducrd ( i M  i kc Pido pcrs. comrn.) 

Howevcr. this is not sufticicnr. Ttic trophic impact results prcsentcd hcrc suppon the 

conclusion rrac lird in Chapier 2. A I I  sc.ctors of the tishcry niust bc rissesscd and manapcd. 

Tlic ECOPATH modcls of itic San Migucl i3ay tishcry hwc incrcriscd Lnowlcdgs iibout S m  

3 1 Migiicl 13ay. Thc rçsulis of ilic firsr modc.1 iiidicatc thai tlic rçosysrcrii is rclriiivcly iiiriturc , 

aiid tlius rslritivcly stable and ablc io rcspoiid io sircss (Ciiristciissn IW5).  tiiat rlicrc arc tour 

trophic Icvcls (Figurc 3.1 ). [liai many of tlic spccics arc groupcd around tropiiic Icvcl 3. tliai 

tlicrc is likcly to bz stronç çoinpctiiivc intcrxtions bctwccn eco-groups 31 this lcwl aiid thai 

56% o f  Ilows origiiiaic in ihc dctriius. Tlic troptiiç impact routinc furihcr indicritcd tliai 

considcniblc coinpriiiioii and prcdrition occun. dthough tlie cco-groiips sliowing tlis grcatrst 

iniplici wcrc thoss 3t h c  lowcr trophic Icvcls. Thc rcsults of ihc L S - S S p t - d ~ i w  and LS- 

SSgearts prrdtrror modcls arc an insight into ihc combincd cfkcis of fisliing and biological 

intcraciions. Tlic rssults also demonsiraie how ihc fishery has "fislicd d o m "  the Iood web. 

?O Rclativc io oihcr nidcls for which cornparisons wcrc possible. 



X Other Gear O F ixed Gear A Crab Gear O Fine Mesh Gear + Oiher Giiinets 
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Figure 3.7 Cornparison of the "predation mortaliiy" (= fishing mortality) iriiposcd by cach 
"fishery predaior" (= tïshing p a r )  on the fished eco-groups. 



Thcss rcsults are based on the data input to ECOPATH. By comparative standards. tlic data 

rcquircmciits of an ECOPATH modcl are srnall. Howcvcr. as rlic first part of tliis Chaptcr 

attcsts. the parmietcr rsquirerncnts arc still quits dcinanding. Ths paraniciers uscd in tliis 

ECOPATH mode1 have mixed origins and somc wcrc derived by, pcrliaps, somcwhnt 

convolutcd mcans. A few wcrc cstimatcd dircctly froiti cmpiriçal data (somc PiUs. riiost Q;Bs, 

k w  dict compositions). somc wcrc cstimatcd from cinpirical data and data Froin tlic literriturc 

and sonic wcrr derivcd cntircly froni tlic litcriturc. .A skcptic çoulJ bc Forgivcn for asking 

wlicthcr a rnodsl so constnictcd bcrirs any rcscmblancc to rcality. This quasi-cnipiricai 

approach hris bccn uscd in in îny of ths ccosysiern riiodcls (Christciiscn 2nd Paiily ( 1 W 3 a )  and 

is rccoinnisndcd for cçosystcms witli iiisufticiciit data. t\s b r  cis possible. tlic ciiipirically 

Jrriverl prirmmcicrs wsrs not riltsrcd iii the balancirig of thc niodcl. t t~us ensuring th31 tlic 

riiodcl \vas lilkd to tlis local data. In addition. ilic sciisitivity anal ysis iiidiutcd tli;~t the nios1 

ssiisitivc pmmctcr  is the P r  13 ratio uid thc EE. Tlic PiB sstiii~a~cs fi0111 San M igucl Bay wcrc 

cornparablc with ot licr ccosystsitis. paniculrirl y tlic GUI f of Tliailand. Ccnainl y wiili rcspcct to 

ilie patism of fisliing thüt hîs  occurrcd in San Xligucl Bay w c r  tlir lîst two dscadcs, tlicy arc 

kisiblc. I'lic EE ~a1uc.s w r c  thosc rsçoniiiicndcd in Cliristciissii and Piiuly ( 101)?ri). 

Tlic tiins pcriod of the San Migucl Bay ECOP.ATH mode1 is 1 ycar. I t  \vas iiotcd i n  Cliiipicr 2 

11131 thcrc arc scasonnl cffccts in the fishrry. Arguably, the dynrimics ot'thc ccosystctii would 

bs bcttcr rc.presrnrcd by two niodcls, one for the montlis of Oçtobçr to Marçh, duririg tlic 

Nonhcast nionsoon. and onc froni April to Ssptembcr. whicti would inçludc ttis Southensi 

monsaon. Unfortuiiaicly thcrc wcre insufticirnt data to cstiinlitc scp;iraic paraniciers for tficss 

two seasons. This was particularly so for the diet composition, inost of which was drawn froiii 



comprinbir modsls in the literaturc. I t  is thercfort. assumrd that the annual modcl describes tIic 

Bay sufficicntly. 

Hvpatticscs About the San bligucl Bav Fisherv and Rcsaurw 

On tlic prsmiss thai the ECOPATH iiiodt.1 is a uscful consiruct. scvcrül liypothcscs c m  bc 

i~iads about ihc. tishery of San Miguel Bay. Tlicre is 3 fundanicntril qucry about San Miguel 

Bay. In tlis 1979- 1982 study of thc Bay. thc tishcry was dcclarcd 1iighlyio1.c.r-cxploi~cd. Morc 

than i O ycrirs latcr. tlic fi4-w-y is still highlyiovcr-çxploitd. Tlis total çaiçti dcçlincd by 1 7%. 

Howcnx. iIic tkticry is siill viablc. pcrhaps itiorc viiiblc tlim would tiavc bccii prcdictcd in 

l OS?. This is dcspi tç tlic f k t  that niany fidi arc çsught bsfore iriritiirity (Cliciptcr 2 ). So tfic 

liindanicntal qucry is. "How is this rcsi liciiçy possibls'?". 

Tlic tropliic impact anrilysis of thc srnall-scds scctor showd iliüt tIicss gcrirs exploit all 

tropliiç Icvcls. iiiclics and cco-groups in San Migucl B q  usiiig an arrJy of tisliirig iiicthods. l t  

\ w s  110tc.d in Chaptcr 2 that t1ic.r~ has bccn spcçiss sucçcssioii. witli "K" stratcyists bcing 

rcplaccd by "r" simtegists. Thc resilicncr of thc fislicry could siitiply be diic io tlicrc still bcing 

rooni for thç fishrry to bc fishcd furthcr down ths food wcb. The sinlill-scalc scçtor i s  ablc to 

rsspond to the changes caustxl in the rcsource througli succession and continues to do so. The 

question tlien bccomes. "Wliat is the end point?". 



A complimcniary sxplaiiation may be found in the iniponani role tliat detritus plays i i i  the 

ccosystsn~. In Figure 4.4. 311 cco-groups, exccpt the phytoplrinkton, rsspondsd positivcly to aii 

iiicrcasc in detritus. includirig the fishery. Could Jetritus bc sustaining tlic tislicry*? Tlic Icvcl 

of dctritus in San Miguel Bay may Iiavc increascd. Sillation in San Mi& Bay. frein tlic rivcr 

systcriis. loss of rnangrovcs. and mining and quarrying activi tics has inçrcassd ovsr at Icast [tic 

last fcw dccadcs (Mendoza 3nd Cinco 1995). Tlic main iiitlucncc on ttic siltritioii is tlic I3icol 

Rivcr. If  it is assumcd thai the silt carries organic rnattcr. thcri this would lsad to an incrcasc in 

dctritus. This stcady incrcüss in dctritus may hrivc promotcd productivity in the fishcry. 

cspcçially in those cco-groups wliiçti arc sustaincd by ttic dctritus tlows, as suggestcd by Pauly 

( I i N i i ) .  I - lowtxr.  Xlcnduzri and Cinso ( 1995) also noir ri I q s  lisi of nsgritivc cffcçts of 

siltation suc11 ris niodiîiciiiion of boitoni topog~iphy and cloggiiiy and abrasion of gills. l n  

rcrility thcn, ihc positive iriipric t of an iriçrcasc in drtritus mriy bc iiiodi tisd by ttic iicgritivc 

pliysicril cfkcts of siltlition. 

A inore prirsinionious çxplrination for i h r  coiiiiiiunncç ol'ilic tisticry ai  çurrccit Ictds.  aiid oiic 

ihat hcars sonis çonsidcntion. is that tlic spcçics in Saii hligucl Bay arc coniinuiilly 

rcplciiishsd by Iamac froin outsidc the Bay. T h  is, San bligucl Bay is rio[ a clossd systciii. 

Pauly (I9X?b) suygcsted that San Migucl Bay acis as a riurscry arca. Paiily sitcs scvsrril picccs 

of cvidcnct: to support tliis hypothesis, whicli includz thr lack of Iarvac in pllinkton ~rüwls 

during likely spawning periods (Weber 1976). Length data also indicaicd thlit largsr fis11 arc 

çaughi outsidc ihc Bay than inside (Pauly 1982b). Pauly sclicmotically suyyrsicd that rnciturc 

fisti cmigratc. from thc Bay, spawn outside the Bay, tlic Iürvac arc carricd into the Bay by tidd 

currcnis and gyrcs, ihey migrate towards thr shallow coastal or nursery a r a s  wlicrr thc 



juvcniles mature. As [lie j uvcni les maturc. they inovc into deepcr water uriti 1 ilicy svrniuall y 

Icave ilic Bay as adults ( l987b, Figure 4). 

Thcrc is also othcr cvidencc to support tlic cmigntion/immigniion tiypoihcsis. In ilis catch 

data prcsenicd in Ctiapicr 2. a largc proponion of thc sciaenids and eiigrriulids, and io a Icsscr 

cxtcnt the lciognathids in thc catch wcrc bclow the length of tirst maiuri [y. 1 I' tïsh arc çaupht 

bcforc ihçy arc inaiurc. i t  is difficult to çonceive tiow tIicy could rcproduçc if  rhcre was no 

inipon tiom outsidc thc ~ 3 ~ " .  HO\VCVC~. thcre wcrç ~ S O  maturc tish caught. iiidicating tliat 

not di rnaturc fisli rmigraic tioni ilic Uny. or t h t  tlicy do iioi iriiniediatcly cniigrriic. If 

cinigraiion occurs. i t çould acçount Ior iIic high cstirncites of ;ippcirciit Z i r i  Cliaptcr 2 .  

Oriiori ( 1975) suggcsis tliat tticre is iiniiiigrriiion by scrgcstids siiicc tlicy swanti aiid go off- 

stiorc Soiiic pcnacids also niow otl'shors to spawii (Garcia 1988. Rtotoh IOS 1 ). T i c w  and 

Cnrccs-Uoya ( 1'165) conjsçturc. on [tic buis  ihac no spawning Iciogmtliids arc ç~iuglit by ilie 

lishcry in Manila Bay. tliat iiiaturc lciognritliids go offstiorc 10 spawn. Clowcvcr. tticrc is also 

cvidsncc iiiai soinc spccies do not riiigrritc offshorc io spaivn. [ r i  clic R q p y  Gulf (Pliilippiiics) 

h r  excinipic. bcrried fcmrilcs of Porrl~rit<s phgictrs arc found insidc tlis Gulf. (liiglcs and 

h u m  1 989). 

Johanncs ( 1978) discusscs thc rcproductivs siratcgies of tropical marinc !ïsh ai somc Icngili. 

Hc idznii tics five types of spciwws, inçludiny iiii yrating spawncrs. Caruigids. sptiyncnids. 

scrnnids, lutjanids aiid Iciognatliids, al1 listi specics found in San Miguel Bay. arc dcscribcd ris 

7 1 tlowcvcr. an aliernativc cxplrinrition for tliis is rhrrt siricc M is vcry hiyh bclow L,,,,. ihc tïshcry is orily [riking 
tish ihat woulcl Iiavc dicd anyway. 



mignting spawnrrs. Johannes funher dclincates a size category. Fish greater tlian l j c m  arc 

likcly to migrate to spliwn and thoss lcss than 25 cm arc likely to spawn inshorc. Tlic L a  of 

thc engr~ulid and Ieiognathid specics in San Migucl Bay is less !han 3 c m .  Howcvcr. lohanncs 

crnphatically statcs thai hc lias not considered the tropical tish of predominaiitly sandy and 

muddy contiiicntnl shelves "bcçausc too littlc is known about thcir rcproductivity" ( l978:65). 

Tliis Icavcs a questioii mark conccming tlic issues of iinmipntion and cmigr~tion. I t  is morc 

likcly tlian not thai irnniigr~tion and çniigration occur. lit Icast to soinc cxtcnt. for soriis 

spccics. Tlic prcscncc or absencc of impons to the E33y profoundly affects our thinkirig about 

7 3 

tlic lislicry. If tish spriwii outsidr: ihc Bay. thcrs i s  a continual supply of cgys iiito ilic 13ay '. 

Thus tlir 13ay is stockcd froni outsidc. illlowirig hi@ production and caichrs. Wliat arc tlic 

iriiplicüti«iis for t!ic San Migucl Bay ECOPATH modcl'! And wlirit arc thc nirinagcnicnt 

impliçatioiis'? 

..\ri esscntiiil iissuinpiion of aiiy ECOPATH modsl is thai ilicrc is çrcatcr sirriiltiriiy wiihin tlic 

dcfincd sysrcrii tiiiiri bc[wr.cn tlic de ti~icd systcni and ari outside systciii. I i i  oilicr \vorrls. ilic 

intcraciioiis wii hin the systrrii sliould add up to a grcatcr tlow thrin ilic iiitcrxtioris bctwccii thr: 

systcrii and the outsidc (C1iristcnsr.n and Pauly 19923). Thc suni of a11 Hows i i i  Saii Migucl 

Bay, thrit  is. ilic tlirougliput. is comparable to oihrr systcins. It  çould br argud,  if  cniiçration 

occurs. thüt tishing mortrility is so high insidri San Migucl Bay that ihc fislicry compctcs for 

thc flows to tlic outsidc. That is. the fishery catches the rnaturc tish bzforc tlicy cmigratc. Thus 

cxpon is triaincd wiiliin thc modcl as tishing nionality, and thcrç is no or littlc llow to ihc 

- 

7' Thc arca outsidc the Bay miplii ihus bc considcrcd n rcfup. 



I t  is not fcasiblc to niodel larval impon or immigration using ECOPATH. Tliis is bccausc 

ECOPATH is a biornciss modd and impon is modcllrd as ncgativc cxpon. Thus to rnodsl 

impon alonc. a ncgativc value would be input for the cxpon. But the bioniciss ot' tlic Icirvril 

impon would be vsry low. perliaps nrgligiblc. To modcl iinport and espon. itic difkrcnçc 

bctwc.cn ttic biomass of ths import and expon would tiavs to bc input. Tliis woiild bc 

cffr.ctivrly thc s m c  as çntcring cnpon only. 

On the prçmisc. tlicn. tliat Iistiing cciptiircs rnosi inaturc lis11 b c h r c  ihey cinigr~te liorn San 

Migucl Bay (\r.liicli is l i  kcly ). thst if  riny tisli do "escaps" thc sunl ol'ths iiitcrriciions bctwccn 

SUI bliguel Bay and the c x p m  is Içss itiari itic suiii of ihc interactions witliin Siiii bligucl Uriy, 

and ilirit irnpon criniiot bc cfléciivçly niodcllcd using ECOPATH. i t is assuincd ttilit tlic iiiodcls 

dcscribcd ribovs arc still usclùl and rclcvrinr. evcn if  irriinigrrition and criiiyrritiori d o  oçcur. 

I I I  suniiriary tIic ECOPATCi iiiodrls indicrite tliat prcdiition arid c~rnpc t i t i~n  in tIis biologicirl 

çomriiuniiy arc iitiponaiit dcicnninanis within ilir dy riainiçs of tlic ccosysiriii. Ths rcsul ts also 

indiciitc that coiiipctition and prcdrition iiitcnct with tlic cffcçts of tisliing niorrality. Thus not 

riIl sprcics whicli arc' caugbt by a tishing gsar ncccssarily dccrcasc ris a rcsult of an incrcsss i i i  

fistiing monality. Differcnt tishing grars havc dilfcrent iinpricts o n  tlic fisticry and thcsc arc 

not siniply a lincar consequcncc of the fishing activity. 



I t  is no[ possible to investigatr the effects of predation, cornpetition and fistiing mortality 

funlier with ECOPATH. ECOPATH rrpresents a static sysirm. I t  is not dynamic and i t  is not 

quanti tativr. The trophic impact rouiine can only indicate direction of change. I t  does not 

indicatr the dcgree of change necessary to produce a rcsponsc, nor tlic degrec of thc responsc, 

nor the timr dynamics of the response. The trophic impact routine cannot prrdici how biomass 

will change with time. These questions arc investigaicd funher using a tÙIly dynamic 

ccosysiem model. ECOSIM (Walters et al. 1997) in Chaptcr 4. Wiih ECOSIM i t  is possible to 

quaniiiatively analyse ihs  community dynamics and tïshing dynamiçs in San Migucl Bay and 

to cxplicitly addrcss thc interactions bctwcen theni. Tlis questioii of irninigrritioii and 

rmigation is rctumcd to in Chaptcr 5 .  



Chapter 4 

Dynamic Multispecies Modelling of San Miguel Bay 

"\Wh the nsing S U ~ U S  of fhc Tllird World and npid growth of i t s  tropical tisiicrics. ihc lirniiation.~ of thc classicril 
singlc spccics approrich arc bcconiing morc apprirent" 

Sugihzira ct ul. 19x4: 132 

Tropical fishcrics arc rcknown for ~licir complcxity and tIic muliiplicity of spcçirs wtiiçh CO- 

cnist in tlicss produciivs mîriiic ecosystsiiis. The problcms i~ivol\~çd in ~isscssiiig and 

niannying thesr. riiultispcçics. muliigenr fislicrirs wers introducsd in Cliciprcr 2 .  and an 

cquilibriuiii biomass scosysicm modcl. ECOPATH I I  was used in Cliapicr 5 to gain an 

uiidcrstcindiriy of thr fishcry of San M igucl Bay as a fislicry of an ccosystciii. Howcvcr. 3 sintic 

rsprrssntatioii of an ccosystciii ducs not d l o w  tlic asking of "wtiai i l ? "  questions. For cxaniplc. 

wliat woiild hrippcn in San Miguel Bay i f  thc trüwling scctor wçrc banncd coniplctcly'? How 

many ycars would the ecosystern takc to rccovcr'! ECOPATH was piishcd io its liriiits to try to 

answrr thcsc. types of questions, but [tic equilibrium naiurc of thc ii1odc.l rcsiriçtcd ilir riiiswcrs 

to mcrc indications of the likcly direction of chaiigc. I t  was not possiblc io dcicmiiiic how 

spccizs intt.nctions would bshave tlirough timt: and Iiow thcsr niiglit effcct outcoiucs for the 

fishcry. III order to address thcsc types of "what if!" qiiestions, a rnuliispccics dynainic 

inodc.1 Iing approach is neccssary. 



M ultispccics approac hes have becn ininimally applied in fishcries rncinagemciii. dcspi tc thc 

recognition by many ihat a multispccics approach to fishcrics assessnisnt is critical (Wriltcrs ct 

d.1997. Christciism 1996, Hilborn and Wnlters 1992, Dam aiid Sisscnwinc 199 1.  Kcrr rind 

Rydsr 1089, Pauiy and Murphy 1982. Larkin and Gazey 1982. and Merccr 1982). Tlierc is 

howevcr. a rmgc of mu1 tisprcies approac tics. Thcy inçludc: mu1 iispec ics biornriss niodcls (cg. 

Kirkwood 1997. May et al. 1979): aggrcgate production inodels (cg. Ralston and Polovina 

1087. Popc 1 VW); miiltispcçics y icld per reçruii andysis (cg. M urriwski C I  (11. 199 1 , Wilson c t  

d.  I 99 1 ). and rnultispccics V PA (cg. Popc 1 09 1 . Popc and Mnccr 1 99 1 . Sprirrc 1 99 1 ) and 

cinpirical iiictliods (cg .  Sainsbury 199 1 . 1 988. Saila and Er-iiii 1 9 Y  7). 

Tlic <iggrcgaic production iiiodcl. si ni pl y totals ihs biornliss of al l spcçics, igiiorcs inicrriçtions 

bciwccri spccics and trcais thcm as tliouçh ihcy wcrc a colicrcnt wholc. Ralsion and Poloviiia 

( 1 9S? ) Vary ttiis by tirsi using clustrr analysis to idcnti fy spcçics asscriibl;iycs and thcn trciiting 

each risscrnblrigc as a u-holc. This approiicti rsquircs orily çcitçli and effort daici for ihc tislicry. 

T 
i hc oihcr iiiuliispccics mchxis  lisicd a b o w  311 hwc large parmxicr  dcrnands. This inçludcs 

tlic n i d  t ispscics biortiass riiodcl wtiich rcquircs intcnctiori tcniis bct wcsn spccics: [tic triori: 

spccics in  ttic iiiodcl. thc yrrriicr ihc dcinands. 

But niultispccics modelling is  a data hunpry cxcrcisc. Tlic sparsr: usc of a niultispccics 

npproach in tishrrics science and managçnicnt is duc in largc pan to tticir data clçinands". Oiic 

of the few, if not ihc only iiiultispcçics VPA, is of tlic North Ssa (Popc 199 1 ): coiiipcircd to 

tropical tkhcries. ihis is a rclativcly simple ccosystem. Nonc of the abovs niodcls arc 

7 \ 
I t  is 31so duc' to tllc ccononiic and political conscqucnccs of niultispccics risscssincnt (May  tpt d. 1979). \vliiçfi 

cari confusc and confound î n  iilrcady cornplcx inanrigcment situation. 



applicable to the type of data available from San Miguel Bay. There is no time sa-ies of catch 

and cffort dam witli whicli io f i t  production or bioniass modcls and the data siinply do iioi csisr 

for tlic oilicr inethods. Ths direct smpiricism of Sriinsbury ( 199 1 .  1989). briscd upoii tlis 

principics of adaptive rnanagcmrnt, (Waltcrs 1956) is a possiblc approacli and is discusscd in  

Chaptcr 5 .  

As carly as 1979, M a y  rr (11. dcnionstraied ~ h c  potcntial cffccts of spccics iiiirrrictions on yicld 

cstiinaiss. Thsy uscd dircct interaction irrins bctwc.cn spsciss. and assurncd 3 Loika-Vol tcrrri 

i i id r l  of prsdation. Howcvcr. [lie Lotka-Voltrrrî iiiodel is riot tlic orily mode1 of llow coiirrol. 

1 ndccd. tIicrc is no uiii fying pcirridigin of how cncrgy llow bctuxxn truphic Icvcls of an 

cçosystcrn is govcrncd. Two tlicorics. iap-down çonirol wiih tropliic cnscadcs (Clirpcntcr et (11. 

1985. Crirpciiicr and Kitchcl1 1093) and botiom-up. danor coiitrol (thIl CI nl. 1970. Hunicr and 

Priss I 992). Iirivc doiiiinritcd the scologicril liwaturc ( Maison and Hiiiitcr 1 902 ). tlo\vcwr. tlic 

noiions of bottoin-up and [op-down conirol arc: not wsll-dcfined. 

Opsratiorially. (i boitoni-up rcginic is  delincd by :I rcsponsc io çliiingcs in productivity ai thc 

lo\vsst tropliic levcls. A n  iricrcnsc in produciivity at thc bottorn of ilic tropliic sysicni l rads t i ,  

an increasc in tlic productivity and abundniics l i t  al1 Iiighrr tropliic levels. Eacli tropliiç Icvcl is 

food limiied (Power 1 W2). not prcdator limiisd. This is an importalit conçcpt in bottom-up 

control. Thai is, an incrcasc in the abundaricr of a predlitor spesies. doss tiot lsad to nri inçrcasc 

in tlis mortality rritc on tlic prcy. Predaiion is proportional io the biomüss ol'tlis prey. Ilow is 

controllcd by prcy abundancc and ihc niortaliiy rats is stable ovrr tirns. Aii iiicreasc in thc 



abundance of a top predator would not impact tlic rest of the ecosystcni bccause tlic iiiortal i ty 

mtc woiild rcinain stable. 

The operational dcfinition of [op-down control. is tliat an incrcasc in the abundancc of a top- 

prsdator lerids to the prediction of a tropliic criscadc. That is. an incrcasc in tlic abundancc at 

tropliic Icvsl 4. leads to an incrcase in ths ratc of prcdiition rnortality on tropliic I s w l  3. and 

tlius ri rcduction in its bioniriss. This produçcs a dcçrrriscs in thc prcdrition by trophic Icvcl 3 

oii 2. aiid thus to <in incrcasc in  tIic bioniass ol'iropliiç Icvsl 2. And so on. Hcrc. tlow is 

p r d m r  contr«llsd. An incrcrisc in prodiictivity rit tlic bottoni uv»ulJ lcad only to aii iiiçrccisc 

in bioniriss 31 1Iic top oftiir food cliriin. Thc bioiiiass of lowcr Isvcls tvould iiot iiicrciiss 

bccausc ttic niortaliiy rate incurrcd by tiicni u*oulJ inçrcasc duc to ;in iiicrcrisc in itir ahundancc 

tlicir prcdaiors. Only thcir productivit y would iiicrciisc. 

Thç tcnns top-down and bottom-up conirol. arc iiscd herc i r i  the ssrisc dcscribcd ribovc (scc 

alsu Wültcrs cr al. 1097). Much OF tlic dçbarc ovcr top-down wrsus bottoiii-up coiitrol lias 

ocçiirrcd in ilic scl f-containcd uwiJ of frcsh w i c r  I;kc systcrns. In t l~c  iiiarinc wurld. ihc 

picturc is no lcss tiiurky. Until rcccntly. fcw marine studics contributcd iiiucli fiirtlisr to rlic 

top-down. boitoni-up debriic. Those ihat did corniiionly supportcd the top-du\vii control tlicory. 

tlowcvcr. soim rcccnt work has s h o w  cvidcncr: for boitoni-up control in somc systcins. sucli 

ris bcntliic marine corninunitics and rocky shorcs (Menyc 1992). 

The dcbrite has tnovcd on and it is rccognised iliat top-down and boitorn-up coiitrol arc botli 

likcly to rict on ccological comniunities (Neill, i~r y~~<.rs . Huntcr and Pricc I902. Marsoii and 



Hiiiitrr 1092. Menge 1992, Powers 1992). Questions arc being poscd instcad as to the natiirc 

of the links bctwtien bottom-up and top-down influences. Hunter and Pricc ( 1991) proposc 

tlicit ihc variation in tlow types observcd in ccosysteins is a consequcnce of hctcrogcncity of 

coinrnunities, ecosystcms and species intenctions. 

Thc nature. or iypc. of tlow Jyiiriinics in S m  Migurl Ray. is unkiioun. San Ll igucl Bay is a 

Inrgc iiiuddy bciy with a bmad niixturc of spccics. drmerscil and pclagic. vcrtcbrütc and 

invsrtcbr~ic. Tlic spccics coiiiposition o r  thc Bay lias cliangrd ovcr ihc l u t  kw dccadcs 

(Cliaptcr 2).  and i t  is possible thrit thc tlow dynaniics iiaw also chaiigcd. Tu daic tlioiigti. no 

cinpirical studics Iiavc bcen undsnakcii to csaniinc. ihis issus. The ECOPr\TtI riiotlcl i r i  

Cliiiptcr 3 sliowcd cvidciiçs for both tlow hypot ticscs. 

Dcspitc the rslritivc pnucity ofdriia with wliich to niiikc 3 riiultispcçics ;inrilysis cilid iisscssiiicnt 

of San iMiguc.1 Bay. this lias bccn madc possiblc with thc dc~~elopitic.nt o f r i  ncw multispccies 

niudsl. ECOSI LM ((Waltrrs cBr (11. 1 097).  ECOSl M \vas dcvelopcd froiti a siniplc itiass-bdnncc. 

iroptiic niodcl. ECOSIM proposes mcchanisms for top-dowi and botiotii-up control i1icoric.s 

aiid i t  rcqiiircs only a fcw iiiorc prirümcicrs ihaii tiic ECOPATH iiiodcl uscd i i i  Cliciptcr 3 .  

ECOSIM is used hcre to explore [tic. commiinity dyiiliinics of San Migucl Bay, tlic intcrriciions 

bctuccn fishing, the ccosystcm and spccics interactions and to sxaitiinc. ccnain "wlioi i !'?" 

questions. Throughout t hc  anlilysis. simulations wcre made for both top-dowi and bottoni-up 

assuiiipt ions and the rcsul is w r e  contrastai. 



ECOSIM ( Walters ~~r al. I 997) was dcvelopcd from ri inass-balancc rnodcl. Waltcrs ( I 9%) 

rcçogniscd thnt thc l incar cquriiioiis whicli dcsçri bc tlic tropliic tl uxcs in m a s -  biilrincc. 

cquilibrium assrssnients of ccosystciiis ( for sxarnplc. ECOllt\TH I I )  could bc rcplaçcd by 

dynrimic cqiiaiions oncc iIic nidcl  was biilanccd. W hçn <in cquilibriuiii iiiodsl is balrinçcd (src 

Chriptcr 3). [tic lincar cqiilitions can bc rc-cxprcsscd as dilfi.rciiiiiil cqulitioiis quivrilcni io 

cliiingcs in bioiiiass ihrougli t inic. Perturbations to flic q u i  1 ibriuni st<iic arc niüdc by changinç 

ihc cxploiirition rcçiiiic. Thus without riny cx in  pannirtcrs. ihc cqui libriiiiii ccosystciii niodcl 

is irrinshniicd into a Jyiiamic cçosystriii iiiodcl and [lie inipiici «fcliançcs in cxploiilition can 

The kcy stcp in thc rlabor~tion of ECOSIbI was thc rcplaçciiiciii of ihs staiiç coiisunipiioii 

tlows wiih fuiic~ioiiril rslatioiiships bct\vc.cii consuiiipiion and bioriiriss of prdatcm aiid prcy 

Thr basic ECOPATH I I  linsar cquûiion is. 



B, = Biomass of ( i ) ,  PB, = Production~Bioniass niio of(i), QB, = Consumptioii/Biornass ratio 

ol( i) .  DC,, = Proportion or  ( i )  in thc dict of (j). ( I -EE,) = other mortality of(.i), EX, = Export of 

( i ) .  

This is cquivalcni to. 

QI, = coiisuiiiption of ( i )  by (j) and 

and. mak iiig tlic cquriiion a di ifcrciiti;il. 

whcrc, 

<.,,(LI,. BI) is 3 Sunçiion uscd to prcdici consiimpiioii, QI,. froiii tiic bioiiiass of ilic prcy ( i )  üiid 

tlic prcdotors 0'). 

Iniiirilly. for siniplicity, in the dcvelopment of ECOSIM, the Lotka-Volterra ninss action 

equrition was uscd as the functioiial rclaiiotiship. whsrc 



cv (Bi, Bi) = ajiBBj 

and. 

n, is tlic instcintancous mortaliiy on  thr  prcy (B,)  causcd by one unit o f  prcdriior biornass. (B,). 

or. in ccological ternis. the ratc of rffcctive stxrch. 

Tlis parriinsisr cd,, is dctcmincd by solving for O,, using tlic initial cquilibrium modcl 

pxamstcrs. Howcvcr. ilic Lotka-Voltcrra cquation has only top-dowi çontrol cissiiniptions. 

and i t  dors iiot takc spatial or bchaviourril liniiting nicchanisms i r i t o  ciccourii. In rcrility. ~hcrc  is 

likcly orily to bc a crnain amount oiprcy availnblc io a prcdator at riny yivcn iiiiic. duc to 

prcdaior riwidancc bcliaviour by prcy . In ECOSIM tliis is iiiodcllsd cis "\uliic.rribiliiy i o  

prcdation". and providcs oric spcçitiç u a y  io rtiodcl boitoiri-up coiiirol of bioiiiass Ilcnv. 

I i i  this CUC. tlic fur~cii<~nâl rclati~nsliip IS 

w licrc, 

v,, = tlic rnasiciiuin instantnncous inortîliiy ratc tliat 13, çan sxcn on 13,. 

Two cxtn panmeicrs. ri,, and v,,. arc. rcquircd in addition to tlic initial rquilibriuiii niodcl 

pararnstcrs. Tlie maximuin instantaneous mortaliiy ratc, v,. is cülculütcd from user input and 

tIic rqucition tlicn solvcd for O,,. 



With this functional rclationship, ECOSIM is able to emulate the two cncrgy tlow coiilrol 

tiisorics. top-down or 'bottom-up çon&rol. Top-down rclaiionsliips arc simulateci by niiikiry v,, . 
thc "vulncrribility factor" lcirgc. mcaning thüt a large part (or dl) of [lis prcy bioriiass is 

vulncr~ble to prcdation. Bottom-up. donor control is siniulatcd by making thc value of v,, vcry 

Iow. This limits ttis aniount of prey thür are vulncrdblc to prcdîtion (tlius kccping tlic mortaliiy 

mir closc to stablc). In ECOSIM. wtiçn bottom-ilp. donor control is siniulîtcd by niakiiig 

vulnsrabi l i  ty very low, the morialiiy n i e  is largcly indcpcndent of [Iic nbundaiicc: of rlic ncst 

tropliic lcvsl and for top-dowii control. thc nionality rate is strongly dcpcndciit on the 

iibundaricc of tlic iicxt irophic Icvcl. 

Thc uscr tlius dcicnninçs [lis naturc of the tlow rclaiionsliips within tlic ccosystciii. aiid cîn 

cxpcriiticiii witfi the effccts of  ditf;.rcnt a~suiiiptioiis. \Crhcri coiisuiticr bioinass is lotir. ilic 

rclritionship is rcduccd to n Lotka-Voltcrr.a inriss action flow ;ind wlicn coiisuiticr bioiii:iss is 

hi@. ths relriiionship is donor control typs. 

I I I  addition to iIic rnîin functional rclaiionsliip for çoiisuiiic.rs. hiictioiiiil rrlaiioiisliips wcrs 

dcvt.loped for [tic producers in tIic ccosysicrii and for çonsunipiioii ;ind prodiiçiioii by tlic 

detritus (ses Waltcrs L'I (11. 1 007 for fun1it.r dctails). 

In tbc ECOSIM modcl dcscribcd, each pool is coinposcd of al1 agc classcs Sroiii juvsiiilcs to 

adults. Early work with the mode1 unvciled a considcrablc slioncoiiiing of this apprwch. Top 



prcdators werc seen to Încrcase unrealistically in rcsponsr to dccrcascd tishing mortality. 

TIicss groups. first fiilly consuiiicd tlic adult food groups. tlicn wcrc sustaincd by thc 

invencbratc food of thc j uvcnilcs. The mode1 had not accountcd for the di ffcrcnt dicts of 

jiivcnilcs and adults. that is. tropliic ontopeny. 

This was addrcsscd by inçluding tiic option to split pools iiito adulis rind juvcnilcs (\Valtcrs rr 

1 .  1997). I i i  thc split pools. iiunibcrs of individurils arc inckrd in addition tu bioniass. Tlir 

iidult pool rcccivts iiiinibcrs and bioinass Iioiii 111s j uvcnilc pool and iiunibcrs ot'juvcnilcs arc 

rccniitcd tioni the adults. Each juvciiile~adult pair is rcprsscritsd by tiw ditlèrcntial cquaiions. 

briscd :m Hcvcnoii ritid Holt type cquaiions. In csscncc tlic niodcl is iikiii to tlic dcl;iy- 

JI ffcrciicc cquriiions of Derisu( I 9 S O ) :  thc juvcni le pool iias a iiican agc and wcight aiid tlic 

j u w n i  lcs grow to ihc 3gc ol' rnmrity whcn thcy bccomc adil lts. 

Tlircc additioncil pnraiiictcrs arc rcqui r d  tor [tic "dsla y -di fkrential" niodcl. IVi. tiic w3gli t :it 

uliicli juvcnilcs bccomcs adults. T. tlic ngc ai whicli j u w n i  lcs hccomc adul ts îiid K. ilic von 

I3crtal:intYy ç r o ~ h  prirarnctcr. 'flic cid\miagcs of iIic split pool inodcl is that ii ~illoivs for ilic 

cl'fecis of boili trophic ocitogcny rind canni bai isin by adults oii j uvcnilcs. 

Ruiiriitw ttic Modcl 

Ali i lu t  is rcquircd to mn ECOSIM is ilic output froni 3 balanccd cquilibriuin iiius balance 

modd suçli ris ECOPATH I I  (and thc split pool pnr~metcrs). The inodcl hris t\vo niai11 niodes 

of opcmtion, [lie "Equilibriurn Fishing Roiitinr" and the "Dynamic Run  Rouiinc". 



The Eqirilihr-iiini Fidiirrg Routine. 

Fishing monality. F. is varicd inçrcmcntally and tlic cquil ibrium bioinass of cach pool in the 

rtiodcl is cstiinritcd for eacli valiic of F. A Ncwioii search incthod is uscd to tind thc cquilibriri 

by sclircliing for zeros in tlic cquations outlincd abovc. F crin bc varicd in tlircc ways: on a 

singlc pool. for srlcctcd tishing gcars or ovrr total F in the tishcry. Tlic cquilibriuiii catch h r  

onc prc-spccitkd group is also crilculatcd and botli biomass and çatcli art. plottcd ayainst T: 

(scc figure 4.2). 

T h )  Dwriiuic Riui Rour i~ t~ . .  

Tlic bioiiiriss ot'cciçh pool in itic ccosystriii is rs~irtitiicd tiirough tinic iii  rcspoiisc to usa- 

iinposcd çhiiiigcs in ttic fishirig pnticni (scc tï yurc 4.9). The iiscr cari cliringc ttis tïstiing 

rtiortrility of aii individual yroup or an individucil gcar o r  of al1 ycars i i i  [tic tislicry. This is 

dotic grripliical ly. Iiiornass is calculritcd using ;i fo~inli ordcr Rungc-Kutta iiunicrical 

intcgntion sclicmc. 

TIic çoiiiniuniiy dynamics of San Migurl Bay and tlic impacts of tisliirig on tlic ccosysicni 

wcrc exaniincd iri  scvcnl  ways using ECOSIM. Throuçhout. the rcsults «Ftlic top-ciaw and 

bottom-up assumptions about enrrgy tlow arc conirastcd. Bottoni-up control was siniulaicd 

using a vulncrabiliiy facicir (q') of 1 S. and top-do\rtn control by a ifof 10. Iiitcniicdiritc vriluss 

wcrc obtainsd using a q ' o f  4, and rxircinc top-down values obtaincd usiiig a ifof 50. Tlic 

scüle and Icgend for Figures 4.3 - 4.10 and 4. I l  are given in Tablc 4.1 . 



Tlic Equilibriuni Fishing Routine was uscd to investigaie tlic gross cftCcts of iota! îisliing 

inonality on  the ecosystsm and its rcsponsc to changc in  F. Total tkhing nionrility (tliat is. 

tisiiing monali t y suitirncd ovcr 31 1 gears) was inçrcincn ta1 l y rcduccd riiid incrcriscd Iioiii thc 

currerit valuc. III  addition to the top-down and bottorn-up mns, iwo additional niiis wcrc niadc 

for a n  intcrnicdiritc assunipiion of flow control and an cxtrcine top-dowi rissiiniption. 

In single spccics rinrilyscs. yicld ciincs tint playcd aii iitiponcirii rolc in dctcriiiiriiiiy ilic stritus 

of listicries aiid in hclpiiiç to dircçi riiciniigsinciii. Hsrc. tItrcc types 01' y icld cuncs arc 

coitiplircd: ihc siiiglc spcçics yicld çun.cs from Cliaptcr 2 ;  yisld cuncs  producrd by tIic 

Eqiiiiibriuni Fisliing Routiiic tliut tricludc rtic effrcts of tishiiig oii tlic wliolc tislicry and yicld 

curws produccd by the Equilibriuni Fisfiiiig Rouiiiir that only inçludc ilic ct'kcts of îisliing 011 

oiic pooI. 

Yicld çiin.cs whicli include the sffects of tïsliing on thc wliolr tislisry (yicld curvc - plits 

Ji-big) arc produccd by the routine dcscribed above. Tlir shapc ot'thc yicld çunx is 

intlucnccd by tiic fishing nionality t» wliicli ilic pool is siibject, indircçtly by the tisliiiig 

monality thal the oihsr pools arc subjcct to via spccies interriciioiis. plus tlic ~issumptions 

riiade about flou. dynainics in thc ccosystsin. Tlic Iishing nional i ty  cxcrtcd on al1 pools 

cliangcs simuliancously. Yicld curves which iiicludc only [tic c f i c t  of tishing oii one pool 



(yield curw - rio jisltitig) are produccd wlien onc pool is sslccted and fisliiiig nionality varicd 

orily on iliat pool. The sliapc of this yield çunrs is intlucnccd by ilie spsçitk tisliing rnonaliry 

for itiat pool and tlic assunipiions inadc aboui tlow dynamics. The tisliing iiionality on al l 

oihcr poois rcmains nt the currcnt tïshing mortality mir. For the siiiglr specirs yicld cuwcs 

from Cliaptcr 2 .  rhe only proccss cfkcting ilie shapc of the yidd çurvc is [tic direci clfi.ci of 

h h i n g  iiionality oii thai spcçiss. 

The tlow dirigrain of thc San hliguci Bay (Figurs -3.1 ) portr~ycd 3 Iiicr.ircliisally organiscd food 

rvsb. rarigtiig Iioiii iropliic Icvcl 1 io 4. 1t  dso stiou.cd iiirit iiiariy of tlic pi~ols wcrc clustcrcd 

ciround in~phic Icvel 3. indicating likcly coitipsiiiivs iiitcrnciioris as wrll ris prsdatioii links 

betwscii irophiç Icwls. Thr exieiit and strcngili of tiissc iiitcraciions. and tlius iticir dyniiniiçs. 

could only bc çonjcciursd i r i  Cliaptrr 5 .  Herc. i t  is possiblc to rxliiriiiic r l i w  iiitcrrictions ushg 

i h s  biornass rcsiilts of CIIL. singis pool ruris ofilic Equilibriuiii Fisl~icig R O U I ~ I I C  abovc. under 

boili boiioiri-up and top-ciown assurnpiions. I t  is ihrn possiblc io qucsiioii uid cxliriiinc tlic 

assoçiiition of thcsc intcriiçtions with the cffeçis of tkliing. 

Tlir inipaci of fishing wris dirccily examincd for evtxy gcar using tlir Dyiiamic Run Routiiic. 

Thr fistiicig inortaliiy o f  sacli yciir wüs rcduccd io zcro ovcr tlic first 2 yrrirs and [tic sii~iulaiioii 

allowcd to run for rinoihcr S ycars (Figure 4.1 ), by whicli iinic niost bioinass transimis licid 



siabilised (in çascs wlicrc thcy tiad na. the simulation was run for 20 ycars as ri cticck). Thcir 

impacts on the ccosystem was assesscd in two ways. ( i  j the numbcr of pools impactcd by the 

gcar and tlic magnitude of that impacr. and ( i i )  thc cfkctive çIiaiigc in total biomnss i i i  the 

ccosystc~li. 

.LI routinc within ECOSiM allows thc user io check ttis cffcci ol'itic above pcnurbaiioiis on  ihc 

consuinptiow'bioinass ratios aiid the msriri ivciglits oiihc split pools. This is a nisans io cliccl; 

ihc validiiy of rcsults. Estrcins values of citlicr prir;imctcr would indicais thrit ihcrc is intcniai 

iricoiisistçncy in thc modsl. 

Thc simultiiions w r c  n n  as dcscribcd abovc wiili the csccptioti ot'thc: Equilibriuni i'icld 

Curvcs-rrofidiirrg. l'tic cffixt on Q U  and niean wcigtit of cliaiiying tlic bioiiiass ot'individunl 

pools w s  çticckcd iisiiig tlic Dynainiç Riiris routinc. Thc lisliing niortlility on caçh pool \vas 

rsduccd io zcro ovcr the tirsi 2 yeiirs d a  1 O ycar siniulaiioii. as in ilic dynaiiiic runs wticrc 

lishing cltori ivas rsduçcd tu zcro. This riiciliod \vas uscd Ior cfticiciicy and bccriusc i i  pivcs 

ihs rcsiil rs as iriinsiciits tlirough timc as opposcd io rquilibri um values. 



Fishing Mortality 

Figure 4.2: Equilibrium simulation of changing total fishing monality for bottom-up 
and top down control. Thick red line indicates yield curve (for juveniie scieanids). 
coloured lines, biomass, dotted black line, current fishing mortality. See text for more 
details and Table 4.1 for legend and scale. 



Tlic hiput Parariictcrs 

Tlic initial data uscd b r  the ECOSlM rnodcl \vas the output runtïlc tioin tlic ECOPATH 

modrl uscd in Chaptcr 3. To exaniinc the cffects of fishing by dWixcni griar types in the 

fishcry. an additional tilc coniaining a matrix ofthc fishing monîlity irnposcd oii cach pool by 

cach gcar type uas also neccssüry. The tweniy six year typss listcd in Tablc 2 .  14 u w c  

cornbinsd into ninctecn and includcd in the rnodcl. The largc. nicdiurn and bîby trawlen wcrc 

çoiiibincd sirnply as largc sçalc tnwlcrs ( i n  contrasi to [tic niini-trriwlcrs) and thc ring nct. 

pullnct. stationdry tidal wcir. bcacli sciiic and spcar gun wcrc includcd as "othcrs". Fishing 

iiionrility \vas calçulatcd 3s catch (of pool u by gcür .v, over biomass (of pool ( J  ). 

Early w r k  wiih ECOSlM rcvcalcd t h t  a "split pool" cipprorich would bc. rcquircd. Of tlic 16 

groups dcscribcd in tlic San Migucl Bay ecosysiriii. çigtii arc Mi groups \vhcre ttic difkrciices 

in dici of cidulis and juvcnilcs of ihe samc spccics miglii iinposc diffc.rciiiiril inonaliiy cll;.cts 

on iropliic groups l o w r  in ihc ccosystcm. However, oiily thrcc of tIicsc, ilic sciaciiids. tlic 

nicdium prcdütors and thc largc prcdators arc likcly io show any signifiçrint iropliiç oniogcny. 

Siiicc the iiumbsr of pools in thc ECOPATH nlodcl is alrcady quitc largc. oiil y thcsc tlircc 

yroups wsre split in to adult and jiivrnilc pools. 



For tlir tlirec split pools, cadi of the ECOPATH input parameters Iiad to bc rc-calculritrd for 

both tlic adults and the juveniles. tlirit is production/biomass, consuniptioii;bioniass, ccotrophiç 

cfficicncy. cxports/liarvcsts. and diet. The nrw ECOPATH modcl was thcn rcmii aiid 

balanced. Since tIicre wcre rio rxplicit data availablc for thc juveriilss distinct froiti tlis ridults. 

somc assurnpiions Iiad to be made on thc basis of the availablc data - full dctails arc. givcn in 

Appendix 2 .  Finally a file contciining tlic splii pool paranicicrs. W,. T and K for saçh of tlic 

splii pools was rcquircd. 

TIiç ovcra I l  iiiipaç t on rhc San kt igucl Bay tishrry of sirnultancousl y i ncrcasi i ~ ç  or dcsrcrising 

tisliing prcssurc ovcr ;i l1  Iishing gwrs is shown in Figure 4.2. Tlic rcsults clcarly sliow tliril. 

rcgardlcss of'rissunipiions niadc about the control of cricrgy tlow. tlic bioniriss of riliiiost riil 

fislicd groups iii thc ecosystcni is çurrcntly lcss ttian 50'h of tlicir bioitiriss wlicri no listiiiig 

mortality is incurred. Tlic most striking früturc of boih plots is tlic profùsion of colourcd 

bioinass lincs on the left hand side O F  tlic gnph. indicntiiig riburidancc ririd coniplcsity 

coniprircd to tlic mucli siinplcr array on the riyht. Thc resiilts prdict thrit if fishing rnonality 

LVCTC: furttier incrcascd. ttic tish groups would br rcplaccd by thc criistxecin groups. 'Tlic 

tisliery wtluld thus bc reduccd to cssentially a crustaccm Iishery (a Iiighly productive 



Table 4.1 Lrgend and Scale for Fibwres 4.2 - 4.10 and 4.14 - 4.15. 

Ecosini Pool 
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40.0 1 O 





crustacean fishery in the case of the top-down assumption). Thesc rcsults oncc morc eniphasise 

tliat San Miguel Bay is su ffcring from ecosystem overfishing. Thc rtisults also show that a 

rcductioii in fishing monality would cnablc rccovcry of biomass ricross most groups. 

Although the broad squilibrium responsc: to Iishing rnortality is similar for tIic bottoni-up and 

top-dom coiiirol assiimptions. thert. are differenccs. Tlicrc arc also diftkc'nçts i i i  tIic 

responscs of individual pools. 

The top-down :issumptioii prodiiccs morc drxtiç changcs in bioiniiss tlian tlic bottoni-iip 

rissumptio~i: raits of biomass changr: arc fastcr and ihc niiiyc of tishiiig monality ovrr wliich 

ihcsc changcs occur. narrouw. Tlius bioniliss iiicrcriscs bsicr and Iiiyhcr. uid dcçrcascs tistcr 

and l o u ~  For sonie groups. such as thc largc crustaceans. the scrgcsiids. thc pcnricids :ml dir: 

ciigraul ids. tiiis riicans thai for low vrilucs o f  fisliing niortality. thcir bioniass is ncgl igiblc. 011 

ilic 0thc.r Iirind. at tiigh fishing niortality. ihc thrcs crustaccm groups arc v c q  produçiiw. Thcy 

s u w r  ~tiininial prcdritioii. sincc ;il1 higlicr groups arc vinually tishcd out. Pauly ( lWLh) 

prcdicis this iiiçrcase iii bcntliiç invcncbr~tcs as a çotissquçiicc of ovcrtisliiiig. This cnist;içcaii 

bioniass increasc is a1s0 sccn. dthough ICSS driiniaticülly. utidcr the bottom-iip çontrol 

rissumption. Thsir rcsponsc is di ffcrciit tiowrivcr wlicii Iistiirig iiiortality is rcduçcd. Hcrc. tticsc 

crustaccrin groups remriin at rclatively high biomass lcvcls wçn  wlicn tlic bionioss of tlicir 

prcdators also i ncrcascs in respoiisc to the rcduçt ion in fishing monality. 

I h ~ o n i - i i p  cotiirol prodiiscs ii iiiorc siriblc sysicni r l ic l t  is inorc rcsilicnt to ctiarigc. Cicric.rtilly. 

whcn fisliing monality is reduccd, thc biomasses do not risc to thc Ievels sceii in the top-down 
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ÏJ,?! simulation . tlowcvcr. tlic biotiiass of tlic Iciognatliids, tIic pclrigics, the dcmcrsril fccdcrs. 

tlic cngrriulids and thc Irirgc zoobentlios fceders pcrsist ovcr a grcüter range of liigli tïshing 

rnortality. This is bccausc. undcr the bottom-up rissumpiioii, productioii at lowcr Ievds 

coiitrols abundlincc üt Iiighcr Ic.vc.1~. Al1 of ihcsc groups fcrd oti tlic crustaccm pools wliiçli 

incrcasc in abundancc as fishing mortality is incrcased. Thus tlie bioiiiass of ihcsc groups 

pcrsist. dcspitc incrcrissd fishing prcssurc. Thc lack oipersistcnçc of tlissc pools undcr tIic top- 

down ccintrol rissumpiion is duc to ihsir iniolcrmcc to prcdiitiori niortrility and tIic incrcciscd 

fisiiing moriality. The biomms çurvr of ihc pclrigiçs and ihc dsincrsal kcdcrs lias ii sindl 

sccond pcak (top-dowi çotitrol ) io tlic riy l i t  o f  ciirrcrit F. Tlicsr snirill pziks could bc diic to ii 

rclsass h m  prcdatioii prcssurc by ilic prcdstor pools. 

-4 In ttic tc)p-do~r.ri cquilibriurti tistiiiig srriiulation. the bioiiiass pluth oî itic Iciogri;itliidh. d~.riicrsril kcdc'rs :incf 
pclrigics initirilly incrcax in rcsponsc ici dccrcriscil fistitrig n iond i i~ .  bu! subscqucrirl y. 3s F is fiinlicr dccrcrid,  
tllcir biorll;l~b dccrcri~c~. This H'ouILJ appcar tu bc the rcsuit 01' prcdriiion by the highcr iroptiic groups ~vhiçti 
continuc to incrcasc tticir bioinriss. Howcvcr, trawl d3t3 (Wartkl and Mnnacop 1950) indicatc thrit the Iciugnritliids 
cornpriscd ovcr 60% ofthc tmwl biotiisis in thc Iriic 1940s (Triblc 2.6). wticti tihliing cl?Ort uPas ai a co~tipri~t~vc'ly 
Iuw IcvcI. I t  sccrns unlikcly thcn thrit at low fishirig niortdity. the prcdritors in ihc ccosystcrii souid  i n c r c . ? ~  to 
wh ;l high bioiiiass as prcdictcd by ECOSIM. Wriltcrs rJt t i f .  ( 1997) note (ha[ thc ECOSIM is unlikcly to 
rcrisonably prcdict thc ccosystcni bchriviwr whcn cx trciric vsilucs o t' F arc uscd sincc ttic iiiodcl paraiiic tcrs 
originritc in an cquilibriurti stritc assumpi~on. Thc cxtrctiic rcsults o f  the ECOSlh.1 siniulations hhould itiii'i bc 
intcrprctcd with cautiori. 
7 4  h'hcn thc cquilibriurti fishing sirnulaiion wris run undcr the bottoni-up coritrol sccnririci. n runtiiiic c>cciirrcJ. 
This wah duc 10 thc sciacnids. The bioinriss of tht juvcnilc sçiricnids, rificr strisidily iticrcasirig wticn F ivris 
dccrcascd, suddcnly droppcd at vcry low F, criitiiiig vcrticdly whilst the ridult sciacnids bioniriss cxponcn~ially 
iricrcrracd. Furthcr cxplanation is givcri in thc tcxt bclow of this phcnonicnoii. In Figiirc 4.2. rin iritcnricdiritc vriliic 
01' rf=J wah uscd th tlic juvcnilc scisicnids. in ordcr ro coiiduct thc bottorti-up siiiiiilriiion. 



Tlic pools ai tlic lo\wst tropliic Icvels. the phytoplankton. zooplaiikton. mciobciitlios. 

niricrobcn t 110s aiid dctritus arc wry striblc whcn bottom-up control is simulaicd aiid rcspond to 

prcdriiioii by pools higlisr in [tic food wcb whcn top-dowii çontrol is siniulatcd. 

For coitipiirati\.c purposcs. two more siniuliitioiis wcrc nia&. unc assuniing that rici tlicr top- 

Jown or bottoni-iip coiiirol prcdoniinritcs. but thüi i i i  rcaliiy, tlicrc is mi iiitcrnicdi:itc. Icwl of 

cor1 t rd.  Tlic othcr siinul;itioii assuiiics niiiçh strorigcr top-dowri contrul. TIic iiitcniicdiatc. 

coritrol siiiiulriiion produccd rcsults. Figure 4.3 ( a )  wtiich arc iii  titi kind ul'liiilf-wriy Iiousc 

bciwscii tliosc Jcscribctl iiixn~. l'lit sinmg [op-dowi siniiiliiiiori. Fiyiirc 4..3( b). rcsults i r i  LI 

biorii:iss ploi \r-liiçli rcsciiibl~s Fiyurc 4.2. biit shoues Icss stability. For cirariiplc, tlic pciicicids 

dcçrcasc <ilniw to zero and ificn takc-oftir higli Ievcls of tistiing niortaliiy. <icncnil ly thcrc is 

grcatsr variation ii i  biuiiiriss. 

Tlic rcsiilts ul' tliis niiiltispccics cquilibriuni aniilysis dciiionsir~ic tfiai tlicrc is iioi siinpl y ai1 

iiicrc;isc i ii 31 1 groiips 111 [lit cwsystcni wtisii fis hiiig riiurtali ty is dccrcascd ail J a dccrcasc i i i  

ail g r o u p  ~ h c n  tisliing itiortrility is iiicrcriscd. In addition tu iIic ctlscts of fistiiiig iiiortdity. 

tlic cffccis of spsçics intrrrictions (prsdriiion and conipstitioii) and t tic rissuiiipt toiis iiiridc about 

tlow dyimnics arc widcnt. Thc iiitcrplny of tishing nionaliiy. spcçics inicraçiions aiid tlow 

dynriniics lias prolouiid iniplications for fislwics assrssmcnt and rnanngcnirnt. 



Top-down 
Control 

Fishing Mortality 

Figurc 4.3: Equilibrium simulation o f  changing total fishing mortality for intemediatc 
control and strong top-down control. Thick red line indicates yield curve (for juvenile 
scieanids). coloured lines, biomass, dotted black line, curreni fishing mortality. 
See Table 4.1 for legend and scale. 



E(~uilihriurii Yicld Curws, Spccics I ntwactioiis and Flow Dviiririiiçs 

Thc iiitrciciivc clfi.çts of fisliing rnortriliiy, specics inierrictioiis and llow dynriiiiiçs arc pcrhaps 

cvcn iiiorc cvidcnt in thc cquilibrium yicld c u n u .  Yicld cuncs were analyscd witli and 

without thc etfCçts of fisliirig on oihrr pools in thc ccosystcin. in addition to [tic etfsct of 

inuliispcçics intcrriciions. Yicld c u n u  wirliout the cffcçts o f  fisliing on uiher pools (yicld 

cunc-rtu/i~lziiig) ivcrc produccd by vltryiiig tishing moniili~y on only one pool. Yicld ç u n u  

11131 includc rhc cffccts of tistiin;: on utlier pwls (+Id sunc-plii.v /ivltit~,q) wsrc prodiiccd bg 

varying tislii iig iiior~il i ty across the tvliolc ~Ïshcry. The q u i  librium ycld \vas ~;1I~i11atcd lhmi 

itic cquil ibriiiiii bioriiass !i)r cridi pool in Figurc 4.2. TIiç lartcr is thc rnorc rcrilistic sccnririo in 

;i iiiultispc.cics, itiultigcar tishcry. hlilic>ugIi itic yicld çun.c-r~o$.~liirlg d l o w  iiic aiialysis of 

tlic sllh 01' tisliiiig iiiirtiility ciri ons pool. i t  tvciuld noi bc possiblc in pciciicc to srlcciivcly 

tisti uii oiiiy iiiic pool. Tablc 4.2 coinparcs rcsulrs ofifis iiiuliispccics cquilibri~iiii yicld ciirws 

with tlic siiigls spccics çurvcs (Chaptcr 2) .  

Ttic (yicld cun~c-~mji .~ l i i~ ig)  for the pcllagics indicatcs a scvercly ovsrfishcd tish çroup \vlicii 

top-down tlow dynamiçs arc assumcd (Figurc -Wb). ris does the single spccics yicld çurvc kir 

S c . o t ~ i h ~ ~ t - o t -  c*ortittil.r:voti (4 l Dio ofpclnyic tmwl bioniass). A boiiorii-iip assuinpiion rcsiilts 

iii ilie conclusion itiat çurrcnt tishing iiiortdity is ai üround tlic optirnuni ~cvcl'~'. Howcvcr. tlic 

.t, 1 Icrc oprirtiuiii 1Ïshing iiiortality is iiiicrprctcd ris thc arcri tiorii tlic Icti of flic top of tlic yicld cunvc tu [tic top ot' 
tlic C U ~ T .  roughly conipardblc to thc MEY and MSY poink. 





yicld c~inc-pllr.~ Jishi~ig produces qui tc di ffcrcnt conclusions. For ci tlicr tlow cissumptiori. ilic 

çurvc dcscribcs two penks. ontn ai a fishing rnonnlity bdow tlir ciirrrtit tisliiiig niortcility and 

oiic ai  a tistiing nional ity Iiigticr tliriii currcii1 tisliing riiortali ty ( ligure 4.4). Tlic scçond pcak 

results from the small incrcasc in bioniciss at higlisr tïstiing monülity dcscribcd cibovc. Il'thc 

optiiiiuiii tisliing rrionriliiy is associaicd with [lie higlicst pciik. ciirrcni tistiing nion;ility is 

bclow optirnuni fishing mortdity for both tlow assurnptions. Tiic irnplicatiori of tliis is tlirit if 

tkliing effort wcrc iriçrcascd ncnjss thc tishcry. iticrc would bc ri greritcr rctum of pclagics. A 

coriipririson of ihc pclayic catch bctwr.cii 197% 1987 and 1002- i 094 (Cli:ipicr 2 )  ~iidicriics thai 

111c Ic\,cI of catch h;1s 1101 çhürigcd. Uoth plois in Fiyurc 4.4 1i ; iw a rclaiiwly tlat arca t o  tlic lcli 

01'tIic currsnt fistiiiig nionrility. So. at ;i l o w r  toicil fisliing iiiorialiiy. sucli as ilicrc w s  i i i  

1079- 1 OS?. a siitiilar tc>taI caicli of pclcigics would bc prcdiçicd. Tlic dcriicrsal tkcdcrs and 

crigraul ids havc a siiiiilx rcsponsc. d i  liougli tlic Iiittcr docs noi sliou. thc J o u  blc pcak. Ttic 

c3icIi of thc httcr u x  d s o  tiiylicr i i i  1079- 1%- ttiaii in 1002- IOW In suiiiinary. tlicsc ilircc 

pools arc unlikcly to bc riblc io sustain fiinhsr inortality i f  thc f i c i s  of tisliing ni«riality arc 

csrirriiiicd on tliciii aioiic. H»wc.vcr. i1'1fic cfkçts of tishiiig 011 0111cr pools i n  tfic ~ S U S ~ ~ S ~ C I I I  :1rc 

iiiçludcJ in tlic mi ly is .  ifwy wi)iiIJ bc able i o  susiaiii 1'urilic.r tisliirig rtiorirility. 

Tlicir rcvitalisaiion results froiii thc dccrcasc in thcir prcdriiors. aiid thcrcforc ;i rcduçtioii in 

prcdat ion iiiortiil ity. criuscd by furtticr tishing. 

This is inore drairiatically sliown by tIis crustnccaii pools (scrgcstid. pcnacids and large 

crustciccans). The yicld cun.cs for the pcnacids art. s h o w  iii Figurc 4.5. For tiic yicld curvc-tro 

jisliing . currcnt tkhing mortality is cithcr bclow optimum fishing nionaliiy (botioin-up) or 



Bottom-up Top-down 
Equilibrium Yield Curves-no /Ming  

Equilibrium Y icld Curves-plw/ishing 
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Figure 4.4. Equilibrium yicld curves for the pelagics. In (a) and (b) fishing mortality 
is varied on only the pelagics. In (c) and (d) total fishing mortality is varied as in 
Figure 4.2. Thick red line indicates yieid curve, coloured lines, biomass. dotted black linc. 
curreni fishing mortali ty. Ser Table 4.1 for legend and scale. For funher details sec texi. 
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Figure 4.5. Equilibrium yield curves for the penaeids. In (a) and (b) fishing mortality 
is varied on only the penaeids. In (c) and (d) total fishing mortality is varisd as in 
Figure 4.2. Thick red line indicates yield curve, coloured lines, biomass, dotted black line. 
currcn t fishing mortali ty. See Table 4.1 for legend and scale. For further detai 1s see text. 



ai optiiiiuiii tishing inonrility (top-doum). tiowcvcr. for tlic yicld curvcs-phrsjivlri,~g. currciii 

tisliing itionality produccs 3 yicld frir bclow tlic potcritiril opiinial yield produccd wlic~i tisliing 

inondity is inçrcased and the oiher pools in tlic ccosystrm arc scvcrcly rcduçcd by ovcr- 

tisliing. Again this is tlic crise rcgcirdless of tlir tlou rissuniptioii. dihough a niucli stroiigcr 

rcsponsc is sccn Ior tlic top down assumpiioii. 

Soiiic pools csli!bit ihc opposiic bcl~wiour. For cxnmplc. tlic ridult iiicdiuni prcdators yicld 

curvcs-t~ojisliitzg and ihc siiiglc spcçics yidd ç u n c  for Tt-idliiirus h < i i t n r c h  (62" L i~icrliiirii 

prcdiiiors tr:i\vl bioin;iss) iiidiçiitc il131 currcnt tisliiiig nionriliiy 1s ai ribuui opiirtiuiii lisliirig 

irionaliiy. The +lJ ciin.c~-~)lii.r.~/i~x/~r'f~g inclicatc ihat currcnt tishiiig niorirility is siibstariiially 

p u t e r  tlian ihc optii~iuni tishliig nionality (Figure 4.6). In tlic laticr case. rlic optiitiiiiii tïshing 

itionrility occiirs ai niucli lowcr fisliiiig nion3lity. This is bccnusc. wlicii tisliiiig iiiortaliiy is 

rcdiiccd acnlss tIic tvliolc t is licry. ihc bioniass of iiiriny otlicr groups iilso iiicrc;isc.s. i i i d  iidiiig 

prcy spcçics. Tlic riiediuiii prcdators arc. by Jctiniiion prcdators and thiis a i  iiicrcasc i n  prcy 

abundrince plus a dscrcasc iii  tishirig prssstirc cncibics (1 substaniiril iiicrcasc iri iticir bioitiass. 

Tlic aptiiiiuiii tisliing nioriciliiy corrcspuiids wi t h  Iiigh bioitiass m d  ilis rcLuni h i ~ i  tis lii iig 

iiioriiili ty. For tlic yicld çunwro  jishirig. al1 prcdator groups arc ai low bioriiass l c ~ d s :  

dccrcrising fisliiny iiioncil ity only ai lows [lie iiicrcnsc i i i  b i~m~ass  of t tic prcdriior. not i tu prcy. I i i  

hct. wi th  tlic top-dowii assuiiiptioii. tlic prcy o f  tlic nicdiuiti prcdatcirs dccrcrisc furtlicr witli rlic 

inçrcrtsc in bioniass of the medium prcdaiors. Tlius ttic incdiuni predntors arc iiiucli niorc 

produciivc urhcii fisliirig is reduced across tlic wliolc fishcry and ilic cibiiiidrincc ot'ilicir prcy is 

incrcüscd. Noiably i t  is itic pools at the highcst tropliiç lcvcls in  tlic rcosystcrii. tliat is tlic adult 

largc prcdators, mcdiuin prdaiors and the juvcnilc medium prcdators, itiat sliow 



Bottorn-up Top-down 
Equilibrium Y ield Curves-nojishing 

Eauilibrium Y ield Cunfcs-plifs Jishing 

Fishing Mortality Fishing Mortality 

Figure 4.6. Equilibrium yield curves for the adult medium predators. In (a) and (b)  îïshing 
monaliiy is varird on only the medium predaiors. In (c) and (d) total fishing monaliiy is 
varicd as in Figure 4.1. Thick red line indicates yield curve, colourcd lines. biomass. dotted 
black linc, current fishing mortality. Ser Table 4.1 for legend and scale. For funher dciüils 
sce tcxt. 



tiiis rcsponsc. The yicld çurves of thc Juveiiilcs medium prcdritow arc vcry siinilar to tlic :dui t  

incdiurn prcdators suggcsting tliat tIicir abuiidançc. rit Icast in pan, is ri çonssqucncc ot' tlic 

iidul t ;tburidriricc. 

Firiiilly. soiiic pools givc thc sciiiic rcsulis rcgardlcss of typc of>,icld curvc o r  tlis :issuiiiptiuiis 

rtiatlc abuut Ilo\v d ynwiiçs. Ttic j u w n i  le scirtcriids aiid tlic I:ir-g zia)bciitlios fccdcrs arc :il ways 

ovçrcsploiicd and ttic adult sciriciiids arc rrlwiiys jiist rit i~ptiiiiuiti tisliins iiiortrility. Tlic sinyls 

spccics yicld curw  h r  0rolirlic.s ruhcr (65% irawl bioniass of scixnids) indicrites t l i i i t  ihis 

spcçics is higlily ovcrrishcd. Sincc inost of ttic catch cimsists of juvcnilcs (sec ctiqxcr 2 )  tIiis 

rcsult is i i i  üccordançc with the n~ultisprrcirs rcsults. 



Thc rcsults h m  tlic two types of rnuliispccics yicld curvc riiialyscs uiidcrliric ihc criticcil 

importnncc of the assuinpiions made about flow dynamics. Gcncrrilly, tlic botioin-up 

;issumpti«ii rcsults i n  a currcnt fisliiiig nionality chat is iiiucli closcr to the optimum tisliing 

niortrili ty tticin ttic top-dowii rissuinpiion. Thus tlic prcdictions froni a bottorn-up analysis 

indicatc. Ior many pools. a tishery in a reasonably Iicalthy stritc. Howvcr. the top-dowri 

assumptioii rcsul ts olicn i ndicatc qiiitc ttic opposiic.. whcrc pools arc seriously ovcrtïslicd. 

Clcarly in this crise. siistriinliblc mrinagenisnt urould rcqiiirs rnsasurcs t h  woiild ;ici to 

coiiscn.c tlicsc pouls and rcduçc tishing cl'tbrt. Sinçc i t  is not known uvlirit iyps o t' tlow 

dyiiniiiics prcvriil i n  Sriii kligucl Bay. i~iaking tlic top-duwn assiiniption woiild bc [tic riiorc 

~iiuiic)us apprixicli io inanayirig tIic fislicry. 7'liis would bc coiisistcni \vit11 tIic prcciiuiiuiiciry 

priiiciplç ( F:\O I9UC;i.b)- Tlic rcsults lioiri tlir botioni-up :iiinlyxis coiilcl Irîd io tfic wncliisiuri 

11iat I~ISTC \vas potcntid l i ~ r  cxpriiision in soriic sectors of tlic lislisry. 

Tlic aiirilyscs also dcmonstracc thc cimirrisring rcsiilts obtiliiid from cxmiiriinp tIic yicIJ 

çiin.c.s wticri fisliing iiiortaliiy is Iicld çonst;irit un 211 pools c>tlicr tliaii thai pool bsiii; cari~iiiiicd 

(yic.1 J cun c-t io$~li i t~,~)  aiid the yicld c u n u  \vlicii tistiiiig riiorrality is vmcd :icruss 311 ycars in 

ilic iïshcry. Fisliiiig otticr pools in tlic lislicry cifkcts the slinpc of itic yicld c1in.c. This çan 

iiisari !!?ai ~ h c  pool will sustain rwrc listiing than ilie yiclcl çurw-trojisliiug iiidicatrs. ii ~iiriy 

iinply h i  Icss tishirig ciin bc susiaincd. or tlie iwo iinnlyscs iiiriy rcacli [lis saiiic conclusions. 

In a riiultigcx. riiulr ispccics tislicry tticn. ii is vital io exaniinr yicld çurvcs protluccd by 

cliaiigiiiy tisliing pcittrnis ricross thc uvliolc tishcry. or  scIccicd lisliiny gcars. ratlier iliaii 

rxiirnini~ig ttic yidd cumc produccd by chriiiging fisliing nionality on onc pool rtloric. In :liis 

and ysis. lisliing nionciliiy was varicd across al l years simultancously: in rcal ity. increascs in 



tisliing tiionrility woiild ocçur differcniiiilly açross gcars. This was dcmonstr~itxi in Cliripicr 1 

wticrc thc çliaiigrs i i i  gcar coniposiiion across ihc fishcry aiid ilirir iniplicaiions wcrc 

dcscribcd. Tlic conscqucriccs of di ffcrential changes i i i  fishing effort and tishing gcrir in Sari 

Migucl 13ay arc cnplorcd bclow. 

Tlic ovsrall picturc is thlit the crustaccm pools would witlistand riinhrr cxploiiation and 

indsd Icad to a grcat iiicrcüsc i r i  productiviiy. if ilic bioiiiass of ilic otlicr pools i i i  [lie 

txasysicni wcrc rcduccd liinhcr by incrcasrtl fisliiiiç nioriciliiy. Tlic pools ai ilic iup ofitic 

ccosysiciii are ~vertislicd II<> riuttcr which wny y011 look ai i t .  x i t l i  ilic cxçcptioii of the 

ii~cdiiii~i p~.cd;ltor'i wl~icli mcry rioi qui te yct bc ovcrtislicd. d i  lioiigli ilicy arc iiirixiiiirill y tislicd. 

Tlis stritc ot'rhc pools ai nri iii[cniicdiiitc tropliic Icvcl. thai is ilic dctiicrs;il fccdcrs. 

Icioçririttiids. crigr~iil i Js. and pclagics is Icss c lcrir. 'Tliesc groiips rcspoiid to boili clicinçcs i i i  

tlicir prcdciiors arid prcy aiid s o  ilicir sicitus. likc t1i:il of the crust;iccriii groiips. i1cpciids riiorc 

Iisavily on wliiit is Iicippciiiiig in thc rcsi ofttic fislicry. Ccrtaiiily tIic suggcstioii t i i~ i i i  tlic yisld 

ciin+c-l)li~.v/i~/ti~~g riiiülysis is ihai tlicy çould sustaiii 3 Iiiglicr tisliiiig iiiuniiliiy. I-iuwcvcr Iicrc 

caiitioii sli~)ulJ bc c'icrciscd siricc tlic yicIJ curve-rro~~i.~/~i,rS so clc:irly conirridicis tliis. 

Tlic ~ C S L I I I S  of itic I I I U I ~ ~ S ~ C C ~ C S  +Id C U T V ~ S  brocidly agrcc w d i  [lis siiiglc spccics yicld curws.  

(sec 'Tablc 4.2). Tlicy givc the siinilnr rclaiionsliips bctwscn currcnt tïsliing riiortiility üiid 

opiimuni tishiiig monsliry. Thcy also producc siniilar panbolic slilipcd çiin.cs. alilioiigli tlic 

sliapc of somc arc distoncd by [tic cfkçts of oihcr pools. Howcvrr. Figurcs 4.4-4.6 clcürly 

slio\v iliai chaiiging tlic bioniass of oiic pool in ihc ccosysiciii can strongly iniprici on orhcr 

pools in thc ecosystciii. The singlc spccies analysis can yivc no indicaiion of Iiow cliangcs in 



onc pool niiglit affeci otlicr pools. This was brictly disciisscd ribovc iiiid will iiow bc c.uriiiiiiicd 

i i i  n i c m  dstail. 

Multispcçics Dwaniics in tlic San hlieucl U w  Eços~stcrii 

Thc cqui libriuni y isld cuncs-r~ojidi;ti~.g i ilusirritc ilic ctiangcs in equili briuni bioniass ot' 31 1 

pools wlicn ihc bioinriss of onr pool is çIiringcd ( by iiicrcnicnilil l y inçrcasing tirid dccrcrisiiig 

fisliirig riionliiiiy on ilirii pool 1. \\'tien botioni up coiitrol of tlow dynaniics is assiiiiicd. iiiosi 

pools Ii:itpc littlc cfkci  oii ttic bioriiass of tlic othcr pools in tlic ccosystciii. Siiicc ttic otticr 

pools arc iioi siibjcct to clilingcs in tishiiiç riionrilicy and arc liniitcd oiily by food civ:iilribility. 

tticir ~ I O I ~ ~ ; I S S  would not br cspcçtcd to çlimgc vcry niucli. unlcss iIicir Lwd availability 

c1iaiiges. 1-i~wcux. U . ~ C I I  top JOWII control is rissuiiicd. bccausc of stroiig prcdator iiitluciiccs. 

ilicrc arc. i ~ t i c n  quiic draiiiaiic rcsponscs to iIic clisrigcs in bioiiiciss ofjust oiic pool. Triblc 4.3 

iiiaps I ~ I ~ S C .  r~sp~iisc ' i  for  top-down çonirol. 

Surprisiiigl y. {tic Ixgs prcd;~iors. il[ I I IC  top 01' I tic C W S ~ S ~ C I I ~  h ; i w  vcry l i  ttlc i i~ipac~ 011 [tic rcst 

o t' the ecosystcm. rcyardlcss of flow tissurnptioii. Ttis j uvsi i i  Ics tiavc inorc cflkct i1im tlic 

adults bccriusc ilicy foriii tlic prcy of otlisr pools. Howcvcr. iio pools coiisuiiic ilic ndult Iargc 

prcdmrs. and bccriusc O C  thcir low bioniass, t hcy do not cai niuc h of m y t  hing clsc. 

In c o i ~ i ~ s i .  cliangcs in bioinriss of ihc sciaenids and mcdiurn prcdators tirive profound ctlixis 

oii thc oihcr pools in iIie ccosystriii. Figure 4.6 n,b illustratcs tliis for [lie adiili nicdiuiii 



Triblc 4.3. Impact of dccreüsing the biomass of one pool on the otlict pools in thc San bligucl 
Bay ccosystcm whcn top-down control is assunied. . The biomiiss o f  thc pools in tlic 
Icf i  Iirind çolumn arc dccrcassd. The pools Iicross thc rablc rcspond to tlis dtxrcasc. 
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Scrg = Scrgcstids. Pcn = Pciiacids. LC = Lürgc Crust:icc.ans, J-Sci - Jiivcnilc Sçixnids. J-MP 
= Jiiwnilc Medium Prcdri tors. J-LP = Juvrni le Lrirgc Prcdritors, DF = Dciiiersd FcsJsrs. 
Lsiog = Lriognriihids. Eng = Eriyraulids. Pcl = Pclagics, Sci = Sçiacnids. MP = Mediiiin 
Prcdators. LZI3 = Large Zoobentlios Fccdsrs. LP = Largc Prridaiors. 



prcdators. Whtm mediuni prrdritor biomass is decrcasrd Crom tlic Isft to tlie riglit of thc plot 

(and F is incrcased). tlic bioiiiass of the Iciognritliids, the deinersal fccdcrs. ihs pclrigics and thc 

largc predators al l incrcasc substantiall y. Tlic bioiiiass of the riigrml ids also inçrcascs but 

inorc sliyhtly. Tticsc pools arc a11 prcy for the mcdiuni prcdcitors. The sciarnids dccrc:isc witli 

thc medium prsdaiors, as do the scrgestids and thc pcnacids. Thc largc cnisiriccrins dcsrcasc 

tlien iiiçrcasc. Esscntially tlirn. incrasing thc bioniass of tlic rncdiuiti prcdators (ciiticr adults 

or juvcnitss) lccids io a dccrcase in ihc biornass of niost of tlic otticr (isti pools in ttic 

ccosystsnl. Under thc bottom-up assumption thcrc is littlc çliangs in any group otlicr il1311 iIic 

;iJult I I I C ~ ~ U I I I  prcdators i-loivsvtx. wlicn ilic bioriiass of iIic juvsiiilc incdiuiii prsdators is 

dccrc:ised. tlicrc is ii srnal l inçrcasc in t tic biomliss o f  tlic Iciognath ids. [lis dcrncrsal kctlcrs. 

thc cngriiulids. ilic pclagics, itic. sçiacnids and the largc prsdaiors. Thcsc iricrcascs iiiiylii bc 

duc io [tic rclcasc frmi conipctiiiw prcssurc h r  f w d  by tlic ju\wdc. arid adult iricdiuiii 

prcd3tors. 

Tlic sciasnids alsu csiiibi t 3 rcprcssivs clfsct on otfi~r pools iri thc scasystcni wlicii top dawii 

coiitrol is cissuiiicd. 111 tliis c;isc. the ciigrriulids. tlic pc.l;igics. itic. Isryc prcdaturs. [tic scrgcstids 

ard tlic lrirgs crustaccriris 3rc inwt cifkctcd and incrtxisc wlicn tiic biornass of sciacnids is 

dccrsascd (Figure 1 . 7  d) .  Tlic Icioynrithids. tlic iiicdiiirn prcdaiors and iiic largc zoobciitlios 

fccdcrs Jcçrc:iss, wlii le t tic driiiersril fccdcrs incrcasc sliglitl y whcii [lis biornass is iiiçrcascd or 

tlccrrriscd. This rcprcssive efkc t is much wrnksr when botioiti-up control is siniulri tcd 

Iiowcvcr (Fiyurc 4.7~). In this cüsc ttie thrrc cnistaçcan groups al1 iriçrcasc wlicn tlic bioniriss 

of the scincnids is rcduccd. Most o f ~ l i c  Iisti pools olso iricrcase, but only vcry sligtitly. 



Tlie plots for thc juvenile sciaenids arc lcss casy to interpret (Figure 4.7 a.b). Bot11 boitoni-up 

and top-duwi inicrpreiatioris prescnt problcms. Undcr the top-down rissuiiipiion. tIic incdiuni 

prrdlitors dccrcasr: witli dcçrcasing biomriss of sciacnids and the basic rrcnd for [tic 

Iciogiiriiliids and the large zoobentlios kcdcrs is also to dcçrcass. This rcsiilt is qu3litati~cIy 

[lie sanic as for thc adult sciacnids Thc cngnulids. sergcstids and Iargc crusiriceans iiicrcctsc. 

Howcvcr. the dcnicrsal kedcrs. tlic pclagics. itic largs prcdriiors arid tIic pcnrisids hwc  a inurc 

çornplicriicd rcsporisc. Tlic rrsnd in  tlic bioriiîss ot'tliesc. pools çh;irigcs at tlic puint o f  currcnt 

tïshing niortality. and i t  çiiançcs rigmn at a mudi l o w r  wliic of iisliinç int~nrili ty ori tIic 

juvcnilc sciaciiids. 
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Figure 4.7: Equilibrium yield curves-nofishing showing ecosystrm impacts of the sciarnids. 
Thick red line indicates yield curve, coloured lines, biomass. dotted black line. curreni fishing 
rnonaliiy. Sce Table 4.1 for legend and scale. For funher details sec iext. 



(C. \Val tus. pcl-.v. corwu. ). Howevsr. in ridditioii io ttiis tliere is a niorc scrious and 

fundamcntcil problcm. 

This is a problcin wi th tlic way tlirii thc two-pool d h y  di fircntial modcl is structurcd. 

ECOSIM cxplicitly iiiodcls thc tlow fiom :iddis iu juvsnilcs and juvcnilrs to adiilts. Tlic tlow 

of aduli sçiaciiids to juvcnilss has rcnsoliiiblc vriiucs i i i  ttic abow siiiiuliitioii (,higli adult 

biomasses producc high flows into thc juvcnilc pal 3s ncw rccriiits). H ~ c \ . c r .  [Iic 1 1 0 ~  of 

surviviiig juvcni1c.s iiioving ro tIic adult pool ;il prcsuniçd s i x  Wk. trikcs v;iliics tliai arc itiucli 

too largc. 7'hc cqiiaiiori wliisli c;ilculaics tliis tlow is b a s d  or1 a sic;iJy-stciic ;ipproxiiiiatioii oI' 

ju\.ciidc !low to adiilts. I t  is tiiis ;ippri)xiin:itioii that rails. wliçrsby ju\~ciiilc.s w o d d  no[ bc ablc 

to rcadi S I X  \Vi I I I  ~ I I C  ~ I I I I C  prcdictd by ihc iiioJc.1. or woilld rcridi rliri t  sizc vcry iiiiich sooiicr 

h t n  p r s J i ~ t ~ J .  S~lcii t'aiiurc 1s ~auscd  by cstrcriic ciirtiigcs (or vcry rcipid cliaiiycs) i r i  ilic 

* * 

biotiirisscs (C. \\'ci ltcrs. p c r ~  coi)tnr. ) . 

dccrcnsc i r i  tishiiig iiionaliiy. Ttic incrwsr.d üburidrinçc w)uld prcsiicii:ibly Icad to iiicrcascd 

çoriipciitioii rvould Icad to an inçrcasc in foi-açing tiiiic \vliicli would IcaJ to incrcascd 

wlnrrabiliiy. Siiicc bottorii-up çoiitrol is niodsl1c.d as low vuliicrnbility. i t  \voulcl riot rii:ikc riiiy 

gstiing ciiougli food to rcacti body s i x  WA within a timc span set in the input data. This 

-1 

A iicw vcrsiori of thc t~10dcI. ECOSIh.1 I I  1s now as'ai13blc 1 0  corrc'c1 thcsc' pr0bIc111~ tbr Iulurc 'rtud~c'r; 11 svaa 110t 

a v ~ ~ f ~ b l c  tn ~ I ~ I I C  for 1111s rindysis. 



approacli wus a d ~ p t c d  hcrc and in the bottoin-up simu laiions. t tic juvcnilc sc iiicnids are giveii 

üii intcn~icdilitc vulncrribility facior (sec footnote 74)". 

Dioiiiass cliançcs of tlic pools ai iIic niiddlc of' thc iropliic range. tliat is tlic dcrncrsiil fccdcrs. 

Iciognrithids. cngraulids and the prlagics (Figurc 4.4) also impact strongly ori otlicr pools in tlic 

ecosystc.cn utidcr top-down control. If thsir biotiiass is deçrsassd. ttic bioiiiiiss of llic sergcstids 

and ihc scincnids incrçascs wliilc ilic niediiirn prcdiiiors and rhe large prchtors dccrcrisc. The 

Iomisr arc IargeIy coi~~pctitors for food. t k  Iat~cr. prcdators 011 tticsc h i ~ r  pools. Thc lnrgc 

zoobciittios kcdrrs  incrcasc wlicn tlic dciiicrsal kcdcrs î i id iIic Iciogiiiitliids arc dccrsascd but 

~icçrc;isc wlieii tlic cngraulids and prlligics ;rrc Jccrascd. Witliiii h i s  yroiips of h i r  pools. tlic 

pclagics always dcsrr:isc wlicn thc bioinriss o h h c  oiliçr tlircs pools is dcçrsascd and tlic 

cngrriulids inçrcasc. Tlic dcincrs;il kcdcrs and ~ h c  Iciogn;itliids botli dc.çrc;~sc wlisii tlic 

pclayics Jcçrc:isc. Tlius tl~csr groups also Iiaw strong iriHuciiccs oii tlir rcst ot' the cci)systciii. 

'Tlic crust:ici:m groups Iiaw lcss o h  dircci impact ori the Iiighsr iropliiç pouls i i i  ilic ~ o s ) ~ s t c i i i  

t Figurc 13). cvcn uridcr tlic Lh~ito~ii-up assunipiioii (uiic iiiiylit tliirik tliai 1;iryc iricrc:iscs or 

dccrcascs in ilic biorii;iss o t' riicsr lowcr iropliic çroiips would Iircvc iriipxts fi~r iIii>sc çroups 

Iiighcr in tlic systcin il'tlicir bioriiriss is cimirollcd frorii tIis bottoiti iip). Uridcr tlic bc)itoiii-~ip 

rissumptiori. the thrcc pools h i l w  al~~iost idcnticd cflscts 011 tlic 0 t h ~ ~  pools il1 thc ~ C O S ~ S I C I I I  

(Figures 4.5 and 4.8). Tlicsc crusiocclin pools arc morc iiidic;iiors of çliangc tliaii dctcnniiinnts 

ofclianyc. I-(owcvcr. undcr the top-down rissumption. tlicsc pools Iiavc sonic iriipcict oii ilie 

-- - - -  

'Y 1 iowcvcr. tlicrc arc' o1hc.r posiblc cxplrinritions for th& rcsponsc. For cxririiplc, a dcri>ity-dcpcndwt 
coiiipcnsriiory growth rcsponsc inri): wcur. AII C ' X ~ C ~ L I ~ I C ~ I ; ~ ~  approacli. rcducirig f?sliirig inonlit iry i n  ordcr t c j  

crcritc tliis condition would bcgin to providc soiirc insight inio what occurs oii rcaltty (MX Ctiriptcr 5 ) .  
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Figure 4.8. Equilibrium yield curves-nojirhing showing ecosystem impacts of the 
sergestids (a) and (b) and thc large crustaceans, (c) and (d). Thick red line indicates yield 
curve, coloured linrs, biomass, dotted black line, current fishing mortality. Sec Tablc 4.1 
for lcgcnd and scnle. For funher details ser trxt. 



middlc. pools in thc ccosystcm, such as the Ieiogiiathids, drnicrsal fcedcrs, cngraulids and 

pclagiçs and on tiic jiivenilc pools. 

Table 4.3 niaps ttic responscs of al1 the pools to onc anoilicr. uiidcr tlic top-down assuitiption. 

Tticrc arc soine patterns to bc noted. The nicdiuiti prcdators usual ly dcçrcase wlicti tlic bioinriss 

of anothsr pool dccrcascs. Ths scicicnids aiid the nicdiiirii prsdators arc positi vcl y l iiikcd in 

tlicir rcsponsc to ont. anoilicr. tliat is wlicii tlic bioniriss of one is clini~gcd by çl imgii i~ tisliing 

nionaliiy. tlie biomciss of thc othcr cilso ctiriiigcs in ttic srinic dirccri«ii (sec Figures 4.6 md 4.7). 

They also boili escri a stroiig rcprcssivc cfkct on tlic otlicr pools i i i  tlic cwsystciii. Howc\,cr. 

wliilc ihc sciaeriids incrcasc whcn the biornass of tlic dcincrsal fccclcrs. 1c.iogiiarliiJs. 

cngraulids ; L I I ~  pclagics incrwscs. thc niçdiui~~ prcd:iiors dccrcasc. Tlic pciiiiciil~ iind tlic 1 q c  

crustaçcaiis arc conipc[iiiïcly linkcd: ;in inçrçiisc in thc bioiiiass of oiic produccs ;i dccrcrisc i i i  

ilic bioiiiüss o t' ths otlicr. This is sliowi qui te c1c;irl y in Figure 4.5. wlicrc tlic hioiiiass of tlic 

pcnricids dcçrcliscs licross ilic plot wlii lc the bioniciss of tiic largc crustiiccoiis incrcascs (top- 

Jowii simtnil). Essriiiial lu. Toblc 4.3 ponrays ci çaiiiplcsity OF rcspoiisc across the San hligucl 

Bay kx)d wcb. l t  is dit'tiçult to brcrik this wcb oSrcsponsc dowii inio sitiallcr. iiiorc casily 

uiidcnic>od conipoiicn ts. Tlicrc arc n i m  y in tcrciçiioiis bet\vccii spccics riiid t Iicsc n i ü y  1101 bc 

siiiiplc 1iicrardiic;il iiitcraçlioiis. This conclusion ügrccs witli tlic tindings of Waltcrs ~ . r  t i l .  

( IO9i). TIicy point out ihat uitli complcx food wcbs suçh as tiiosc fi~iind i i i  the tropiçs. i t  caii 

bc dirficult to nicikc siniplc and çlear prcdictions about cçosystem rcspmsc to cliaiiginy tisliirig 

patterns. 



Thcsc. rcsults dcinoiistrritr thrit it is not possiblc to cause change in oiic part of tlic ccosystcin 

without cfkcting thc rcst of tlic inicrconncctcd pools i i i  tliat systciii. This is ttic situation 

wlicthcr boiioin-up or top-dowri control is iissunicd. rilthougli the inipücis under tlic Irittcr arc 

niucli grcatcr. Howcvcr. in fislicrics scicncc this is Irirgsly wiiat is donc. TIiai is. ihc cffccts of 

tisliing on one pool or spcçics i i i  tlic ecosystern arc dircctly amil yscd ancl tlic rcst arc içiiorcd. 

Thc rcsults dcscribsd Iicrc undcrlinc thc nccd t« ctiongc ilic wriy tlwt scicnçc is donc. Howcvcr. 

iliesc rcsiilis d s o  stiow that i t  is 110 casy imttcr 1 0  modcl tlic ccosystcrii or io prcdict outcomcs. 

Rssponscs to pcnurbations arc ncithcr siniplc nor straightforwanl. 

ln tkl~crics rnaiiagciiient i r  is no[ possiblc r» nimipulatc just oric pool or spccics in ri 

riiiiltispcçics tislicry di rcctl y becauss fisliing g c m  arc usuril l y iiot [liai sclsçiivc. Tlic ribovc 

analysis of ilic cftkct of single pciols iii tlic ccosystciii inodd allotvcd pcittcrns o t' rcsporiss to bc 

disccnicd. \vhcrc pussihlc. and thc çoniplcxity ririd intcrcoiiricctcd iiaturc of tlic ccosystcni ta 

bc ful ly rcalisd. Ii i  pnsticc ihougli. i t  is fisliing c f h n  and fishing paitcrn tliat is rn;iiiipuliitcd 

by niaiiagcincnt st  raicçics. 

'The Effects of  Fisli ir i~ in Sari hligucl Rav 

AIl rcsults indicatc tliac tlis currcnt rate of tïshing inonality and tlic listi~tig pattcni is cxccssiw 

in San Migucl Bay and [liai i t  lias lcd io growtli. rccruitiiicnt and ccosystcin ovcrtisliing. Fiyurc 

1.7 illustrritcd thc efkct on tlic equilibriuni biomass of al1 pools of iticrcasing or dccrcasiiig 

tisiiing mond i ty. Thcsc rcsults indiciltecf thlit tlic consc.rvritivc., niid pcrlilips on1 y wisc 



approach to inanagcineni iii San kligiicl Bay, would bc to rcducc tïsliinp d f o n  ovcr ilic whole 

tislicry. a l h q l i  undcr certain coiiditions ihcrc rniglit bc room for expansion of soinr: scctors. 

Tlic and ysis of the pool dynamics in San hl igue1 Bay dcmonstnied [liai chringss in ilic 

biomass of individual pools c m  Iiavc çonsidcrabls cffect on tlic spccics çoniposiiion of tIic 

ccosystcrii. In iliis scciion the effccts of tishing ii i  conjunction wiili rlic scosyslcni dynainics 

arc txmlilicd. 

Of the ninciccri p a r s  rcprcsciiicd in ilic niodcl. four riccouiii lbr ovsr 54" 0 of tlic toitil I W2-  

1 904 caicli (scc Triblc 7.1 5 ). Thc cffcci ttiat cadi of ilissc gcars lias on ilic cçosyslciii wns 

riricilyscd by runnitig 3 iiiiiç siniulriiion (ilic "Dynririii Run"  of ECOSI XI Jcscri bcd r ibo~c)  w c r  

I O Surs .  Ovsr tlic tirst 2 -cars. cl'fon wris linccirly rcduçcd io zcro cind tlicii kcpi ai [liai Icwl 

fc~r ilic iicxi S YLÏITS. Thc rcsults arc s h o ~ n  in Figurç 4.0 for top-dowi conirol and for bottoni- 

iip coritrol i i i  Fiyiirc 4. I O  (pools i r~ipxtçd by tlic ysrir). Thc ovcrrill bioriiriss chaiigcs arc givcii 

in Triblc 4.4 bclow (ilic sfkçiivc cliringe in iota1 bioniriss in ilic ccosystcii~). 

Oiiçc riiorc. \\'f131 is nimt striking about illc bior~iass plois is ihat tlicrs is ;L grc;ii dc;iI ofclimgc 

in tIic pool coiiipusiiioii. prinicul;irly wlicri siroiig [op-down iissuiiipiioiis arc iiiadc. Tlic 

changes arc botli uiiidircçti«nril and rnultidircciic>ii~d. Of ilic Lw- gcars. ilic cliriiiyss ot'grcaicst 

riwgni tudc for iiidividu:il pools arc causcd by tlis ordinary gilliici ciiid iIic iiuiiiiriç gillnci. 

wliicli landcd 1 510 and 1 0% of tlic toial 1 903- 1 094 caicli rcspcçiivcl y. 1 i is no coincidcnccr iliiii 

tlicsc. g a r s  i q c t  the sciaenids and thc rncdiuin prcdiiiors. rioted above for ilicir rcprcssiw 

influcncc on [tic rcst of the cçosysicrii. The bioinriss of thssc pools inçrcriscs subsiaritially. by 

vvcr 10OYh in tlic c3sc of'tlit. sciacnids anil 90- 100?6 for [lie iiicdiuni 



Bottom-up Control 

Ordinary Gillnct Hunting Gillnct 

iime (yrs) 
5 

time (yrs) 
Figure 4.10. Dynarnic simula~ions reducing the fishing effort of each gear to zero ovcr the 
first 3 ycars of a 10 year simulation under the bottom-up control assumption. 
The coloured linrs are biomass, the thick line the juvenile medium predators. 
Sec tcxt for funher details, Figure 4.1 for fishing pattern and Table 4.1 for Iegend and scale. 



Top Down Control 
Trawl 

Ordinary Gillnct 

5 
time (yrs) time (yrs) 

Figure 4.9. Dynamic simulations reducing the fishing effort of each gear to zero over the 
first 2 years of a IO year simulation under the top-down control assumption. The coloured 
lines are biomass, the thick line the juvenile medium predaton. See text for funher deiails, 
Figurc 4.1 for fishing pattern and Table 4.1 for legend and scale. 



Tablc 4.4 Pcrccntaçc change in total tished biomliss. for each typc ot'tishing geai- rifier I O  ycars and a 
rcduciion in fishing cffort to zero. 

Bo ttorn 
UP 

% of 
total 
c3tcI1 

la ndcd 



prcdaion (Figure 4.9). Tlic largc zoobcnitios Iécders incrcast: by almost tlircc fold. Howwcr. 

orlicr pools dcclinc. In ihc case of [lis liunting giIliict. [tic larpc crusiascans and snyrriulids 

dccrcasc by. csscntially. 100%. tlic pcnacids. and pclagics dccrcrisc by ovrr 60';; aiid [tic 

scrgcstids dcçrcasc by 33% o w r  ihc 1 O yenr pcriod (a11 bioniass Icvels tlattsn out riftcr tliis). 

Whcn [lie ordinriry gillnct cffon is dccrertsed io zcro. 311 tlic above pools siiniliirly dccrcasc 

(cxçcpi tlic scrgsstids. uliicli iniiially drcrcrisc tlicii rcgüi~i thcir biurnciss) plus tIic Jcincrsal 

fccdcrs. Iciognathids and tlic laryc prrdaiors decrcasc by bctuccri 36 ritid 7 3 * ~  Thcsc cliangx 

oçcur whcn [op-dowi control is assuincd. 

I3y çoiitrasi tlic trritvlcrs :ic.ci>uiii for 17% o!' ttic iotd c:itcli and [tic Miiii tr:iu.lcrs I 2 ° 0 .  -ci iticir 

iiiipact un the rcst o f  the ccosystc~i~ &)CS n0t ;IPPWT 10  bc as grc;It as ciihcr of~l ic  3bow 

gilliicis. For the trm*lcrs. ilic Iiirgc zoobciiilios ifcdcrs agaiii incrcasc grc;iily xid itic Icirgc 

crustriceans iiiçrcrisc by h%. ttic ciigrulids anci pclaçics by 50% and tlic Iciogiiatliids by 77" O .  

Tlic clc.iiicrslil ti.cdsrs dccrcasc by W0 0 .  i!ic pcnricids by 52" 0 aiid iIic sciiiciiids by 30'' " ol' ilisir 

s i m  bioinciss. Tlic iii~igniiii Jcs ol' bianiriss c ticiiigc for t tic i i i  ini-trnwlcr arc. considcriibl y Isss. 

Thc scrgcstids. pciiacids. sçiricnids. jiiwriils iiicdiurii prcdators arid ciigriidids ciIl incrciisc by 

b ~ i \ \ . ~ . ~ . i l  -3 and 32%. d i i l c  tlic I q c  çrusiiicclins. Irirçs prcdiitw-S. dciiicrs~l kcdcrs. 

Isiogncithids. pclriyiçs. ah1t  nicdi urn prcdaiors and large zoobcntlios kcdcrs drsrccisc (4  - 

7 1 %). Thc iiiini-triiwlcr hlis rlic grcritcsi nrgaiivc: inipact on tlic pclagics. Isiogriailiids aiid largc 

prcdriiors and [tic grcritesi positivc impact on the scrgcstids. 

Tlic boitoi~i-up simulaiions (Figure 4. I O )  producs a riiucli tlattcr bioiiiass rsspuiisc to rcduccd 

effort. Tlic scixnids still incrcrisc whcri [lie ordinary gillnci and ilic huntiiig gillnct arc 



rcducçd to zcro, but [lie rcsponse of thc other pools diffcrs. Al1 biomass pools otlicr tliriii  tlic 

rlirw çmstaçcan pools and tlic cri yraulids ( h u n i  iiig gi l lnct only) incrcnsc. The rcsul ts for ihc 

t rw1 sii~iulatio~i arc similar. Reducing thc triiwl cllort to zcro rcsults in  bioinass incrcascs 

iiçross al1 tlic fish pools. with only slight (4 Onh) drçrr.nscs in [tic tiirec crusta~c3n pools and 

thc adult sciacnids (-0.04). Hcre thc juvcnilcs sçiriciiids and thr deniersal kcdcrs inçrcasc 

whcrc thev dccrcascd in tlic top-down siniulation. For tlic iiiini-trriwlcr. 311 pools iricrcrisc 

cxccpt for a small deçrcasc (-0.14) in tlic pcbgics. 

rhcsc pcrrcciiiagc Ji lfi.rciiccs bct\vscn siart and end bioinass l i ~ r  çaçli 01' t tic csploi [cd pools 

u w r  tlic I O ycar pcriod cire slio~vn in Figure 4. I 1 This tigurc s1io1r.s. h r  cacli tif [tic gcars. tlic 

di rcct ion ;ind mayniiudc O!' the bioiiiass rcsponsr ut' sacli pool. Tlic t i  yiirc dircc t l  y contrasis ilic 

rcsults l i~r  tlis top-clown îrid boitoiii-up riss~iinpt~ons. It sliows quitc clcarly itiat iiiidcr tiic 

bottoiii-up assuiiiptioii. tIic niayriitudc of [lis bioiiiriss rcspoiisc to reduçcd fishiiig is gciicrally 

considcrribly Icss tliaii undcr top-douri çoiitrol aiid ttiat i t  is basiç~~lly p s i  tiw lor dl pools 

d i c r  [liaii tlic crustâccm groups. 

I t  cilso coii finiis tliat. iindcr top-tlowii caiitrol. iiiucli of' ilic c1i;iiiyc in tlic bioiiiriss of iiidi vidud 

pools is cffcçtcd by iiic t ~ v o  gillnct ycrirs. Uridcr bottoni-up control. tlic ir;i\vl aiid tIic ordinriry 

gi1liic.t have tlic yrcrüicst effeçt on individual pools. Hcrc tlic Iiunting gillnct lias Icss iiiiprici 

ililin wiili top-duwn control. In both cases ttic niiiii-trriwlcr lias the Iccist cflkct oftlic four gcrirs. 



Figure 4.1 1 Percentage change in the biomass of each pool after 10 years for 
(a) top-down control and (b) bottom-up Control. The effort of each p a r  is reducrd io 
zero as described in the text and in Figure 4.1. Gears s h o w  are the tnwl, mini trnwl, 
ordinary gilinet and hunting gillnet. 



Wlicn thc cffcct on toial bioinass is exaniined (Table 4.4). ri difkrcnt pictiirc crncrgcs. Uridcr 

top-down control. tlic tnwl rcduct ion produces a total biornass inçrcasc w tiiç ti is iiiiich grcaicr 

than tliat prcxlucrid by :hc ordinriry gillnct. Iiunting yillnct arid mini-trriwlcr çoiiibincd. 

Xddiiimrilly. for thci hunting yillnct. tticrc is :i rcduçtioii in total tislicd bioinass. Tlic rcsiilis îbr 

boitoni-up con trol rc flcct thc rcsults on thc indi vidiial pools dcscri bcd abovc. Tlic ordinary 

gillnct iind tlic trawl prodiicc thc grcatcst iricrtxscs in total biornass, hl lowsd by tlic Iiiiiiti iiç 

gillnct and ilicn ihc mini-rmwlcr. 

A siiiiilÿr aiialysis wiis çonduçtcd (Or tlic otlicr gcars i r i  San Miyucl 1hy.  Ttissc gcars iirc al1 

sriiall-sçals gcars and are usually iiiorc sc1cctivc iliari tlic lour gciirs jiist discusscd. Mas[ do not 

producc tlic iii;ignitiidc dbioinriss ctiringcs sccn cibovc. Figurcs 4.12 :iiid 4.13 stii)w ~ l i c  'e 

dîlfi .r~iic~s in  bioiiiriss of crich sxploitcd pool for top-dolm and bottoiri-up ci)iitrd. Again tlic 

Jifkrcniial cfkcts ol' ihc iop-Jowi and boitoin-iip rtssuiiiptioiis arc ;ipp;ircrit: biggcr bioiniiss 

clinngss arc ycncrally sccri uitli ihc top-doum assuiiiptioii. The gcars wliicli Ii;ivc grwicst 

iinpaçt 011 [tic C C U S ~ S ~ ~ I I I .  by t h  iwo rilcasi1rc.s dcscribcd above arc tlic liftnct. sci loiigliric. 

otlicr çilliicts. tiltcr iwt. crab gilliict aiid shriiiip yilliict. 

Tlis lifiiici and thc. set longliiic tiavs tlic grcaicsi iriipîct oii iiidividiiril pools. .As poinicil out i r i  

Cliüpicr 2 tiouc.vcr. ttic catch composition for the liftnci \vas takcii l iom only une saiiiplc. 

Thus ih r  large iiicrcxx secn i i i  thc bioniliss of Iciognrithids and pslagiçs stiould bc. iiircrprctcd 

witli caution. Thc rcsulis froin tlic sct longlinc g c x  arc niorc: coinpellinç. Ttic set longliiic 

targcts ilic Iürgc prcdaiors and the largc zoobcnthos kcdcrs and tlicsc pools bcriclit grcail y 

froiii a rcduction in tishing cffon. Indccd, dl pools arc inipactcd. i i i  soiiic way, by ttic set 



Figurc 4.13 Percentage change in the biomass of each pool after 1 O ycars when bottom-up 
control is assumed for al1 other gears. The effort of mch gear is reduced to zero as dcscribed 
in the text and in Figure 4.1. 



Figure 4.12 Percentage change in the biomass of eûch pool aAer I O  years when top-down 
controi is assumed for al1 other gears. The effort of each gear is rcduced to zero as described 
in the iext and in Figure 4.1. 



longlinr gcar witli top-down control. 'The leiognathids. deinersal fccdcrs, eng~iulids and 

scineiiids decrcrisc by bctweeii 1 û'% and 50% althougli nonc cire cauylit by tlic sct long1 inc. 

Tl1t.y niriy dccrerist. duc to compctition with tlic largc zoobcntlios feedcrs for food. and by 

prcdotion and compctition w t h  the large prdators. Iritcrcstinyly. ilic ~ncdiurn prcdüiors 

Jccrcasc by Wh with top-dowii conirol. but incrcasc by 6% with botioiii-up coritrol: tlic 

pelagiçs dccreasc. by 5% wiili top-dowii control but incrcasc by I S ? O  witli bottoni-up control. 

Thus sonic pools rcspotid in oppositc directions to the iwo eiicrgy tlow assuriiptioiis. \Vit11 

boitoiii-up control. ihc set longliric only a f i ç t s  ilic pcwls iliat arc criuglit by tlic gcar: ~ l i c  

bioiiiass of tlic otlicr pools do iiot cliarigc by inorc tliari 2" O. 

Thc otlicr gilliicts aiid thc slirimp gillnst d s o  hlivc an impact on al1 othcr pools. Tlic formcr lias 

its grcatcsi impact oii tlic dciiicrsal fccdcrs. Ho\ïcvcr i1ic d i c r  gilliisi clitcgory is a coiiiposirc 

yroiip of gccirs aiid wi I I  not bc Jisciisscd fùnlicr ticrc. Rduciion in c f h n  of' ilic sliriiiip gillncts 

surprisingl y Iciids io dccrcascs in t tic biomass of tiic ssrgcst ids. pcnacids iind Iargc crustriçcms 

(tlic latter t \ w  LUC caiigtit by sliriiiip pillncis). T l~c  bioniass of ihc juvcnilc sçixiiids aiid ilic 

cnyriiulids. wtiiçli arc also çciiight by itic gcar. iiicreasr. by 50 ' ' b  in  [lie cass c>fiIic ciigniulids. 

LIioinüss inçrcriscs arc ;11w srcn for thc juvc~iilc nicdiuiti prcdiiiors. the juvciiilc Ixgc 

prcdaiors. rlic Icioçnatliids. ilie pclayics. the iiicdiuiii prcdciturs. thc large zoobcriilios ICcJcrs 

mid the Iargc predators. rionc of wliicli rire c;iiiglit. Thr picturc is diffcrciii for botioiu-up 

control. Hcre tlic cngnul i Js and ihr sçiaciiids inçrcase and thcre is l i  ttlc cliriiigc in any of tlic 

oilicr pools. 



Rsducing offon of the filter nci positivcly impacts tlir medium prcdators. largc prcdators. 

crigraiilids ririd tlic scrgcstids undcr bottom-up coritral and produccs ri loss in bioniass fc)r tlic 

pelagics. This is ri fine rncslied genr tliat caiclics juvcriilc fis11 in  addition to [tic trirgctcd 

scrgestids and sngnulids. W ith the top-dowii assunipiion. cvcry pool is affcctcd by a rcduction 

in clfort by this geri:. Tlic c n b  çil lnct similarly cffccts 311 pools uiidcr ilic top-dowi 

assuniptim. ciltliough tliis gcar olinost c..rclusivcly targcts Irirçc crustacciiris. witli a sniall critcli 

of dcrncrsril kcders. pcla yics. n du l t  sçiacnids :ind tlic large zoobcntlios kcdcrs. W i t l i  boltorii- 

up control. tIicrc 3rd srtiâll C ~ ~ C Ç I S  on d i c r  pools. but the main impact is thc iricrcasc in the 

biornass ut' t lie Iirgc crusucsans an d ilis sçiasnids. 

Tlic çIi:iii_ccs t liat tlicsc y u r s  producc i r i  t Iic torril tislicd bioiiiiiss Iclid to sirni lrir coiiçliisioiis 

;hout u.liic.11 guars Iiavc iiiost impact (Tablc -1.4 ). Tlicrc arc soiiic caccpiioiis tliougti. Uiidcr 

iop-dowi coiiirol. tIic sliriiiip gillnct effc.çis vcry littlc uvcrdl cliciiigc i i i  toi3 

El'fcciivsly. [tic çlicingss scsn in tlic individual pools c;inccl onc rinothcr oui. 

bioniass of [lis largc crustacciriis and tIic pcn;iciJs is cornpsnsaicd by th<: in( 

!?stic..d bici tiius. 

Tlic ticcrc;isc in 

ot' t tic othsr pools. U1idr.r iIic botioiii-up cissiiiiiptiim. tiic sliriiiip yilliict ;ilid ttic tiitcr iict Iicivc 

liitlc st'kct ori [tic total bioinass. 

Also sliotvri in  Tüblc 1.1 is the proportion of tIic catcli cauglit by cadi gcsr. Al tlioiigli 

intuitively one might assume that tliosc pcnrs wliiçli catch the grcaicst proportion ot'tiic çatcli 

liaw ihe biggssr sffc.ct on tlic fisliery, ttiis is not ncccssari ly tlic ciisc. Tlic. rcsulis Iicrc sliow 

ihat thc sst loiigliiic. for cxaitiplc. criuscs thc third grcatrsi cliangc in bi»iiiiiss and yct aççoiirits 

for on ly  3% of ihs catch (top-down control). The crab gillnet, taking only 4% of tlic catcli. 



which is niostly large cnisiactxms, cffsçts tlic founh greatcsi cliangc. Witli bottom-up control. 

tlic inagiiitude of thc clilingcs are gcnenlly Icss. but agriiii genrs wliicli catch sinrill propimioiis 

of thc catch cal1 C;IUSC relritivcly Iiirgc cliaiigcs in [lie total bioitiass. On tlir oilirr Iiand. tlic 

iiiiiii-trawlrr. w tiich accounts for 1 3 6  of the catch. produccs sniriller biomass çliangcs tlian the 

crab gillnct. other gillnct or ssi longlinc. Tlie trriwl gcar howcvcr. lands tlic grcritcst proportion 

of the catch and cCfccts onc of the grcritcsi cliangcs in biornass. Thus tlic impact of [lie various 

gcar types in San Miguel Bay is not only rclatcd to thcir rotal catch. biii iilso to tiic coinposition 

of thcir catch. 

Tlic scissor rict targrts scrgsstids aiid tlicsc increasc by XO/h  ( top-dowii) and I ?!O (bottoiii-up). 

i\dditionlilly, tlic d m w s a l  fccdcrs inçrt'asc by 1 70; and tlic pchgics dcçrccisc by 50% iiiidcr 

top-dom control. Thc rcsults in Tnblc 4.3. show tliat ilic pclrigîcs incrcase aiid ttic ticit~crsal 

fccdcrs dccrcass wlicn the biomass of scrgcsiitis is rcduçcd. Tlius the tfccrc.isc iri  [lie pclagics 



and ihc inçrcase of the drmcrsal îkdcrs crin bc cxplained by thc incrcasc in ihc scrgesiid 

bioniass. 

tlowcwr. not al 1 rcsponses arc as clcar çui .  For cxarnple. tlic largc zoobcnilios î'ccdcrs show 

considcrablc increiises in biornass wtien the ordinary gillnci, huiitiiig çilliici. sliriiiip gillnci and 

filter iisi effort arc rrduscd io zero. Tlic Iirst iufo gcxs  cflcçt 3 vcry siiirill Icvcl of tishing 

nionaliiy on ihc Ixçc zoobcrithos fecdrrs (F=0.003). ihc lattcr two do noi c:iicti iticii~. So whai 

causes sucti 1 q c  incrcriscs in  large zoobent tios fccdcrs'.' Tlic un1 y bioiriass rcsponsc thai r i 1  l 

t h -  gcars tiavc in c ~ ~ i i i n o n  ( when F IS rcduccd to L m ) )  is 3 dccrcrisc 111 ilic b10111ass 01' 

scrgssiids cirid iIis pcnxids. TIic Irirgc roobcritlios kcdcrs do incrcîsc in rcspoiisc io dccrcrisd 

bioriiass ol'ilic scrgcstids and pcnricids (Tablc 4.3), but siniulriiions clirinyi~ig tIic biuiti:iss 01' 

tlicsc two pools iilone du rio[ pn)ducc ttic iiicrciiscs sccii III iiic Inrgc mobciiihos kcdcrs 

bioriiass. Tlic Isrgc toobciithos kcdcrs also iiicrcasc u.lieii ilic Iciognriitiids and dcriicrs;il 

kedcrs bioiiinss is dccrcascd. But not ;il1 of [tic Iour rihrcinciiiioncd gwrs crsatc ttiis 

coiidition: the Iciugiiaihids siid Jcnisrsril kcdsrs dcçrccisc wlicn the ordiriîry y i l  lnci riri J tlic 

fi lier net arc r c d i ~ ~ d  10  x r ~ .  w i h  h e  I~~~iitiiig gil Inct ihcy i~icrcasc mJ m I y  ilic Jci1icrs31 

kcdsrs Jccrcnsc (slighily ) in ilis çasc o f  ilis slirimp gi llnct. This dsriioiisirriics t1i:ii tlic 

intcriiciioiis bctwccii pools and bciwccii pools oiid fisliing gcar c m  bc c~)iiiplcs alid dihiculi t i )  

prcdict. 



Tlir opposite rcactioiis of somc pools to thc two troplio-dynnmiç assuinpions arc wcll 

illustratcd in Figures 4.1 1-4.13. Most of ihc pools incrcasc wlicn cffort is rcduccd uiidcr [tic. 

bottoiii-up coiitrol assurnption. w hi le a morc mixcd rçsponsc is produccd wi t l i  top-down 

control. Ttiis rcsiilt wris anticipatcd froni ttir rcsults of the cçosystcni 31131ysis abc)vc and is 

criuscd by the di t'fcrciitial rcspoiiscs O!' ihs ccosystctn coniponciits io top-tiowii iiiicl boiioin-iip 

coiitrul. I t  ~ 3 s  sccn. for ~xâ i~ ip lc .  (1131 ihc n~cdii~rti prcdlitors and the sçicicnids cscrtcd a stronç 

rcprcssivc ctfi.ci on lowcr piwls undcr [ o p - J i ~ w  control ( Figurcs 46b. -1.W). but 3 riiucli 

~i~cakcr cffcct \wli boitoni-up coiitrul. I I I  Figure 4.1 I (iop-dowii coiitrol). tvlicn tlic ordiiiciry 

gi l lnei cfli~rt is rcduccd iu Lcro. the sciacrii Js arid iiicdiui~i prdriiors iricrcriss r i i d  ilic lowr  

pools dccrsasc. Cndcr [tic botiorii-up assiiiiiptiuri. wticrc [tic i l i ~ o v  siaies ttiai il~csc pools iirc 

not liiiiiicd by prcdcitiori. tlic sciricnids and ilic rtisdiuni prcdriiors iiicrcasc wticn ordi~iary 

gilliici c tkri  is  clscrcciscd. and ihc l o w r  pools d s o  iri~rcüsc. 

This paticm is obscnrcd not otily for thc ordiiiriry gilliict. For al1 gccirs. soriic ot'ibc pouls 

cslii bii opposiic. rcspmscs to bottoni-cip md iop-down rissiiniptions. ln riiari y c;iscs. undcr 

bottoni-iip contri)l. t hc cliringc i r i  bioriiass is Icss tlinn 1 '% whi lc uiidcr top-dowii coiitrol tlic 

changc crin bc as muçh as 700-300% (lxgc zoobcnthos fcdcrs).  For ssaiiiplc. undcr top-dowi 

conirol, ttic 13rgc prcdators, dsmcrsril feedcrs, Iriognlithids, üiid cngrtiulids dccrcasc by iip to 

I j Y ;  wlicn ttic tisli corn1 cffon is dccrcascd ro zcro. wliilc ~hcsc  yroups bürely incrcasc witli 

tlic bottom-up rissumpiion. But in oihcr casss, botti ncgativs and positive cticiriges rire 01' 



grciiter magnitude. This is tlie case for tlir tnwl. ordinary gillnct. hiintirig gillnci. liftiict and sct 

longlinc. For cxamplc. whcn trawl c.ffofc>n is rr.ducc.d to zsro iindrr top-dow coritrol. itic 

juvcnilt. sciiicnids. large prcdaiors and deinersri1 fssdcrs dccrcrisc: uridcr botioin-up çontrol 

tlicy iiicrcüsc. Ttic rcversc is truc for thc largc crustciccans. Clcarly thsii. i t  is iiiiponant to 

undcrstatid the Jynamics of an ccosystcm and what govcms troplio-dyiiaiiiiç Ilows. 

Thrcc broad conc lusiuns c m  bc c i ~ i w i i  tiom tticsc rcsul ts: 

( i )  tistiing ycrirs cllkct a widcr pari of tlic ccosystcni ilun sirtiply tIic pools whicli tticy targct. 

( i i  ) tlic rissuiiiptioiis nia& about troptio-dyrianiiç çoiitrol Iiaw coiisi Jsrciblc iiiipiict un ttw 

rcsuI ts, 

( i i i  [tic iiiipciçt ;i gc3r ha5 on [tic tisticry is sinmgly rc1;mxi to its catch cortipositiuii i i i  additiim 

tc) the s i x  ut' its critcti. 

.A fourili çoiislusioii c m  BISO bc d r ~ w  froni tlicsc. rssults. Tlic rcduciioii or csclusion ot'only 

oiic yciir tiorii ttic tisticry is uiilikely to producc ;i bioiiiass iiicrcasc ot'suRiciciit iiiagiiitudc iior 

w c r  3 siitliciciit brcridtii of puois 10 rcalisc 7 sust;lin3blc and liraltliy tislicry. III  Figiirc 4.2. iIic 

cyuilibriiirii bioiiiass is sliowi ovcr a riinçc of iota1 tisliing itiortcility. Tiic bioiiiass whiçli 

corresponds witli ciirreni lishing niondity is wry  low III  diiiost al1 çascs. Tliiis alihougti a 

50% incrcrrisc i i i  bioiiiüss may nuiticriç;t 

iiicrcrisc thc bioriiass by a snirill arnouni 

Ily sound l ikç  a 

rslativc to prisi 

nwds to bc considcrablc rcduciion in fishing mortality i 

argc inçrcüsc. ici prxticc tliis inay orily 

ric or dcsir;iblc bioiii;iss. So thcrc 

i ordcr to rcpriin bioiiiass and 

biodivcrsi[y. This is boni out by itic rcsults from Cliapicr 3 whcrc i t  was showii ttilit irriwl 

CPUE in 1 O<)?- 1904 hüd dccrcased to around ZS'% of ttis 1 917 valuc. Froni ttiis pcrspcctiw 



tIicn, ihc pcrccntngc çlianges in bioniass s h o w  in Table 4.4 arc clcîrl y inrtdcquatc. on thcir 

own. to cfkct niucli changc. The iinpliciltion is itiat a rnriiicigcincnt plan. to rcducc tishing 

effort in S m  Miguel l h y  and iniprow ihe st:itus of tlic tislicry. \vould rcquirc rcduciioii of ' iwo 

or niore tisliing gclirs. 

\\'lien fis liiiig d fon  is rcdiiçcd coinplcicl y in San bl igucl Bay. iiiucli yrccitcr cliuigcs arc 

cffcctcd (Figure 4-14). Hsre the iimc siiiiuliition 1s carricd oui for ri 5 0  ycars psriod. Wiih ihc 

bottimi-up assuiiiptioii. rill pools incrcasc u-iili [tic ssccptioii of tfic thrcc cnistiiccan pools. 

\vliic!i Jcçrcasc sl igli t l  y. Ovcr thc tirst 1-3 ycirs. 31 1 the tisli pools iiiçrcasc. Tlic clciiicrsril 

fccdcrs. Iciogniitliids. pclrigics and crigr~ulids tticn stabilise and tticir bioniass rcniains riiorc or 

ICSS tlic sai~ic U V C ~  the rc~~iaiiidcr of S ~ C  siniu1;ltiim. Oiht'r ~ ( X I I S  S U C ~  :1s ille S C ~ X I I I ~ S .  the lilrgc 

prcdriiors and tlic J u w i i i  le n~cdiuni prsdritors iakc ii l i t t  le loiigcr to siabi lisc. Tlic iiicdiuiii 

prcd:iiors cirid [lie I q c  zoobciitlios fccdcrs incrcuc csponsiitially io cxirciiicly Iiigli bioriiass 

Icvcls. I i i  tlic ;op-Jowi simulation tIic large zoobcnilios fccdcrs îlsu incrccisc io vcry Iiigli 

bioiiiass Icwls. TIic pocds rit ilic hiçlicr tropliic Icvcls i n  tlic scosystciii incrcasc rt) grcaicr 

bioiii:iss Icvcls than in tlic bottorii-up siniiil;~tion. Tlis pools î i  lowcr trophic: IcwIs :icliicvc a 

lo\wr bioiiiass. Tlic dcnicrsîl fccdcrs. pchgics riiid ihc tfircc çrusraçuii pools iiiiiiicdiiiidy 

dcçrccisc w liik thc Isiogiicithids ; i r d  tlic pelny içs dccrccisc a ftcr an i ni t ial iiicrcass. All pools 

stabilise aticr about 30 ycars. 



Figure 4.14. Dynamic simulations reducing total effort to zero. Effon is linearly reduccd 
over the first 2 yrars and the simulation allowed to run for 50 ycars. The colourcd lines are 
biomass. the thick linr the Sergestids. Sre text for îûnher details, Figure 4.1 for fishing 
pattern and Table 4.1 for legrnd and scalr 



Tlic coiisuiiiptioi~biotmss (QB) ratios ofall pools and thc rncan wcigtits of ihc split pools 

wcrc c1isckt.d for individuri1 gcxs  and for individual pools usinp tlic Dynainic Run routine. 

M e n  ihc top-down assiimption is riiadc iIic QI3 rarios ol'niosi pools do iiot ctiriiigc by itiorc 

itian iipprosiriiatcl y plus or niinus 5O"b. Thcrc arc a ICw cxccpti»iis. Tlic QI3  of tlic scrgcstids 

incrcriscs alicr tlic tisliiiig iiiortliiiiy 1s rcdiiccd by 3boiit oiic [liird. I I  Joss iioi incrcrisc by rtiorc 

tlirin 100" 0 .  .Ai ihc  saiiic iiitic. ttic I ; q c  ~oobctittios k c d c r * ~  Q H  Jc~rcasss .  Tlic li~gli 013 of 111c 

scrgcstids corrcspoiids ivit l i  a vcry low bioiiiass (Figiirc 4.2 ). This could iticriri that tlicrc is 

surplus L u i  ;ivriil:iblc to otlicr pools. pools wtiicli may iiot bc rcprcsciiicd i r i  tlie iiiodcl. On ilic 

. . 
oilicr Ii;ind. tlic low QI3 of tlic laryc ~oobcritlios I'ccdcrs c.orrcsp~)iids witli (i Iiigli bimiriss: i t i s  

qiicsli«~ublc whcthcr. with S U C ~  3 I U W  C O I I S U I I I ~ I ~ O ~  r ~ i c  the large ~ ~ ~ b c n r l i c ) ~  I'ccJcr~ iwi~ld  in 

rcaliiy bc riblc to pusisi. or il'tlicy woiild switcii prcy. 

W licn fisliing inorral i ty is i iiçrc(iscd tlic Q 13 ol' the j iivciii ic SC i:icriids mJ Iargs prcdatars 

iiicrcasc niid thc Q U  of thc large prcdritors d c c r ~ s c s .  TIicsc do n a  rcadi cstrc~tic values i ~ i i t i l  

fisliiny iiionaliiy is  double iis currcnt valuc. Sinçe fishing iiionaliiy is drcady ~ c r y  liigh. sudi 

csircnie values may bc corisidcrcd unlikcly to occur in rcdity. 



Thc mcan wcighis of the split pools show somc vari:ibility: tlis juvcnilt. pools and tlic 

sciaenids dcçrcasc wlieri fishing niortality is decreased: wlicn tishiiig niortrility is iiiçrcascd. 

thcy inçrerisr initially. T l i q  do noi diffcr froin ille initial vducs by itiorc than <i bctor of 2. 

Howcvcr. ihc rcsulis for ihc iidult incdium prcdaiors and the large prcdators arc inorc 

coiiccmiiig. Whcii tisliing niortalit); is dcçrcriscd tlicsc nicari wcights rapidly incrsrisc to valucs 

scvcrril timcs tiiglicr [han iIicir initial rrilucs: \vlicii tishing nior~ciliiy is inçreüscd. thc oppositc 

occurs. ihat is thcy dccrcasc io sçvcral tinics thcir initial vüliics. 

A siiiiilrir piitisrri occurs Lor tlic incan wsiylii ol'ttic ridiilt rncdiurn prcdniors :inJ Ilirgc 

prcdators rcsiilts uiidcr ilic bottmii-up assuiiipiioii. I i i  addiiioii. tlic oilicr splii pools dso slio\r 

cxtrcrric \.ririrition. Wicn tisliing riion;iliiy is dc~rcüscri. tlicy rapidly dccrciisc. Wlicri tisliirig 

iiiortaliiy is incrcasd. thcy incrc3sc tlic.11 dccrcasc 3 r d  tlxicn out ( by this poirit iticir bioniass 

lias rciic hsd iiiiniiiiril Icwls ). Wiili ilic c s c q  iuii of sincil l diaiigcs in iisliirig rtiond i i y. i ii rtic 

ranyc ofits possible Icvzls. al1 split pool incan wights tcikc oii txtrcriic vilucs. 

Tlic 013 rcsiilts lix the boiiorii-up assumptioiis arc si mi lar io tIi~)sc Jçscri bcd Il~r ilic iop-Juwi 

~issurtiptioii; iiiost pools do riot vary by inorc iliüii W u  tioiii origiiiril values. Ttic crusiîçean 

pools rcsporid a liitlc di ffcrcnily thouy ti. Wlicn lisliiiiy nionciliiy is Jcçrc;iscd iioiic of ilic pools 

cliangc (cf. ilic scrgssiids abovc): whcn tishing rnonaliiy is iiiçrcassd iticy dl dccrc:isc a littlc. 

The QI3 of al1 tlic otlier pools dccrcasr wlisn fisliing irionrility is dscrcciscd and  iiicrcasc whcn 

tisliing inoncil i ty is incrclised. Tlie largc zoobciitlios fccdcrs fol low itiis püticni biii Iicivc iiiorc 

cxtrsriic values. 



Wlicn ristiing iiionctlity is rcduçcd to zero for cach gcar. no Q B  rriiios Vary by inorc ihiiii +i- 

1 00% and iri niost criscs thc variation is considcrably Icss. The mean wrights of ttic split pools 

arc gentml ly witliin +i- 1 00% variation, with IWO cxccptions. For itic ordinary gil lnct (bottoiii- 

up assurtipiion). tlic iiicari wiglir of tlic adult rncdiuni prcdators incrcriscs by scvcral hld.  For 

tIic l i  Anci (top-down assumpiioii). thc mcîn  wright of the ridult msdi~icri prcdritors rilso 

iiiçrsitscs by s s ~ w ~ l  h l d  rind ilic duit Irirgc prcdiiiors insrcüsc to 2-3 tinics iticir i n i t i d  iiicari 

wcigtit. 

Wlicii 311 yc;irs arc rcduccd to zcro. riiorc scrious cli:iriycs rcsiilt in botli priritrnsicrs. Utidsr [lie 

top-down sssuiiipiiori. iIic QI3 o t' 31 1 tisticd pools dccrc;iscs. ttic Irirgc ruobciit hos fssdcrs by 

ttiç grcriicsi aiiiount (ttlis c ~ i l ~ c i d c s  with 3 Iarçc incrcass in bioiiiiiss of Irirgc zoobsrittios 

kcdcrs scsn 3bot.c: so 31 tIiough t l i ~  bioinass inçrcascs, ~orisuriiption is no1 able to kccp up 

witli i t ) .  Ttic iiican wsiglits u f  adult iiicdiuiii prcdators 3 r d  ~l ic  Iugc prc'dat~rs i~icrs:is~ by 

s e w A  hld.  l'lic rricün \vcigtit of the ju~*criilc pools md iIic sciasnids Clc~rc;issd sligliily. For 

[lie boitoiii-iip siitiiil;itioii. QL1 rcniniiis tliirly çonsistciii. Tlic iiicaii wciglits al1 pouls dcurcasc 

by riot iiiorc tliriii 100%. 

Tlic rrsul ts Ior thc Q U  ratios arc consistent, wiili one c.uccptioii. TIic Qi3 ~ 3 1 ~ ~ s  çli;ii~pc. 

driniîticülly for the juwnilc sciasnids cvlicn bo~toni-up control is rissuniecl. f-krc. tlic Q U  o f  



2s 1 

tlic juvcnilcs sciacnids incrcrises sevcrril fold whilc the Q U  of tlic ridulis dccrclist.~ by scvcnil 

Iold. QB incrcascs oçciir whcn sciacnid biomass decrtxiscs and QB dccreascs ocçur wlien 

biornüss incrcascs. The problems with [lie sciacnitis and tlic bottoni-iip assunipiion wcrc 

discusscd abovc. 

Tlic rcsults for tlic mcan ivciçhts arc iiiuçli lcss consisicrit and tlic iiiwn wciglits of [lie adulr 

rncdiiiin prcdlitors and largs prcdators frcqucntly rapidl y inçrcasc or dccrcasc w hcn fisliing 

iiiortality is rcducçd to zcr» on ;in ~ndividual pool. For top-doum coiitrid. tliis occurs wlicii tliç 

tishitig 11ion;dity of the juvcnilc S C I ~ C ~ ~ J S .   tic juwnilc nicdiui~i pred;~~ors. tlic a d ~ ~ l t  riicdiuili 

prcdiitors. tlic dcriicrsiil fccdcrs. thc Iciognatliicls. tlic ciigniiilids aiid tlic pc.1:igic.s is rcdiicctl to 

zcro. Thrit is 5 0 ' ' ~  of thc II hhcrl griwps. or 7 out of' I I  of tlic tisli pwls.  For [tic bottoiii-iip 

sitnulriti~~i. tIw sains P O O I S  arc atii'ctcd. P I U S  thc juvc'riilc hrçc p r~d ; i t~ r s  but nut i1ic 

çiiyrriulids. 

Ii is notcd ribovc (sec footriotc 2 )  [liai prcdictions mads at tlic sstrcnics of tlic iiicidsl :ire ilic 

Icast rcliliblc. This is thc iakc Iiomr nicsscigc for ilic rcsults of tlic QU aiid riicaii ivcigIit 

rinalysis. Thar is. wlicii dnmaric çliaiigcs arc nia& au.:iy froni the initial paniiictcr systciri. 

prcdictions arc lcss rcliablc (sec also Waltcrs et nf. 1997). 

The incm wciglits of the adult nicdiiiiii prcdiitors and largc prsdators arc particullirly clli.cicd 

whcn thc fisliing nionality on individuül pools is rcduced to zero. i-lowcwr. initial tisliirig 



niortali tics arc Iiigh and a reduction CO zero is a subsianticil cliange. Simulations wlisrc tishing 

itiortlili ty is rcduced. but iiot as Fu- cis zero, producc mcaii weight valucs wliicli arc niorc: 

consistent. In addition [tic simulations wliere thc eltort of tishing gcars Iras rcduçcd tu zero 

pr«diiçcd inorc rcrisoriablc rcsulis. Tlius c3re nccds ro bc cxerçiscd whsn modcl l irig cxircmc 

siiuiitions and the values of thcsc paramcius should be clicçkcd. 

Tlic rcsulis of ihc iiican wciyht analysis for thc Equilibriurn Fisliing simulation arc Inors cliusc 

for conccrn. Arguabl y tlisy i ridiçarc thai wticn tuid tislii ng monal iiy is incrc;iscd or dscrcascd 

by inors tlirin r, rclativcly sinall ariiouiit froiii tlic currcnt tisliiiig nionality valiic. tlic iiiudcl 

prcdict ions bcgi ri to brccik dmvii. Cc..n<iiiily tlis pcmrbatioiis arc cxtrcinc wlicn tislii ng 

iiion:il ity by 31 1 gcrirs is chanycd siiiiiiliancously. Hou-cvcr, wlicii an cxtrcnic top-Jowii 

nssuiiiprioii is ma& (as in Figurc 4.3).  tiic rcsporisc of tiic inclin wsiylits is Icss cxtrciiic. I r i  tlic 

dynmiiic ruii iibovc wlicrc thc total tïstiing nionality w;is rcduccd to zcro. the riicciii tvcigliis 

rrlso rcspoiidcd in :in cstrcnic niriniicr. 

Of tlis tlircc split pools. ilic rcsults t i ~ r  thc adult iiicdium prcdators aiid large prcdiitors arc ttic 

riiost uriçci-taiii. This çould bc duc [ O  the naturc of tlic split pools and ihc aniourii of d;ita 

rivai lablc for tlicir rsprcsciitativc spscics. Both pools arc morc divcrsc tliaii ~ h c  t l i i  rd splii pool, 

ilic sçiac.iiids (scc Cliüpicr 3). In addition. tlicrc are Isss mi pirisal dain for tlicsc groups üiid 

niorc assumptions had to bc niadc for the input pciramctcrs, botli to tiic inriss balance inodcl 

(Cliaptsr 3)  and the split pools paramctcrs (Xppeiidix 2).  This clcarly indiçatcs tlic iiwd to 

obtciin bcticr data for tIicsc. two groups. Future modell iiig stiould espcrinicnt wiiti spli t r i  ris the 

medium prrdritors group. 



ECOS I M capturcs botli t ticniiodyniiniiç consistcncy and ttic cffccts of Iiawestiiig oii t tic 

çoinponcnts of tlic hod web. I t  rniisports [lie "tiuniblc" riiliss-balri~icc moclcl into ri dynaniiç 

systcrti ivliicli Iias the abili ty to riilikc prcdictions for the futiirc. I t  also dciiionstrcitcs [tic 

coinplcxity of dcaling witli multispcçics and niiiltigear tishcriss. Tlir rcsults dcscribcd abow 

giw a glimpsc o f  its poicntial applicaiioii. Howcwr. ilicrc arc soiiic liiiiitiitioiis to tlic 

:ipproricli. 

ECOSIM shiircs \vit11 E C O I X ~ t l  tlic rcstrictioiis iliat groupiiig spccics iiito pouls iiicurs. Tliiii 

is. i i i  ordcr to iiiakc tliç niodcl trriçiablc for r i  iiiultispccics 1islisr-y witli 3 b r o d  rangs of 

spççics. i t  is iicccssary io gnwp speçics togctlicr iiito pools. Tlic pools ;ire tlicii p:mnctcriscd 

using rcprcsciitat iw vriliics, siilirr frorn one rcprcscntativr spccics or lioin aii wcragc of 

values (scc Chripicr 3). I l i  ECOSIM, ibis Iias iwo in~plicatioiis. Tlic tirsi is ttiat wlicii i~iodclling 

an ecosystcni dyiiamically. the assumpiions madc about tlic pool paramcius arc rcplicairrd 

iliroiiglioiii the simulaiion. So h r  crich tiiiie stcp. tlic nssuriiption is inadc. This çrcatcs ri 

situation for potcntial additioii or multiplication of crrors and inaçciirricics. Uiihrtunaicly ibis 



is a ncccssary katurc of the inodcl ifit is to bc trictablc. Onc way to circumvcnt tiiis problcin 

is to put sptxics ofparticular iinponaiiçc. Ior examplri, thc sciacnids in to scparriic pools. ..\ 

parrillcl ripprorich is to obiain bsttcr parmictcr Jctinition. 

This problcrn niay bc pnniçularly rclcvnnt to tlic dict composition. hlodels witli wcll-foundcd. 

ciiipirical dict conipositions pcrfomi bcticr itian iiiodcls wlicrc [hc dicts arc dsrivcd at Ic;tst in 

part froni tlic litcrri turc o n  comparative spccics ( W d  [ers. pn. m t r 1 1 1 1 .  ). This is ccrtainl y onc 

arcci wlicrc the San Migusl Bay modcl could bc inipruvcd. 

Tlic sccoiid iniplicriiion is iliai ECOSIM u r i n o i  niodcl tlic çtiaiiginç çoiiiposiiiun of :i pool. 111 

thc 19-17 tmwl s u n y  h r  cxliiiiplc. (Warfcl :inJ illmaçop, IVSO). [tic nicdiiirii prcJ:iiim 

consistcd rn3inIy ol ' ,Ar~idx aiid Syphrrlc~iIdac. T h  pool I ~ O I V  çoiislsts Irirgcly c>t'Triçiiiiiridcic. 

ECOS 1 bI çririnoi siiiiii laic ci~iiditioiis wlicrc tlic h r i  i d x  riiid Sypfirricriidac arc spcci lied l y 

aburiJriiii uiilcss tlicy arc niodcllcd in scpciratc pools. I r i  ttic rcsul ts ~ibovc. the ~iicdi iirii 

prcdaturs ;ire a vcry succcssliil pool. priniçul;irly wticti tïsliinç iiionality is rcdiicd. 1 luwcwr. 

tliis docs iioi iic.çcssririly iinply t h i  tlicrc is an inçrc;tsc i i i  tlic t lr i idx or Syplir:iciiitiric. 

hssoci:iicd ivitli ttic ribovc is tliç inability of ECOSIb1 io prcdici prcy-s\vitçliiiig bcliwiour by 

pools (Walicrs rr d. 1907). Dici is drfincd in thc niriss-balaiicc inodcl. In ECOSIX.1. rlic 

rclatiw composition of ihc dici çhririgcs tiirough timc but pools cannoi sivitch io anoi1ic.r type 

of prey. no[ prcviously iiicliidsd in tlic dict. Similarly. ECOSIM çririnoi prcdici iriviisiun hy a 

"iicw" spcçics into ilic ccosystem. In nature, spccics takc-ovcr di) ocçur. For cscii~iplc.. aii 

ECOSIiM inodcl bassd on data h m  thc 1047 trawl survcy would noi Iirivc prcdictcd ilic 



currçiii bioriiass of the Tricliiums sp. bccciusc their bioniass was insigni ticant tlicii. W i t l i  

tiiiidsiglit thcy çould bc modclled as a srparate pool. Indtxd, ii çould bc rirgucd thai in thc 

currrnt modcl ttic Trichiunis sp. sliould bc riiodr.llsd scparatcly. 

As tlic pools arc prcd:iiors and conipc.tiiors. so arc the fishing gcars. Just ris a prcdritor caiinot 

suddcnly coiisunic 3 ncw prcy. fis hiiig gears cmiot swiich trirgets. Thc cornposi [ion 01' thci r 

caicli remains [tic. samc througli tiriic. This is sonicwlicit unrcalisiic sirice fislicrs arc kriowii to 

swi tch iürgcts. aiid rliat ~ : i t ~ I i  wi 1 l vary wi i ti vliriatioii in [lie biuiii:iss conipositii~ii. 

Tlic hiliirc of  ECOSl hl io iriodcl tlir behrivii)ur ~11'iIic sci:iciiids uiidcr boitoiii-iip coritrol wris 

pcrtwps the iiiost LUI J dlustrlirion of iis liniits. Ciinvcvcr. 111s îlicniativc i v i ~ . ~ l  J bc to clcvclop a 

hl l ripe 2nd six-struciur~d iti~dcl. with n o  approni riiatioris. This ir,ould rc-introducc ttic 

problciris 01' iiiodclliiig siocli-rccruiiriicrit and driisitv-dcpcridcni d k i s  and iiit)rtcility 01' 

juvciiilcs wticii tticir bioriiass c1iringc.s. I n  addition. i i  would rs-iiitrodiicc ilic big. par;inictcr 

Iiungry iiiodcl discusscd carlicr. 

Wliilc rccogiiisiny ilicsc liniiiatims (sce also Walicrs ~~r al. 1W7) EC0SI.M is 3 h l l y  dyiiaiiiic 

iiiulti-spccirs ccosystciti modcl. I l  is trac[ablc, i t  c m  br  iiscd oii iiirtny di l'krciii typcs 01' 

riquaiic ccosysicins aiid i t  rcquircs rslativrly k w  panmctcrs. Ii c m  bc uscd. as i t  w s  Iicrc, t» 

incikc prcdictioiis about ihr ccosystcm aiid its rcspoiisr to pcrturbatioiis siiçli as fistiiiig or 

cliaiigss in fishinp paticriis. Its potciitiiil for iütiire tisliçrics rnanliçciiicnt is vçry csçiiinç. 



The resuits abovr confirrn. çoinplcmeiit and ndd io what is alrcüdy knowi about ilie tishcry of 

San Miguel Bay. Tliry indicatc tliat pool tu pool intcrriciions. thc cfkct ot'iïsliing by difkrcnt 

ycür types on tlic ccosystcm aiid thc uiicrnainty about how rropliudyiiamic tlows arc govcmcd 

coiiibine to rnake a çhalleiiging probleni. 

Thc plots in Fiyiircs 4.2 and 4.3 gnpliically illustrait tlic rstrnt io wliiçli tIic tislisry lias bceri 

ovcr-îïshcd and tIic iriipaci that tliis lias 1i;id or1 ihr. bi»rri;iss ol'iridividual pools. Many arc wcll 

bclow tlic coiiinionl y ricccptcd siaridard o t' 30-50% uiicxploiied bioiiiiiss. iricrcasirig lis111 iig 

iiiortality iiiucii bcyond its currciii valucs lcads io [tic loss O 1' iiiost of ihc tisli pools ritid large 

iiicrtxscs in the cnisiaççan pools. Tlic only pools that riiiylit uitlisiriiid tùrtlicr gcncrril 

csploitiitiori iiridcr cithcr tlow cissiiinption rire iIic crristticcaiis. Tlic p<)ols a[ tlic intcniicdici~c 

tropliic lc \ds  niiglit sustciiii h d i c r  lishiiig ctlort i f  slic bottoiii-iip nssiiiiiptioii is truc. o r  if ilicir 

prcdritors arc furilicr rcduccd. 

Tlic aiial ysis of individual pools slio\vsd thrit cliringcs in  the bioiiiciss of ttic nicdi uni  prcdators, 

sciriciiiJs. dciiicrscil fi.r.dcrs. 1cioyn:iiliids. ciigrnulids and pclriçics lirivc stroiig iiiipricts oii the 

utlicr pcxh i r i  ttic riiodsl. Tlic lcirgc prcdritors. aiid stirprisiiiyly. tlic cnistacwri tiad litilc c f ic i .  

Tiir aiirilysis also iiidicatcd ttiat cornplcx intcr~ciioiis iiivolving sonipciition aiid prcdatioii 

prodiicc a wcb-likc rcsponsc to psrturbaiions whicti is niost cxtreiiis under tlic top-duwi 

üssumptioii. 

A cornparison of thc rcsiilts Iioin diffcrciit types of yicld curvcs indicaicd iliai i i  riiüttcrs 

wticilisr tishing iiionality is considercd on ons speciss done, or if fisliing inonlility i s  



considercd across tlic whole fisiicry. Fishiiig on otlisr pools can Iead to conditions, wlicrcby 

the biomass of tlic pool of interest cliangcs (duc io prcdation and cornpctition). ttiüt rcsuli in a 

yicld dit~fcrciii liorn that \vliich u,oiild bc obtaincd tiom exliiiiiiiing tiic cffccts ol' tisliiiig 

iiiortality on thai pool donc. The conii>ririsoiis in Table 4.2 rcveal tlirit. to soinc Jegrce. tliis 

oçcurs for alrnost riIl pools. Thus. n a  only does this analysis indicatc the rcstriçicd naturc of 

[tic iraditioncil singls spcçics nictliods. i t  dso dsmoiistr~ics tlirit it  is vital to look furtlicr rlirin 

just thc specirs of inicrest. 

Tlicsc coiiçliisioiis ;irid ilicir impliçat i1)iis arc rci~ilimxd by tlic ;iii;ilysis of  [tic cf'fccts o f  

tisliing. 1 t w s  dcnio~~s~rritcd t h  tisliing by onc gcrir. bc i t  a sclcciivc gcar siicli as tlic scissor 

ns i  or ri Icss sclcciiw gc3r SUCII  3s (tlc gillnci ccin h;iw a witlc. iiiipriçt on tlic rcosystciii. Tlic 

bioiiiass of  pools \r.liicli iirc not cauçht by 3 tisliinç g c x  m i  iioiictliclcss uiidcrgo substaniicil 

c l~arigcs. TIicse cliaiigcs ;ire ~vrougtit by ~ h c  cliarigc i i i  biciitias of i tic pools ivtiicli arc caiiylit. 

tlirougli spccics intcrxtioiis siicli ;is prcdatioii and coiiipctitioii. hlorcuvcr. iIic c t l h  thr i t  a i  

i i i d i \ i h d  gc;ir IWS on ihs cçc>sys~crn is ~ioi  only rcl;~tcd to iis proponioii ol'tlic total c;iiçh. bui 

i t  is alsi) strorigly rs1;itc.d to its catch c ~ i t i p ~ s i t i ~ i ~ .  .Mtli~ugIi fisliirig c p r s  u n  1iavc quitc 

drriiiiiitic iiiipxts OII [tic bi~iti;tss 01' indiviJu;il pciols (Figurcs 4.1 l - 13 ). tlicir cf'fcst «il iotd 

tislicd bioiiiass is 1irtiiic.d. I t  is suggcstcd thai in ordcr io regain tbriticr bioniass Icvcls in Saii 

Miyucl Bay. rcductioii in tisliing rffort across niultiplr gcar typcs \vould bs rcquircd. 

Througiiout d l  aiirrlysc.~. oiic fcaturs was consistent: tlic assuiiipiiotis inads about iiupliu- 

dyiiriinic tlow I w c .  rr largc cfkct on prcdictions. Wlicn top-down coritrol is siinulatcd [tic 

bioniüss rcspoiw is rnorc varicd and of grcaicr inrignitudc and direction ttian whcii b ~ o i i i - u p  



soiitrol is siinulatcd. Ttic rcsults of [lie bottoiri-up rincilyscs iiidiçritc ri Micry in a Iicrilttiicr stritc. 

ihüii [lie top-doum rcsul ts. This is pariiculiirl y evidcn t in tlic rt.sults of tlic cquil i bri iiin yicld 

cunpc and ysis. Wlicn bottoni-up çontrol \vas rissuniecl. most pools wcrc cithcr optirnal l y or 

sub-optimally tislicd. Tlis top-dowii analysis sliowcd virturilly 311 pools to bc ovcrtishcd. This 

rcsult rigrces witli the tindings oi'\Valtcrs trl. ( 1997). t l i r i t  is. thrtt iIic bottom-iip :issumpti«n 

givcs signi ticantly hiyhcr opiiiiiiirn tisliiiig nionality vducs tliari ilic top-d«wii ~tssuiiipiioii. 

Makirig tlic top-down assunipiion is in kecpiiig witli thc prccautionary priiiciplc ( F A 0  

I995a,b). Sincc i t  is not known what kind of tlow dynaniiçs prwail in Srin Migucl U3y i t  is ;i 

-6) more wutious npproricli to fislicrics niünügenictit io assuiiic t h  iop-down çontrol occiirs . 

7 ' j  
I Iou~c~~cr. top-down control c3n atso givc ~ p ~ i n ~ i s ~ i c  ~ T C ' C ~ S ( S  ifccnriin outcc)iiics arc. soiiglit. sucti 33 sri 

I I I C ~ C I ~ S ~  111 cmstriccan biomriss if M i n g  nionrit ity was incruscd by rinoilicr 1 004!&. 



tlousvrr, bottoni-up çoiitrol is iiiiplicitly assuincd in most tishcrics osscssiilcnt rriodcls. sincc 

prcdation niortrili ty is ticld coiistaiit. Sincc tlic resul ts of tliis analysis indiccite that ri [op-dowii 

rissurtipiion is thc inore çauiious approxli to tishcrics Itsscssiiisnt. i t  would be wisc to rc- 

considcr the sciisibility of the assunipiion ofconsiant prcdation niortality. 

Fisliiiig gcars impact tlic ccosystciii di fkrcntl y undcr di f i rcni  tlow iissuinpt ions. For top- 

dowii cocitrol for zsriniplc. ri rcduçtion in tr.iwlinç Icrids to a dccrcrisc in tlic sçiriciiids. wlicrcas 

Iùr boitoiii-up çontr»l. ihc sciocnids inçrcasc. Whcii thc o r d i n q  yillnct is rcdiiccd and top- 

Jowii coiitrol siiiiii latcd. h c  J iivcni le Iugs prcdaiors. dcnicrs:il ti.cdcrs. Iciogn;itIiids. 

cngriiulids ancl pclrigics al1 dccrc:isc: ~r-tien ihc ;issunipiim is butioiii-iip ccintrol. thcy al1 

incrciisc. Scvcral csrimpics of tliis typr rvcrc givcii abovc. 1 t i s  tticrcli)rc quitc criiical to gain 

<in iindcrsiaiidiiig of botti rlic cfkcts of di t't'crcnt tlow assuinptions. cind iiisiglit in to  tIic iiatiirc 

c~fcricrgy tlow coiitrol i n  San hl igucl I h y .  

Tlicrc is littlc basis uii wliicli io iiirikc a prcdiçtion about upli:it govcriis ciicrgy 1 1 0 ~  i i i  S m  

hliçiicl ihy .  Ciin tlic p s i  g i w  ;iiiy iiidicatioii'! 'Ttiat is. \r licri listiiiig rtiort;iliiy is rcdiiccd i i i  ilic 

tislicry ir i  ordcr io siinula te tlic pnst. wliicli rissiinipt ion is bcst? t\ sii1iul3tic>ii W ~ I S  c ~ n d i i c  t d  

iisiiig tlic tisliiiig pattern of 1979- IOSI. Tlic effort ol'soiiic gcars, suçli ils the liuiiiiiig gilliict. 

tlic slirinip gillrict aiid ttic otlicr gillncts wcrc rcduccd io zero. otlisrs sucli as ilic Surfacc yillnci 

and the Botioiii gilliict wcrc iricrcascd by iwo and four fold rcspcctivcly. Tlic rssults arc pivcn 

iri Figurc 3.15 aiid tiicy wrrc coniparcd to thc triiwl biomüss data lioiii 1970- I9Y2 a11d 1 W 2 -  

1904 in Tablc 2.6. LIr~fonunatrly ilicy arc riiiscd and do not give a clcar piciurc. Wicri top- 

down coiitrol was assurncd. the thrst. crustricean pools and thc cngr~ulids wcrr rcdiiccd t« very 



1 O 
time (years) 

Figure 4.15. Dynamic simiilation of the 1979- 1982 fishing pattern. Effon is changcd at the 
beginning of the simulation which is mn for 20 years. The coloured lines are 
biomass, the thick line the Sergestids. See text for hirther details, Figure 4.1 for fishinp 
pattern and Table 4.1 for legcnd and scale 



low bionissscs"! Howover, tliey sliould increasc. h r  hundrsds of tons of ihesc pools wcrc 

cauglir in 1079- l9S3. and thc biomass of the pcnacids ancl cngrd ids  wns Iiiglicr in 1970- 19Sl 

tliün in 1992- IO94 (Table 1.6). 1i is not known \vli;it tlic biornass of clic Iriryc criistliccans or tlic 

scrgcsiids wcrc in 1979- 1981. i n  the botioni-up siinulrition. thc biornass of tlic tlircc crustaccm 

pools dccrcascd a li t[  le. The ençr~ulids rsmaincd at about the scimc bioniriss. 1 n Tliblr 2.6. tlic 

bioniass of tiic dcmcrsril fcsdrrs. ihc incdi iini prcdalors and i tic pclagics wcrc Icss in 1 979- 

1982 iIim 1992- 1994. Thc dccrcasc in deinersal kcdcrs is siriiiilatcd using top-dowii conirol. 

biit [tic Jccrcîsc of thc nicdiuni prcdators and pclagics arc rioi rcprodiicsd by ciiticr 

assuiiiption. In 1970- ILISI tlic sçixnids and Iriryc prcdators u w c  rtiorc cibundaiii ~liaii i r i  10111- 

I 994 and ilid Iciuyriatiiid abundancc w;is about tlic saiiic. 130th rissiiniptioiis rcproducc iIicsc 

rcsdis. 

Ii  is not possi bls to tliscri riiiiiriic bctivccii tlic two tlow tiyp«rlisscs «ii iIic basis o t' tlicsc rcsiil is. 

Tlic lack ol'coiisisiciit wnip3r;lbiliiy with tlic 1979- 1082 t r w l  ribundliricc data niay bc c:iuscJ 

by sci~cral lactors. Tlic lirsi is ttirii siii~ulliiiw of 1l1c 1970- 1 OS2 tisliiny prittcrii. a.liicli iiiwlws 

rcducing tlic cfti~ri of smic  g c m  [O x r o  and iriçrsasiiig oilirrs by scvcrd iold. i i i q  bc to takc 

tlic iiiodcl io« t'u Iioiii dis cquilibriiirii starti 11s point dcscribc'd â b o ~ c .  .\ C U I I S ~ S ~ ~ I I C ~  CIICC k of 

tlic QB ratios and tlic nican wsights sliowcd soriic iiiconsisiciic i r s  i r i  botli prir;inictc.rs. I I I  

addition, ihc fishirig cffon stnristics for 1979- 1982 niay bc Icss complctc thriri ilic 1092- 1004 

data. Thai is. somc gcars rccordcd ii i  1 992- 1 994 but iiot in 1 979-  1 933 may have bcrii prcsriii 

but rccordcd i i i  a scpaniic catcgory. In Cliaptcr 3 i t  was sliown thrii tlicrc was iiot vcry yood 

accordancc bcnveen the pool bioniassss cstimatcd by ECOPATH aiid tlic bioniiissss tioiii ihc 



trriwl s u w t y  Silice ECOSIM bcgins witli the ECOPATH bioniasscs. tiirn i t  may not bc 

rcalistiç to rspcçt i t  to bc able to rrproducc thc biomasses frorn 1979- 1087. Finrilly. i t  rcniliins 

io bc sccn wlictlicr ii is indecd possible to rcproducc ri prcvious cçosystc~ii. Tlicit is. is nriiurc 

rcvcrsi blc? I r  wris notcd above thai ECOSIM cannot siniulnic spcçics rcpl<içsiiiciit or 

takcovcrs. Ccnainly tticsc have wcumcd in S m  Migucl Bay. as chmgcs in tinbiiat hwc  

occurrcd duc to tisliing. 

The top-down rissuriiption is a sirong parüdigm in itic iiiarinc settiny ( Mciigc 1 W I  ). l'licrc 1s 

Iiowcvcr grwvtng cvidcncc in siipport for soiiic çontributiw iioiii boitoin-up iiit1iicncc.s. Su 

Iàr. tticrc arc rio data IO siiggrlst h t  boitoni-up cimrol docs not iiitliiciics tlow Jyiisiiiics in 

S m  hligucl Bay. TIic Bay h3s 3 largc dcirital input tioiii t h s  I 2 rivcr systciiis ttirit Jriiiii i n t i ~  IL 

(Si lvcstrc 1996 ). Ttiis inriy çoiitributs io prodiictivity iii tlic f hy .  Iiidccd. ris suggcstcd in ttic 

prwioiis cliciptcr. i t  could bc tliis inpiii ttirii  tiiis cnriblrd ilic tkhcry to bc sustairicd io tlic cstciit 

thrit is lias. I i i  addition, S m  Migucl I3ay hris an important nurscry r d c  for iiiany tisti. I i  is ils 

likcly as iiut ttiat jiiwnilc tisii arc iiiinisdiaicly affcçtcil by botioiii-up çoiitrol niorc iliriri top- 

duurii coiitnd. irispi[c 01'prcdrition by 1riryr.r tisti. 

I n  çotiçlusioii. i i  is not pussibic on iiir basis ol'avriilriblc driiii aiid knu\i~lcJgc to Jctcrt:iiiit* wliiii 

govcms cricryy Ilow in San Migucl Bay. Howc\w. tiie rcsulis clcarly dcinonsircitc [liai i t  is 

critical ttiai soms iasight bc griiiicd irito this uncertriinty. This unccrtainty 1nakr.s i t  difticuli io 

risccrtüiii wliat [lie bcst nianagcnisnt approncli Ior the tishcry of Si111 Migiicl Bay ~voi~ld  bc. 111 

sirnplc tcnns, if a long tcnii sustriinablc tlshrry is souglii. th6 rinswcr is to rcduçc tisliiiig 

inonal i [y. t-iowevcr. otlier t l i m  reducing e f f m  across the wliole tislicry siniultliiicousl y i t is iiot 



irnoiediatrl y dcar  froiii tliis aiialysis wliat this would entai 1. Tlicrçhre i t  \vould bc ricccssriry to 

dcviss boili Jiffcrcni iriünüçemcnt strriicgics Ior rach typc ol'coiiirol and to dcvclop a incrins to 

discrimiiicttc bet\v~'cn thc i wo 11ypoth~1scs. Assiiining bortorii-iip coiitrol slioiild bc ~ i i i  casicr 

irisk. siiicc reductions in tïsliing d f o n  Iclid io biomass incrcriscs in niost cases. Tlic t o p - d o ~ i  

rissunipiion rnrikcs tlic task more çtiallcnging. Thc top dowii çfkcis ol'prsdriiiori aiid iropliic 

çasclidcs Icad io ii variable biomsss rcsponsc. A n  adapiivs rnriiirigciiierit approriçii is ussd io 

ciddrcss thcsc questions in ihc ncst ctiaptcr. 



Chapter 5 

Management Strategies for San Miguel Bay 

;isscssiiiciit usiiiy ECOPf\TI-I aiid ECOSI X.1 indiclitcd i 

Tlircc pri>pcnics ~icfinc [tic tisticry Sa11 hligiisl 1 3 3 ~ .  Ii is ( I ) a itiultispccicx tislicn tti;it is ( 2 )  

owr-tishcd by ( 3  ) :i divvrsc riiulli-gcnr clfort. Wicn tlic tislicr)i u s  cisscsscd usinç Iciiyili- 

b:iscJ siiiglc spccics nicttiods. ovcr-csploit;itiun urris hund to oççur. In ridditioii. 3 rtiultispccics 

liai wlic~i bottoin-iip coiitrol is nssuiticd. 

. blorcovcr, wticii top-Jowii çoriirol is 

;issuriisJ. diiiosi (i l1  spccics arc higI11y o ~ ~ r - c ~ p I o i ~ c J .  H~\vcvcr. the ~nultispc~ics asscssn~cnts 

dso dciiioiistratcd that iriicrspcci tic iiitcrriçtions and cissiiiiiptioiis made aboui ilic çonirol o f  

cncrgy llow in  thc ccosysicin, c m  protoundly at'fcct prcdictions. Mi~lti~ptxics siriiiila[i~l~s o f  

tIic imprict ot'diffcrcrii fishing gcrirs clcarly indicaicd the diffcrcntiril çl'fccis of boitoiii-iip and 

top-down ;issu nipt iom. I I  was concludcd thût  i i i  order to bctier mriiiagc tlic fishcry c i l '  Ssii 

Mipucl Bay. a greatcr understanding sliould br. ob~aincd of tlic dyiilirnics of ilic ccosystcrti. 

This conclusion is sxplorcd Iùrtlicr in ihis cliaptcr. 



Ta h i c .  tlicrc has bccn Iiitlc effeciivc managcinciit of San Mig~iel Boy (sec Cliaptcr 2). and 

incasiircs sucti as mcsh sire restriciions and cvcn trawl bans Iiave b w i  largcly uiisuccsssful. 

Howcvcr. cvcnts i i i  Sriii Miçucl Bay Iicivc oïcr tiikcn boiti fishcrics scicricc and ihc Irick of 

mrinrigcmcnt. Sundcrlin ( 1991) rcports thüt. in responsc to l o w r  iiicornr.~ and iiicrcascd 

prcssurc on the rcsourcc, continucd compstiiion with thc 13rgc-scd~ seetor. thrw iniiiaiivcs 

towards conirnuniiy inaiiagsmcnt have occurrcd i i i  San Migucl Ba).. Firsi. ilic numbcr o f  

tislicr's orgmisrition in S m  bl içuel Bay lias tnçrs<iscd subsiriniiril l y si ncr. 1 970- I OS2 ( Ponicroy 

( i l .  1 995. Ponicroy and Pi do 1 092. Sundcrliii i 99-1). Second. t\v« opcrritioris w r e  

csiliblisiicd in 1902 to cnlorçc 1liu.s ay;iiiisi iI1sy;il trawliiiç". Tlic ttiird wl is  ilic dcvcl~)piiiciii. 

ilicn csiablistit~icnt of tiic San Yi iyud 1hy  L1;inagciiicnt Counçil (SMUMC) III 1993". 

Siinderlin attrtbutcs this IIIOVC 10~v3rds coniiniirilty ~iimilgcni~nt 1 0  ilic SII I ;LI I -SCI IC  tkticrs. and 

suggcsis h i .  althoiigli the idca oftlic SX11351C \vils lirst prcscntcd by Siiiith zt t r i .  ( 19S3) aiid 

cliiboratcd by yowrnriiciii plaiiners. itic SXIIXW "could not Iirivc bccii iiiiplci~iciiicd i i i  its 

currcni fonii wiihout tlic cvidcnt dcicrniinritioii of Bay lislicrs to I IWC ;i rolc in  ç~>wrriirig hcir  

liwlilioocfs" ( 1994: 2 2 s ) .  

Conirii uriity iiiaiirigciriciii lias bccri widcl y discusscd (c.ç.. McGouclwi i i  1 OW. l3;iilc.y aiid 

Jciiii~li 1 900. Pirikcnoii I OSi)). Ttic origin of çoniriiuriity iiiiiriayciiicnt is 3 kcy ficior for iis 

sucçsss. 1 f çonirn unity iiiaiiüysinciit ori y inatcs wiiliin the coniinuni iy, as i r i  Saii h.1 igucl I3ay. 

tlicrc is a inucli grcnicr chiincc for iis success itinn for comiiiuniiy manriçcinciit rcginics whicli 

Ir 1 Ttic r1c.o rigcncics 3rc callcd ilic Burirtlj- Dcrgur (Dclkiisc ot'thc Seri) and Tirsk /.i)r-c-c. &ifrk~~s(rtr ( T a 4  1:orcc t h  
Nriurc). In flic s p x c  orortc ycar (inid 1993-inid 1993) tiicy npprchcridcd ancl corit?scritcJ [tic gcar ut'riiorc ~hriri 
100 irriwlcrs (Sundcrlin 1994). 
U' Thc San hfigucl Bay Mrinagcrncnt Council is a hicrrircliicd i~istitutioti orgnniscd rit tour  Ic~~cls wiih liorizoiitril 
linkagcs. At thc top is thc mgion31 dcvclopmcnt council (govcmincnt). Ncxt is thc SMlihIC wtiich consists of3 1 
riicinkn, including I 1 trshcrs. At thc ncxt Icvcl is ~ h c  niunicipal task torcc. and 31 ilic bottorri. ihc villrigc Icvcl 
[risk t'orccs ( Pomcroy cJf cil. 1995). 



arc iniposcd on a çoinniunity froni uitlioui. by iiic yovcrnmcnt. for csriinple. An cidclitioriril 

hctor tlirii is likcly to cnliancc ilic suçccss ofcoininunity-bascd nianîgcriicnt iti Sui  Migucl 

Bay is tlic Local Gowmiiirni Codc ( LGC ). wliicli dcvolvcd ;iiitliority to Loçnl Govcmniciii 

Unirs (LGU) in 1992 (Luna 1992). Throuçli ihc LGC aiid scvcrril otlicr iniiiütivcs. [tic 

Phi l ippinc govcmiiicni rictivcly prornoics çoinniuiiity-bascd rcsourcc: iiia~iiig~iiiciit ( Poiiicroy 

otid Pido 1095. Abrcçrina (11. 1996). S m  Xligucl Briv is tlius cotiiplctcly uiiJcr rlic riutliorily 

of local. or "iiiunicipril" govcminciit control. Thcrs arc rwo direci coriscqucnçcs of thc 

SMDAIC. First. the coriimittcc brinys togcilicr the tlic scvcii iiiiinicip~liiics wliicli borilu- ilic 

Bay. niid ihus rlic IIay cari bc iiimrigcd 3s 3 wliolc. iiistc;id o t'by iJis i i i i v t  Jii;iI inutiicipaliiics. 

ScçoiiJIy. nianrigciiiciir can bc focuscd locdly iiistcad ol'piirt o h  çr311J plâii ti)r I I IC  cntirc 

Pliilippiiic archipclaga. 

pp -- 

n 1 Dccisron rinalysis 1s ri nicthod dcvclopcci io qurintitritivcly discritiiin;iic bctu.c.cn rilicniriiivc dccisiori~ or upiioiis 
\vlicrc rtiultiplc criteria or objcctivcs iiiipingt. on that dccrsiun. Thcrc 1s an cxpriris~\~c litcr~turc un dccisic~ri 
rinalysis but two tticurics. thc hlulti-Attributc Utility Thcory (Kccncy xrd RaitTa 1976) ririd thc AiiaIytic IIicrrircliy 
Proccss (Sarity IOt iO)  arc the nr3in mcthods iiwd for discrcic rnultiplc criicriri dccisiori iiiakiiig problciii'; ! Ucliuri 
1986). Siriiply dcscribcd. dccisiori anrilysis first dcconstmcts a probtcrii into ri swcs ofIiicr;ircliicrilly rclriicd 
objccti\.cs or attribu[cs. I t thcil cii'rcrirniria tes bc'twccii variou.\ riltcrnat~vc so1~~10ns 10 ihc problciii bahcd on tlic 
wcightcd ab j~~i ivcs .  I t  docs this by scoriiig the dtcrnritivcs rigainsi thc O ~ J C C ~ I V C S  [lien riddrng the' producth 3Cr03lr  

[lie rarigc of objcctivcs tor c x h  of the al tcrnativcs. This prcrduccs ri mnk ordcriiig o f thc 31 t c r n a t ~ t ~ s .  Dc'cimn 
rinalysis is ri group mctliod whcrcby the vicws of thc strikcholdcrs an. incorpontcd into the dccisioti iiiakirig 
prwcss. I t  is thcy who dccidcd on the relative wcights of tlic objcctivcs and scorc thc succcss ofrrlicrnlitivc'i 
rigriinst the objcctivcs. 



iiiaiiageitient rcçoiiiincndations of Sinitti rr (71. ( 19S3) .  wliiçli coiiiplctzd [lie 1979- 1 9Y2 

ICLARM rcscarçli in San Mipucl Bay. wcrc alsu considcrcd. 



Tlic comniiircc agrced on an overnll objcctivc. [tic "optimal inaiiaycnicii t of San M igue1 Bay's 

coristal fisticrics". Tlic main mlinagcnicnt objcctivcs identiticd to rcacti tiiis goal w r c  

sustriinable txploitatioii. habitat protection. niaxiinisc econoniiç bcncfits. to proniotc cqiiiiy. 

iiiiixiiiiisc tlic acçcptabili ty o i  inicnuitions and to optiiriisc ilic ridniiiiistrntivc sidc ot' 

iiianaçcriicnt. Twcl\,c altr.rnatiw projccts wcrc scorecl cigairisi ~hcsc objcctivcs ( Lu113 I WZb). 

twvc As 3 rcsiil~ oc thc dccisiori aniilysis. h i r  projccts wcrc Jclincd 3s LirgcIit. ( I ) Mario 

rcti)rcstatiun. ( 2 )  l~iiprwcnicn[ of iaw criliircsinciit cripabilitics. ( 3 )  Plirisc out ot'iiiiiiiicipcil 

trawlcrs aiid (1) Eiiiictrnciit ol' an intcniiiinicipal ordi ririricc ici bail coiiiriicrciril trriwl irig. Tlic 

otticr prcijccis wcrc cl:issi hcd as ciiticr ncccssary. or. dcsirriblc biii dcli.rr:iblc". 

M4 Tlic otlicr nlicnia~ivc projccts wcrc: ( 5 )  Conhtructton o f  a road Iink bctwccn Siruiiin aiid Tinntiibac. ( W C  I:igurc 
1.1 ). (6)  Irnprovcnicnt of hlcrccdcs lïsh port. (7 )  Upland rclorcstatiori. ( 8 )  blariiic Srincruririch. (9) I~iipriswt~icnr 
of  Calabri~iga jcity. ( 10) Stribilisrition of critical agricultunl lands. ( I 1 ) Iniprovctnciii of ti'ihcrics Iiccii?;iiig sy>iciii. 
( I 2 j Estriblishiiicnt if icc plant and storrigc facility (Luna  1995b) 
n c 

Thih did noi includc thc Mini Tnwlcrs. 



cissuiiiptions. ilic bioniliss of ttic thrw crustriccan groups decrcascd. Econoiii icii l l y. t licsc arc 

soms of iIic inosc valuablc spcçics iii tliç Bay (Padilla CI al. 10115). Tlius. ri t«td rduçtion i i i  

trriwliiig iiiriy iiot briiig about a11 ilic rcwards aniiçipaicd. cspccially i f  top-down coritrol 113s 

iiiorc iiitlucncc ihan boiioin-up conirol. 

Cruz-Tririidad and Garces ( 1997) uscd 1 i i icir  proyrliitiniing to cxamiiic opiiinuiii inanagcnicnt 

sirriicgics in San Migucl Bay. With an objcçiivc fimciioii to nicisiriiisc nci rcwnuc in tlic 

fislicry. ihcy iiscd lincor itiodcll ing io dctcrminc the optiiniil tlcct çontig~ircit ioii. 'I'licir 

«bjcçtivc funciion includcd itic costs of Iisliing in  ternis o f matcrial and tiwd cspciiscs ~ind tlic 

cost ot'lnboiir. Coiistciinis u w s  iilso inçludcd. Tlic total cciicli wcis set riot to iiiçrsctsc bcyoiid 

14. 000 iarincs pcr annuin. [lie catch W ~ S  ;iII~ca[cd ~ C ~ W C C I I  tr;iwI gcars. gill~icts uid tiwd 

gcrirs. c i h n  by iIic irmvl tlcct I id  to bc icss tliriri [lis currciii ci'lbn and IVWJ rliics I i d  ttr bc 

crsatsr ~ i r  cqii:il io iIic qiportiiiiiiy wst  of' 1;iboiir. Tlic opiiniurii tlcci c m  tiyiiriitiim pn~duçcd 
C 

by tliis riictliod corisistcd o f 3  six fold iiicrcasc. i i i  tlic nuitibcr ul' tish corrals aiid 3 finir fold 

clccrcasc in \lie iiuitibcr ol'baby imwlsrs. Wicii thc currciit L1cc.t wiiliguratioii w s  iiwiiii;iirid. 

profits w r c  still 1113dc III thc fislicry. but 31 t)iic tliird 01' tlic Iwcl O( ilic i)pliitiilm sccii;iri~. 

Siiniilniiiig rliis opiiiiiuiii 11cct con tigiir;ltio~i wiih ECOSI M ~ T L K ~ L I C C ' ~  ;in iiicrsasc 01' 5" O iri 

total tisl~cd biotnass, rissumiiig bottoin-up çontr»l. aiid 1 6'1 h assuriiing top-dowi coi1 trol. 

Agairi. ihc laiicr fiçurc incisks a grcat dml of vxintioii in [lis bioiiiüss cliaiiyc of individiiril c ~ u -  

groups. 

Tlic IPC aliemiitivc projccts. lister] i i i  Liinri ( 1 W5a. b) aiid the optimiirti t1cc.i sccniirios of 

Cruz-Trinidad and Garces, do noi address tlic inultispecics nature of ihc San Miguel Bay 



tishcry. Nor do t tic I PC idcnti fy sptxi tic fislieriss cçologiçal objcc tivc.sK". Ttic sustriinabi 1 i ty of 

tlic rcsourcc is ai tlic iop of tlic list of ~hjtxti\.cs. bill i t  is IIOI clcar quiic wliat ifiis riicaiis. otlicr 

than to iiiaint:iin ovcrall bioniass. I l i  tliis cliapirr. tlic "sustriinablc" itianagctiicrit of Saii Miyiicl 

Bay is addrcssrd froni a rnultispscics prrspcçriw. Varioiis ciianagcnicnt options. basrd ;is kir 

3s possible «II thc statcd objcctivcs of the IPC. arc invcstigatcd using sirnu1;ition itiodclling 

i l  a tiiuliispccics rnodcl. ECOS l hl. The manageniclit options arc cxriiiiincd b r  tlicir effcct 

on thc toial fisticd biomass in Sari hl iyucl Bay. the total catch in San M igue1 Bay. tlic sfkct on 

tlic bioniciss o i  inrlii*idual cco-çruups. the cfkct o n  thc c;iicli distribution aiiioiiçst gxirs. itic 

10131 prolit itiadc 111 I I IC  tislicry aiici tlic profit pcr siiiiill-scals gc;ir. 

A<, Lunri ( 1095a) provides ari .4ppcridix. co~itriiniiig ri iiiuch largcr lis[ ol'objccti\cs than t1iu.s;~ ivhich crtdcd up i r i  

[tic dcciwn trcc. Thcsc arc ttic rcsulis of ttic initial rounds of'idcnttt-ying thc o b ~ c ~ t i v c s  In Snii htigucl I h y .  M;iriy 
o f  tlic objcctivcs arc focuscd on Iriw crit,rccriicri~. aiid rccfucing c'tyon. 1 Iowcvcr. thcrc arc ri couple ot'objccii~*cs 
which aJJrcss spccific spccics in ilic Bay. Onc is to "Incrcrisc production of cxpon3blc. spccics to cnni Sorcigri 
cxchringc". thci othcr IO "Conduct studics of sliririip bccriusc thcsc arc the nirijor spccics i i i  Sali hligucl f3riy 
!ishcrics." 



The second major unccrtainty in San Miguel Bay is thc cxtcnt to wliicli iIic tjsh irisidc [lie Bay 

arc rcplcnislid fioni oiitside, that is. iiie cxtcnt of iniinigrdiioii and thcii. ciiiigrntion. This was 

Jiscusscd i i i  Cliapicrs 2 and 3 .  In Chripicr 3 i t  was ürgucd tliat [tic ECOPATf-1 inodcl. ris i t  \vas 

çonstriictcd. allowcd for the possi bility of cinigrrition and ininiigrütiori and was valid. 

tlou.t.vcr. ihc iiiiçcrtriiniy ovcr the rolc of iiiimigrntion and emigntion in thc tÏslicry aiid ilicir 

cuntribiiiioii t« ilir sustainribility of ihc fishery rcniains. A fislicry wtiiçli lias an iniinigratton 

çoniponcnt is likcly io bc morc stable aiid rcsilicnt tlian a self sufficicni iïslicry. ~issuining tliai 

the i inni ipri is  ;Ire i101 S L I ~ J C C ~  1 0  high c s p l ~ i  t 3 t  1011 cIscwl~~.rc. In Sari bl i g i d  Lhy. tlic arc3 

ouisidc ttic I h y  IS  I I I U C ~ I  Icss ~ n t e ~ i s i ~ s l  y tishcd ~1i;iii i iisidc the k i y .  

Adaptivc nianagcmcni is ü nicihocl \\hich cxpliçiily addrcssçs our uriccrtriirity ribout rcsaurcc 

dyiirimics and uses fccdbaçk inforiiiriiion to incrcasc knowlcdgc. In adapiivc iiian;iyciiiciit. 

Iiypotlicscs or riiodrls arc inadc about kcy uncsrtainties in ihc rcsourcc sysicin (Wdtcrs 1986). 

Shon tcrm. cspcriniciitnl nicinagerneni policics arc tlicii dcvclopcd to discriiiiinritc bci\rwri [tic 

alicmativs modrls. A fier rin c.upr.riiiieiiiiil pcriod whcrc ihc fishcry is crircfull y iiioiiitorcd h r  



rcsponsc. to tlic choscn policy, information h m  this pcriod is fcd iiito the dcsision iiicikiriç 

proscss Ior tlic iiext mciiiageinent sicp. I f  dl gocs wcll. it  inay bc. possible to placc niorc 

ccrtriinty on oiic inodcl iIinn thc other and procecd with a loiigcr tcnii stratcgy. bascd on tlic 

grcaicr ccnainty plsccd on tlicit modcl. ~2Itrrnativcly. i t  nlay bc ncccssriry to iindcrço ririotlicr 

sxpc'rimcnta1 or siion tsrm mariagenient pcriod before a longer tcnn iiirinciyciiicnt stratcgy is 

set. Adapiivc niriiiagcnisnt slioulcl bs ri coniinuous Issdbcick systcrn wlicrc tlic rcsponscs o t' [lis 

rcsourcc to 1iiân3gtmcn t arc uscd c«nstnlctivcIy t« in hrni futiirc riiuiaçcitic~it dcçisioris. 

I r i  fominl âpplicatioii of adüpt ivc tna i iag~n~cn~,  L3üyesian stiitistics arc ciiiploycti to place 

initial proba bil itics on the iinccrtriintics about di fkrcii t rcsourcc rnodcls or Iiypoiticscs ( Hi 1 boni 

c r  ni. 1994. Waltcrs and Ludwig 1904. Waltcrs 1086. Lindlçy 19S3) .  Siiiiulatioii inodclitig ot' 

[tic inodsls undrr diffcrcnt shon and long tcrm poliçics thcii producc iipdatcd probabilitics for 
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iIic models. Stritistiçül dtxision tlicory is subscqueiiily iiscd to work out wliich is tIic bcst 

owrrill stratcgy to Iollou. iisiiiy criicria sucli as "cxpcctcd valuc". 

The tishcry of San Miguel Bay fills into \Valtcrs ( 1086) classi ticaiion of a "coniplcx 

problcni". Coinplcx problcnis msy bc systeliis wlirrc iticre arc roo iticiiiy variriblcs. \vhcrc 

çonssnsus criiiiiot bc rcrtçhed about a sniall sct of altçrnativc Iiypotlicscs about u~~ccr-uiniiss. or 

whsrc no single objcctivc function wi I l  rcprcscnt tlic con tliciing intcrcsts of tIis varioiis ilciors 

involvcd oii iiianagcniciit ( l Wb333 ). At Icrtst [lie tirst and last ot'ilicsc apply io Sari bligucl 

Bay. 1 t 1s iiot posst blc 11) p l u x  p~stcrior probabi litics 011 tlic di f*Ucrcnt rcsourcs itiudcls bcc;i~isc 

tlicrc is iiisu tficicnt historical diiiri. 111 ;idditicin. rlic blontc-C'iirlo siiiiiil~iioii ~ipproacli rcquircd 

i i )  gcncratc i ~ p h t c d  pr~biibi l itics IS [lot 3ppropri3(c for t tic i~iilliispc.~ ics nwdd i~scd Iicrc. 

Tticrc ;ire a WT). Ixgc ilimbcr 01'\r;1r13bls~ and [lit wtwd tv~uld  i~idccd bc Iost i i i  t h  Irccs. 

Fi rial l y. ii 113s bccii s~~ggesicd 11131 no-OIIC \ v ~ i ~ l d  bel icvc ille probabil i tics plxcd 011 thc 

diffi.rsiit rcsourcc iiiodcls riiiywnp ( C d  Wdicrs. pus.  coiiiin.). Tliiis i t  i s  assunid i k i i  ;dl 

iiiodcls arc cquall y l i  kcl y and t Iic vririous policics options arc Jcicntiiiiisiic;il ly siiiiiil;itcd aiid 

iticir ii~ilxicts dctcniiiiiccl. 

Tlierc arc six basic stcps i n  iida pti v s  iiiaiiagcinciit ( Wiilicrs I 9S6. I l i  1 born and b'alicrs I 902 ): 

1 .  Idcnii fy dtcrnntivc Iiypoilicscs or iiiodels of thc rcsourcs; 

2. nsscssmsiii of wlicthcr furtlicr stcps arc. ncccssary by csiiiiiliting tlis cspsctsd valus of 

pcrkct iiiforniaiion (EVPI) ;  

3. devclop büscliric policics; 



4. dcvclop ridaptivc. probing policy options: 

5 .  dci.clop pc.rfi)nniiiicc criicria to niciisiirc succcss: 

6. t'orniril coniparisori of optioiis. 

In praciics. ilitsc sicps arc iiot dl distiiict. I I I  order ro cstimritç EVPI,  oiic nccds a rangc of 

policies by wliicli w judgc tlic altcrnriiivc: hypothescs. Clcrirly, somc ot'iIicsc will bc includccl 

in the policics dcvclopcd at stcp 3. m J  possibly 31 stcp 4. Rgliin. i r i  ordsr t« asscss tlic E W l .  i t  

1s ncccssu-y ro h w c  3 criterimi agüinst ivhicli 11ic riltcmativc riiodcls arid policies Lire ~uiiycd. 

This is not neccss:irily scprirrits tiorii stcp 5 .  .+\rriv:il î t  stcp O is :in iiircrlictivc proccss. uhicli 

riiay bc itcratccl scvcrd tinics. 

Wnlicrs ( IW6) rccoiiiiiicnds using a dccision table io dcicrniinc tlic EVPI. Tlic table coniains 

ilic prcdictions of cach n~odcl. assuniing tliat tlicrc is pcrli.ct inforimiioii. uïcr  ol'a raiigc of 

policics. Thc bcist policy for sach modcl (U**)  is dctcmiined. Tlic bcst poliçy cii~cr;igcd w c r  dl 

modcls (U*) ,  tiiat is, ttic: bcst non-adaptivc polisy. is also dctcnnincd. Tlic EVPI is calculritcd 



:is clic avcragc of the brsi palicy for cadi niodcl minus tlis best noii-adaptivc policy. iLlorc 

t o m d l  y. this is ilic di ffercncc bciweeii average gain usiiig U** iiistcad of U * . thrii is. 

\r.ticrc. hl, = niodcl ( i ) ,  P, = probabiliiy i)f hl,. aiid V( UIM, ) = c.spc.ctc.d valut. ofpoliçy Lr. 

givcii inodcl bl, ( Walters 1 986: 1 97) .  

TIic unçcrtriiiitics in San Migucl Bay wcrc disciisscd abovc. ECOSI IM \vas iisd to dircctly 

modcl ilic ksy uiiccririiniies i i i  San Migucl Bay. Modcl I siriiulaics bottoiii-iip control and 

rnodril 7 S ~ I I I U ~ ; I I ~ S  top-~OWII C O I I I ~ O I .  They wcrs modcllcd as in  Cliripicr 4. lininigriitioii \vas 

niodcllcd using a rouiinc in ECOSIM. ECOSIM is progrririimcd io iiicludc ri vcry siii:ill raic of 

immigraiion. in iliis casc. li1000 of the start biomass. Imriiiyrrition wrts iiiodcllcd by niaking 



the ininiigratioii nitc equivalcnt to the stan bioitiass tor al1 tlic tishcd groups cxscpt for tlis 

Iiiryc crustaceans (sec Chapicr 3 ) .  Howcvcr. i t  wris not possible to riirikr tlic iiriiiiigr:ition ratc 

that higli for the jin-ciiilc çroups. bc.causc of the ivriy tiicir [lie initial cquilibriiiiii balance is 

calçulatcd". Tlic iiuinber of imiiiiyrmts pius thc nuinbzr ot~juvsnilcs rssruits niust cquril iIic 

initial cqiiilibrium juvcnilc niortiility rate. li tlic iiriniigrütion rritc is ioo tiigli. tliis irnplics 

iicgatiw juvcnilc rccniitrncnt (C. Wdtcrs. pcrs. conini.). This is on uiifortunatc coiiscqucncc uf 

tlic struciurc of ECOSIM. Tlius thc juvciiilc scicisiiids wcrc niodcllcd witli aii iniini grrit ion nitc 

cquivcilciit to 1; I O  of tlicir strirting biornass. wliilc the juvcnilc rticdiiini predators ii~iiiiigratioti 

r;itc was 1 ' 1  00 of thar strirting bioniriss. I t  ivas rioi possible to iiioJcl iiiiriiigrri[ion ti)r tiis 

jiivciiilc large prcdators". Eniigr~tiori is riiodcllcd as tIic iiiiiiiiçr3iioii raie dividcd by iIic i i i i t i r i l  

siiirtirig bioniass. Modcl 3 siiiiulaied iiiiiiiigr:iti»n wiiti bottom-iip cciiitrol aiid Modcl 4 

siiiiullitcd iiiiiiiig~iiioii wiili top-dowri coiiirol. 

Thc spllt pools arc accouiiiçd for in ECOSIM iising boih bioinaw and nuinbcn, uiiliks [tic urisplit pool3 t v l i ~ l i  

rire ~mckcci using biornass aloiic. Scc Chaptcr 4 anci Wdicrs et ul. ( 1997). 
KX 

A scnsiiiuty rin3lysis ot'thc juwni lc  and ridult prinmcicrs. K. T and W k  indicritcd ihat thc largc prcd;mrs arirl 
ind iun i  prcdritors wcrc prirticularly scnsitivc io ihc T panriictcr. the cigc rit which thcy niaturc into adulis. 



and local political situation is anti-tnwliny and tnwlcrs arc Iidd io bc rcsponsiblc for itiany of 

tlic ills in tlic tislicry ( scc Gorospc 111115. Punieroy cJr d. 1995). l-fowvcr. i t  is not possiblc ic) 

optimisc for cvcry tistiing gciir and for ewry spccics. l i~ r  cvery situriiioii. A simple approacli is 

murc iisctùl. 

Policy 1 is t h s  opiiiiiutii p o l i q  Jwrlopcd by iiic IPC (Luiia 1 W 5 b )  "'. Siricc itic S . \ W W '  

aJoptcJ tlic rcc»niiiiciitlatiuns of ilic IPC and arc going aticad wiih [tic plliii to pliiisc oiit al l 

trriwling (C. Lima riricl hl.  Pido. pers. coriim). tliis riiay bc r q i r d s d  :is the b;isclinc policy. 

Policy 2 is ttic opiiiiiiiiti pol iq  ~ i c ~ ~ c l q ~ c d  by Criidririid:iJ aiid <i;irçcs ( 1 007  1. 

kt) I towvcr. i t  does IILN I I I C I U ~ ~ C  bnn~iing iiiini-tr,i\vlcrs. h r  1ivo rcaoris. f'irh~. iliriir caicli 13 targctid cm thc 
pcrixid ; i d  scrgcstid slmrnp, and riltiiough tlic i~ic'sh WC uscd 1s sinriIl. thc tn~vlcrh ;dso tish ;it Ion. ';pccdh ( i h q  
ti;~vc 1 O f IP cngincs). Scc~)ndty, the imprict 01' rcducing ttic niirir-trri\r.lcr c t'hrt ic, zcro wrih riiucli l c ~  ttian cithcr 
itic ordinrrry gillnci. huniing gillnct or tlic Irrrgc. [iidiuin and baby inu,lcrs (Chaptcr 4). Smcc tti~s 'icctor IS qu~tc  
Irirgc (260 vcsscls) and still makcs a profit ($cc Chripicr 2 and PsidiIlri ci/ .  1995), rind d w s  noi habx a Irirgc 
n c p i v c  impact on thc biornnss or biotiiriss coniposition i t  \vas rctriiiiccl as ttic oric typc o f  tnwlirig riil~\vcd I I I  Srin 
Migucl Bay. 
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Tablc 5.1 List of potcritial long tcnii mrinrigrrnçnt options for San bligucl Bay. 

Ban al1 irawling by Inrgc. nicdiuin and briby trawlcrs 

Rcducc trawling by baby trawlcrs from 50 vesscls to 1 1 \~ssscls and 
incrrasc thc riumbcr of fish c o ~ ; i l s  h m  123 to 767. 

Brin al1 ~mwling by largc. medium and baby ir:iwlsrs and iiicrcriss ttic 
nunibcr ot'cnb gillncts by 1001b. 

Brin dl tn\r.li~ig by large. nicdiurn m d  biiby trriwlcrs aiid ban tlic iisc 
of [tic hiinting gilliist. 

Ba11 311 t n ~ v l i ~ ~ g  by large. nicdiuin aiid baby t ~ w l c r s  and ban [tic iisc 
of thc filter tit ' t .  

1 i m  al1 trawling by hrgc, rncdiuiii and briby tnwlcrs and rcdiicc cl-fort 
by oiticr %cars by 25% (cnccpt the crdb gillnct. çmb lilinst. sct 
ionylinc. tinndlilic. fish corral. scissor rici. tisli irap and '*ottlcrs" 
gtxir). 



[II Cliapicr 4 i t  \vas çoncluded rlirit reduciiig trawlirig aloiit: was not sufticicnt to adcquntcly 

address the ovcr-tïsliing and ovcr-cxploiiation probicins in S a n  ,Miguel Bay. III  addiiion io ilic 

trau,l ban. polices 3-3 involvc a raiigc of oilicr iiiliiiagcrnciit incasurcs. Tlius. pol icics 3-8 ban 

311 trawlirig. wiili [lie cxçcptiori of the inini-irriw1r.r. 

Policy 3 iricrc;iscs iIic crab gillnct cfl'on by 1001;. Tlic siiiiiilaiioiis in Cliriptcr 4 sl~owcd [liai 

~ h c  bioriiriss of ths large crustacsans incrcascd \vlicii tnwliiig \vas rcduçcd. pciniciilarly iindcr 

top-clown conirol. Policy 4 bans ilic Iiuiiiiiig gilliici. Gillncis. cspcci;illy the Iiiintiiig gilliict 

m d  tlis ordiniiry gilliict kr\.c. a siihsi:intial iiiipxi oii [tic rcsourcc (ssc Figi~rc 4 . 0 )  TIic Iii~liting 

yillrict as hanncd i i i  tliis pulicy r:iiticr iliiiii thc ordiiiwy gilliisi bccaiisc ii  is an active ycrir. in  

riddiiion. ttisy arc a rscciit Jc\~clopincrii i i i  the L3;iy (CIi;iptcr 2 )  m d  l i ~ r  h i  rcasoii. rnay bc. 

casier IO ban. Tlx ordinwy gilliict IS  3 traditio11;iI tishing iiisihod. Tlic boiiorii-up assumptioii 

prsdicis ttiat dccrcasing c f h r t  ol'ilic Hiint inç gilliict lias a posiiivc impact 011 [lie rcsourcc 

(Table 4.4). 

Policy 5 bans rlic use ol'ilic tilicr iici. This rctlccis opinion \,oiccd by ilic IPC. Oiic iit'ilicir 

o b j c c t k s  \ u s  ilic bxi u f  the filtcr rici (Luiia I W5b. Appciidis 1 ). This bati \vas callcd h r  

bcçavsc ilic lilicr iici. wliich is a fiiic nicslisd yciir, is pcrccivcd io caicti [tic juvciiilcs of iiiaiiy 

spec ics, and ilicrchrc liaw a iiçgnti vc impact o n  tlic bioiririss and oii cntclics. Tlic iiiuliispcc ics 

xial ysis o f  iIic filisr nci in Chaptrr 1 dciiioiisiratcd ilirii iliis ycar docs iinpaçi al1 cm-grotips. 

althougli riot 311 iinpricts are ncpiivc. In  Cli:iptcr 2 i t  wris iiotcd that [lieri. tus bccn an iiiçrcasc 

in  tlic usc of linc-mcslicd gcars in San Miguel Bay. Thc filtcr nci lias s c c ~  ilic iiiost subsi;iiiiid 

iiicrc;iss by ovcr 3000/; froin 60 units i i i  1979- 1982 io 260 in 1993- 1904 (Table 2. I 3) .  
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ln Policy 6 rlic effcçt of banning boih the liunting gillnct and the tilicr net arc csamiiicd. 

Sincc an riim of tlic SMBMC is to rcducc cfhr i  in Srin Miguel Bay. ilic iicsi iwo policies arc 

dcsigiicd 1 0  inwsiigaic ihc iriipaci ol'rcducing cffof~n furilicr. itiai is by triking niorc drristic 

actioii. All cffort is rcducsd by 25?6 in  policy 7. cscepi for the c n b  çillnct. crab liftric~, set 

Ion y l iiic. Iirindl inc. tis 11 sorr;il. scissor net. Mi i n p  aiid "oihers" gc;ir. Thssc wrc  cxç l udcd for 

ilicy arc rclniiwly bciiign gcars riiid çould bc coiisidcrcd "cii~~imnnicnt~lly fiicndly" Policy S 

is niorc cstrcinc. All cl l i~n is rcdiiccd by 50°$. in addition io tlic trriwl b:iii. 

Collcçtivcly t h  gilliicts imposc 3 tii yli iiioridity in tlic tislicry. ilicy x c  vcry iiiinicroiis iind arc 

ri i  Ic:ist a s  g r u t  a tIirc;t[ 1 0  ttic ~i~stainahility d t h c  rcsourcc as t1ic tr~\vIcrs. 3s J C . I I I C > I I S ~ ~ ~ I C ~  I 11 

C1i;ipicrs 3 aiicl 4. For tfiis rcasoii. policy 9 u r i s  dcsigncd to cxmiiiic tlic impact 01' rcducing dl 

gi llricts by 5 0 O  0. Thc iiiiprici of' riiis rcdiiçiion slioiiid bc iiiorc br.ric!içial iiiitlcr itic botioiii-iip 

tlian rlic iop-clown nssuitipiioii. 

II'tish iiii~iii~r:itioi~"'~ is 3 sign~ticilni t l c t t )~  i i i  S m  3~iigi1c.l 1hy. tlicn i t  slioiild bc possible 1 0  

cspriiid ihc Iislicry ; i d  io iiiçrrasc ciiiployincnt. Tlie last two poiicies. 1 O aiid 1 1 .  w r c  

dcsigiid io csriiiiiiic tlic iiiipaci o t' i tiçrcasi ng effort in t tic lislicry . Tlic niiilrispccics ariril ysis i i i  

Cliliptcr 4 also indicaicd i h t  ihcrc would bc a Ixgs iiicrsasc in ihc bioiii:iss of tlic crustxcan 

groups if s f l i~r t  wcrc incrsüsccl. çspsc ially undcr top-down control. I i i  bot11 polisies. c ffort is 

iricrcascd by 33%. Policy I I also iiicrsascs the crab gilliict effort by I 00% 

'nJ Tlic tcriti listi ittuiiigniion rcfcrs to both thc fish and crustaccrin spccics. 



IDc*rfortiiri nce Cri teris 

Thcrc arc iiiuiy critcria wliidi could bc uscd ;is a I I ICILSU~C of succcss in  3 niultispccics tislisry. 

sucli ris total bioniriss. total caicli. rict rcvcnuc aiid numbcr ofjobs. I t  is clcar tiom tlic 

objcciivss listcd by tlic IPC tliat tliesc bctors arc dl coriçcrns in Sari bliyucl Lhy. Pcrloniiaiicc 

cri tcria can also i iicliidc tlic costs of niaiinycinciit. inonitciring çosts. loss of rcwiuc 

çompcnsriiion çosts. str io-cconorniç costs or thc csti~natcd costs oI' not doi~iç  ;in cspcri nicnt. 1 I' 

susiriiriabili [y. riiultispocics issues aiid cy ui t y  issiics wcrc a coiiccrn. 3 riiciisurc ~ S ~ C C I C S  

divcrsiiy aiid tlic cquity of tlic distribution ot'tlic c ; ~ l i  across gcrirs çould bc i i s d  as 

pcrfomiüncc criicriri. 

Saiiisbury ( 190 1 ) rtiasiniiscd tlic cspccicd prcscni \ d i i c .  l i~r  ~lic iiiiiltispcçiss tislicry of 111s 

Soriliuutsni Sticlf of .+\us~rriiiri. S;iinsbiiry's cspccicd prcscrii valiir: iiicludcd tlic costs ut' 

tistiing, iliz costs o f  doing the cxpcriiiiciir and soçiiil cosis. Thc cspcctcd prcsciit u luc  is a 

usclùl pzrforiiiaiicc critcriii. but ii docs rioi distinçuisli bct\vccii ciiticr tlic ctfcci ot' policiss ori 

I I I C  bioni;ls or i l  coii~positi~ri. or 011 tlic distribution ~ C ; L I S I I  acrms gcars. Wdtcrs 31id klilborri 

( 1976) iiscd loiiy tcriii caieh. discuiintcd owr tiriic. But tlicrc iiiay bc iic, "bcst" pcrhrtiiancc 

cri tcria i i i  a tislicry such as San Miguel Bay wlicrc. tlicrc arc iiiultiplc iiiaiiagciiicrii ol?jccçii~-cs. 

1-{il boni aiid Wlilrcrs ( lW2) reconiiiicnd using a sci of pcrforniciiics çritcria i I clicrc is 

iiriçcriainty 3s 1 0  wliiçh is b w .  tlicil to wnduct ;I scrics o f  r iss~ssni~ri t~ b;iscd on 1110s~ crilcria. 

This siiygcstion is hl lowcd Iicrc. 



üsually, tlic perfornianst. criteria art. discountcd ovcr a loiig time Iiorizoii, or to iiitinity. This 

insthod is iiot possiblc wiili thc inultispeciss rnodcl uscd Iicrc. TIie iolloivinç proccdiirc u-ris 

uscd. Eüsli policy chliiigc wcis iniplciiiciitcd owr  two yeiirs. Effort w;is cithcr incrcüscd or 

dccrcascd linearl y ovcr this iinic. Simuliitions wcrc rlicn pcrfortricd io tlctcnniiic ihc nuinber of 

ycars i t  iook Ior ilic ccosysicni to strrbilise aficr ilic psnurbriiioii. R y  ycar 70. al1 bioiiiassçs had 

stabiliscd for riIl rnodcls and poliçics. Sincc tIic coiiccrii nt ihis sngc is io dctcrininc wlictlicr 

Icarniiiç is bcnctiçial to ihc loiig trnn liiiiirc of iIic rcsorircc. iiic rcsulis of cadi policy wcrc 

çuiiip<ircd iiftcr 2 0  ycrirs. This ignurss thc priili by wliiçli ilic t inr i l  valtics rilicr 2 0  ycrirs arc 

roaclicd. Ho\rwcr. siricc :il1 ilic policici; arc çoiisidcrcd valid long icriii options. ii is [tic long 

icnn vicw wliiçh is rclcv:ini. iiot tlic sliori irnii p;iili. 

T'lis lirst criterici is ilie pcr~c~iiagc c I ~ ~ I I ~ c .  in "toi:il tislicd bioniid ' .  Aii iiicrcasc iri bioriinss is 

bciicficial io thc fisliery. r i  decrcrisc is no[. Tlic secoiid critsria ivris dcvclopcd to iiicasiirc iIic 

iriipüci of policics on ilic divcrsity of the bioniriss. Tlic rationiil is ihai iiiorc divcrsity is bcttsr. 



Tabic 5.2 Pcrfonnriiiçc Criteria for the tirst stage of the adâptivc nianagci~icnt 

Total Catch 

C m l i  Distribution 

Di ffcrcncc bctwxri t h  iiurii bcr of cco- 
groups that incrcnscd i i i  bioniriss (iftcr 10 
}cars and those tliai dscrcriscd. 



Tlic çritcriü. "biomass diversity" is çalculatt.d from ilie difkrsnçc bctwccri thc nurnbcr of cco- 

groiips IV hiçli dcçrcasc in bioniriss aiid tlic nunibcr of cço-groups tvliicli iiicrcrisc in bic)itiriss. 

') 1 Ali inçrcascs or dccrcnscs grcatsr tlicin 5% arc regardcd as equally good or had . Cliaiigcs lcss 

t h n  5% w r c  not includcd in rhc cuunr. The bcst rcsulr is an incrcasc i i i  tlic bioniass of' 31 1 CW- 

groiips. and ~~~~~~~scly. ilic worst rcsult is ri dcçrcasc i i i  thc bioinass ot'all çroups. This critcria 

differs froni tlic first cri~cria bsc;iusç an incrcasc in total tislicd biorliass could bc duc to il Iürgc 

incrcnsc i i i  onc e c o - p i i p  and smd l u  dcsrcascs in rnriiiy i~ilicr cco-yroiips. 

' 4  I This criicria could bc niorc cc>iiiplc.u. 1--or cxainplc, dari iiicrcasc in ilic bioiii;i~. ul'wy t1ic pcriiicids aiid itic 
Iiirgc crustaceam was dccnicd J c s ~ r ~ b l c ,  thcri ihcsc could bc givcn ri grccitcr 16-ciglit tvhcti tlicir bioriiriss iricrcaxd. 
and 3 grcatcr ncga~it'c cl'fcct on thc criteria ~i,licn thcir bioniriss dçcrcriscd. 
'1' I I '  ii \va:, dcbimblc 10 irlcrc3sc thç catch iif spccilic g ç x s .  ilicsc gcars could tx u.sightcJ riiorc Iicnt*il y iluri tlic 
othcr gcars. 



mrasurcs tlic pcrccniagc çliaiigc in total net rcvcnuc. Critcria 6 iiicasurcs. "rcvciiuc pcr sinaIl- 

scalc ç c x "  iricasurc tlis pcrcsniagc cliringc i n nct rcvcnuc pcr sinal l -scdc çcar'". 

Assessiiirnt of Whetlicr F u r t t i w  Steps ;ire Nrcessarv IN Estiniütiii« tlic E r l ~ c c t c d  \'üluc 

o f  Ywfcct Inforriiritioii, EVPI 

E I  'Pl fOr (z// Po1ic.i t j .v 

- -- 

U I Tlie total 11ct rcvctiuc is siinply divided by ihc total nuiiibcr ofsniall scalc gcnn a1 iinic O aiid r i t  t i i i ic 20. 



Table 5.3 P c ~ c n l a g e  Chrinyc in Total Fishcd Biomass aftcr 10 ycars. 

T~iblc C .A Cliringc i i i  II ioiiiass Diwrsiiy :i ticr ?O y a r s  

**  = optiniuin policy Tor cadi iiiodcl.* = bcst poliçy river;iycd ovcr 311 iiiudcls 



Tablc 5 .5  Perwiiiagc Changr: in Toial Catch aftcr 10 ycurs. 



Ta blc 5.7 Pc.rccntagc Cliüngc in Total Revenue after 70 ycrirs 

15.0 
10.0 
10.8 

-20.0  
- 1  I . ?  
-4O.S 
42.2 

140.2** 
15.0 
39.2 
47.5 

* *  = opiiiiiuiii policy for cadi iiiodcl,+ = bsst policy ~ivcrrigcd ovcr 311 riiodcls 



Ttierc is tlius no nced to estimate EVPI, For tlic EVPI equals zero. This iiicaris tlirit thcrc is iio 

\.duc il1 future lcaniinç. This rcsult occiirs bcçausc [tic diringes in Iisliing effort inçiirrcd by 

ilicsr: policies arc so Irirgc tliat ttiey hrce thc rcsoiircc i i i  a piirticuliir direction. rcyirdlcss of tlic 

rissuniptions about tlic rcsourcc. That is. tlic impact of the tishcry on tlic resourçc. undcr tIicsc 

puliciss is niucli grcütcr thîi i  the diffcrciiccs bclu-ccii [lie difiretit rcsoiircc iiiotlcls. Tliis ducs 

not incrin thai tficre is no valus in trying to Icarii iiiorc ;ibout the unccrtciintics for difikrcrit 

policy options. but i t  ducs mcari tlirit for sach of tlicsc rcsourçc policiss. the par<icitl:ir niodci 

uscd to rriodcl ttic rcsoiirc'c is r i o t  ci-iiic;il. 

In tcntis of tlic siistaiiiabiliiy and Iicaltli of the rcsourcc. poliçy Y is by far tlic bcst p o l i q .  l t  

d so  givc'stlic hiylicsr rcvciius pcr p r .  riltliouyli Iollowiiig ~tiis policy iiicaiis a loss ot'50"" of 

tIic jobs in [tic listicry plus [tic IOSS of0ns1iorc. jobs. Oiic of the iii:in;igcrtictit objcctivcs 01' tlic 

1 PC was to "proiiiotç cqiiiiy rinioiqp t coristal rcsoiircc users" ( L L I I I ~  1 0953). Clciirl y tliis pol icy 

is not cquitablc for tliosc wtio "losc out". I-lowcvcr. ilic IPC objectives nlso iricliidc tlic 

"provision of al tcrnativt. l i w l i  hoods" and many of ttic projcçts listcd in the San M igusl Bü y 



Iiitcgr~tcd Coristril Fishcrics blanagcnicnt Plan (iinpublisiid inlinuscrip) addrcss this conccm. 

[ f  it prcnui possible io providc tliosr who losc out witli altcmativc livclilioods. policy S w«ulJ 

bc fcasiblc. 

Tlic rcsults abow suggcsi t h t  Icrimirig niorc about tlic conirtiuiiiiy dyiiamics in Srin Migucl 

Ikiy or tlic rolc o f  ininiigrrition is iiniiiiptmint IO tisl~crics rticinaycriicni. t-lowcvcr iliis i ~ i y  iiot 

bc thc ciisc. Soi 311 iiicinrigsiiiciit xrions \ \ - I I I  bc ris cstrcnic :is [tic tuo ~ioriiirimi pol icics. aiid 

rlius Indy iiui ovcrwlicliii tlw rcsourcc dvnriiiiics. Tlic dccisioii iiiblcs :ire rc-drdtcJ iii Tiiblcs 

5 . 9  - 5.14. csciuding ilic çstrcriic p)liçiss. The optiriiuiii poiicy Lw c x l i  q ~ i m  c i i d  the bssi 

nori-xkipt iw pol icy :ire iiiarkcd ;is bc tirrc. 

Tlic rcsiilts stiow 11131 iIicrc is stil l consistsnçy i i i  ilis pattsrri of a pcirticulx polisy tii  bc tlic 

q t i i i i i i i i i  for iiiost iiiodcls. I I I  tIic case 01' ihc "10191 rcwii~ic*'. policy 2 is Juniiiiiirit (tliis pol icy 

\vas &ri\ cd fioni tlic work of C'riiz-Tririidad ritid Ciarces ( 1997). \vIio i i s d  profits 

maxi iii isaiiw 3 5  11ic objcct i vc fur~çt i~n).  an J h c  E W I  is zero. For **t~)t:iI c:iiçli". "c:itcli 

riisiribuiioii" riiiJ "rwenuc pcr srii~ill-scalc gcar". pdicics 2. 3 aiid 7 arc iq>tiiiiuiii liv :il1 

itiodcls wiili [tic cxccpiiori of rnodcl 2. ihç top-down iiiodcl \viili iiu iri~riiigration. Tlic EVPls 

arc ail low. For "ioid bioniass". tlicrc is ri similiir piçture. Policy 6 is tlic optiiiiiiiir policy for 

niodsls 3 and 1. Poliçy 7 is ilic bcsi policy for rnodcl 1, but policy 6 is 3 çlosc scçoiid. Ttic 

EVPl  Ior "total bioiiiass" is considcrably Iiigtisr iliaii the EVPls for ihc oilicr pcrforiiiancc 



Triblc 5.9 Pcrccntagc Cliangc in Total Fislicd Bioinass iificr 20 ywrs. 

EVPI = 5.02 

Tablc 5.1 I I~crccntayc Cliaiigc in Total Qitcli alicr 10 ycitrs. 
EVPI = 0.25 



Tiiblc 5 .  II Cliringe in Catch Distribution aHcr 10 ysars 
EVPI = 0.75 



critcriii. This rctlccts the benctit to bc gaincd frotn discriiniiiating inodcl 2 froni tlic otlicr 

riiodcl S. 

Tlic pcrfùrniaricc critcriii. "bioinriss divcrsiiy". discriininatcs bciwc.cn ilic irntniynition inodcls. 

bctwcsii tlic iiiini i y ratioii and non-iiriniigrrition iiiodcls. but i t ducs nui discriininaic b s i w s n  

ilic two iion-iniriiigration riiodels. Thc bcsi noil-ad:tpii vc: pol ic y. polic y O ,  is dso optiiiid tOr 

iiiodcls I and 2. Tlic EVPI 1.5 is quitc liiçli rclriiiw ro th s  vriluc o t' the bcsi iioii-iitkiptiw 

pollcy. 

F x c d  with thcw rcsul~s 3 111aii;1gcr W C ~ U ~ C I  in 311 likcl~tio~d C O I I C I L I ~ ~  thr i t  t11crc w 3 s  IIO rc:d 

value to bc yaincd froni îùiurc lcriniiiig aboui tlis rcsourcs. For oiic çriicria iticrc is a doiiiiriaiii 

poliçy aiid h r  four otliers ilicrc arc robust non-ndaptivc policies. Tlic oiily pcrforiiiaiicc critsrici 

iliat produccd tiigii EVPls  wcrc "ioial bioiiiass" and "bioinriss divcrsiiy". Howvcr. cwii i l '  tlic 

main inrinagcnicnt çoiiccrn was to incrccisc bioiiiass. policy 6 would bc n fairly s a k  bct. 11 is 



rlic bcst non-cidaptivc poliçy fur total biomciss and tlic scçoiid bcst policy for bioiiiriss 

coinposi t ion. 

Walisrs ( IW6) cites tour basic conditions to justify a probing policy: 

1. tticrc inust bs uriccnriinty about the bcst policy tu iakc, 

2. systciii pcrform:incc niiist bs scnsi tivc to the ciciion iakcii. 

3. altsni:iiivc actions riiust bc di fkrsniicill y inlonnativc. 

4. nu siligl~. oiic 01' tlic d t c n i ü ~ i v ~  III~XICIS h r  tlic systsiiis rssponsc inust bc wiisidcrcd wry  

prohciblc. 

l'tic Rolc of l i iui i i~rsit ioii  

Ttic iricliisioii of tisli iriiiiiigra[i«n in  ilic nitxicl structure produccd a systsiii tlicit is riiorc siciblc 

iliîn wlisn tlicrc iç rio iiiiiriigrriiiori. C'tiririgcs in bioriiciss arc Icss swcrc. wtictlicr ilicy :ire 

iricrcascs or dccrc;iscs. f t  is rcasc)riablc tliat 11it'sc rcsults arc siinilar to ihc rcsults ofriir>Jcl 1 

sincc 3 boitom-up assuiiiption ribout troplio-dynamic coiiirol is also an assuinpiion abolit 

siability in tlic systsiii. Quantitritiw diflérciiccs ssist bctwxii bortoiii-up and top-dowii coninil 

wlicn ilicrc i s  in~~iiigriltion. but rhc bufkring ctfCct OF ir~iriiigrilti~n rmsks tlicir iriiport. 



Il'ii~odcl I wcrc corrcct. i t  wt~uld not bc possiblc to icll wlirtlicr the truc inodcl w r c  rnodcl I . 

3 or 4. Sonc of iIic pcrhrinaricr criteriri distiiigiiislics wcll bct~ïccn rlicsc iiiodcls. This poirits 

to î problciii with tlic critcria. If i t  Iind provsri uscful io usc an cxpcriiiicntal ripproacli. 

difkrcni critcrici \v«tild Iiavc to bc uscd to distinçuisli rhc two iinniigr~tioii rnodcls frorn one 

anothcr arid h m  niodt.1 1 .  

Tlic six pcrtiiniirincc çriicriri iiscii ivrrr çIi~scii io rctlcct varimis aspects ot'ttic si:iicd 

iii;iii<igci~ic.ii t objc.çt~\.c's 111 San M I ~ C I  133). ;tnJ IL)  ç;ipture surtic of itic iitipacts rcIc~;~iit to a 

rriuitispccics a p p n x ~ l i .  Tlic difircni crttcriii tiiyliligtit di fkrciit iiirinagciiiciit issiics at stakc i i i  

S;iii 54 igiicl 1 h y .  Tt~crc i s  ~IcarIy ;i rr;iJc-~lf' b c t ~  cc11 C O I I S C ~ I I I ~  bio~iiass mtl rti;iiiitciiaiisr 01' 

10131 c;iicIi or t 0 t d  rwr1iiic. \!'11511 1 I p~licic'i \wrc c0111pxcd in ihc Jccision i;~blcs. IWO of thc 

pcilicics d~iniiiiatcd tlic. rcst. \\'lien ilicsc. iwo. and oiic otlicr. es trciiic pol icics w r c  cxc1udc.J 

lioiii ilic 3113 Iyis.  tivc bcst no~i-;id;lp[iw policics r c ~ l  i d .  Pol icy 7 \\.as h c  bcs[ iioii-;I J;ip~i\,c 

policy tir tlic " io~il  clitçli" arid "ioial rcvcniic" sriicrin. Tlic otlicr criicria ilII Iiaw Jiili.rciit 

bcst noii-ridripikc ~~oliçics.  Whai arc ihc niriwyciriciit iriiplicaiions uf ttiis iiiCllingc. ot'policics? 

Ail tlic policies iricludc ihc trriwliiig bai1 except pcilicy 2 aiid policy O. Ttic loiicr rsdiiccd ;dl 

gillnci elfort by 50'!& whilst policy 2 dscrcascd tlic nurtibrr of baby trri\vlcrs tioiii 50 i i )  I I aiid 

inçrcascd thc. iiuriibcr of lish corrals tioiii 1.3 to 767 .  Pulicy 9 is iirilikcly to bc politicilly 

ricccpiablc. bccriusc of the loss of cinployiiicnt in the tnditiorid gilliict scctor, but ii docs 



producc tiir srcond bcst non-adaptivc policy for catch in addition to tiic bcst rion-adüptiw 

poliçy for bioniass divcrsity, and tlic second bcst ni~ii-adnptivc. policy for rwcnuc pcr gcar. 

Thcsc kiitiircs niakc i t  quitc' an attractive poiicy. 

Poliçy 2 is also aii attractive poliçy. Tlic StLlUMC Iiwc already dccidcd il) ba i  a11 tr;iwliiig. so 

a substcintiai dccrclisc. in tlic nurtiber of bnby tnwlcrs sliould iioi prescrit a problciii. I I I  riddiiioii 

i t  siibsicintially increascs thc numbcr of tisli corrals and tlius ciiiployiiicnt in ttic siiiall-sçrilc 

sccior. tlo~vcvcr. i t  scurcs ~ C N  büdly tbr [tic "toicil bioiiiass" and "biurnass divcrsity" critcria. 

Tlic ciirrcnt iiinriagcriicni policy of biinning riIl coiiiiiicrcial irriwling and plinsiiig oiii ilic 

inunicipal tniwlc.rs is  noi a bcsi non-adaptivc policy Ior aiiy o f  tlic pcrforniancc critcria. This 

iiidicatcs tliat othcr options slioiild bc considcrcd for tlic Sari Migucl Bay tislicry. Siiicc tlic 



trawl ban 113s alrcady bcgiin, advantngt. could bc takcii of ihis iiiitiativc for çliaiigc and 

progres toiowlirds sustainriblc tishiny. 

The çlioicc of nianrigcnicnt options is a ciassic dscisioii rinalysis problciii. ~iiid indccd tliis 

w u l d  bc tlic itiost approjxiatc. approacli io dctcnninc ilic bcst iiiiiiiaçcnicnt riciion i r i  Ssii 

bligucl ~ 3 r i ~ ' " ' .  The sis çriicria would ;iddrcss [lis ccologiçlil. ccononiic arid social objcctivss of 

tlic I PC dccisiuri rrcc ( Lunri I W S r i ) .  



Tlis coiiccrn cibout [lie interriciion bctivccn fisliing and rcsourcc dynarnics is wsll csprcsscd by 

KitclicIl ( 19%) wlio asscrts tliat "..tisliing causss inuch of iIic varilibiliiy obscrvcd in  

ccosystcm processes aiid. tIieref~>rc. t i i u d i  of t l x  unccnciiniy in rcsourcc iiiariaçciiiciii practiccs. 

Rrduciny iIi:ii unccrtainiy rcquircs n bcttsr undcrstariding of food w b  and cçosy~~cm proccss 

rcspoiiscs io fishcry cffects" ( 1996: 17). The rcsults prrssnicd licrc support ihe lirsi pari of this 

s[3icnicni. 11i;~i tisliing cliiiscs riiucli oftlic vririability. but thcy do iiot siippori the i&:i that ;L 

bciicr iindcrsiliiidirig o t' ti>odwcbs cic .. wi I l  bc pririiculsrl y uscful to rcsourcc iiiiiiiageniciit 

prxiiscs. ;LI Icast tioni [lie tislicry pcrspcsiivc. I r  \vas suggcsicd h i  tlic cliliiiçcs in tisliiiig 

paticrii iiidiiccd by tlic iiixiiigeriicni pol icics ovcnrMiiicd [lit di ll;.rciiccs bctuccii ilic 

diffcrcrit rcsoiircc niodcls. 'Tlic Sui Miguel k i y  tislicry lias bccri scriwsly owr-csploiicJ for 

ovcr ii ~lccadc. I r  is k:isiblc tiiat [tic sysiciii is c;isily ovcnvlicliiici iri itiis ~~~liicrribls statc. and 

tli;il ilic sliri~c p01 I C ~ C S  I IIWI.CJ ori 3 niorc rcsil iciii systsin \vould Ii:iw a di l't'krciii s t'fcci. 

Soiiic Xatcs ari thc Non-Rsivcsian t\pproach Uscd 

Tlic iiictliod uscd hcrc io d r i w  up dccision iablcs and asscss iIic EVPI diffus tioiii rlic 



approaçti dcscribcd in by Wdtcrs ( lOS6). Wriltcrs' rcconiincnds usirig 3 kycsi31i (ipproacli 

uhcrc iiiiccrtaiiity is rcçogniscd cspliçitly by placing initial probabilitics on tlic diikrciit 

rcsourcc itiodcls anci sxaitiiiiing tiuw ttic unçcnainty propagatcs thruuyh tiinc. iisirig Moiiic 

Crirlo siitiulatioii. :\s n o i d  iibovc. [lits wris not possiblc Iicrc. Clcarly tliis is ii siinpliticaiion, 

but w i i l c l  a Bnycsiaii ripproaçli Iiwc rilvrcd t1ic outcomc? 

of global warning and actions i h t  stioiiid bc takcii using qiirilit;itivr data liom cxpcri 

prcdiçiions. Tlicy did noi nin siiiiiiiritions, but ussd point cstiniiiics. Russ ;ind Alcala ( 1007 

condiictsd (i prastiç;il cspcriiiirrit on ttic bcforc and aftcr cff'ccls dtislliiig in ;LI] arc3 uhcrc 



ilicre liad bec11 proicciivc riiciiiligciiicnt. Thcir rcsulis showcd rliai tlicrr: w u  a sigiiiticant 

dcclinc in iIic cibunriariçc of spccics aftcr [tic rcscnfc wiis subjccicd io tisliiny. 

Ho\vcvcr. i t  would bc wisc to cxriminc thc traiisicni cl'fccis bchrc. niaking any tinal policy 

dccis tons. For policy 4. I ) r  csaniplc. wliicli brins iIiç trriwl arid liiintiiig gillnct. tlic bioiiiiiss of 

ilic scrycstids dcçl incs by scvcral fol J wticii iop-down çoritrol is rissuiiicd. For a ikw ycars. iliis 

w x d d  iman il131 ilic niini-tr,nrlcr arid scissor net critclies \vould bu vsry low. 7'0 iniplciiiciit 

tIiis policy. an addiiionâl cost riiiglii bc ricccssqf 11) soriipcrisriic sccwrs dcpcnd~.~it  011 [tic 

scrgcsiids for  ilicir ri13111 caicti. 



Whci i  Would ori Espcririicntal tipproacli Iw \Vorthwliilc'! 

Tlic pcrtoniiaiicc cri teriri uscd arc iiiriss scalc cri tcria. niwning t h t  tlicy çliiiiip in lorniliiion. s« 

itiat individual clianye is in:iskcd by thc surn cliangc. Tlic pcrhrniancc criicria rctlcct ilic 

currciit inmagcnicnt intcrcsts in tlic fislisry. Ii is suggcsicd ihat a iiiorc foç~iscd iiiliiiagciiiciit 

objcçtivc would producc ri diikrcnt sct ofrcsiilts. If tlic aiiii. tBr cxaiiiplc. was io inçrcasc tlic 

bioiniiss of 3 cenain spccks. or IO i~ icrc~sc  tlic catch o h  panicular gclir t y c .  art cspcrirticiit~i 

ripproacli iiiigtii prow \vonliwliilc. 



htosi ot'ilic pcrtbrrnrincc criteria uscd ribovc wcrc uiiriblc to disiinguis11 tlic ini~iiigrriiion 

iiiodcls froiri [lie non-imnii grririon rnodcls on consistent basis. Fiinhcr siiiiulatiori 

cspcrimcnts indicaic that no policy whicli dclibcnicly decreascs eÏf11rt ciin discriiiiiri;itc 

bctwccn thc iniinigration and noii-imiiiigraiion iiiodcls. Tlic rcsults ot'ilic ininiigratioii inodcls 

w r c  31~~3);s vcry si111 i lar to ilic rcsiilrs of tlic iiiodcl I . I I I  ordcr io ct'kct sign i ticaiiil y di ffcrciii 

prcdiciions tioni ;il I k ~ u r  iriodcls. tisliing c f i l r i  112s io bc inçrcriscd. Furtlicriiiors. iIic incrwsc 

iii ct'Ïtm 113s 1 0  bc t;)~ T I  y silbsian t lai. Two cspcrt riict~irll pol ~ C I C ' S  wcrc d c v ~ l q u i  to probc tlic 

systei~i ;LIICI prodiicc 3 li.cJbxL; rcsponsc ~ h t  ~ 0 1 1  Id providc i n  tim~i;iii«ii oii tlic rds (II' 

iriiniigrriiim. iiiid possibl y. iroplio-clyii;iiiiic cor~ird.  

Ai altcr~~ativc policy is io iiicrcasc t1ic fisliing effori of tlir Iiuiitiiig yillnci by 100"; for 5 

ycars. This poliry produccs siiiiilar rcsulis io ihc iibovc policy. biii would bc :i les?; cspciisivc 



and inorc tlcxiblc cxpcrirncntd option"". 

Tlic tiiiic trririsisiits for crich iiiodcl orw ihc fivc cxpcriiiiciitiil ycars ilidicatc iliai i i  is likcly 

tub A 100O~b iricrcrisc iri the hunting gil tnct clfin would entriil an cxtrri Xi( borits ritid iicta. Iiicrc.;i';irig tIic ~vtiulc 
tisticry by 33% would incrin ;in cxtrri 37K bonis and ncts. jus1 t;)r thc tnwl .  iiiini-irriwlcr. ordiiiriry gilliict iirid 
liunting gillnct g c m .  



Initial 
Biomass 

Model 1 Model 3 

O Large Crustaceans . Juveniie Sciaenids 

Figure 5 . 1  . Results of an experimental policy where the huntiny gillnet is increased by 
100% for 5 years. Shown are the changes in the biomass of two indicator species. the large 
crustaceans and the juvenile sciaenids. See text for funher details. 



Tablc 5 .  15 Tabls suminarsing tlis cliangrs in bioiiiass of tlic largc crustaccrins and juvciiilcs 
sçiriciiids 3Ftc.r an cxpcrimcntal policy Iristiiig 5 y c m .  



t l i i i t  by ysiir 3 of [tic enpcrimental pcriod. i t  would bc possible to usc fccdback infoniiatiun to 

bcgiri tu discriniinatc bctwc.cn tlic niodcls. Estimatins Iearniiig raiss and thc durrit ion of ilic 

cspcriincntal pliasc is criiiçril to ridaptivc nianngcineiit ( Wnltcrs ririd Hil born 1 976). Ovcrly 

optiinistic prcdiçtions çan Icad to ari cxpcnsivc cxpcriincritd situation LW th no g i i i i .  wlicrccis 

pcssirnistic prcdictions niay lcad to rio cxpcriincrit and no gairi. I i i  tliis cxperinicnt. ttic large 

crustriccans aiid the juwnilc sciricnids arc rio[ ilic only spccics wliicli crin bc uscd io inciicirtc 

~liriiigc. Tlic fccdbaçk irili)ntiation o n  biimass cliringcs 01'sonic ol'tlic othcr spccics. lor 

~ ~ a i i i p l c .  thc pciiaeids WOUIJ hc uscful a1iJ itiiry tiastcri tlic Icarninç proccss. II'tlic iiii)dcl 

prcdiciions arc correct. iticrc w u l d  bc no loss in o\.crirl l yeld diiriiig tlii?; cxpcri~iiciir. 



At a difkrcnt Icvcl. açttvc adâpt~vc in3nagcmcnt could bc iisçd to vcilidaic tlic ECOSIM niodcl 

and i ts par~nictcrisatioii ter San Mi yucl Bay. l'hc fonii o E iiiul iispçcics mial ysis uscd. cil ttiougti 

1) - 
coinprirriii vcl y uiidcnirindinç of &lia. iionctliclcss rcquircs m n y  panrtictcrs . h i i  y o f these 

valiics w r c  iiot ciiipiriçal l y dcrivcd fruni San Migircl Bay. .Aliliougli I i \vas possi blc to 

coristruct ECOPATCI riiid ECOSIM niodcls. tlicrs 1s siill uiiccnainiy siirroiiiidirig soniu of tlicir 

parmictcr v:iIuc..ç. :\il iic t I vc' c~pcrinicnt;~I ripprmcli whiçli ilmicd tu ~~pda tc  tIic?ic' ~ ~ ; L I I I ~ I C T  

cstiiiiaics. iiicliidiiig tlic dici cimpositioii. would Iiclp to dcsrcrisc iiiiçcrtciiiity ovcr par:1111ctcrs 

and iii:ikc. tiic iii1)dcl a iiiorc iisciiil iixd fur nimagcmciit 0fS311 .LIigi~cl t h ) , .  



Froiii ii ssiciiti tic point ufvic~v. [lie prospect of usiiig cspcririiciital ni:iri;igcinciit [o rcsulvc 

iinccnaiiity is cntiçing. tlowcvcr, ihc çhilllcnpcs ;ire wry rcal aiid as 11 CI)I~SC.~LICIICC. .  I ~ I C ~ C  I i in .~ 

bceii k w  prx i  ici11 rippl icaiions of d a p t  i vc rtixi;igcrncnt ( Uuiidy. lu P~Y:w. klç Al l istcr and 

Pctcniicin 1992 ). Tlic bcst kiiown prnçtical cippl iç;iiion of;id<ipiivc riinnaçciiicni is itiai of 

Sainsbury ( lW9. 199 1 ) froiii ttic Nonli\~cst sliclf of Austniliri. Oiticrs iiicliids Joliiisoii ci t i f .  

( 1007 ) ~i.ho LIXJ an ;iC11pt1\ s ~i i ; t~ i~gc i i i c~~ t  t i u ~ i ~ \ \ * r ) ~ k  tu C \ . ; I I L I ~ [ C  thc ctlCct  ut‘;^ rcliabilitritio~i 

plmi oii tlic y r . 1 1 ~ 1 ~  pcrcli tishcry 111 L A C  ~ I I C ~ I I ~ ; L I I ;  \ h r d  ;ind J;icoby ( 1907) rcporid NI iticir 

prciiiiiiri;iry siicccss LISIIIL(  a11 :~d:ip[ivc i i im:ig~it~ci~~ ;~ppr~;icti I I I  Jcnis. 1hy.  :liis[raliri: Alcsl;i 

riiiii Riiss ( 1000) tcstcd itic sfkct of protsctit c riiciniigciiiciit iii  the Pliilippiiics mi1 b1 i l liiii:iii rnr 

(ii. ( I OS71 pniposcd :id:ipii\-c I ~ ~ ~ ~ I ~ ; I L ( C I T ~ C O I  ;is ;i I ~ I C ~ I I S  10 C \ ~ ~ I U : I ~ C  thc S L I C ~ S S S  d rcl~;~biI~t;i[~oii 

ot'ilic lakc troiii listicry i r i  ttic Lai1rc11ti3ii Grcat Liilics ;mCI to niakc policy dioiccs. OiiIy tlic 

w r k  ot'.Alc;iI;i ;ind Riiss occiirrcd in ;i dsvclaping çoiintry. 

dci:iil i t  is usually 

noi rcadil y aççcss 

coiiiplss ;ilid irivi~l\~çs sopliisiic:itcd iiuiiicric:iI iiiodcliiig. Sucli iiiodcliiig is 

blc to inciiiy. The sccond probleiti with iidapiivc inriiiriysnicnt is ttiai i r  

rcquircs coopcr:itioii froni thosc involvcd in the tislicry. This is noi ri1w;iys casy tu obiaiii. I I I  

part this is diic to a Irick of undersilinding or disbclicf in itis nuiticricril gaiiic plnying. At n 

iiiorc fiindanicniril I c ~ c l  problciiis arisc wlicn adlipiivc iiianagcnicni poliçics involvc rcdiictioii 



in fisliing cl'fon: iisticrs do not wniit to bc in thc cxpcriiiicniril arca wlicrc tisliing iiitciisity is 

low (klcr\llistcr riiid Pctcnmii 1991). Expcrimcntal dssign niny circumvcnt tliis problciti. or 

ssicitsiw discussion [na y bc rcqiiircd. In  siilicr case. ciddiiional tiriic aiid cconoiiiic rcsoiirccs 

arc rcq u i r d .  



widrsprcad nature of Ilinding sitcs clinllrngcs ~l ic  ribility to moiiiior effort or Irindings 

clfi.çtivcly. Evcii \vit11 ~vidcsprcrid agrccrncni by f slicrs to paniçipaic in  :idaptivc inanriçcmeiii 

sçlicnics. tIicsc agrecinrnts arc no[ d ways m;~intâiiicd tor Ion y (C. Wril tcrs pcrs. comiii. ). 

Voiçrd coopcr~tioii docs not rilways nicct tlic r d  nwds  ot'çoiitrollcd adapiivc mliii:igciiisrit. 

:idriptiw Mrinugciiiciit i r i  Srin htipiicl 13av 



Thc rssuits sliowcd thni thc currciit matiagemcnt poiicy of brinniiig and pliasiiig out triwling is 

not thc optiniiil iiirinrigcmciit stratcgy for San Migiicl Bay. klowcwr. tlic iiiiplcnicntatioii of 

tliis poliçy sliould bc itioniiored. If tlicrc is a siroiig dctcrrninaiion by ttir tishcrs of San hliyiicl 

Bay aiid tlic SMBIMC to ban irawling coiiiplctely. this is an csctA1cnt opponiinity to iiioniior 

ilic rcsponsc of tlic systciti ~o tliis çliariçc i i i  tisliing priiicni. To date tlicrc hris bccn no riiinii:il 

caiçli uid ctfixt staiisiics. so 3 riwni10ring progrmi \r-ould Iiavc tu bc orçaniscd. Moiiitoriiig 

cuuld bc donc by voliintstxs froin [tic fistier's organisations or by incinbcrs of tlic Rîrmigay 

~ i s k  hrçc  çoiiiponciii o f ~ h c  Sbll3M(' Siricc tlicrc is srrimg coopcraiiw spirit i i i  Smi hli_ciic'l 

h y .  i i nia- bc possi blc io tlikc ;idvaiirqc o f  iliis. ilic proposcd nliiiiagciiicni cli:iiigcs and i o  

siibsrriiir i d  l y hirtlicr kiiowidgc and undcrsiriiidi riç o t' tlic rcsourçc. 



Chapter 6 

Summary and Concluding Comments 

"The biologieal intcmctions bct\vccn spccics (wnipctitiori. 
prcdritcir-prcy). including [tic stability of thc community stmcturc 3r1J thc 

opcntionril inrcnctions bct\vc.cn JI tfircnt groups ot'vcsscls trirgctting J 

pnrticulrir spccics. necd 10 bc assc'iscd and takcn inio ciccount. .. ..." Gullrind 
and Garcia 1984: 155 

Tlic rissessrristir and rtirinageniciit of niultispt.çiss. iiiultigcrir çclir tislicrics prcscnts 

cliallsiigcs i i i  tciiipcraic tishcrics. wticrc clai3 rire rrlaiivciy good aiid tlic ii~iiiibcr o f  spccies 

and tishing çccirs rslativsly siiiall. The situation is vastly niorc çhallciipiiig for rropiçal 

niultispcçics. ~tiulrigcar tislicrics whcrc data arc r~I;itivcIy p o r  aiid tIic iiunibcr of spccics 

m d  tisliiiig g a r s  rcl:iti vcl y I ~ r y c .  Funlicmiorc. iIirrc lias bccn rclaii wl y 1 i ttlc rcsc;irdi iiiio 

tropical tislicrics coinparcd tu itic rcscarcli body iIiat lias li>c.uscd on tciiipcratc tislisrics. 

Most i)I' the rcscrircli c3rricJ oiit (i)r çitlicr type of tishcry tiiis bceii pcrtoniicd oii 3 single 

spcciss basis. Tlic ovcrall objccti 1.c of tliis thcsis was tu usc ri ccolugiccil iticory to i i i  hn i i  

tislicrics asscssiiicnt iin J n131iagc1~1e1it. Thc hlluwinç airiis dircc [cd th  is rcscarcli: t ~ )  stiidy 

spccics iiitcrriciions iii  3 niultispc~ics fishcry; to cxâ~ni~ic tlic biologicril aiid ccoloçicül 

iiriplicis o t' ri tiiultigcrir tislicry on niul tispccics rcsourcc; to dctcniiiiic ilic c f ic i s  o t' 

ccosysrcin considcrütions on fislierics assessrnent and inrinrigciiicrit; io Jcvelop ii systcrnriiiç 

and intcgratd approricli to thc assessrnent of rnultispccies. niultigcnr rislieries iising 

rclativcly sirnplc nirtliods witli widc applicübility; to dcvclop tractriblc sustriinriblc 

nianagcnicnt strritcgics for multispcc ics. mu1 tigear !istic.rics. and to fociis on devcloping 

countrics. wlicrc fishcrics arc frcqucnily multispeçics. multigcar and data spürss. 





3 44 

occurrcd by tlic timr of thc 1979- 1987 study. althougli tlic biomass of P. pelrigici4.s and i? 

lrcr~r/tr~*lcr have si ricc i ncrcasctl. 

Sint t;(tiiiltcs 311~1 "insli" tisli ~ ~ C O U I I I  tbr S7"" of iiic total caicli ('l'dit 2. 17) .  Usiiig ;i 

w r i c i y  o1'111ctI1oJs s i d i  3s Icnglli-b:iscd ;LSSC.SSIII~II~ ofrii~rtdity,  Icrigi1i-bassd ydd-pcr-  

rccrui t rinalysis. lorigi tudin;il coinp;irisoii of cibuntluicc: lioin trawl siincy dai3. catch dilt;~ 

md CPLTE d;itc, t tic status of ihcsc familics was assèsscd. O t' thc ninc tbniilics, tivc arc 

ovcrcnploitcd on rill counts (scixnids, scrgcstids. Icioynniliids. ciigr~ulids and rnugilids). 

Tlic pcnrisids. iriçliiurids and carangids are stnblc. iiicrining iliat ilicir caicli and CPUE Ii:iw 

iioi dccrcriscd siiicc 1970- IO8 7. Howc\~cr. thc cuxcnt rate o f  ~xp10ita110n of thc tricliiurids I S  



creatcr tliaii the optirtiril rate (Figiirr: 7.1). The crab. P. pelngic.us is ;ibuiidant. Tlius [tic only 
C 

grwvtli ;irt'a in tlic tlshcry appc'nrs 10 bt' for crabs. 

In Cliripicr 3. tlic tirsi h l l y  rnass-bd<inccd and parmicierised ECOPATH niodcl (Cliristcnscii 

aiid Priuly I992n) of San Migucl Bay wis d~vclo~cd"~. ECOPATH is a mcans to collaie daiii 

and tu cnriblc 3 grcatcr uiidcrstanding ot' an ccosystsiii. k i n g  a range of iiiiiturity iiidiçcs. i t  

was dctcrmincd thrit the San Migucl Bay cçosystem is rclriiivcly iiiatilrs. and illus likcly to bc 

ïcSioitiliit IO stress. 1t was coi~ip:ircd 10 h c  rcsulis 01' ECOPATH iiiodcls 01'4 I oiticr tislicrics 

This wris rilso thc tirsi ECOPATH niodcl in wliicli ilic tisliery wiis dirsctly inodcllsd as 

"prcdators" of i h s  ccosystcrii. This proccss enables the study of tlic inipriçt o f prinicular 

Iistiing gcars on the C . C I ) S ~ S ~ C ~ I .  II«[ jus1 011 thc single sprcics ihai tlwy iürgct. Tlic siiidl-scdc 

I tlian the Iqc-scalc  secior. rilih«iigfi tlic ssctor col fcctivrl y tïshcs n t  a lower tropliic 



tropliiç lcvcl rit wliich individual snirill-scalc gsars tisli is variable. Ttic linc mcsticd g c m  

and iIie iiiini-trriwlsr tisti (it tlic lo\rrcst rrophic Icvcls. :ind the urdiiiriiy çilliist aiid Iiutiriny 

gillnci tisli ai itic hiyhcst irophic Icwls (Tiiblc 3.10). Ttic rssulrs of tlis tropliic irtipaçt 

routinc iiidicütcd iliat ihc sinaIl-scalr fislicry lias a strongcr and widsr iiiipxt on [lie cçu- 

groups i i i m  thc I ~ ~ Ç C - S C ~ I C '  scctor. I I  was 3150 widcnt frorn the rcsi~lts that c~rnplcx 

interactions oççur bc.ttvecii cço-yroups wticn tlicrc arc changes in fisliiiig pattern. Ai inçrcasc 

in tisliiiig ctfim by ri par~içular gwr. tbr sxc~niplc. ilic niini-trii\vlcr. docs iiot ncccsscirily 

cause 3 decruse in ci11 cco-groups ttiat arc criiighi by iliis çcar. This cotnplcsity is caussd by 

tIic c~)itibiiicd cffccis o f  tistiing nional ity. prctlaiiori inortrility and wiiipcti[ivc niontiliiy and 

itiakc prsdiciim a difticiili trisb. Tlissc rcsulis dcniorisiriitc thc rclcvancc. arid iiiipoririiiçs of 

siudyiiig tislicrics tiiwi both ii riiuliispcçics and niultigctir pcrspcciivc. 

In Cti;iptcr 4. i t  wris !iririliy possible io ask "wtiai i!.' qucstiaris. sucli as " w l ~ r i t  tiiippciis il'tlic 

Iargc-SC~C scçtor is ccmplcicly barincd?', the question ai ttic tore front of mudi ol'currciil 

iti:iiiayciiiciit sl'fm i i i  San .L,ligucl I3ay. Tticss qiicstiotis twrc ;iddrcsssd usirig 3 ncw dyririn~ic 

riiiiltispccics itioJcl. ECOSI hl ( Wal[crs ~~r (11. IW7). ECOSIM uses ttic wtpui tioiii niass- 

brilancc Iisssssiticnis as iriptit parrinistcrs. In 3 siinplc u y ,  rhc stcitiç iiiliss-brilaiicc approiicti 

is iIius iciiisiOrnicJ into a fully dyiiriniic aiid tlcsiblc multispcçiss t i ~ l i ~ i i ~ s  tod.  I t  wüs iissd 

Iirrc tu cxaininc spccics interactions and to mrrkc prcdictioiis aboui liow tlic ccosysiciii 

rcsponds io pcnurbations. such as çhaiigcs in fishing mortdity mi one spccics or clirinycs in 

tisliing püticnis of !isliirig g a r s .  I t  is an idcril tool h r  cxnniiniiig iiiultispccics. niiiltigclir 

interactions. 



The ECOSIM cinalysis gnpliically contirms the ovcrtislicd statt. of Sui  M igucl Bay. Xlaiiy 

cco-groiips arc wcll bclow rlic 30-50% of [tic projecicd iincsploiicd biomnss. Tlic cxtcrit of 

uvcr fishiny of individu31 pools kvas dcpciidcni on the control assuiiipiioii. For boiioiii-up 

control. niosi pools wcre optinially tïsticd and the crusracean pools wçrc sub-«ptinially 

fislied. For top-Juwn coiiirol. vinually 311 pools \rwr ovcrtishcd, csccpt tlic cnistacsan 

pcmls, wliich wcrc optimal1 y tisticd. Wicn thc cffccts of tislii ng by tlic mu l iiyciir tislicr?, 

wcrc iiiçludcd in iIic cquilibrium yicld çiirvc aiidysis (Table 4.2 ). as in rcliliiy. iIicrs \ras 

sornc ç«iisistciicy bci\vcr.ri tlic botroni-iip ;ind top-douii rcs~ilts. Soiiic cw-groups arc 

owrtislicd. sotiic arc rioi. but thcy arc gciicrilly tlic smiic groiips l i ~ r  ciilirr rissiiiiipiioii. I t  is 

suçgcsicd thai tliis is bccaiisc. for iiiost pools in i liis riiorlcl. iIic c tfi.cis ol' tisliiiig iiiorrdi ty 

arc strongcr tIi;tii the di tfSrcncc bct\vccii Ik)i[i~m-up aiid t o p - d ~ w ~  cuiiinll 1iypotlicsc.s. 

Thc ECOSIM rcsults aniply dc.inonsirrits itiai. if prcdaior!prcy iiitcrxtioiis arc siroiig i i i  a 

niiiliispcc ics scosysiciii ( top-dowii coiiml ). n bioinass ciilingr. i r i  oiic part of tlic ccosysicin 

c m  Iiavc sigiiifiçant etfi.ci on otticr pans oftlic ccosystciii. This wlis cvidcrit. wlicii ilic 

cquilibrium yicld cunlt.s wcrc txnmincd. A dcçrcüsc in tlie bioiiiiiss o f  the scicicnids. for 



cslimplc. causcd incrcascs in rtic biomass of ils prcy. and dccrsriscs in otticr cço-groups. This 

\ras a straiyhihnv:ird iritcr~ction. Howcvcr, inriny of thc otlier interactions arc çoriiplcx. 

Walicrs C I  (JI. ( 1097) likencd ttiesc iritcrxtions to 3 twb ot'cffccts ttiat ni;ikc i t  difticult to 

inakc siinplc 31iJ clcar prcdiciions. For the bottoni-iip assuitiptioii. wtiiçh dcscribcs ii sinblc 

:in J rcsilicn t ccusystcni. tlicrr. wris Icss cliangc in ihc biomriss of othcr cço-gruiips. 1 t prcscnts 

a siiiiplcr pictiirc. 

Tlic conibincd ctli.crs of lisliing nional ity. 

dit'ficult, as tiotcd for t tic ECOP.+\*I'C-1 rcsiil 

c m  bc dirccily itimipiil:iicd and t i i i i s  siniu 

prcrlriiion and coriipcIiiiim iii:ikc prdiciiori 

is. \\'itli EC'OS I X I .  tio\rwcr. tlic tisliirig pattcni 

Iritions nin to dctcriniric itic irtipaçt on iIic 

ccosysicrti 01' di t.krcrit tistiiriç siraispics. Foiir conclusions wcrc dr:iwi tioiii t tissc 

siniuliiiioris. Tlic tirsi wris iliar ilic bioinass of pools can bc aiTccicd by a çh11gc III tishirig 

cllori of prirticular ç c x .  cwii if ihcy arc iiot criiigtii by i t~ ; i t  y ç x  Tliis is a coiiscquciicc of  

aiid ri widcr iitipact uii iiidividulil pools thari bottoiti-up çoiitrol. Tlic itiird wcis itirit tlic iiiipcici 

it fistiing gcar lias ori the cçosystem dcpciids iiot only on ttic sizc of its çciicli. biii also on ilic 

composition of its catch. The fourth conclusion wits thrit. i f fislicry bioniass is to bc 

increascd. i t  will cntliiI a grcatrr rcductioii in tishing eltort iIirin just bnnniiig rriiwlcrs. 



Tlic basic incssügc rcsultiiig Iioni tiic niultispccies. niultigear analyscs i i i  tlie prcccdirig 

cliaptcrs is tliai a bcttcr iiridcrstandiiig of ccosystsin dyiiamics and tlic interaction oCtIic 

tislicry \vitJi thc ccosysic'rn is critic:ll 10 irnprovc mcinagmcnt. This wris cxairiiiicd i r i  Cliaptcr 

5 .  Two major uiiccrtriintics wcrc identiticd Tlic tirsi was thc nciturc of troplio-dynümic 

conirol. as disciisscd in Chriptcr 4. Tlie second wüs the rolc of irniiiigr~tion of tish in tlic 

tishcry. Iiiirniyrdtion was discusscd ii i  Cliiiptcr 3. wticrc i t  \vas cirçucd tliar t;>r tlic statioiiary 

iiiass-balancc iiiodcl o f  Siin kt iguci Bay. iriiriiigrriti«ii \vas ~iot  an issuc. I louwcr.  h r  ttis 

dynciiiiiç niodcl. iIic rolc of i~iiiiiigrritioii in the dyriamiçs of itic tislicry rcquircs tiirttier 

iiivcsiigriiioii. .Ar lq~i \c  iriiiiiiigciiic.iir ivris iiscd io dcicnii i iic whctlicr ihcsc iiiiccniiiiic I CS wcrc 

as iiiipori;irit io iii:in;igcriicnt dccisi~ms ils tIic resulis iri prcccding ciiaptcrs i iit1ic;itc.d. 



I t  \vas coricludcd 111rit. for currciit management purposcs. cxpcrinientai ridaptivc. inanliycrncrit 

\\*as not rcquircd i n  San Migucl Bay. I-iowcvcr, i t  wris rccommcndsd tlirii 3 plissivc cidriptivc 

inanagcrnciii cipproricli sliould br pursued. The currcnt manaçriiiciit plan i n  Soii iMiçuc1 Bay 

inçludcs a ban on 311 irriwling. This is riii csccllc~it opponunity to observe tlic cfkct on <i 

niultispscics tishery of a largc perturbation. TIic cffcct of tliis ban on catch lcvcls i i i  [lie 

tislirry sliould bc çrircfuily rnoiiiiorcd. TIic data gailicrcd frein tlic inonitorinç cxcrcisc crin bc 

I'cd biick iiiio ihc ECOSIM rnodcis io deicrniinc tticir utility. to updarc pririinicicrs. [il 

iiicrccisc krioulcdgc of tlic rcsourçc and Iicnçc irnprovr Iùiurc iii:iiiagci~isni. 

.A hasty ~ ~ ~ i c l i ~ s i ~ n  i l u t  rnight bc druvn honi this rcsc:irdi is i h t  ii is iiot \voniiuhiic goiiig 

tu ihc troublc ol'doiiig iiiultis~>ccics <iiidyscs. Tlir rc.2;iilis suggcst i k i i  ific iiiiccrtriiiiiy owr 

tlic naiurc ot'iroplio-clynunic ci)nirol. u-lictficr [Iicrc arc sirmg or u . ~ k  spccics ~ii[crxti~)iis 

and \vfictlirr [f~crc is i ~ i i r i ~ i g r ~ t i ~ n  do no1 c l 'kc~ tlic long tcnti iiiriiiiigciiiciii options ti)r tlic 

tïslicry. 1 lowxcr. tlicsc rcsulis arc spscitk to tlic Saii Migucl k i y  lislicry ;inJ io tlic criicria 

uscd io asssss the riiaiiagciiiciit policies. Tlisy niay not bc appliçriblc to otlicr tislicrics. 

Coniparritivc studics sliould be conducteci in ordcr to cxaitiinc iIiis rcsiilt furthcr. Clirisiciiscii 

( 19%) concludcd. on ilic basis o h  comparaiivc study of ccosystcrns froni coristd. 

ticsfiwaier and upwslling systcms. ihai multispcçiçs rnodcls niay givc bcticr luiig icriii ad\.icc 



tliaii sinçlc spccics nioJtAs. Scvsral situcitions wcrc discusscd in Chaptcr 5 wlicrc i t  could bc 

ivortliwliilc io discriniinate bctwcrii rcsourct: 1iypotlic.sc.s. 

Speçilically. ihc analysis in Cliaptcr 5 was confoundcd by the iminigr~iion quesrion. If  [tic 

estimation of Expccicd L'duc of Pcrfcci Intorniriiioii ( EVPI ) Iiad includcd oiily tlic 

unçcn:tinty about iropho-dynaniiç coritrol. a diffi.rc.iit coiidusion ivoiild Iiavc. bcen drawn. I t  

is c lex from thc rcsults in Cliaptcr 4 r l ir i t  specics iiiicrrictioiis crin liavc profoiiiid iiiipnct o n  

tlic c f iç ts  of tisliing oii the ccosysicrn. In  tlic iibsciicc ol'uiiccnainiy ovcr iniriiigratioii. tlicsc 

I I I I ~ ~ C I S  tv0~11d 1 1 3 ~ ~  bccri consi J c r d  gcn~ianc 1 0  currc'nt i1i3tiagsinc1it oblcc tivcs. 

This rcsclircli u a.\ priniiiri l y coiiccriicd urii ti ilic iriiportriiicc of' riiiiltispcciss uid iiiul t i y c x  

I I I I C ~ X L I O I ~ S  111 ni~i l t ispcç~c~.  I I I L J I ~ I ~ C X .  tislicrics. aiid ilicir iiiiplicatioiis for rii:iiiagciiicii[. Onc 

1) t' [lie nciii tliiiiçs i I i ~  EC'OSIM niodcllirig ciiablcs is tfic stiidy ot' [lie ciTcci of iiidividii;il. o r  

gnlups o f  tistiing çsrirs oii ihs sçosysiciii. I i i  Siin bligiicl Ilay f i ~ r  csriiiiplc. die gilliists arc ;i 

trxiitioiial a d  ividcsprciid p r .  Tlic ordinary gilliict is priniciilrirl prct.;ilctir. Tlic iiri;ilysis iii  

C1iiiptc.r 4 i i i d i ~ r i i ~ ~  iliiit tIic itiip;ict 01' tlic ordiririry gilliict rinti [op-dowi conirol uii ilic iotd 

t i s l i c ~  biuiiiciss is ~qui\~tilciii to tfiat of the largc-scdc trriivlsrs (Table 4.4). lis ii~ipact cm 

indi viduril pools is grcaicr i h i  ihe Irirgc-scrilc sccior \vlicri top-down con trol is iissuiiid 

(Figiirc 4.1 1 ). Yct inancigciiiciit in S m  Migucl Bay is çcriircd un baiining trwliiig. I t h3s iioi 

çonsidcrcd the impact of thc nlrissive çillnci scctor. Thcrc rire iiiriny rsasoris for tliis. 

incl udi ng soc io-ccorioniic roncsnis. biir an addi tionril and vcry pcniiicnt rrason is itirii ilierc 

wlis riot prcviously [tic iiiciins io cxaniinc the inipaci of oiic scctor on tlis resourcc. I r i  othcr 

ir-ords. ECOPATH and ECOSlM modding cnablcs tIic tisiiery io bc txnmincd. secior by 



sccior. spccics by spccics. Tliis is ri rcvolutionary dcvelopmeiit for tislicrics wlicrc prwiously 

ii was oiily possi blc io mrikc the inost basic of single spccies asscssrnciits. 

I4owcvcr. no clcar opiiiiial inanrigcincni policy rcsultcd lioiii this ancilysis. This rctlccis tlic 

complcsiiy of [tic issiirs confroniiiig ihc tisliery. I t 31s~) rcflccis tlic kict tIiai ilicrc is no "riilc 

hi tlic ~~~~~~c, tlicrc n i q c  bc niorc spcçitic iiirincigciiiciii goals i i i  Saii %liçucl I 3 i y  lùr csaiiiidc. 

ri paniculrir ccosystciii confiyumiion iiiay bc dcsircd (Pvlurawski 199 I ). Siicli goals itiay 

al rcad y csist in othcr fislicrics. Muliispcciss niodclling. suçli (is uscd Iicrc. \\r«~ild ciiablc 

. . 
insiglit inio tiuw ihesc goals could bc üctiiwcd. In devcloping t%licrics. for cxciiiiplc. 

iiic l udi ng mu1 tispcçics. iiiuliigcar :iiicil ysis i i i  the adîptivc niaiiagcniciit ripproricli siig,csicJ 



by Hilborii alid Sibcn ( 198s). rmiy provc invaluriblr io iIic suçccssful inririagcrnciit of tlicsc 

iiicrcüsiiigl y rarc t ïs twics. 

Adaptivc maiiagcmcnt is an important conipoiicnt of thc incthods disçiisscd. i t  is an 

aitraciiw ripproriç ti bccriusc. ii is spcc i t i c d l  y dcsigncd io incrciisc krio\vlcdgc by iisiiig 

tkdblick i i i  forinrit ion tioin the impact of nianrigcinerit puliçics ori tlic rcsuurcc. I i i  

cspcrirncriiril niânagcrnciit. ihcsc P O I I C I C S  arc d c l i b c r ~ i ~  probing policies dcsigiicd to c v i k  a 

spcçific rcsponse h i i i  ilic rcsuiircc ( Walicrs 1086). Siiicc hi niariy tropical iiiiiltispccics 

tislicrics. ilicrc arc IiiiiiicJ Iisiicrics datri. iIiis coiilcl bc mi iippropriiitc H Y I ~  ro Icxii iiiorc 

about ttic rcsourcc. 

Tlic analyses in  cric ti chaptrr lirivc bscii drscri bcd wi tli a c Icar oricniiiiion to ilic asscssiiisiit 

and ni;iiirigcnicnt of Iishrries. tiowsvcr, ai ilic samc iiinc. thcrt. arc grrcii scicnti tic qiicsiioiis 



bcing rriised. Tlic relativc roles of bottoin-up aiid top-down control Iirivc bccn dsbatcd and 

discusscd in [lie littmturc for decadcs. Ttic ECOPATH rinrilysts gnvc s~~iiit.  support for botli 

fornis of coiitrol aiid tlic ECOSIM analysis cxnriiiiic.d the impact of botli risswipiions. Tlicrc 

is suppon for botli iind in al1 likclihood. borh will bc prescrit, as suggcstcd by Matson aiid 

Huntcr ( 1992). for csaniplc. This question carinot bc rcsolvrd hcrc. but ccriainly. niodclling 

witli ECOSIM introducrs grcat scopc for cxpcrimccitül rcscarcli into rhe gcncral ccoloyical 

qiicstioii of iroplio-dy naiiiic coiitn>l. Expcrirncnicil muriagcnicni couid also bc iiscd ro icst ttic 

prcdictions of ECOSI 11. ris discusssd in Cticiptcr S .  

Witti this suite of nictliods. i t  is possible io coiidiict itiultispccics aiialyscs Ior nimy tislicrics. 

Ttie assuni piions and l iinitcit ions of tlicsc rnctliods wcrc discusscd in iIic rclcvrint cti;iptcrs. 

Idcally. ilicsc rçsults uoiild bc cwmiiicd in niorc dcptli. Ior cxariiplc. to csriniiric tlic iiiipact 

of modcl ;issiimptioris. Howcvci. in ordrr to iiicci ttic objcciivcs of ttiis ilissis. tliis was riui 

Ir) Contact V. Chrimmscn; vc.iclrin~~(jnsccritrc.dk 



fcasiblc. Scvcral nicthods wcrc ussd for prirrirnctcr estinirition. whcrc possi blc. tri ordcr io 

corroborritc rcsults. In iddition. ECOPMTI h a  riou bcsii coii~plcincntccl witti Moiirc Carlo 

roiitiiic wlicrcby pnranictcr uncsriainty can bc quiin t i t i d  ( Ctirisicnscn and Paul y 1 995 ). Tlic 
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TETRADONTI DAE ( Pufkrs)  
L;igoçrplialus sps 



OCTOPODA 
Oçtopus sp. 

PENAEIDAE 
I'ciiasid sp. 



SERGESTIDAE 
Scrgcsticl sp. 

STOM .-ITOPODS ( >lantis S tirirnps) 
Squillri sp. 

TECTHOIDEA (Squids) 
Lidigo sp. Scpici sp. 



Rcstructurinr t h  Eçop;itti 3lodcl t o  iriçliidc adiilts and iuvctiilcs 



l'tic cro:ilicr. 0.rtrhct-. coinpriscs 05" 0 01' tlic ioiiil abuiidaiicc o f  sciaciiids 31iJ \vils ag3i t i  iiscd 

as ilic rcprcscniativc sciaciii J spccics (duc io l a d  o f  data for i h r  oilicr sciacriids. Dciidrqdisyci 

sps aiid Pcii1id113 s p ) .  TIIC u i c h  O T  O.t-~rh~#t-.  is c~inposcd ;iIiii~st c~iiircly ~ f  J i ~ v ~ n i I c s  (Figlus 

2.2 I ). Ttw inodîl Icngtli c;iiiglit by rti;iny gcnrs ~ i s  icss tIiîn sitticr llic c;ilc~ilatcd L,,, of 11.3 

mi ( scc C1i;iptc.r 2 ) or i tic Li,, of 72. I cm for iIi~s spccics ( :\ liii;iiar 1 9% i. Mosi p a r s  appclir !O 

t i c  1 O '  J L I  I I  c s  I I    ILI tic L  ri^ I 1 l n  r 1 1 r  I I  i c Flic rcsul t;iiii pruportioii 

of jiivc~ii lcs 111 tlic toi;il w;icrii J criicli w;is Sh" ,,. 

Tliis pool 1s coiiiposcd o f  02'' Tricliiiinis spp.. 1 I " (1 Sviiidimiiclx, S" a Pssttuii J x .  7" ,, 

Spl i~xi i id i ic  aiid I ?'O otlicrs. Csiric a L,,, of 32.5crti Tor ~ I I C  Tricliiiinis sps. \vliicli is ilic riisriri 

ot' v;di~cs i$cii in Si ikmwr;~ ;ilid Px-111 ( 19%) iind kiricrji m d  Krislia~i ( 197-3 1. ilic prqwrtiol~ 

t)Qin C ' I I I I C ' S  111 tlic toid ~ ; i i i l l  \vas e;~Ici~I;~tcd as 1 IiJi). I'hc g u r s  C ; I ~ C I I I I I ~  jii\~cliilc~ w r c  tllc 

iilicr rici ciiiti rlic ~ ~ i i l i i - ~ r m k .  bolh s1113i1 ~t~cslicd gc;irs. C;ritixti~~i;~icly. the I;lt~dmg?i Icrig111- 

licquci~cy d ~ i i  f i~r the otiicr iiicdiiiin prcduor groiips w s  sc;iiit. Howtcr .  ilic ccitcli o f  [lie 

S~~pliqaciiidiic aiid "orticrs" ( Ariiis slip. Funnio spp and M iiicicrii)sos spp)  \ ras coiiiposcd 

ciitirsly ot'jiit~ciiilcs. In  order to csiiiiicitc. oiic jiivcriilc. catch tigiirc li)r tlic riicdiiiiii prcdaiors. i t  

w s  ~issiiiiid iliiii al l gruiips oilicr tliaii Triclii iinis spp. w r c  çiiuglii as j uvcrii les. For cadi yccir 

i y c .  ilic rcl;iiivc catcIics of Trichiums spp. ii11J ihc otlicr groiips iwrc \vcigliir.d by tlicir 

rclativc abundancc in [lie catch tu prodiicc ilic proportioii of juvciiilc nicdiurti prcdators !or 



cach g u r .  Tlic proportion of j uvcnilcs in tlic toial inediuiti prcdiitor p u ~ l  \\-as csr inlaicd as 

44" 0. 

Tlic prupor~im ~ ~ ~ ' J i ~ \ ~ c r i ~ l c ' s ~ i i i  die b i o i i i : ~  oI' iIic ttircc groups \ w s  cst iitiaiccl lioiii ilic Icrigtli- 

iicqucricy d a ~ i  III the ~r:iwl s u r u y .  A s  :ib«vc. h l 1  bclow L-,,, wcrc classitic11 3 s  j u \ ~ c n i l ~ s  31111 

IIIOSL. :ibovc ils x h l t s  and tlic pnqwrt ioii csprcsscd iri  icriiis ol' \\,ci ylii. Tlic rc1:iin.c prqxmions 

x-c givcn in Tliblç A 7 . I .  X o ~ c  that tlic data for I I I C  Iarpc prcdritors 1s cls1iiiialc.d oii tlic basis ol' 

tlic O. t - h ~ t -  da ta, a s  dcscri bcd ; I~OVC.  



Tlic v;iluc.s ot' P I 3  riiid (S 13 oriyiii;illy csiiiii;itcd for ilic sciiicriids wcrc uscd t i~ r  itic j i i~~sii i lc 

sci;icnlds sincc 111s d;11:1 tiom tvtiich t l i q  w r c  ~siiriiaicd w r c  Ixgcly jiivcnilc d;ii:i. Siiiiilarly. 

iIic P :l3 Ior iticdi uii i  prcdaiors. wliic ti \u s  csiiriiaicd tioiii iIic iticiitil y d u l t  Trichi unis sps data. 

!vas u s d  h r  itic cidiilt i~icdiuiti prcil;iiors. TIic ori yi rial Q I3 iiir [tic nicdiiirti prsdriiors \\as ;ilsci 

iiscd t i ~ r  ttic ;idiilis. Tlicrc \wrc  insufficicnt Jairi i«  cstiitiriic ncw paciiticicrs for itic adult 

sciaciii~fs or (lit 1 u t  ciii lc itisiliiiin prdiiors.  :\ccordirigI y .  tlic ;iddi i i i d i i i i t i  prdaiors P H ~ i i d  

Q 13 val tics u crc iiscd ti)r tlic ;IJLI l i  i i i ; 1 ~ 1 1 1  JS. For I tic J L I \ C I I I  Ic' IIICJIUIII prcJ;~m-s. i ; I I I I C Z  

i iitcriiicdi;~ic hciwcri ;iddi iiisJiiiiii prc.il:i[ors aiid J iivcr~i lc sci;icnid'; wcrc i i d  - ssc -1'~iblc :\ 

1 ,. 1 .  



.-\?; bctbrc ihc dctiuli wliic ot'O.95 wrts iiscd for al1 groups utlicr tlim tlic d i i l [  Irtrgc prchtors 

d i c r c  0 - 5  LUS i ~ ~ i .  

-TIic disis dcscribsd I I I  C'licipicr 3 rwrc splir iriio sdiili aiid jiivciiilc. coiiipoiiciii?;. Tlic j iivc~ii le 

dici?; rc1lc~i ;I dicl briscd on stiiall orgriiiisiiis. ritid tlic d u l t  dicis placc rt grcatcr ciliplicisis 

organisiiis rit tropliic Icvcis 3 m d  abovc. 

Tlic scinciiid dict \vas büscd ori stoniaçli studics lioiii San Miguel Bay (P~101ii3rcs cl. < I I  

IO9Sb). Sincc tlis siudy appcm io bc briscd on jiivsnilc tisli. i t  \vas uscd :is iIic brisis 1Qr [lis 



Tlic origiiisl iiictliiini prcdiitors dict \vas b:iscd on 3 conipositc study of iiili>rniaiiori lioiii tlic 

litcr;itiirc. Tliis ci)ritciiiicd Mc. or no indicaiion as to wlictlicr i t  pcriiiiricd t« iidiilts or t ~ )  

juvciiilcs. Iiifomiation on thc dict of Tricliiums spp. (Nakaiiiiirn and Pliriit 190-3) indiçiitcd [liai 





Tlircc additional paraitictcrs. ttic agc (T)  :iiiJ ivciylit (W,) at ivliicti juvcriilcs iiiniurc iriio 

ridiilts. aiid ttic w i i  IIcrtrilanflL growli ciinVc efticicnt ( K )  arc rcqiiircd f i ~ r  tlic iIc1:ly-difli.rcricc 







Appentfiiv 3 

List of Acronvms 

Thc Rurcau of Fishcriss and Aquatic Rcsourccs 

Ciitcli ptx unit cl'fort 

Elcçtronic Lcngth Frcqucnçy i\niilysis 

Food anci Agricullurc Organisaiion (Uniicd Nations) 
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