
RAP A REPORT: 1987/10

INDO-PACIFIC FISHERY COMMISSION (IPFC)

Papers presented at the

SYMPOSIUM ON THE EXPLOITATION AND

MANAGEMENT OF MARINE FISHERY RESOURCES

IN SOUTHEAST ASIA

Darwin, Australia, 16-19 February 1987

REGIONAL OFFICE FOR ASIA AND THE PACIFIC (RAP A)

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS

BANGKOK,

1987

L- ___

s.mondoux
Text Box
Silvestre, G.T. Federizon, J. Munoz and D. Pauly. 1987. Overexploitation of the demersal resources of Manila Bay and adjacent areas, p. 269-287. In. Proceedings of the 22nd Session of Indo-Pacific Fsheries Commission, Darwin, Australia, 6-26 February 1987, RAPA. Bangkok



269

OVER-EXPLOITATION OF THE DEMERSAL RESOURCES

OF MANILA BAY AND ADJACENT AREAS!!

by

Geromino Silvestre

Ricardo Federizon

College of Fisheries

University of the Philippines in the Visayas

Manila, Philippines

Jessica Munoz
Fisheries Research Division

Bureau of Fisheries and Aquatic Resources

Manila, Philippines

and

Daniel Pauly

International Center for Living Aquatic Resources Management
Manila, Philippines

ABSTRACT

A review of the multispecies fisheries of Manila Bay (Philippines) and adjacent waters is
presented, covering an area of 5,200 km2and a depth range from (;)to 100m. The available data on
species and size composition of trawl catches are too scanty to a))ow6trong inferences, although they
indicate overfishing.

Trends of effort, catch and standardized catch per effort for 1948to 1984provide, on the
other hand, strong support for the occurrence of massive overfishing, as is confirmed by relating a
number of single-speciesoptimum mesh sizeestimateswith the current trawlcod end mesh sizeof 2 em.

A plot of aggregate landings vs fishing mortality was used to obtain estimates of economic
rent from the fishery, and of maximum economic yield (MEY = 8,600-17,400metrictonsperyear).
It appears that the demersal stocks of the Manila Bay area, which have an MSY of 13,100-20,000mt
per year (and whose economic rent is probably negligible at present), are capable of generating, at
MEY, an economic rent corresponding to 3,100-9,700 mt per year (Le., approximately US$1.5-4.8
million worth of fish and invertebrates per year). To realize all of this rent however, the prevailing
fishing effort would have to be reduced to almost a third of the 1983.84level.

Introduction

The issue of over-exploitation of the fishery resources of the Manila Bay area is nothing new and dates
back to the time of the early Spanish colonizers. For instance', Antonio de Morga in his "Report of Conditions in

the Philippines" to King Philip II.of Spain dated June 30, 1597(Blair and Robertson 1973, Yol. 10 pp. 85-86) states:

"60. Fish is the most abundant and most general food supply. The Indians (sic) do not occupy
themselves, as formerly, in fishing but leave this work to the Chinese. These (...)
interested people have raised the prices, an evil that must be restrained and checked.

~ lCLARM Contribution No, 357,
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61. The fishing is done with 'salambaos', and with fine-meshed nets; with which they block
up the bay and kill the small fish. These nets ought not to be employed and the size of the

mesh should be regulated so that the supply of fish will not be exhausted; for already
experience has demonstrated that they are not so abundant as formerly."

Quantitative information on the fisheries of the bay and adjacent waters, however, became available only after
the second world war. Indeed the available information documents the history of exploitation from near zero

levels (due to the lull in fishing activity caused by the destruction of the last war in the Philippines) up to the
present time.

The present contribution addresses the issue of whether biological or :economic overfishing occurs in the
demersal fisheries of the Manila Bay area. The term "over-exploited" or "overfished" is the strongest condemnation
a fishery scientist uses to characterize the unsatisfactory utilization by the fishery of a given resource. To the
fishery scientist, the state of over-exploitation represents an irrational situation that must be avoided; an "evil"
that embodies the "bankruptcy" of fisheries management. The perception of what constitutes an overfished
stock has evolved with the concept of the "ideal" goal for management - from Maximum Sustainable Yield
(MSY) as the basis in the 50's, to Maximum Economic Yield (MEY) in the 60's, to Optimum Sustainable Yield

(OSY) in the 70's (Roedel 1975). Biological overfishing occurs due to excessivefishing effort and/or low lengths-at-
first capture resulting in: (1) yields that are lower than the stock can maximally sustain; (2) impairment of the

sustainability of the stock, and/or; (3) undesired species composition changes (a much later concept). Pauly
(1980) classifies the basic types of biological overfishing into growth, recruitment, and ecosystem overfishing.
Economic overfishing occurs (put simply) when fishing effort exceeds the level necessary to maximize rent from

the resource. The third perception of overfishing (i.e., that associated with OSY) involves a considerable degree
of subjectivity and is largely ignored in the present study. It implies the non-achievement of "optimum" societal
benefits from the resource given the realities (e.g., bio-economic, socio-political, etc.) of fisheries exploitation.

The Manila Bay and adjacent areas, for purposes of this study, is defined as the water area from the shoreline

down to 100 m depth bounded by the shoreline of western Luzon in the east, latitude 15° 00' N in the north, and
the northern shoreline of Mindoro island at about latitude 13° 30' N in the south (Fig. 1). As such it encompasses
Manila Bay, Subic Bay, Bagac Bay and adjacent areas covering a total of 5200 km.2 The Manila Bay area is the
oldest traditional fishing ground in the Philippines. Close to the largest population. center (i.e., Metro Manila

with approximately 8 million inhabitants), the bay and adjacent waters today constitute one of the most heavily
exploited areas in the country. In 1951 (when annual statistics of the Bureau of Fisheries and Aquatic Resources,
BFAR, began to be published) total landings from the area reached 9,000 mt, starting from near zero levels at the
end of the Second World War. By 1984, this has increased to about 45,000 mt (i.e., a four fold increase in about 30
years). The rapid increase in fishing effort during the post-war years has led to various predominantly anecdotal
reports of Manila Bay being over fished. Complaints of low catch rates and economic returns from the fishery in

the area began to re-surface in the late 1950's, and are presently very loud. This contribution is an attempt to extract
as much quantitative information as possible from the available literature and existing data files to assess the state

of exploitation of the demersal resources of Manila Bay and adjacent areas. Utilizing both published and unpublished
data from the late 1940's to early 1980's, this study looks into the yield, economic rent and overfishing in the
demersal fisheries of the bay and adjacent areas. The available information on species and length composition of
the exploited resources are also presented. These are preceded by a brief overview of the fisheries in the Manila
Bay area with emphasis on the demersal fisheries.
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Fig. 1. Manila Bay and adjacent areas as defined in the present study (see text).

An overview of the fisheries of Manila Bay and adjacent areas

The fisheries of the Manila Bay area are typical multigear, multispecies fisheries. The variety of gears
utilized, as described by Umali (1950), includes the following:

1. Otter trawl. A winged net made in the form of a conical bag with a mouth kept open by two otter

boards. The introduction of the "German-type" trawl design in the early 1970's provided for higher
mouth openings to catch more semipelagic fishes (Caces-Borja 1975). Two types of trawlers operate
in they Bay: the medium trawlers (4 to 15 GT) and baby trawlers (3 GT).

2. Bag Net ("basnig"). Operated during the dark phase of the moon and with the aid of light. A cubical
net whi~h resembles an invened mosquito net is attached to bamboo poles which are fitted to the boat.
The catch is effected by the lifting motion of the net~ The boat size ranges from 10to 33 GT. (Ronquillo
1982). Target species are anchovies and other small pelagics.

3. Hook and Line ("kawil"). A single hook attached to a line used for catching bottom fishes.

4. Beach Seine. Operated on smooth shelves hauled manually towards the shore.

5. Gill Nets. Curtain nets used to entangle fish. They may either be drifting or anchored and are set at
varying depths.

-- ---
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6. Push Nets ("sakag" or "sudsud"). A triangularly-framed, collapsible, fine-meshed net driven manually
for catching shrimps and small fishes. In the 1970's, the push net was operated with a motorized boat.
The gear is attached to the bow of the boat which has an engine power ranging from 140to 265 H.P.

7. Fish Corral ("baklad"). A stationary trap made up of bamboo mattings designed as a guiding barrier
with intricate system of successive enclosures. Most of the fish corrals are set at 7 to 8 m depth.

Table 1 presents landings by fishing gear for the Manila Bay area for the period 1959 to 1984. The terms

"commercial" and "municipal" as used in the table refer to the arbitrary categories used by national agencies

(e.g., BFAR) to subdivide capture fisheries into (1) operations involving vessels of over 3 GT (i.e., commercial)
and (2) operations involving vessels pf 3 GT and below (i.e., municipal). The trawl fisheries have been the most

predominant, accounting for the bulk of t/1~total production. In 1975, this production reached its peak of 28,700

mt contributing about 950/0of the total productipn of the Bay. In subsequent years, however, the contribution of
the trawl fisheries started to decline. This is probably due to the promulgation of Presidential Decree No. 704
(popularly known as the Fisheries Decree of 1975) that restricted commercial trawling from within depths of seven

fm and/or within seven km from the shoreline. With this restriction, the number of other small-scale fishing
gears increased, notably push nets. Nonetheless, the trawl fisheries continued to maintain their lead, accounting
in 1984 for 30% of the total catch from the Bay.

The demersal fisheries of the Bay are largely attributed to the nature of its bottom (generally flat and
muddy). Before the increase of pelagic fisheries in the early 1970's (due to the fishing gear innovation brought
about by the development of fish aggregating devices (FADs) or "payao" in catching pelagic fishes), the demersal
fisheries had been contributing the bulk of the total Philippine commercial fisheries production. Otter trawl is
the most productive gear in catching demersal fishes. BFAR statistics show that Manila Bay is the second most
productive demersal fishing ground with an average production of 21,900 mt between 1973 and 1977, after the
Visayan Sea (Ronquillo 1982).

Table 1. Landings by fishing gear for tbe Manila Bay Area for the period 1959-1984.

C = Commercial Landings, M = Municipal Landings.

Beacb
seine Others TotalPusb

net
Gillnet

2
923

13

23
243

5

11

146

110

8,207

8,495
8,504

12,505
17,858
12,505
19,242
20,240
21,760
22,679
21,693
20,210
15,805
18,113
30,596

21,310
30,170.. .. .-

Year Trawl Bagnet Hook &
line

1959 5,946 1,308 30
1960 7,519 807 154
1961 8,045 455 4
1962 11,511 896 75
1963 13,670 3,876 69
1964 10,246 2,080 179
1965 15,317 3,794 131
1966 15,464 4,724 52
1967 16,974 4,579 202
1968 18,855 3,624 200
1969 15,295 6,237 161
1970 15,876 4,334
1971 11,840 3,722 232
1972 15,146 2,967
1973 27,346 3,250
1974 17,845 2,438 881
1975 28,675 1,383 2

(Source: BFAR Fisheries Statistics).
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Earliest accounts of trawling activities in the Philippines date back to the 1900's. The first type of trawl

that was used was the beam trawl which was introduced by the Japanese (Rasalan 1952). With a number of innovations
on the nets and boats, the Japanese dominated the beam trawling activities until World War II (WW II). By 1936,
73 beam trawlers operated in Manila Bay (Manacop 1955). Otter trawling, however, was first attempted on 1909
by an English steam trawler, but the operation was discontinued after nine months (Warfel and Manacop 1950).

The impetus of the development of trawl fisheries happened just after WWII. In 1947, the Philippine
Fishery Program was established by the U.S. Mission under the Philippine Rehabilitation Act (Martin and Warfel
1951). Its first major activity was extensive exploratory fishing throughout the Philippines including Manila Bay

(Warfel and Manacop 1950).

The adoption of the otter trawl followed this survey rather closely. Within a year, otter trawl replaced the
beam trawl as the dominant gear for catching demersal fishes commercially. Of 100 trawl units that were actively
operating in the late 1940's and early 1950's, 70 were operating in Manila Bay (Manacop and Laron 1952-1953).

The success of the otter trawl exploration inspired the shift from the manually-operated traditional
fishing gears (e.g., scissor nets) to the smaller versions of the otter trawl. In the 1950's, the baby trawl was
developed using small dug-out boats (bancas) with gasoline engines of 2-5HP (Ronquillo 1982).

With the rapid expansion of the trawl fleet in Manila Bay, declining catch rates of the trawlers were

observed after 3 years (Manacop and Laron 1952-53). Manacop (1953) reiterated that in certa.in areas of Manila
Bay, "the condition reached a point close to commercial extinction where fishing vessels can no longer operate
with a fair profit". Ronquillo et al. (1960) documented the decreasing catch rate of trawlers from j6.26 kg/hr in
1957 to 13.3 kg/hr in 1956 to 12.2 kg/hr. in 1959.

Simultaneous with the decreasing catch rate of the trawlers in the 1950'swas the development and proliferation

of the bag net which accounted for more pelagic fish production from Manila Bay (Ronquillo et al. 1960). After the
trawl, the bagnet is the second most predominant gear., Production by bagnet reached its peak of 6,240 mt in 1969
from 1,300 mt in 1959. In 1984, bagnet production was 5,000 mt accounting for 80/0of the total production of

Manila Bay.

- -

Table 1. (cont.)

Year Trawl Bagnet
Hook & Beach Gillnet Push Others TOlal

line seine net

1976 21,597 1,010 - - - - - 22;607

1977 14,303 1,702 - - - - - 16,005

1978C 8,297 3,845 - - 17 662 - 12,821

M 5,361 304 1,295 378 4,291 2,467 1,551 15,647

1979 C 8,908 6,053 - - 300 2,324 - 17,585

M 5,207 17 1,934 406 7,691 2,375 4,660 22,290

1980 C 8,441 4,639 - - 204 3,370 - 16,654

M 2,416 96 4,212 346 6:652 3,049 2,365 19,136

1981 C 8,754 5,045 50 - . 5,293 - 19,142

M 2,415 384 5,362 252 8,016 3,112 3,953 23,399

1982C 6,030 4,600 13 - - 2,432 - 13,075

M 6,835 146 4,146 1,062 5,867 4,111 -3,335 25,602

1983 C 7,459 4,362 206 - - 1,669 - 13,696

M 8,763 329 4,131 437 8,490 3,217 1,647 27,014

1984 C 7,829 4,775 2 - 2 2,129 - 14,736

M 4,259 235 5,560 875 8,394 3,973 1,987 25,283
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Other gears that proliferated after the imposition of Presidential Decree 704 are hook and lines, beach
seines, gill nets, push nets and longlines (Table 1). These gears are operated primarily by municipal fishermen.

Table.2 presents the species composition and relative abundance of trawl-caught fishes from research

surveys between 1947 and 1983. The lack of standard procedure for sorting renders species-change analysis
difficult. In the 1940's, fish were sorted to the family level; in the period 1950-1970 sorting was according to
commercial/marketing categories. In the trawl survey, conducted in the 1980's, fish were sorted to species
level. Ronquillo (1982) however, was able to make some observations in the change of species abundance.
An increase in the shrimp and squid catch and a decrease of large fish populations was noted in the early 1980's.

Large species of slipmouths disappeared and were replaced by :smaller species of the same family. The change of
species composition and decrease of the average length of species was attributed to intense fishing pressure in

Manila Bay. Table 3 gives a compilation of information on the mean lengths and length ranges of trawl-caught
species from the Manila Bay. The data, however, do not allow for strong inferences to be made regarding the
effect of exploitation on the size composition of exploited species.

Table 2. Species composition from different trawl surveys conducted in the Manila Bay area.

YEAR
CPUE (kg/hr)
SOURCE

1947
46.0

1

-Indices of Relative Abundance -
1958 1961 1970

13.8 13.77 94.1 a)
3 4 5

1955

2

1983
27.9

6

SPECIES COMPOSITION
HOYA

Pomadasyidae
Lutjanidae
Carangidae
Serranidae
Scombridae
Lactaridae
Ariidae

HALO

Nemipteridae
Mullidae

Decapterus species

Sardinella species
Sciaenidae

Sphyraenidae
Engraulidae

Theraponidae
SAMOT

Gerridae
Trichiuridae
Meneidae

SQUIDS
SHRIMPS
SLIPMOUTHS
SYNODONTIDAE
MISCELLANEOUS

Psettodidae

Sharks and Rays

27.5070

5.2%
9.9%
2.1%
2.2070
3.2%
1.0%
4.0%

16.5%
5.8%
3.6%

4.7%

2.5%

22.7%

1.9%
19.4%
1.2%

21.3%
6.0%

6.~070
1.8%

26.0%

10.5%

30-50% 1.0%

32.0%
common
common
common

occasional
occasional
common
common

abundant
abundant

common
common
common

occasional

comnron

abundant
common

common 8.5070
common 11.0%

abundant
abundant 21.0%

26.5%

common

common

30.0%

1.6%

1.0%

15.0%
2.2%
1.0%

17.0%

14.0% 15.0%
2.5%

6-15% 31.4%

4.3% 19.67%
4.4%
9.0% 6.4%

3.0% 2.9%

8.0% 10-20% 19.8%
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Table 2. (cont.)

-Indices of Relative Abundance -
YEAR
CPUE (kg/hr)
SOURCE

1947
46.0

1

1955

2

1958
13.8

3

1961
13.77

4

1970

94.1 a)
5

1983
27.9

6

Rhinobatidae

Myliobatidae
Dorosomidae 2.40/0

common

common
common

Sources:
II Warfel and Manacop (1950).

21 Manacop, (1955)

31 Ronquillo, (1972). el aJ.

41 Cases-Borja el al. (1972).

51 Cases-Borja (1975).

61 Unpublished data. R/V Sardinella, UPVCF,

a) Sampling gear in 1970 was German-type high-opening trawl.

Table 3. Compilation of scattered information on the mean length and/or length range (cm) of rashescaught in (and landed from)
Manila Bay. (This compilation does not include data for species in Table 5).

YEAR 1947 1949 1957 1964-1966 1980 1981 1983 1984 1985
SOURCE 1/ 2/ 3/ 4/ 5/ 6/ 7/ 7/ 7/

SPECIES Mean Length/Length Range(cm)

Bulacan Bataan Cavite
LEIOGNATHIDAE

Gazra minuta 10.2 3.8-6.1
Leionathusequulus 10.4 6.0 10.2 12.1
Leiognathusbindus 91.0 6.9 7.8
Leiognathussplendens 81.4 4.8 8.6 4.9
Leiognathusblochii 9.1
Leiognathusdaura 7.5
Leiognathusleuciscus 8.5
Secutor insidiator 6.5 3.8 8.8
Secutor ruconius 6.1

SYNODONTIDAE 8.8 8.6
Saurida tumbil 19.3 10.2

GERRIDAE

Gerres kapas 16.4 8.3

Gerres punctatus 9.9

Pentaprion longimanus 9.7 6.0
MULLIDAE

Upeneussulphureus 11.5

Upeneus sundaicus 11.3

. . . . 8-
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Tabfe 3. (coni.)

YEAR
SOURCE

1947
1/

1949
2/

1983
7/

1984
7/

1985
7/

SPECIES

1957 1964-1966 1980 1981

3/ 4/ 5/ 6/

Mean Lenglh/Lenglh Range (em)

SCIAENIDAE
Croakers

NEMIPTERIDAE

Nemipterus japonicus 11.7 12.0
Nemipterus marginatus 12.6
Nemipterus nematophorus 12.6
Nemipterus taeniopterus 13.2 8.4
Nemipterus hexodon

SCOMBRIDAE

Rastrelliger brachysoma
Rastrelliger kanagurta

CARANGIDAE

Decapterus macrosoma
Decapterus rnuruadsi
Selar mate

Selaroides leptolepis
POMADASYIDAE

Pomadasys argyreu3
Pomadasys hasta
Scolopsis bimaculatus

PSETTODIDAE

Pset!oides erumei
TRICHIURIDAE

Trichiurus haumela

9.4 9.1
27.5 23.5
12.3

44.7
CLUPEIDAE

Sardinella sp.
MUGILIDAE
ENGRAULIDAE

11.5 8.3-22.8 4.7-9.5
19.4-17.6

13.5-21.9 (whole Manila Bay) 15.5

43.9

6.5-11.1 4.8 10.1-15.9 11.0-13.8 15.9
8.4-11.9 11.7-14.1
5.1-6.7

11.5

Sources:
1/ Warfel and Manacop (1950).

2/ Manacop (1975).

31 Tiews el 01. (1965).

41 Tan (1970).

51 Bautista and Rubio (1982).

61 Ronquillo (1982).

71 Manila Bay Monitoring Project.

One of the significant developments of Manila Bay fisheries is the increase in number of mechanized push
nets in the late 1970's. The push nets use very fine meshes and operate in shallow waters. While the target species
of the push net are the anchovies and (small) sergestid shrimp to support the "bagoong" (fermented fish)
industry, juveniles of commercially important species are caught as incidental catches. The use of push nets is
also blamed for the rapid depletion of marketable fish in Manila Bay (Ronquillo 1982).

14.6

9-22 19.2 10.7-13.3 18.2-18.7 14.9
9.3-10.4

22.5 8.0-13.3
7.3

13.0
13.9

5.1-5.8 3.0-18.4 14.6
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Although the prevaling consensus among fishery scientists and managers is that Manila Bay has been over-

exploited since the 1950's, only qualitative conclusion have been drawn. The steps undertaken as management
measures are simply the promulgation of fishery laws. The laws and regulations that directly affect Manila Bay
fisheries are:

1. Presidential Decree No. 704 "Fisheries Decree of 1975". The banning of commercial trawlers (vessels
of 3 GT or more) in seven fathoms depth or less. This was amended by P.O. 1015 in September 1976

to restrict trawlers nearer than seven km from the shore. Baby trawlers are permitted to operate from4
fm depth.

2. Fisheries Administrative Order No. 40 "Regulation of mesh size". The use of fine meshes of less than

2 em is prohibited for all fishing gears except when the target species are small fishes and invertebrates
such as sergestid shrimps.

Although different regulatory measures have bc:cnattempted in different fishing areas in the Philippines,
most of the fishery laws and regulations remain unenforced. The 7 km, 7 fm ban against commercial fishing boats,
for example has been met with active resistance especially from commercial fishermen who contend that if the ban

were enforced, commercial fishing vessels would be limited to less than 1% of the traditional fishing grounds in
the Philippines (E. Paterno, Philippine Fishing Operators Association, pers. comm.) and that furthermore, the
ban has no well-established biological basis. The fact that the commercial capture fishery sector contributes
about 40% of the total capture fishery landings underlines the lack of enforcement of the ban.

Estimate of yield and economic rent from the demersalstocks of Manila Bay and adjacent areas
The approach used here to estimate the potential yield and economic rent from the demersal resources of

the Manila Bay area follows the procedure used by Silvestre and Pauly (in press) to estimate the yield and economic
rent from the Philippine demersal stocks as a whole. The 'Clatautilized consist of the following: (1) estimates of
demersal biomass for the Manila Bay area covering the depth range 0-100 m for the years 1948-1984, and; (2)

estimates of annual trawl landings for the area from annual BFAR statistics and published works (e.g., Manacop
1985; Ronquillo et al. 1960) covering the same period. The demersal biomass time series was estimated using the
"swept area method" (see Gulland 1983, Pauly 1984). For this purpose, over 400 individual trawl catch-per-effort

(c/f) values from the late 40's to early 1980's compiled by Silvestre et al., (1986b) for the Manila Bay area were
used. Briefly, the method consist of the following steps: (i) stratification of the Manila Bay and adjacent areas

into 4 depth strata (0-9, 10-19, 20-49 and 50-100 m); (ii) estimation of the area of each depth range through
planimetry of detailed nautical charts; (iii) distribution of the over 400 trawl c/f data among strata by year; (iv)
estimation of density and biomass for each stratum by year (1948-1984) with interpolation for missing years and
depth range; (v) aggregation of depth strata biomass estimates by year; and (vi) correction of (v) for "learning
effects" and/or gear improvements to give estimates of demersal biomass in the Manila Bay area by year. The
biomass estimation procedure is discussed in detail by Silvestre et al. (1986b).

Conventional fisheries theory impiles that the yield (Y) from a stock at a given time is proportional to the
product of fishing mortality (F) exerted on the stock and the size (biomass) of the stock (E) at that time, i.e., Y =

FB (Gulland 1983; Pauly 1984). The time series of Y and B described abo;ve were used to derive estimates of
fishing mortality using the equation

Fj = Y/Bj 1)

where i is a group of 5 successive years (Table 4). The model of Fox (1970) was subsequently applied to the plot of

Y/Fj (= Bi) versus Fj~ i.e.,

Y/F = B = ea-bF= B (fJe-bF 2)



278

where a and b are parameters computed by least squares approximation and e is the base of Napierian logarithm.

From the above expression, estimates of MSY and FMSYare obtained from

MSY = ea/be = Boo/be 3)

FMSY = lib 4)

The estimation of maximum economic rent (MER) and maJ9mumeconomic yield (MF;Y)require the following:
(i) an expression of revenue as a function of F, and (ii) derivation of a cost function. In the case of the former,
yield in weight (mt) was converted to value/monetary units (philippines pesos (P) and US $) by simple multiplication
with the average 1983 price(mt of the Philippine marine catch (about P5000/mt or US $500/mt). In the case of
the latter, two variants of a linear cost function were used, assuming that: (i) equilibrim was reached by the open
access demersal trawl fishery at the 1978-82 F level, and (ii) equilibrium was attained in the 1983-84 period. The

equations used in estimating FMER' MEY, and MER are:
a-bF

e MER (l-bFMER) - C = 0 5)

a-bFMER= FMEReMEY 6)

MER = MEY - CFMER 7)

where MEY and MER are in weight (mt) units, C the slope of the linear (weight unit) cost function, and the

remainder as previously defined. The Newton-Raphson iteration technique was used in estimating FMER in
equation 5.

Table 4 sumrr.arizes the mean annual trawl landings, demersal biomass and fishing mortality f~r the
Manila Bay area covering the period late 1940's to early 1980's. Plots of the data in Table 4 are presented in

Table 4. Mean annual trawl landings (Y), demersal biomass (B), and fishing mortality (F) for the Manila Bay
and adjacent areas covering the period late 40's to early 80's, (see text).

YEARS Mean annuaJ.!.l

trawl landings (y)
x 100 mt

Mean annual !/

Demersalbiomass (B)
x 100 mt

Mean annuaFf

Fishing
Mortality (F)

1949-1952
1953-1957
1958-1%2
1963-1967
1968-1972
1973-1977
1978-1982
1983-1984

56.3
65.5
78.3

143.3
154.0
219.5
125.3
141.5

239.6
176.4
106.4
92.6
88.8
78.9
50.7
50.0

0.23

0.37
0.74
1.55
1.73
2.78
2.47
2.83

~/ Based on BFAR Fisheris Statistics except for the period 1948-1957 when landings by fishing ground were not available. For this period.

the catch rates and number of trawlers given in Manacop (1955) and Ronquillo et al. (1960) were used to derive estimates of landings.

1/ Based on catch rate data from over 400 individual trawl hauls covering the late 40's to early 80's given in Silvestre et 01. (1986b)

E./ Fromthe relation Fi = Yi/Bi, where i is a group of 5 successiveyears (or 2 in the case of 1983-84).



279

25 25
8 48-52

20

15

20

-
II)
Q)

15 2o+-
f{)
o

. II)
II)
o
Eo
m18

95 % confidence
interval of intercept

0.5 1.0

Fishing

1.5 2.0 2.5

mortality (F=Y/8)
3.0 0

Fig. 2. Mean annual demersal biomass (8) and its natural logarithm (loge B) versus fishing mortality (F) from
the late 1940sto early 1980sused to derive the surplus yield model for the Manila Bay area (see text).

Flg.3. Mean annual trawl landings (Y) versus fishing mortality (F) covering the periOdlate 19405to early 1980s
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FMEYrange Is based on the alternative assumptions that the 1978-1982and 1983-1984periods saw the
equalization of costs and returns (see text).
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Efforts towards computation of the optimum meshsize for the Manila Bay trawl fisherieswas initially
attempted for the purposeof the presentstudy. Unfortunately, fisheriessurveys.sufficientlyrepresentativeof the
relativeabundancesof the multispeciesmix comprising thedemersalstock, havenot beenconductedin the Manila
Bay area. The threemajor surveysconductedin Manila Bay include: (1) the trawl survey in 1947-48documented
by Warfel and Manacop (1950); (2) the surveyspioneeredby K. Tiews a:1dcollaborators and documented in a
seriesof papersincluding Tiews and Caces-Borja (1959). Tiews et al. (1972, 1973, 1976), Caces-Borja(1975),
and Ronquillo etal. (1960);and(3) the Manila Baymonitoringproject that startedin theearly80'sandis documented
in Bautista and Rubio (1981) and other BFAR reports. The abundance information from these surveys was
deemed inappropriate for optimum mesh size optimization routines (e.g. the MULTIMESH Program of
Federizon e/ al. 1986) due to one or a combination of the following: (i) insufficient time or area coverage of the
Manila Bay area, and/or (2) lumping of catch records into very large taxonomic or operational (e.g. 'hoya',
'samot' etc.) categories. Hence, an alternative approach to the evaluation of the appropriateness of the 2 cm
minimum mesh size limit was adopted involving singh~species yield-per-recruit (YPR) assessment.

The approach used here involves the following steps: (1) compilation by family of population parameter
estimates for trawl caught species from the Manila Bay area (e.g., from Ingles and Pauly 1984 and Pagdilao

1982); (ii) selection of representative species for each family; (Hi)computation of the YPR isopleth for each of the
selected species in (ii) and identification of the eumetric fishing line B-B' (Beverton and Hdlt 1975); (iv) estimation
of the optimum length at fIrst capture corresponding to a given optimum fishing mortality level, and (v) conversion
of the optimum length at first capture to optimum mesh size for the species using selection factors (S.F.), YPR
was computed using the expressionof Beverton and Holt (1966)Le.

Y'/R = E (1_c)M/K.

[

1 _ 3 (1-C) +

1 + (I-E)
(M/K

3 (1-c)2

1 + 2(I-E)
(M/K)

1 + 3(l-E)

]
(M/K)

where E is the exploitation rate (= FIZ = FIF + M, where Z, F and M are the instantaneous rates of total, fishing,

and naturalmortality,respectively),c is the ratio L/L (XI (Lcbeing the mean length a~fish capture and L (XI the
asymptotic length), and k the growth coefficient of the von Bertalanffy equation.

Two definitions of "optimum F" were used for purposes of (iv) above. These include: (1) th~ F level (FI)
at which E = 0.5 (i.e., FI = M, Gulland 1970),and; (2) the F level(F2)at whichthe slopeof the change inYPR(at
the eumetric fIShing line B-B') per unit change in F is 100/0of the initial slope (note that F2 differs from the classical
FO.I definition; see Gulland and Boerema 1973). The optimum lengths at fIrst capture, LCI and Lcz' are those

which maximize YPR at the fishing mortality levels FI and F2' respectively. Conversion of LCI and Lcz to
optimum mesh sizes Ms, and MSz' respectively, is done via the use for S.F.'s (Le., Ms = Lc/S.F. Gulland 1969).
Selection factors for each of the species considered here were obtained from either of the following sources: (1)
Samar Sea selection experiments (Silvestre e/ al. 1986a); (2) average of S.F. values for the species from the South
China Sea area (Sinoda e/ al. 1979; Meemeskul1979), or; (3) Pauly's (1980) monogram relating body depth ratio
to S.F.

The complilation of traw]-caught species from the Manila Bay area for which population parameters are
available is given in Table 5. The 15selected species for which YPR computations were made are given in Table 6.
L oofor the 15 species varied between 10.3 cm (L. bindus) and 66.0 cm (T. haumela) with M/K ratios between 1.66
(S. /umbil) and 2.47 (L. splendens). S.F. values varied between 1.70 (M. macula/a) and 6.20 (T. haumela). It

should be noted that the lower the value of S.F. for a species, the shorter its mean length at fIrst capture by a given

mesh size of the trawl cod end. The FI values varied between 0.80 (T. haumela male) and 2.84 (R. brachysoma)

with LCI values varying between 4.5 cm (L. bindus) and 31.7 cm (T. haumela female). The MSI values varied
between 2.5 em (S. indicus, L. bindus and P. argyreus) and 6.8 cm (R. brachysoma) indicating the inappropriateness

of the 2.0 cm mesh size for the optimization level Fl' The MS2values corresponding to the F2 optimization level
were similar to MSI values again showing inappropriateness of the 2.0 cm mesh size. Considering the wide range

------ - -----
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Figures 2 and 3. Figure 2 illustrates the steady decline of the demersal biomass of the Manila Bay area from 1948
to 1984. The plot of the natural logarithm of biomass versus F has an r2 = 0.831. The other parameters obtained
from the linear regression were: (i) a (intercept) = 9.922, (ii)b (slope) = -0.472. The 950/0confidencelimitswere

(i) for a = (9.523, 10.321)and (ii)for b = (-0.559,-0.385). The estimatesof MSy'and FMSYwere15,900mt (95%
confidencelimits = 13.1- 20.0 x 103mt) and 2.12 (95% confidencelimits = 1.78 -2.60), respectively. Figure 3
illustrates the fit of the Fox model to the available date and provides a summary of the approach used to estimate

economic rent. It is apparent from the figure that the 1983-84effort levels are beyond what could provide MSY,

despite the low precision of the FMSYestimate. It appears that MER was probably reached in the 1960's, and was
equivalent to about 3100-9700 mt per year, amounting (in,1983 value) to US $1.5-4.8 million which is about half

of the gross value of the fishery at FMEy' The fishing mortality corresponding to MEY-and hence to MER -
ranges between 1.04-1.6 (95% confidence interval = 1.00-1.21) and is equivalent to about one third ofthe 1983-84
F level.

We note that the results herein are not very sensitive to whether we choose the 1978-82or 1983-84period
as the time wherein equalization of gross returns and total cost occurred. This matches the results obtained by
Silvestre and Pauly (in press) and Gulland (1982) who found their estimates of economic losses to be fairly robust
with respect to the assumptions which were made in the estimation procedure. Whether equalization actually
occurred in one of these two periods is uncertain but is supported by the following: (i) the fact that the vast
majority of municipal fishermen around Manila Bay are well below the "official poverty level"; (ii) the failure of

several large-scale fisheries loan programs (due to lack of repayment) during the period; (iii) the increasing
complaints of low catch rates and economic returns, and; (iv) the increased competition and conflict between (and
among) municipal and commercial fishermen in the Manila Bay area.

We also nc.te that the ratios of MER to MEY observed here (i.e., approximately 1:2) and of FMEy to F
level at equilibrium (i.e., approximately 1:3) is consistent with those observed by Silvestre and Pauly (in press) for
the Philippine demersal stock as a whole, as well as those observed elsewhere in Southeast Asia (Nahan 1982).
Hence, based on the above, it appears that the demersal fisheries of Manila Bay area suffer from both biological
and economic over fishing due to excessive fishing effort levels. We believe that this is not the place to discuss how

fishing mortality could actually be reduced in a depressed socio-economic situation such as presently prevailing in
the Philippines (but see Mackenzie 1983, Beddington and Rettig 1983, Garcia and Demetropoulos 1986). We
would like to emphasize, however, that a large reduction of fishing effort in the Manila Bay area could lead to a
large increase of fishermen income (at least for those who remain, see Smith and Mines 1982) with only modest
reduction in absolute catch levels. The benefits, therefore, from proper management could well provide most of
the funds to relocate fishermen to lightly exploited areas or to start other economic activity in the fishing communities
of the Manila Bay area.

Growth overfishing of trawl-caught species from the Manila Bay

Growth overflShingin the Manila Bay area re:.ultsfrom the early capture and/or destruction of juvenile/young
fish through the use of fine-meshed nets and dynamite. The use of dynamite in fishing is banned nationwide and
is in principle punishable with stiff prison terms. The use of fme-meshed nets is regulated by Fisheries Administrative
Order No. 40-4 which sets the minimum mesh size limit at 2 cm (see above for exception). Optimum mesh sizes
recommended for faunal assemblages basically similar to those found in the Manila Bay area, are however, far
larger. Sinoda el al. (1979) recomimends an optimum mesh size between 5-6 cm. for the Gulf of Thailand
demersal trawl fishery. Sainsbury (1984) recommends a mesh size of about 6 cm for the trawl fisheries of the

northwestern Australian Shelf. Of late, Silvestre and Soriano (in press) based on an improved model reassessed
the optimum mesh size for the Samar Sea demersal trawl fishery to be about 5.5 cm (Le., up from the 3.5 cm mesh

size given by Silvestre 1986). It is therefore highly probable that the 2 cm mesh size common among trawlers
operating in the Manila Bay area leads to considerable growth overfishing of the demersal resources.

-- --
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of La, M/K, and S.F. values represented by the 15 selected species, it is evident that the 2.0 cm mesh size is generally
inappropriate for the species mix in Manila Bay. If the 1983-84 general F level of 2.8 (yr-1) from the previous
section is to be trusted, then the optimum mesh size would need to be much higher than the present value of 2 em.

Although determination of the optimum would have to await further quantitative information, it is highly
probable that this mesh size would not deviate much from the 5-6 cm optimum mesh size estimated for other areas
with a faunal composition similar to that in Manila Bay.

Table S. Population parameters of trawl-caught species from the Manila Bay area.
(Source: Ingles and Pauly, 1984).

FAMILY SPECIES YEAR N Loo(cm) M M/K Z

Dlupeidae
Sardinella fimbriata 1959 1,253 18.00 1.63 2.33 3.38

Saroinella longiceps 1978-1979 1,870 21.00 2.10 1.91 7.37

Engraulidae
Stolephorus commersonii 1961 9,422 11.30 2.28 2.38 4.94

Stolephorus heterolobus 1958 2,087 12.10 3.10 1.94 11.82

Stolephorus heterolobus 1961 2,345 11.40 2.29 2.41 10.69

Stolephorus indicus 1957-1958 3,402 16.30 2.67 1.98 5.81

Stolephorus indicus 1958 6,514 15.70 2.23 2.07 4.53

Stolephorus zollingeri 1957 29,338 10.10 2.55 2.32 8.41

Stolephorus zollingeri 1958 40,864 10.60 3.53 1.91 12.00

Stolephorus zollingeri 1961 6,029 9.20 2.69 2.34 4.22

Synodontidae
Saurida tumbil 1978-1979 4,174 37.80 1.71 1.66 4.83

Exocoetidae

Hemiramphus georgii 1978-1979 5,098 34.50 1.23 2.05 2.32

Centropomidae

Ambassis gymnocephalus 1979-1979 1,477 19.50 2.27 1.89 5.24

Theraponidae
Therapon theraps 1978-1979 2,014 34.00 1.25 2.05 3.49

Sillaginidae
Sillago sihama 1978-1979 4,652 23.50 1.51 2.16 2.70

Carangidae
Decapterus macrosoma 1957-1958 3,349 31.50 1.33 2.05 3.74

Decapterus macrosoma 1958 9,781 31.50 1.41 1.99 3.30

Decapterus russelli 1958-1959 13,462 27.00 1.59 1.99 6.89

Decapterus russelli 1959 7,026 30.00 1.19 2.20 2.06

Selar crumenopthalmus 1978-1979 2,287 36.50 1.57 1.76 2.91

Selaroides leptolepis 1978-1979 4,440 29.00 1.56 1.95 2.76

Meneidae
Mene maculata 1978-1979 2,160 22.50 2.20 1.80 3.85

Leiognathidae
Leiognathus bind us 1958 6,286 10.30 2.79 2.23 6.70

Leiognathus bindus 1959 2,074 8.20 2.97 2.39 4.00

Leiognathus bindus 1960 1,002 8.30 3.05 2.35 4.58

Leiognathus blochii 1957 615 13.20 2.53 2.11 5.05

Leiognathus blochii 1953 1,401 12.50 2.51 2.16 4.32
. . . . .-
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Table S. (Continued)

FAMILY SPECIES YEAR N Loo(cm) M M/K Z

Leiognathus blochii 1959 931 12.50 2.64 2.11 4.51
Leiognathus blochii 1959-1960 956 12.50 2.64 2.11 5.60

Leiognathus daura 1957 4,074 9.40 4.01 1.91 9.53

Leiognathus daura 1959 6,140 9.60 2.97 2.26 6.73
Leiognathus daura 1959-1960 1,301 9.60 2.84 2.27 7.91
Leiognathus leuciscus 1957 1,754 11.60 2.72 2.09 7.17

Leiognathus leuciscus 1959 1,872 10.80 2.79 2.15 7.42
Leiognathus lineolatus 1957 1,530 11.50 2.41 2.30 9.53

Leiognathus lineolatus 1958 3,326 11.50 2.77 2.13 9.23

Leiognathus lineolatus 1959 1,685 10.00 2.88 2.22 3.48

Leiognathus splendens 1957-1958 59,090 12.40 1.89 2.52 3.85

Leiognathus splendens 1958 67,005 13.20 1.88 2.47 7.52

Leiognathus splendens 1959-1960 33,879 12.30 1.81 2.59 4.46
Secutor insidiator 1957 3,835 10.20 3.13 2.09 10.70
Secutor insidiator 1959 1,253 11.00 2.88 2.13 5.31
Secutor insidiator 1960 181 9.10 3.10 2.21 5.04
Secutor ruconius 1957 38,051 8.40 3.39 2.19 9.57
Secutor ruconius 1959 10,217 9.20 2.72 2.37 8.69
Secutor ruconius 1960 1,820 7.60 3.56 2.23 10.35

Nemipteridae
Nemipterus japonicus 1978-1979 3,665 30.00 1.41 2.01 3.31

Pomadasyidae
Pomedasys argyreus 1958 2,014 13.60 1.88 2.41 3.90

Pomadasys argyreus 1959 18,476 14.20 1.93 2.33 5.08

Pomadasys argyreus 1960 15,217 15.10 1.57 2.53 4.50

Pomadasys argyeus 1961 7,727 12.90 1.94 2.40 3.94
Sciaenidae

Pennahia macropthalmus 1978-1979 4,354 26.50 2.30 1.64 5.55
MuUidae

Upeneus vittatus 1978-1979 3,816 24.50 1.51 2.13 5.18

Scatophagidae
Scatoohagus erugus 1978-1979 1,977 25.00 2.12 1.77 4.12

Mugilidae
Liza subviridis 1978-1979 6,104 36.5 1.25 1.98 3.19

Trichiuridae

Trichiurus lepturus M 1960-1961 3,711 66.00 0.86 1.87 3.46

Trichiurus lepturus F 1960-1961 3,128 64.50 0.80 1.95 2.29

Trichiurus lepturus 1978-1979 11,993 78.00 1.08 1.54 2.97
Scombridae

RastreUiger brachysoma 1978-1979 2,966 34.00 1.84 1.67 4.27

Cynoglossidae

Cynoglossus puncticeps 1978-1979 2,571 24.50 1.43 2.20 3.29



284

Table 6. Population Parameters (L co. M/K). selection factors and optimum fishing mortality. length-at-first-
capture. and mesh size for 15 selected species from the Manila Bay.

This contribution presents a review of the multispecies demersal fisheries of Manila Bay (Philippines) and
adjacent waters, ~overing an area of 5,200 km2 and a depth range from 0-100 m. It addresses primarily the
longstanding issue of over-exploitation of the resources in the area through an examination of the potential yield
and economic rent from the demersal resources, as well as growth overfishing that results from the use of 2 cm

cod end mesh sizes. The available data on the species and size compositoin for trawl catches were also examined for

possible indications of the effects of increased exploitation. Presentation of the results for these aspects is preceded by a
brief overview of the fisheries in the Manila Bay area with emphasis on the demersal fisheries

The demersal landings from trawl catches, demersal biomass, and overall fishingmortality indexthe year 1948

to 1984indicate massive economic and biologicaloverfishing. The plot of aggregatetrawl landing versus fishingmortality
was used to obtain estimates of economic rent from the fishery and of maximum economic yield (MEY = 8,600-17,400
mt per year). The demersal stocks of the Mainla Bay area, which have an MSY of 13,100-20,000 mt per year (and
whose economic rent is probably negligible at present), appears to be capable of generating at MEY, an
economic rent of 3.100-9,700 mt per year (or approximately US$ 1.5-4,8 million worth of fish and invertebrates
annually). To realize all this rent. however, the prevailing fishing effort would have to be reduced to almost one
third of the 1983-84 level.

SPECIES L (cm)1I M/KII S.F. bl F cl Lc cl Ms.cl F dl Lc dl Ms dl1 1 1 2 2 2

Sardinella fimbriata 18,00 2.33 .3.10 1.63 7.90 2.60 1.39 7.90 2.60

Stolephorus ;nd;cus 15.70 2.06 2.86 2.23 7.20 2.50 1.98 7.10 2:50
Saur;da tumb;1 37.80 1.66 4.20 1.71 18.90 4.50 1.58 18.50 4.40

Therapon theraps 34.00 2.05 2.37 1.25 15.60 6.60 1.11 15.30 6.50

Decapterus macrosoma 31.50 1.99 3.53 1.41 14.50 1.20 1.20 14.00 4.00
Selaro;des leptolepis 29.00 1.95 2.69 1.56 13.30 5.00 1.33 13.00 4.80
Mene maculate 22.50 1.80 1.70 2.20 10.80 6.40 1.95 10.60 6.20

Le;ognathus b;ndus 10.30 2.23 1.80 2.79 4.50 2.50 2.38 4.40 2.50

Le;ognathus splendens 13.20 2.47 1.90 1.88 5.50 2.90 1.54 5.30 2.80

Nem;pterus japon;cus 30.00 2.01 2.54 1.41 13.80 5.40 1.25 13.50 5.30

Pomadasys argyreus 13.60 2.41 2.25 1.88 5.70 2.50 1.53 5.70 2.50

Upeneus sulphureus 24.50 2.13 2.72 1.51 11.30 4.10 1.24 10.80 4.00

Scatophagus argus 25.00 1.77 2.30 2.12 12.00 5.20 1.92 11.80 5.10
Tr;ch;urus haumela M 64.50 1.95 6.20 0.80 29.70 4.80 0.68 29.70 4.80
Tr;ch;urus haumela F 66.00 1.87 6.20 0.86 31.70 5.10 0.76 31.00 5.00

Rastrelliger brachysoma 34.00 1.67 2.50 2.84 17.00 6.80 0.16 16.70 6.70

a/
From Inglesand Pauly (1982).

bl Selectionfactorsfor eachspecieswereobtainedfrom one of the followingsources:I) SamarSeaselectionexperiments(Silvestreet 01.19800);
2) averageof SF valuesfor the speciesor closelyrelatedone fromtheSouthChinaSeaar (Sinodaet 01.1979;Meemeskul1979),
3) Pauly's (1980)monogram relatingdepth ratio to S.F.

C/ FI is the fishing mortality rate at E = 0.5 (i.e., FI = M), Lei and MSI refer to the correspondinglength at capture and mesh size,
respectively,that maximizesyieldper recruit at Fl'

dI F2 is the fishing mortality rate at which the slope of. the eumetric fishing line 8oB' (Beverton and Holt 1957) is 1011/0of the slope at very low

fishingmortality levies. and M refer to the length at capture and meshsize respectively,that maximizesyield-per-recruitat F2.

Summary and conclusions
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Examination of the single species optimum mesh sizes of 15 representative species from the Manila Bay

area indicate the inappropriateness of the present 2 cm minimum mesh size limit. A much larger mesh size probably
in the order of 5-6 cm is needed to optimize the yield from the species mix.

The available data on species and size composition of trawl catches in Manila Bay are scanty, and largely
unusable for comparative purposes. Hence, they do not allow for strong inferences with respect to the effect of
overexploitation on the species and size composition of the demersal mix. There is thus a need for mote com-

prehensive monitoring surveys to establish the consistent series of biological information necessary to improve the
management of the Manila Bay area fisheries.
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