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ABSTRACT
 

Monthly catch per unit effort, total efforts and total catch
 

were estimated in an 11 km intensively fished corraline shelf
 

area near Cape Bolinao, Pangassinan, Philippines, June through
 

October 1986, for three principal artisinal fisheries: fish trap,
 

spear, and hook-and-line. Catch per unit effor estimates and
 

annual catch per fishing ground estimates were, respectively:
 

trap, 129 g/haul, 2.28 mton/km year; spear, 1.33 kg/man hr,
 

4.13 mton/kma yr; hook-and-line, 590 gm/line hr, 1.15 mton/
 

km' yr. The estimated annual yield for the entire study area
 

was 4.39 mton/kmi yr. This figure was found comparable to
 

other, similar exploited Indo-Pacific systems. It is probably
 

conservative because other fishing methods were employed in the
 

area, principally, gleaning and fish blast.ng. The latter is
 

probably significant but it was proved impossible to estimate. A
 

matrix presentation of catch per unit of effort and catch per
 

defined area is proposed and discussed.
 

http:blast.ng


INTRODUCTION
 

Coastal coral reefs in the Philippine archipelago contribute
 

significantly to fisheries production. 
From total Philippine
 

capture fishery landings of 1.65 million mton/yr, (FAO, 1961)
 

about 60% is derived from coastal waters (Gomez et al., 1981).
 

At least 10 to 15% of the total 
is from coral reef areas
 

(Carpenter, 1977).
 

Various workers have provided estimates of fisheries
 

production from coral reefs. However, there is ai yet no
 

universally accepted system for classifying or cataloging reef
 

ecosystems or their fisheries with respect 
to production.
 

Conflicting opinions have emerged concerning the productive
 

potential of coral reef fisheries, mostly as a result of
 

different perceptions of what constitutes a coral 
reef fishing
 

ground and what species are to be included in the definition of
 

exploited coral reef fishes and 
invertebrates. Stevenson and
 

Marshall (1974) attempted a generalization of the fisheries
 

potential of coral reefs and adjacent shallows, and suggested
 

that "coralline shelves" with good 
cover of actively growing
 

coral reef, seagrass beds, and algae usually produced around 4
 

to 5 mton/km'r yr.
 

More recently, Alcala (1981), Alcala and Luchaves (1981),
 

Marriot 
(1964), and Wass (1982) reported various estimates up to
 

36.9 mton/kmO yr. Conflicting reports on yield from coral
 

reefs have in part resulted from comparison of areas with
 

greatly different mean depths and physiographic features (Alcala
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and Gomez, 1985; Munro and Williams, 1985). A habitat approach
 

emphasizing species composition (or fish community structure) in
 

different habitats has been taker 
by Smith and Tyler 1973;
 

Marten, 1981; Marten and Polovina, 1982; 
Jones and Chase, 1975.
 

Reliable estimates of fishing effort 
are important in
 

calculating yields since the latter 
are generally obtaineo by
 

multiplying catch per unit effort 
(from sampling data) by the
 

total effort in the fishery (Gulland, 1979; Marten and Polovina,
 

1982). Determining fishing effort 
in coral reef fisheries can
 

be extremely difficult because of 
the large number of fishermen
 

involved, the diversity of gear types, and the 
lack of
 

centralized landing points.
 

Marshall (1960) suggested that 
in order to improve fish
 

yield estimates, better and additional catch observations plus
 

more experimental fishing, such 
as carried out by Koslow et al.
 

(1986) in Jamaica, would be very useful. 
 Various workers have
 

perceived a need to 
clarify the gathering and reporting of catch
 

data with respect to species composition, fishing effort, gear
 

type and source times and habitats (Williams, 1977; Marshall,
 

1980; Miller, 1986).
 

A wide variety of fishing methods is employed to harvest
 

coral reef areas. Perhaps most important worldwide are
 

hook-and-line, fish 
traps (pots), and gillnets (Munro and
 

Williams, 1985). Other methods 
in the Philippines include
 

gleaning, spearing, seining, fish corrals 
(weirs), set gillnets
 

and 'drive in' gillnets, explosives and poisons (both illegal),
 

and pushnets (personal observation; see von Brandt, 1984 for
 



survey of gear and methods). 
 These methods among others, in the
 

Philippines are used to harvest a variety of fishes and
 

invertebrates for subsistence and 
the market. The harvest, in
 

addition to human food products, includes ornamental fishes,
 

materials for shellcrafts, bait and juvenile animals for
 

aquaculture.
 

In this study we estimated annual catch, effort and yield
 

from three coral reef fisheries, characterized by trap, spear,
 

and hook-and-line fishing gears, from a 11 km2 
coral reef area
 

at Cape Bolinao, Pangasinan, Philippines. We provide compari­

sons with other Indo-Pacific exploited reef systems.
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MATERIALS AND METHODS
 

Description of study area
 

The study area was a barrier reef system in the vicinity of
 

Cape Bolinao, Pangasinan, Philippines. Our sampling area proper
 

was delimited by imaginary lines bearing west-northwest and
 

northeast from the village of Binabalian, Santiago Island, to
 

the approximate 60 ft (18 m) isobath (Figure 1). The lagoon
 

varies in depth from approximately 3 to 15 ft (1 to 5 m).
 

The fore reef is dominated by Millepora and Porites species;
 

Acropora and Montipora species are predominant along the reef
 

crest toward the rear zone (MSI, 1966). Seagrass beds occur on
 

the lagoon floor; dense stands occur over a major fraction of
 

the study area (on the order of 50%). The seagrasses at Bolinao
 

have been described by Fortes (1984); dominant genera are
 

Enhalus, Thalassia, and Cymodocea.
 

In addition to seagrass beds of varying densities, the
 

lagoon floor in the study area includes open areas covered with
 

variously sized coral rubble fragments, stands of Sarqassum, and
 

isolated patches of living coral.
 

Description of the fisheries sampled in the study 
area
 

There are two fishing grounds for the trap fishery: a) in
 

the southwest part of the study area, west of Silaki Island and,
 

b) along the reef crest and into the rear zone (Figure 1). The
 

bulk of fishing is done from bamboo rafts (balsas), each
 

carrying 20 to 40 traps for an overnight soak. Small bamboo
 

strip traps (nasas or bubos), fitted with 'horse neck' funnels,
 

are 
fished unbaited and unbuoyed after being weighted to the
 

bottom with coral rubble fragments (Figure 2). Traps are not
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placed where seagrasses are particularly dense or in areas where
 

living corals are predominant. Trap fishermen fishing the study
 

area live in Silaki 
Island and the village of Binabalian.
 

Hook-and-line fishing is carried out 
at night from single
 

man, unmotorized outrigger canoes 
(bancas) propelled by
 

paddles. 
 Fishing grounds are seaward of the reef crest to
 

around the 60 ft (18 m) isobath; the grounds are within a
 

nautical mile of the reef crest 
(Figure 1). Most hook-and-line
 

fisning takes place due north of Silaki 
Island. Hook-and-line
 

fishermen live in Binabalian (Figure 1).
 

The spear fishery in 
the study area is directed primarily at
 

Siganids within the lagoon proper. 
Principal fishing grounds
 

are southeast and 
northeast of Silaki Islat'i and north-northeast
 

of Binabalian (Figure 1). Fishing is carried out night under
at 


artificial light. Each spear fisherman, equipped with a sling
 

spear and goggles, hunts the seagrass beds for fish 
illuminated
 

by the light. The fisherman tows a small raft equipped with a
 

catch basket and pressurized gasoline mantle lantern with
 

reflector. All fishermen in the study 
area appeared to use the
 

same kind of gear. Fishermen reach 
the fishing grounds via a
 

motorized outrigger canoe (banca). Each vessel usually carries
 

five fishermen 
(the owner of the banca fishes 
a light-raft as 

well). Most spear fishermen fishing the study area live in 

Binabalian. 

Sampling Procedures
 

Catches in the trap, hook-and-line, and spear fisheries were
 

periodically sampled through outright purchase of an entire
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day's catch. This transaction took place either on 
the fishing
 

grounds or nearby while fishermen were returning home, i.e.,
 

before any sales or catch sorting took place.
 

We took numerous trips to the trap fishing grounds and spear
 

fishing grounds to become acquainted with the fisheries and 
to
 

be reasonably certain that 
the obtained catches were
 

representative samples of production for particular units of
 

fishing effort. Although 
we did not accompany hook-and-line
 

fishermen to their grounds beyond the reef crest, 
we frequently
 

intercepted them on 
their return from open water. Units of
 

effort in this study for 
the trap, hook-and-line, and spear
 

fisheries were, respectively, trap haul (overnight soak), line
 

hour (spent fishing, i.e., effective fishing time), and man hour
 

(hours each man spent 
in the water).
 

We repeated the catch purchases and effort recordings as
 

many times as possible for the three fisheries. We varied the
 

individuals interviewed 
as much as possible. During the course
 

of a month, in the trap fishery we would buy from one to as many
 

as ten different individuals; in the hook-and-line fishery from
 

one to as many as four different individuals; in the spear
 

fishery from one 
to as many as five individuals. In the spear
 

fishery, we usually interviewed and purchased fish from one
 

fisherman in a banca's crew.
 

Estimates of the total fishing effort 
in the study area over
 

time were obtained through a combination of relying on log 
book
 

records, conducting itnterviews in 
the field, and frequent
 

on-site verification visits to 
the grounds.
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A trusted individual fisherman in each of 
the three
 

fisheries maintained log books for us wherein they recorded, on
 

a daily basis, 1) the times they fished and 2) the times and
 

numbers of other fishing units sharing the grounds. We used the
 

records of total units fishing in these log books as 
our
 

estimates of monthly total effort.
 

In the trap, hock-and-line, and spear fisheries, respec-­

tively, the fisherman's report nf fishing units included: total
 

balsas fishing each day and total traps per balsa; number of
 

fishermen on the grounds each day; 
number of bancas nperating
 

each day (banca crews were known to us -- usually four or five
 

men). In addition, supplementary catch information was provided
 

to us 
in the log books. The fishermen maintaining logs recorded
 

total catch through informally questioning each fisherman some
 

time after returning from the grounds. These catch figures were
 

based upon each fisherman's report of his landings and were used
 

by us only to validate our own estimates based upon catch
 

purchases.
 

Monthly estimates of catch per unit of effort (CPUE) were
 

derived from our purchase and subsequent debriefing of
 

individual fishermen. Monthly estimates of total catch in the
 

study area were obtained by multiplying total effort by our
 

monthly estimates of catch per unit of effort.
 

Mean and variance for monthly catch in the study 
area were
 

computed for seven months. Total catch for the area was
 

extrapolated to a year's period by multiplying mean monthly
 

catch by twelve. Annual yield per unit area for each 
fishery
 



was obtained by dividing the estimate of yearly catch 
in each
 

fishery by the surface area of the fishing ground.
 

Surface areas for the fishing grounds were taken from
 

Philippine Coast and Geodetic Survey chart 4238 (Eclinao Harbor,
 

1:20,000). Areas were determined by counting 0.1 in squares in
 

a rectangular coordinate paper overlay. 
The total study area
 

for the three fisheries is 10.96 km. 
 The total fishing
 

ground area of the trap fishery was delimited by the crbitrary
 

study area borders (Figure 1) and 
the reef crest: 6.75 kmm.
 

The spear fishery area is coincident with 
this. The hook-and­

line fishing area wJas delimited by the arbitrary study area
 

borders, the reef crest, 
and the 60 ft (18 m) isobath: 4.21
 

kmO (Figure 1).
 

Before initiating the formal data gathering phase of this
 

study, we noted that trap fishermen fished either on or near the
 

reef crest or 
well within the lagoon proper. We differentiated
 

between catch samples taken 
in each of these but we did not
 

attempt to delimit areas 
(See RESULTS section).
 

Catch samples were transported ashore and enumerated fresh
 

in the laboratory; collections were chilled with 
ice until ready
 

to process. Each fish was weighed to the nearest gram and
 

measured for total 
length to the nearest millimeter. Identi­

fications were to 
species if possible based primarily upon
 

Masuda et al. (1975), Schroeder (1980), 
and Rau and Rau (1980).
 

Four labrid species are not identified conclusively as of
 

this writing, but 
we report here only numbers of presumed
 

species vithin each family (as 
in Table 1).
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RESULTS
 

From the trap, spear, and hook-and-line fisheries in the
 

10.96 km 2 
study area, 152 fish species of 30 families were
 

encountered in 80 catch samples June-December 1986. Families
 

representing in 
excess of 1% by weight in each fishery are
 

presented in Table 1. Trap catches were dominated by Siganids
 

and Labrids, the spear fishing catch by Siganids, the
 

hook-and-line catch by Lethrinids (Table 1).
 

From the trap fishery, 37 samples, representing 1,002 trap
 

hauls, were enumerated (Table 2). From these hauls, 4,274 fish
 

of 127 species (Table 1) weighing 127.8 kg were taken. The
 

estimated mean catch per unit of effort 
(CPUE) averaged over 7
 

months was 129.4 (110.7 to 148.2; 95% CI) g/trap haul. Trap
 

fishing was conducted either on the reef crest 
or behind it in
 

the lagoon proper. We classified sample catches accordingly as
 

'reef crest' (19 samples) or 'lagoon' (18 samples). These
 

yielded, respectively, 2,228 fish of 90 species weighing 73.9
 

kg, and, 2,046 fish of 101 species weighing 53.9 kg (Table 3).
 

The estimated mean monthly trap catch 
in the 6.75 km2 study
 

area (Figure 1) was 1,285 
(1004 to 1567; 95% CI) kg (Table 2).
 

The yield estimate for the trap fishery in the 6.75 km2 
 area
 

extrapolated to an entire year is 2.28 (1.76 to 2.79; 95% CI);
 

mton/kmO yr; for the entire 10.96 km2 area, 1.41 (1.10 to
 

1.72; 95% CI) mton/km2 yr.
 

From the spear fishery 23 samples representing 70 man hr
 

were enumerated (Table 4). From these collections, 2,135 fish
 

of 40 species (Table 1) weighing 94.2 kg were taken. The
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estimated mean CPUE averaged 
over 7 months was 
 1.33
 

(0.9S to 1.68; 95% CI) kg/man hr. The estimated mean monthly
 

spear fishing c.tch in study area
the 	6.75 km2 (Figure 1) was
 

2,322 (1,325 to 3,319; 95% CI) kg (Table 4). The yield
 

estimated for the spear fishery in the 6.75 km- area
 

extrapolated to an entire year is 4.13 
(2.44 to 5.62; 95% CI)
 

mton/kmO yr; for the entire 10.96 km e 
area, 2.54 (1.50 to
 

3.58; 95% (CI) mton/kmO yr.
 

From the hock-and-line fishery 20 samples representing 80.5
 

line hr were enumerated (Table 5). 
 From these collections, 176
 

fish of 15 species weighing 49.2 kg 
were noted. The estimated
 

mean CPUE averaged over 7 months was 590 (792 to 788; 
95% CI)
 

gm/line hr. 
 The estimated mean monthly hook-and-line catch in
 

the 4.21 kmO study area (Figure 1) was 402 (215 to 590; 95%
 

CI) kg (Table 5). 
 The yield estimate for the hook-and-line
 

fishery in the 4.21 km2 area extrapolated to an entire year is
 

1.15 (0.61 to 1.86; 95% CI) mton/kmO yr; for the entire 10.96
 

kme 	area, 0.44 (0.24 to 0.65; 95% CI) mton/km O yr.
 

When mean monthly catch of all 
three fisheries is added
 

together extrapolated to a full year (x 12 mo) 
over the 10.96
 

km2 
study area, the total yield estimate is 4.39 (3.10 to
 

5.68; 95% CI) mton/kmO yr.
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DISCUSSION
 

We have compared our estimate of annual yield for our entire
 

11 km- study area, 4.39 mton/kmO yr with estimates from
 

other investigations of coralline area production in the
 

Indo-Pacific. These are summarized 
in Table 6. Our estimate is
 

not substantively different from those for other intensively
 

fished systems such as the Selinog Island reef, with 5.9
 

mton/kmO yr, and the Hulao-hulao reef, with 5.0 mton/kmO yr
 

(Alcala and Luchaves, 1981; Alcala and Gomez, 1985).
 

Our estimate is also in the neighborhood of that suggested
 

by Stevenson and Marshall (1974), 5 mton/kmO yr, but it is
 

well below estimates from intensively fished reefs at American
 

Samoa, with 26.6 mton/kmO yr (Wass, 1982), or Sumilon Island,
 

with over 14 mton/km2 yr (Alcala, 1981; Alcala and Gomez,
 

1985; Table 6).
 

The accuracy of our yield estimate is probably biased most
 

by inaccuracies in estimating effort in the study area and by
 

not having sampled throughout an entire year. We believe that
 

our estimates of CPUE are relatively accurate since we were
 

certain of the origin of all the sampled catches and since we
 

could easily assess effort that the fisherman must have expcnded
 

to get it. Because we were so often on the fishing grounds, we
 

are confident that our log-book based estimates are reasonable.
 

Since inclement weather was a powerful deterent to fishing and
 

since we were prevented from venturing onto the lagoon during
 

such conditions, estimates of total fishing days each month are
 

probably fairly accurate. As to our seven-month study being
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representative of an entire year, we 
base this upon extensive
 

conversations with certain fishermen. 
Since we operated through
 

the southwest monsoon and 
two typhoon 'near misses,' our implied
 

estimates of total, and therefor total yield, are probably
 

conservative.
 

Although we concentrated upon the three fishing practices
 

that appeared to account for most 
of the finfish production in
 

the 11 
kmO study area, other methods were used. There were
 

several fish corrals (weirs) in the study area; they did not
 

appear to be producing much and were in apparent poor repair.
 

Gillnetters and seine fishermen were seen ocassionally but did
 

not appear successful or productive; drive-in gillnetters were
 

active on the 
lagoon but outside the study area proper. The most
 

productive 'other' methods appeared to 
be gleaning and fish
 

blasting. 
We observed gleaners at work most prominantly during
 

low spring tides. Sea urchin tests 
l:.ttered the beach at Silaki
 

Isiand (Figure 1). It is 
likely that the gleaned catch is
 

significant. Wass 
(1982) estimated i &5% contribution to the
 

total yield at American Samoa. We did not attempt to assess
 

gleaned catch. 
 We made several attempts to estimate catches from
 

fish blasting through intermediaries but we were completely
 

unsuccessful. Blast fishing 
is outlawed but it was widely
 

practiced throughout the 
lagoon during the time we operated.
 

Fish blasters usually worked from motorized bancas. In our
 

sojourns to the lagoon, we would often hear or 
see explosions,
 

sometimes as many as 
10 per hour in the study areA. Therefore,
 

our yield estimate, 4.39 mton/km' yr, 
is probably conservative.
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We measured CPUE in the trap fishery as weight per haul.
 

Other studies have used weight per time. In order 
to facilitate
 

comparisons with the literature, we propose a conversion
 

factor: if one assumes vhat 
eight hours are expended on the
 

water by a fisherman hauling and setting his pots each day and
 

that 27 pots are deployed from the typical balsa (1002 trap
 

hauls/37 samples; Table 2), we have 27/8 haul/man hr. For our
 

average CPUE estimate, 0.13 kg/haul 
(Table 2, column 7), we
 

have, 0.13 kg/haul x 27/8 haul/man hr = 0.44 kq/man hr.
 

This figure is slightly above upper values for reefs as Apo
 

Island (Alcala and Luchavez, 1981) and Hulao-hulao (Lchavez et
 

al., 1984) and near half that for the Sumilon Island reef
 

(Alcala and Gomez, 1985; Table 6).
 

Our spear fishing CPUE e-timates are within estimates from
 

other studies, particularly those of Wass (1982) for American
 

Samoa (Table 6). Night spear fishing CPJE in the 'lightly
 

fished' Tigak Islands (Wright and Richards, 1985) is almost
 

double our maximum.
 

The hook-and-line CPU estimate at 
a mean of 0.59 kg/line hr
 

is generally lower than those reported from other studies, with
 

the exception of Alcala and Luchavez's (1981) figures below 0.2
 

kg/man hr from Apo Island 
(Table 6). Since the catches we
 

recorded were comprised mostly of Lethrinids and Lutjanids
 

(Table 1), 
 the CPUE may probably be accorded to 'local' reef
 

dwellers, as opposed to, for instance, Scombrids. Other studies
 

are not 
clear on whether or not the time component is 'effective
 

fishing time' or 'total fishing time.' We believe that catch
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per line hour is a reasonable unit of CPUE in this fishery since
 

it facilitates comparison of areas. In our study area, it was a
 

long paddle to 
the fishing grounds so this unit seemed appropri­

ate.
 

The major contributor to yield was the spear fishery, where
 

the catch was dominated by herbivorous siganids (Table )'. This
 

fishery is conducted in the extensive sea 
grass bed areas. The
 

fact that much of the shallow lagoon floor in the study area is
 

dominated by these plants leads one to assume 
that herbivore
 

production must be intense. (Unfortunately, we do not have
 

quantitative data on distribution and density of aquatic plants
 

in the study area, so our inferences remain necessarily
 

speculative.)
 

One problem in comparing our results with those of other
 

studies (as in Table 6) is the lack of a standa-d set of
 

criteria. We propose using a matrix that summarizes mean (or
 

median) CPUE, annual yields over fishing grounds, and annual
 

yields over 
entire reef study areas. CPUE could be expressed as
 

weight per effective fishing time (time spent fishing). This
 

would, for example, overcome some difficulties due to dif­

ferently sized traps and due to different transit times to the
 

grounds. Annual yield of the fishing ground would depend on 
the
 

latter's known size. In our case this yield estimate is very
 

conservative because we were unable to 
map the grounds, i.e.,
 

our fishery areas are too large but we are certain that they
 

contain the actual fishing grounds. An example from the results
 

of this study followss
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TRAP SPEAR HOOK/LINE TOTAL UNITS
 

0.44 1.33 0.5 - Mean CPUE kg/man hr
 

6.75 6.75 4.21 10.96 Area grounds kma
 

2.29 4.13 1.15 - Yield grounds mton/kme yr
 

1.41 2.54 0.44 4.39 Yield study area mton/km2 yr
 

Using the elements of this matrix, mean CPUE values in the trap
 

anr? hook--and-line fisheries are together most reminiscent of the
 

Apo Island reef (Table 6). Mean CPUE in the spear fishery for
 

high priced Siganids is, by contrast, comparable to that from
 

other areas (Table 6). Yield comparisons are tenuous but the
 

fishing ground based estimates of the spear fishery is indica­

tive of substantial production. Had we the resources to map in
 

detail the seagrass beds and the spear fisr.ing grounds (which
 

nearly coincide), the figure probably would have been
 

considerably higher.
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Table 1. 	 OL ,o itior% 
fiAm,wieso 

Fait ly 

Scorpamnidame 


Se•.- vrwi dam 


Pr-iacarthida. 

F43ijonidam 

Lutjanida. 

Lthrinide. 

MuI lidae 

Salistidae 

Poom rentr-idae 

LabrIdoe 

Scaridae 

Gobi ida. 

Si aAide. 

Other-

Total 


of fish catch by family C>I 
Jurn tihrough Deo..be. 1986,w Ca..e 

Tr-ap 

Pk.br of Per-cert Percent 
specie weight numbke 

2 1.4 1.2 

10.0 7.2 

5 2.1 3.3 

9 3.0 4.2 

6 2.1 1.9 

10 2.1 3.2 

15 9.2 9.6 

19 23.0 19.5 


13 13.9 10.4 


7 31.5 36.1 

34 2.8 3.4 

127 	 I10 
 10t 

weight) in trap, SPeaq., and hook-and-l r 
BolIao. Pmigasirmn. Phil ippirom. 

Speer-

Ismev- of Pr-certi Percent Nuimbm- of 
species weight 	 n^mer- species 

5 2.0 1.1 

1 

5 

5 1.9 1.6 5 

5 2.9 2.1 

6 2.8 1.0 

3 2.6 1.5 

3 1.2 2.0 

3 e3.7 89.7 

10 3.0 2.0 3 

100 l0 15 


barrier reef 

Hook-m od- I ine 

Pe"-c-t Percent 
weight nuber­

1.7 0.5 

23.2 

65.9 

24.3 

69.1 

0 
L. 

< 

w 

9.3 

100 

6.1 

100 



Table 2. Sum-Am- o4 -, 'u trap fishiu, catch and efforb sampling and total mnthlU catch from 6.75 kmof bar-riw rvef 4Weelagoon* Cap Bolinao., PA gmmirm Philippiwi. June through D[eo.d&Ps- 16. 

rlonth 
 kp - N&- NJ re
Number Nuber eight we ight Estimated Estimated Estimatedof of of of of 
 fish f i sh/haul total t-3tal trap totalsmploEr I I trap species fish ish/haul (kg) (go) fishing hals catchhauls 
 CPtE days E[23 (kg) 

CE33 

June 6 136 59 542 4.0 19.8 1,4 30 12.000 1.,740 
July 7 
 1S 69 995 5.2 24.6 IO 26 
 10,400 1.32
 
August 
 t0 274 69 1320 4.8 37.9 19 22 8.8w 1.214 
September- 3 64 36 226 3.5 7.7 120 25 10.000 1.200 

Obm- 5 200 55 
 5E 2.7 17.7 s6 
 23 9.200 810 
Novee-
 3 
 63 As 365 4.3 12.0 144 
 26 10.400 1,496 
DeceWAbe" 3 57 41 290 5.0 8.1 141 21 a,400 1.194 

Totals 
 37 1002 127N 4274 
 127.8 
 173 69.200 8,996 

Mean ,monthl*,ycat=h 1.295 kg 
 E95. Cl: 1017 kg, 1554 kgcRrwwml yield of fishing ground (43 2.285 kg/ko .r- i.95. CIz 1.8086 kg/4 'L yr,. 2. 762Rrwvtual kg/kal r
yield of study arwe (53z 1.407 kg/k=A rE - P95J CI: 1.11-4 kg/km-yr-. 1.701 kgokaLyr]I 

N Total species in 37 saples.
EI 
 Outright pLuchasb fram one Fisherman for one day's fishing from sever-l traps soaked.
[23 [Total fishing daJ] x [t-apo per balsa (20)1 x [Balsas operating (20)3
(31 CFP x E 
(43 Mean monthly catch (kg)] 12 mo/r] (1/6.75 kamJ]
 
(53 (Mean monthly catch (3)] 
 12 mo/ir] 11/10.96 km'] 

0 
U 

Co 
.._1
 

-


U)

I.U
Go
 

http:11/10.96


--------------------------------------------------------------------

--------------------------------------------------------------------

---------------------------------------------------------------------

Table 3. 	 Disposition of trap catch samples according to fishing

grounds, 1) on or adjacent to the barrier reef crest and
 
2) away from the reef crest in the lagoon proper,.June
 
through December 1986, Cape Bolinaos Pangasinan, Philippines
 

Number Number Number Percent Wight Percent
 
Area of of 
 of total fish weight
 

samples species fish number (kg) fish
 

Reef crest 19 90 2228 
 52.1 73.9 57.8
 

Lagoon 
 16 101 2046 47.8 53.9 42.1
 

Total 
 37 127 * 4274 99.9 127.8 99.9
 

*Total species in 37 samples.
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Table 4. 
 Summary of monthly spoar fishing catch and offort sempling and total monthly catch From a 
7.02 km avi
of barrior roof lagoon. Cape BolInao, Pangasirvan, Philippinos, Juno through Docombor 
1906.
 

Month Numbor Man Number Numbr Number Woight Woight of Estimated Estimatod Estimated 
of hour-st2] of of of of fish/man total total man total
samplosEl] species fish fish/man hr- fish hour-

Juno 3 

July 5 

August 4 

Septomber 2 

October 3 

Novombor-

Docembor 3 

fishing hours catch
 

(kg) (kg) days EE3] (kg)
 
CPUE 
 C[4]
 

9.5 12 373 39.2 19.0 2.00 30 
 2,276 4.552
 

16 5 320 20.0 16.7 1.04 
 23 1.745 1.815
 

9 5 152 16.8 6.0 
 0.90 22 1.669 1.502
 

5 5 144 28.8 6.6 
 1.35 23 1.745 2.355
 

9 16 412 45.7 15.0 
 1.66 17 1.290 2.141
 

12 9 
 390 32.5 14.6 
 1.23 23 1.745 2.146
 

12 18 344 28.6 13.9 1.15 
 20 1.517 1,744
 

Total 23 
 70 40N 2.135 94.2 
 158 
 16.255
 

N Total spocios in 23 samples. 
Moan monthly catch: 2.322 kg [95% Cl: 1.374 kg, 3,271 kg]
-Annual yiold fishing grournd E5]: 4.129 kglkmtyr E95% CI: 2.442 kglkm4 yr. 5.816 kg/km yr-]Annual yield of study ar-ea U]: 2,543 kg/km' yr E95X CI: 
1.504 kg/kml yr, 3.582 kg/kmA yr]
 

[1] Outright purchaso from one fisherman for one day's 
[2] Effective fishing time.
 
E3] (Total fishing daysJ x [Men por- banca (5.02)] 
 x 
E4] CPUE x E
 
C5] Moan monthly catch (kg)] [12 mo/r-] [1/6.75 kin']
 
[6] Moan monthly catch (kg)] E12 mo/yr-] (1/10.96 km'] 

fishing. 

[Bancas operating (5.14)] x [Avorag offoctive fishing tima (2.94 hr) 

C­
c 

-LJ
 



Table 5. Sumary of monthly hook-and-line fishing catch and effort sanpling and total monthly cAtch fro"
adjacent to a barrier roof lagoon, Cape Bolinao, Pangasinan, Philippines, June through (1contor 

a 4.21 
PW,. 

Wr area 

Month 

----------------

loan 
fishing

Mumber Line time; Nunber uber 
of hours[2j line of of 

saMples[l] hours[21 species fish 
per man 

- -----------------------------------------------------------------------------

HuNmber 
of 

fish per 
line hour 

lMeight 
of 

fish 
(kg) 

eight 
fish per 
line hour 

(g9) 
CPUE 

Fishermn Estimated 
operating total 

each fishing 
onth days 

Estimated 
total 

line hours 
E[3] 

Estimated 
total 
catch 
(kg) 

C 

Juno 1 20.5 5.1 7 46 2.2 12.0 55 9 16 ?31 130 

July 

Alugust 

September 

October 

2 

1 

3 

3 

10 

5 

13 

12 

5 

5 

4.3 

4 

6 

6 

a 

6 

29 

11 

28 

35 

2.9 

2.2 

2.1 

2.9 

6.82 

2.31 

8.9? 

11.22 

682 

468 

690 

935 

11 

a 

12 

8 

15 

14 

1o 

19 

825 

560 

929 

609 

563 

262 

6., 

568 

November 

Docogber 

3 

4 

12 

a 

1 

2 

3 

4 

16 

11 

1.3 

1.3 

5.26 

2.59 

438 

324 

10 

10 

11 

16 

560 

320 

245 

104 

------------------------------------------------------------------------------------------------------------
Total 20 80.5 15* 176 49.2 112 

--- -- -----------------------------------------------------------------------------------------------------
----------------------------­

*Total species 20 samples. 
Moan monthly catch 402 kg [95Z CI: 215 kg. 590 kg] 
Annual yield of fishing ground [,]: 1.147 ko/ki- yr E952 CI: 613 kg/k yr. 1.961 kg/km59krgAnnual yield of study area (5]: Illkg/k(4 r 95% CI: 235 kg/kn ' yr, 1.6 kg/k' yr] 

2913 
C; 

El] Outright purchase from one fishernan for one day's fishing.[2] Elffective fishing time­

(3] Ilean fishing time (line hr)] [Total fishing days] [Fishermn 
(4 [ean monthly catch (kg)] E12 no/yr] (1/4.21 kn2 ]
[5] Moean Monthly catch (kg)] E12 no/yr] (1/10.96 kn'] 

opec-zting] 
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table G. Selected Osl!natoes of 4ield and effort for varin., 
 Indn-Pacific corallina shelf aft,
 
M, mean: R, rnqo; Cr, 35%.confidence intorval; rPF, feitqing 
 rof; DRF. barrier roof; IHTSF "inton­sivoly" fishod; "Dr, "odoratoli" fished: LILF, "liqhtly" fishod; IlL. hook-and-lino: GH. gillnot;

1. trap€ SI, ei n notting; SP. spear; "0, ,uro-ani; GL. qlpaninq 

Location 
 Annual ield Fishing Catch per unit Sources Hotes 
nton/kn yr gear of effot (CPUE) 

po Island 11.1(h) 8-11(R) HL 0.1-0.!? kg/nati hr 1,2 156 ha FRF; HDF:
Hlindnac Sea G61, T 0.03-0.13 kg/nan hr 1980. 1991 data; GN and r
 

CPUE louest during 1iE
 
IMonsoon
 

Solinog Island 5.9 
 1.11-0.23 kg/nan hr 2,3 
 126 ha FRF; ITSF;

Mindanao Sea 
 61 1.77-8.70 kg/nan hr 1982-1983. 1991 data;
 

11L 1.19-2.91 kg/nan hr 
 CPUE data from 1982;
 
SP 1.16-2.55 kg/nan hr non-reef species included
 
110 Ml kg/man hr 

Ilulao-hulao 
 5.0 Gl 2.81 kg/nan hr 2.3 50 ha BRF (area); ITHSF;
Panuy Gulf 
 110 1.42 kg/nan hr 182-1983 data; no fishing C_
 
HL 1.25 kg/nan hr 
 during HE nonsoon; non-roof C 
SP 0.39 kg/nan hr species included 

Sunilon Island 
 36.9 Gti.r 0.7 kg/nan hr 2A 
 50 ha FRF; INTSF;

Bohol Strait 
 HL 0.9 kg/nan hr 1983-1981 data 
 <
 

Sunilon Island 
 11-23.?(R) 
 - 2,1 50 ha FRF; ITSF; 
Dotal Strait 1977-1980 data
 

Papua Mes Guinea 0.23 5 1xIO he 'corallino areas';
coralline areas' 

LLF; 1991 data
 

rigak Islands 0.12 
 "L 1.2 kg/lino hr 6 
 2xI0 ha coralline areas';
Disnark Archipolago 
 SP(day) 1.2 kg/nan hr 
 LTLF; 1990-1981 data
 
SP(night) 3.6 kg/nan hr
 

SN 3.9 kg/nan hr
 

Tutuila Island 
 26.6 HL 0.51-0.97 kg/nan hr 
 7 356 ha 'loci. roefs'to 8 m
 Rmorican Sanoa 
 SP(dai) 
 1.30 kg/nan hr isobath; INTSF:
 

SP(night) 1.19 kg/nati 
hr 1977-1380 data 
sN 2.11 kg/man hr 
GL 1.05 kg/nar hr 

Cape Bolinao. 1.39 3.10-5.68 (CI) IL 0.32-0.91 kg/lino hr(R) 8 
 1090 ha GRF to 18 n isobath
 
Philippines 
 0.59 kg/line hr (M) 1986 data
 

T 0.09-0.15 kg/haul (R)
 
0.11 kg/nan hr (H)* 
0. 13 kg/hatl (11)
 

SP(night) 0.90-2.00 kq/rian hr (R) 
1.33 kg/"an hr () 

1. Alcala and Luchavor (1991) 5. 01701 and Wright (1986) 
2. Alcala and Gonoz (1985) 6. R4right anid Richardn (105)
2n. Alcala and Gonoz (1985) citing Rlcala, 7. Mass (1902) 

unpublished nanuscript. 8. This study

3. Luchavoz at al. (1901) K 
 Convrtod from kg/haul; see text. 
- Rilcala (198 1) 

http:0.90-2.00
http:0.09-0.15
http:0.32-0.91
http:3.10-5.68
http:0.51-0.97
http:1.16-2.55
http:1.19-2.91
http:1.77-8.70
http:1.11-0.23
http:0.03-0.13


FIGURE CAPTIUNS
 

1-igure I. Sampling area for three coral reef fisheries, Cape 

Bolinao, Pangasinan, Philippines. Map based upon 

Philippine Coast and eoditic Survey Chart 4 3d 

(Bolinao Harbor, 1:20,OOO); soundings in feet. Trap 

and spear fishing grounds showo as stippled area; 

hook-and-line fishing ground shown as heavier 

stipple. 

F-igure 2. Bamtoo strip fish trap used in the Santiago Island 

Lagoon, Cape Hol'inao, Pangasinan, Philippines. 
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