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ABSTRACT

Monthly catch per unit effort, total effort, and total catch
were estimated in an 11 km intensively fished corraline shélf
area near Cape Bolinao, Pangassinan, Philippines, June through
October 1984, for three principal artisinal fisheries: fish trap,
speary and hook~-and-line. Catch per unit effor estimates and
annual catch per fishing ground estimates were, respectively:
trap, i29 g/haul, 2.28 mton/km® year; spear, 1.33 kg/man hr,
4.13 mton/km® 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/km® 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 blasalng. 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 1.465 million mton/yr, (FAQ, 1981)
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 waorkers have provided estimates of fisheries
production from coral reefs. However, there is &3 vyet no
universally accepted system for classifying or cataloging reef
ecosystems or their fisheries with respect to production.

Conflicting opinions ha;e 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/km2 yr.

More recently, Alcala (1981), Alcala and Luchaves (1981),
Marriot (1984), and Wass (1982) reported various estimates up to
36.9 mton/km® 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



and Gomez, 19895 Munro and Williams, 1995). A habitat approach
emphasizing species compositicn (or fish community structure) in
different habitats has been taker by Smith and Tyler 19733
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 obtainea by
multiplying catch per unit effort (from sampling data) by the
total effort in the fishery (Gulland, 19795 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 (1980) suggested that in arder 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,
19805 Miller, 198&).

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

>
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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
agquacul ture.

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 km® coral reef area
at Cape Bolinao, Pangasinan, Philippines. We provide compari-

sons with other Indo-Pacific exploited reef systems.



MATERIALS AND METHODS

escription of study area

The study area was a barrier reef system in the vicinity of
Cape Bolinao, Pangasinan, Philippines. OQOur sampling area proper
was delimited by imaginary lines bearing west-northwest and
northeast from the village of Binabalian, Santiago Island, to
the approximate &0 ft (18 m) isobath (Figure 1). The lagoon
varies in depth from approximately 3 to 1S5 ft (1 to S 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, 1986). Seagrass beds occur on
the lagoon floor; dense stands occur over a major fraction of
the study area (on the order af S0%). The seagrasses at Bolinao
have been described by Fertes (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



S
placed where seagrasses are particularly dense or in areas where
living corals are predominant. Trap fishermen fishing the ;tudy
area live in Silaki Island and the village of Binabalian.

Hook-and-line fishing is carried ocut at night from single
man, unmotorized outrigger canoces (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 Islafd and north-northeast
of Binabalian (Figure 1). Fishing is carried out at night under-
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 ocutrigger cance (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. Althdugh 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 af
effort in this study for the trap, hook-and-line, and spear
fisheries were, respectivel;, 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 fraom
one to as many as four different individuals; in the spear
fishery from ome 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 interviews 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 aof fishing units included: total
balsas fishing each day and total traps per balsaj number of
fishermen on the grounds each day; number of bancas operating
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
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was obtained by dividing the estimate of yearly catch in each
fishery by the surface area of the fishing ground.

Surface éreas for the fishing grounds were taken from
Philippine Coast and Geodetic Survey chart 4238 (E¢linao 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: &6.73 kme,

The spear fishery area is coincident with this. The hook=—-and-
line fishing area was delimited by'the arbitrary study area
borders, the reef crest, and the 60 ft (18 m) isobath: 4.21
km&= (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 famiiy (as in Table 1).



RESULTS

From the trap, spear, and hook-and-line fisheries in tﬁe
10.9¢6 km® study erea, 152 fish species of 30 families were
encountered in B0 catch samples June—-December 19846. Families
representing in excess of 1% by weight in each fishery are
presented in Table 1. Trap catches were dominated by Siganids
and lLabrids, 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, &,274 fish
of 1287 species (Table 1) weighing 127.8 kg were taken. The
estimated mean catch per unit of effort (CPUE) averaged over 7
months was i29.4 (110.7 to 148.2; 95% Cl) 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, respectiveiy, 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 km= study
area (Figure 1) was 1,285 (1004 to 1567; 95% Cl) kg (Table 2).
The yield estimate for the trap fishery in the 6.75 km2 area
extrapolated to an entire year is 2.28 (1.78 to 2.79; 95% CI);
mton/km® yr; for the entire 10.96 km® area, 1.4] (1.10 to
1.723 95% CI) mton/km® 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 aover 7 months was 1.33
(0.98 to 1.68; 95% CI) kg/man hr. The estimated mean monthly
spear fishing cetch in the 4.75 km® study area (Figure 1) was
2,322 (1,385 to 3,319; 95% CI) kg (Table 4). The yield
estimated for the spear fishery in the &.75 km2 area
extrapolated to an entire year is 4.13 (2.44 to S5.823 95% CI)
mton/km& yr; for the entire 10.946 km® area, 2.54 (1.50 to
3.385 95% (CIl) mton/km® yr,

From the hock-and-line fishery 20 samples representing 80.5
line hr were enumerated (Table S). From these collections, 176
fish of 15 species weighing 49.2 kg were noted. The estimated
mean CPUE averaged over 7 months was 590 (292 to 7883 954 CI)
gm/line hr. The estimated mean monthly hook—-and-line catch in
the 4.21 km® study area (Figure 1) was 402 (215 to 5903 95%

CI) kg (Table S). The vield estimate for the hook-and-line
fishery in the 4.21 km® area extrapolated to an entire year is
1.15 (0.61 to 1.Bb&s 95% CI) mton/km3 yri for the entire 10.96
km# area, 0.44 (0.24 to 0.45; 95% CI) mton/km= yr.

When mean monthly catch of all three fisheries is added
together extrapolated to a full year (x 12 mo) over the 10.96
km= study area, the total yield estimate is 4.39 (3.10 to

S5.685 95% CI) mton/km® yr,
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DISCUSSION

We have compared our estimate of annual yield for our entire
11 km® study area, 4.39 mton/km2 yr with estimates from
other investigations of coralline area production in the
Indo-Pacific. These are summarized in Table 4., Our estimate is
not substantively different from those for other intensively
fished systems such as the Selinog Island reef, with 5.9
mton/km® yr, and the Hulao-hulao reef, with 5.0 mton/km= yr
(Alcala and Luchaves, 1981i Alcala and Gomez, 1985).

Our estimate is also in the neighborhood of that suggested
by Stevenson and Marshall (1974), S mton/km2 yr, but it is
well below estimates trom iatensively fished reefs at American
Samoa, with 26.6 mton/km® yr (Wass, 1982), or Sumilon Island,
with aover 14 mton/km® yr (Alcala, 1981; Alcala and Gomez,

1983 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 wera
certain of the origin of all the sampled catches and since we
could easily assess effort that the fisherman must have expecnded
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 extensjve
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 km® study area, other methods were used. There were
several fish corrals (weirs) in the study area;j they did not
appear to be producing much and were in apparent poor repair.
Gillnetters and seine fishermen wére 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 gl2aning and fish
blasting. We observed gleaners at work most prominantly during
low spring tides. Sea urchin tests l:.tterad the beach at Silaki
Isiand (Figure 1). It is likely that the gleaned catch is
significant. Wass (1982) estimated ¢ &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 !0 per hour in the study area. Therefore,

our yield estimate, 4.39 mton/km= yrs is probably conservative.
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We measured CPUE in the trap fishery as weight per haul.
Qther studies have used weight per time. 1In order to facilitate
comparisons with the literature, we propose a conversion
factor: if one assumes chat 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 kg/man hr.

This figure is slightly above upper values for reefs as Apo
Island (Alcala and Luchavez, 1981) and Hulao-hulao (L_uchavez et
al.y 1984) and near half that for the Sumilon Island reef
(Alcala and Gomez, 1985; Table &).

Our spear fishing CPUE e-timates are within estimates from
other studies, particularly those of Wass (1982) for American
Samoa (Table &). Night spear fishing CPJE in the ‘lightly
fished’ Tigak Islands (Wright and Richards, 1985) is almost
double our maximum.

The hook-and-line CPUE 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 &). Since the catches we
recorded were comprised mostly of Lethrinids and Lutjanids
(Table 1), the CPJUE mayv probably be accorded to ‘local’ reef
dwellers, as aopposed 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 grountds so this unit seemed appropri-
ate.

The major contributor to yield was the spear fishery, where
the catch was dominated by herbivorous siganids (Table J'. 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 naot have
quantitative data on distribution and density of aquatic plants
in the study area, so our inferences remain necessarily
specuiative.)

One problem in comparing our results with those of other
studies (as irn Table &) 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 fisning grounds. An example from the results

of this study follows:
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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 km=

2.29 4.13 1.15 - Yield grounds mton/km® yr
t.41 2.54 0.44 4,39 Yield study area mton/km® yr

Using the elements of this matrix, mean CPUE values in the trap
an? 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, bty contrast, comparable to that from
other areas (Table 46). VYield 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 fiséxng grounds (which
nearly coincide), the figure probably would have been

considerably higher.
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Table 1. Oispositiom of Pish catoh
June through Decaaber 1906,

‘———_——_—_—_—_——_—__-__.M__-— e
e e T e

fisheries,

by Family (O1X by
Cape Bolinso,

Pangasinan,

e

weight) in trap, spear, and hoocl—and-l ne barrier resf
Philippines.

Hoolc-and—1ine

Family Trap Spear
Nuabaor of Paercent Percant Nusber of Percent Percent Nuaber of Percent Percent
species weight nusbaer species weight nusber species weight nuaber
Scorpasnidse 1.4 1.2
Serranidase 10.0 .2 S 2.0 1.1
Priscanthidae . 1 1.7 a.s
Fbpgonldu b | 2.1 3.3
Lut janidoe | 23.2 24.3
Lethrinideas 3.0 4.2 3 1.0 1.6 3 63.8 69.1
Mullidee 2.1 1.9 . 2.1
Balistidae 10 2.1 3.2
Poaacentridae 18 8.2 9.6
Labridae 19 23.0 19.3 6 . 1.0
Socaridae 13 13.8 10.4 3 - 1.3
Gobi idae 3 1.2 2.0
Siganidae ? 1.3 36.1 3 a3.? a8.?
Others 34 2.8 3.4 10 3.0 2.0 3 9.3 6.1
Total 127 100 100 40 100 100 19 100 100

Q
N\
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Table 2. Susmsry of mont 1y trap Ffishing catoh and offors seapling and total sonthly catoh froe & 6.79 ke ares %
of barrier reef lagoon, Cape Bolinao, Pargasinery, Philippines, June through Deceeber 19886.

———-—_—'_..—_————:___——_-:—__——‘.:2—_—_‘_—__—____.—_

Bonth Nuaber Nusber Nuabev: Nuaber Nuaber Height Height Estisated Estisated Estisated
of of of of of fFish fisth/haul total total trap total
samples(l) trap species Ffish fishvhaul (kg (gm)> Fishing hauls catch
hauls ’ CPUE dayse EC21 (keqd
cr3)
June 6 136 59 Sa2 4.0 19.8 145 30 12,000 1,740
July e 1868 69 Ie3 5.2 24.6 130 26 10, 900 1,332
August 10 274 69 1320 4.0 37.9 130 22 e, 800 1,214
Septecber 3 64 36 226 3.3 7.7 120 23 10, 000 1,200
October - 200 s3 S48 2.7 17.7 28 23 9, 200 10
Noveaber 3 a3 49 363 4.3 12.0 144 26 10, 400 1,498
Decenaber 3 57 91 2390 3.0 8.1 141 21 8,400 1.184
Totaels 37 1002 - 127w Q274 127.9 173 69, 200 8,990
Mean sonthiy cet-h 1,209 g [952 CIz 1017 kq, 1554 kgl
Arvual yleld of fishing ground [(4]1: 2,283 kg/lm? gy 1952 Cl: 1,808 kg/ke *yr, 2,762 kg/km? g1
Armual yield of study erea [S1: 1,907 kg/lm i g - [932 CI: 1,114 kg/ka* yr, 1,701 kg/lm ™ o1

% Total species in 37 saaples.
C1) Cutright purchase from one fisheraan for one day’s fishing from seversl traps socaked.

{21 (Total fishing deysl x [traps per balsa (2031 x [Balsas operating C(20>1
(31 CPUE x E

C4] [(Masn monthly catch (kgd] [12 oc/y] (1/6.73 km?)
(5] Mean monthly catch Ckgll C12 mo/y1 (1/10.96 ka1l

BEST AVAILABLE COPY
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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 19846, Cape Bolinao, Pangasinan, Philippines

Percent Wnight

Percent
weight
figh

e e o o o o 0 v o o i e o . e e s e it e s e e b = s s = = o~ —— — — s = - — e e e —— ——— ———————

total fish

number (kg)
52.1 73.9
47.8 53.9

Table 3.
e e Y T
Number Number Number
Area of of of
samples species fish
Reef crest 19 90 2228
Lagoon 18 101 2046
Total 37 127 = 4274

#Total species in 37 samplaes.

BEST AVAILABLE coPY



Table 4. Summary of monthly spear fishing catch and offort sampling and total monthly catch froa a 7.02 km 2 arcan %ﬁl
of barrier roef lagoon, Cape Bolinao, Pangasinan, Philippines, June through Decoember 198B6.
Month Number Marn Numbor Number Number Hoight Height of Estimated Estimated Estimated
of houwrsC2] of of of of fish/man total total man total
samplosC1] specios Fiah Fish/man br  Fish hour fishing hours catch
(kg> (kg> days EL3] (kg>
CPUE crql
June 3 9.5 12 373 39.2 19.0 2.00 30 2,276 4,552
July S 16 320 20.0 16.7 1.04 23 1,745 1,815
August 4 9 152 16.8 8.0 0.90 22 1,669 1,502
Septomber 2 S 144 28.8 6.8 1.35 23 1,745 2,355
October 3 9 16 Q12 a5.7? 15.0 1.66 17 1,290 2,141
Novenbor 3 12 390 32.5 14.6 1.23 23 1,745 2,146
Decembeor 3 12 18 344 28.6 13.9 1.15 20 1,517 1,744
Total 23 70 40x 2,135 94.2 158 16,255
® Total specioes in 23 samples.
Moan monthly catch: 2,322 kg (952 CI: 1,374 kg, 3,271 kgl

Arnual yioeld fishing ground [S1: 4,129 kg/kmtyr

Arnual yield of study aroa [61:

2,543 kg/km* yr

[(95% Cl: 2,442 kg/km?!

(95 ClI:

yre
1,5049 kg/km* yr,

S.816 kg/km t yrl
3,582 kgs/km2 ur]

C1] Outright purchase from one fisherman for one day’s fishing.

L2] Effoctive fFishing timo.
(3] [Total fishing daysl x [Men
(4] CPUE x E

per banca (5.02)] x [Bancas operating (5.14)] x [(Averagc offoctive fishing time (2.94 hr)

£5] Mean monthly catch (kgd] (12 mo/yr] [1/6.75 km'l
£6] Moan monthly catch (kgd) 12 mosyr] [1/10.96 km']
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Table 5. Summary of nonthly hook-and-line fishing catch and offort sanpling and total monthly cateh from a 4.21 kn! area
adjacent to a barrior reef lagoon, Cape Bolinzo, Psngasinan, FPhilippines, June through Decombor 198

Honth Hoan
fishing
Nunmber Line tirno; Nurber MNuwber  Nuwber Height Height Fishorwon Estimasted Estimatod Estinated
of hourst2) lire of of of of fish por operating total total total
sarples(1] hourst2) species fish fish per fish line hour each fishing line hours catch
por mnan line hour Ckgd Cgrd ronth days EC3] Ckqgd
CPUE C
June 4 20.5 S.1 I 46 2.2 12.0 588 9 16 734 430
July 2 10 S 6 29 2.9 6.82 682 11 15 a2s 563
Ruqust 1 5 S 6 11 2.2 2.34 468 8 14 560 262
Soptenber 3 13 4.3 8 289 2.1 8.97 690 12 18 929 6.
October 3 12 1 6 35 2.9 11.22 935 8 19 608 568
Novenbor 3 12 4 3 16 1.3 5.26 433 10 14 560 245
Decenber 4 8 2 1 11 1.3 2.59 324 10 16 320 104
Total 20 §0.5 15n 176 49.2 112 2813
#Total spocies 20 ssmplos.
Hean nonthly catch 402 kg 952 CI: 215 kg, 590 kgl
Annual yiold of fishing ground [41: 1,147 kaskni yr (952 CI: 613 kg/kn? yr, 1,861 kg/kn 7 yrl
fanual yield of study area [51: 441 kg/knt yr 0952 CI: 235 kg/km™ yr, 646 kg/kn? ]

C1] Outright purchase from one fishorman for one day’®s fishing.

2] Effective fishing time.

3] [Hoan fishing time Cline hrdl1 (Total fishing days] [Fishormen opoc-=tingl
C4) [Hean monthly catch (kgd1 [12 mo/yrl [1/4.21 knl]

[3]1 [Hean monthly catch (kgdJ [12 no/yrl [1/10.96 knt)
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Table 6. Solocted estinates of yield and effort for various Indn-Pacific coralline shelf ar«¢

H, nean: R, range: CI. 952 confidence interval: YPF fll“qlng recf: BRF, barrior reof; INISF “inten-
sively” fished; HOF, “woderately” fished: LILF, "lightly" fished; HL. hook-and-line: GN, gillnet;
T, trap; SM, scine nollnng. §P poor- HO, nuro-ani: FL. gleaning

Location Annual uixold Fishing Catch per unit Sources Hotes
nton/kn 2 yr geoar of effort (CPUE)
Apo Island 11,4900 8-14<R> HL 0.12-0.1?7 kg/nan hr 1,2 156 ha FRF; HDF:
Hindanac Sea GH, T 0.03-0.13 kg/nan hr 1980, 1961 data; GN and T
CPUE lowest during HE
Honsoon
Selinog Island 5.9 T 0.11-0.23 kg/nan hr 2,3 126 ha FRF; ITNSF;
Hindanao Sea GN 1.77-8.70 kg/nan hr 1982-19683, 1984 data;
HL 1.18-2.91 kg/nan hr CPUE data from 1982;
sp 1.16-2.55 kg/nan hr non-reef species included
Ho 151 kg/uan hr
Hul ao-hul a0 5.0 GH 2.81 kg/nan hr 2,3 S50 ha BRF Caread; ITNSF;
Panuy Gulf HO 1.42 kg/mnan br 1582-1983 data; no fishing
HL 1.25 kg/nan hr durlng NE nonsoon; non-reef
SP 0.99 kg/nan hr species included
Sunilon Island 36.9 GH,T 0.7 kg/ran hr 2R S0 ha FRF; INISF:
Bohol Strait HL 0.6 kg/nan hr 1983-1364 data
Sunilon Island 14-23.7<CR) - - 2,1 50 ha FRF; INTSF;
Bot ol Strait 1977-1980 data
Papua Hewu Guinea 0.23 5 9410 ha "coralline areas’:
coralline sreas® LTLF; 1904 data
Tigak Islands 0.42 H 1.2 kg/lino hr 6 2%x10 ha °coralline arcas’;
Bisnark Archipelago SPdday> 1.2 kg/man hr LTLF; 1990-1901 data
SPenight) 3.6 kg/man I
SN 3.9 kg/nan hr
Tutuila Island 26.6 HL 0.54-0.97 ka/nan br 7 356 ha "locs. reefs’to B n
Rruerican Sanoa SP(day> 1.30 kg/nan hi- isobath; INISF:
SP(night) 1.49 kg/nan hr- 1977-1380 data
SH 2.11 kg/nan In-
GL 1.05 kg/nan hr-
Cape Bolinao, 4.39 3.10-5.68 «CI> HL 0.32-0.91 kg/line w(R) 8 1090 ha BRF to 18 n isobath

Philippines

1. PAlcala and Luchavezr (1981

2. AfAlcala and Gowez (1985)

2A. Alcala and Gonez (1985 citing Alcala, 7. Hass
unpubli shod manuscript.

Luchavez ot al.

j filcala C1981)

1981

0.59 kg/line hr CH)

T 0.09-0.15 kg/haul (R)
0.41 kg/nan hr (H)x%
0.13 vg/haul (O
SP(night) 0.30-2.00 kq/nan b C(R)

1.33 kg/nan hr- (M)

5. Dalzrel and Hright (1986
6. Hright and PRichards €1905)

8. This

19a2)
study

X Converted fron kg/haul ; see toxt.

1966 data

ory

C
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Figure 1.

Figure 2.

FIGURE CAFTIUNS

‘Sampling area for three coral reef fisheries, Cape

Bolinao, Pangasinan, Philippines. Map based upon
Philippine Coast and Beoditic Survey LChart 4238
(Bolinao Harbor, 1:20,000); soundings in feet. Trap
and spear fishing grounds shown as stippled area;j
hook-and-line fishing grcund shown as heavier

stipple.

Bamtoo strip fish trap used in the Santiago Island

Lagoon, Cape Bolinao, Pangasinan, Philippines.
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